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Monthly Letter Status Report for September 1985
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(FIN-A-4171-5)

Performing Organization: National Bureau of Standards
Gaithersburg, MD 20899

Sponsor: Nuclear Regulatory Commission
Office of Nuclear Materials Safety and Safeguards
Silver Spring, MD 20910

Task 1 - Review of Waste Package Data Base

Many of the NNWSI documents (concerning tuff) in the list of reports,
"Categories of Waste Package Related Reports," have been received. Nine
of the 27 reports on our list had not been reviewed previously (by
Brookhaven National Laboratory), and were identified as documents to be
formally reviewed by the NBS. By the end of September, the eight
reports listed below were assigned to appropriate reviewers.

We note that for the salt and basalt areas, we still have not received any
of the reports that we had requested previously (see August monthly letter
report); therefore, little progress has been made in these two areas.

In addition to the above reviews, the various members involved also
reviewed the report entitled "Repository Environmental Parameters Relevant
to Assessing the Performance of High-Level Waste Packages in Basalt, Tuff,
and Salt," NUREG/CR-4134, ORNL/TM-9522/Rl, by Claiborne, et al. This was
a very useful exercise since it covered a large variety of issues facing
the waste package program, and it consequently provided a good deal of
background information for our reviewers.

NNWSI Reports Currently in Review Process at NBS:

MRB-0418, Attachment 2, NNWSI Test Plan for Copper and Copper Base
Alloys, Lawrence Livermore National Laboratory

UCRL-91804, Preprint, Behavior of Stressed and Unstressed 304L
Specimens in Tuff Repository Environmental Conditions, Uhas, et al.

UCRL-90875, Corrosion Behavior of Carbon Steels under Tuff Repository
Conditions, McCright and Weiss

UCRL-15619/P.D. 4201705, An Overview of Low Temperature
Sensitization, Fox and McCright

UCID-20174, Electrochemical Determination of the Corrosion
Behavior...High Level Nuclear Waste in Tuff, Glass, et al.



MRB-0418/UCID-20172, Attachment 10, Potential Corrosion and
Degradation Mechanisms of Zircaloy Cladding...in a Tuff Repository,
Rothman

Lawrence Livermore National Laboratory NNWSI Program: List of
Planned Field and Laboratory Tests (Electrochemical Testing)

UCID-20436, Metallurgical Analysis of a 304L Stainless Steel Canister
from the Spent Fuel Test--Climax, Weiss, et al.

Task 2 - Data File for Waste Package Performance Analysis

The letting of a contract to C. Messina (reference monthly letter report
for August) was delayed pending the receipt of funds required to conduct
that work. In August, a proposal was written to describe the work of
FIN-A-4171-5, including the initial NBS effort and the proposed work
through November 30, 1985. Funding authorization for the second half of
this effort was received at the NBS on September 19, 1985, and the
procurement process on the Messina contract was initiated that same week.

Task 3 - General Technical Assistance

During the week of September 9 through 13, I attended a three-day
symposium, MRS-85, in Stockholm, Sweden; toured a commercial facility for
energy technologies, Studsvik, in Nykoping, Sweden; and attended a
half-day symposium on copper, in Stockholm. The formal trip report is
appended, and gives details for each. I also offer the following
comments.

MRS-85

The Materials Research Society (MRS) held the Ninth International
Symposium on the Scientific Basis for Nuclear Waste Management in
Stockholm, Sweden, during the period September 9 through 11. It was
referred to as MRS-85 and MRS 1985. The appended trip report largely
gives my observations of the points highlighted by the presentors at the
talks that I attended. In some cases, I had to make a summary from the
abstracts booklet. The extent to which this information is interpreted in
relation to the activities of the DOE and NRC is limited. Further
interpretation would be inappropriate until the NBS and I have gained more
experience on the principal problems and their proposed solutions.
Abstracts of the technical papers presented at MRS-85 and the list of
nearly 300 participants and attendees (names and addresses) are
available from this office upon request.

Tour of Studsvik

In conjunction with MRS-85, several bus tours of facilities near Stockholm
were offered to the MRS Symposium participants. The tours were conducted
on September 12 to Stripa, Fjallveden, and Studsvik.
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I toured Studsvik, which is a high technology company and an inter-
national nuclear technology center thiat does research and furnishes
services for energy technologies, most notably those related to the
nuclear fuel cycle. This tour was a valuable experience in that it
provided me with a better understanding of nuclear waste disposal.

Mr. M. Tokar (NRC), a fellow participant, toured Stripa (reference his
trip report for details). Stripa is an old iron mine which is currently
being used as a test site, presumably by Svensk Karnbransleforsorjing
(SKBF or SKF), the Swedish nuclear fuel supply company. The mine is below
sea level, and I suspect this fact governs the ways that Stripa can be
studied, as it would have the high Ct content of sea water. The Swedes
have until around the year 2020 to complete their studies and begin
construction. During the decade of the 80's, they intend to select a
suitable site for an HLW repository which, unlike Stripa, will not be
below sea level, so that any ground water in it would contain about 100 ppm
of chlorides.

Fjallveden is the site currently being characterized for use as a
repository for low- and intermediate-level waste. Currently, work there
is in the areas of geophysical investigations, mapping, corelogging,
modelling of groundwater flow, groundwater characterization, borehole
problems, and hydraulic head. The tour of Fjallveden involved inspection
of work stations at ground level, with no inspection being slated for
facilities (if any) below ground level.

Symposium on Copper

The SKF and the Copper Development Association, Inc., jointly sponsored a
symposium on copper as a canister material for nuclear waste disposal. It
was held in Stockholm on September 13. Six lectures were given in what
appeared to me to be a closely orchestrated set of presentations aimed at
selling the suitability of copper for this application. This symposium
was attended by approximately 20 participants, including M. Tokar of NRC
and me. My notes on this meeting were taken with little background on
copper in any application, and are offered in the appended trip report as
an overview of the symposium.
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TRIP REPORT: Travel by Charles G. Interrante, Program Manager,
FIW-A-4171-5, to Sweden, September 9-13, 1985

MRS-85
Stockholm, Sweden

September 9-11, 1985

SCIENTIFIC PROGRAM

OPENING SESSION

The highlight for the invited papers of the opening session was "key
research areas." Each of seven experts representing the programs in six
countries was asked to comment on this in their invited papers. The
experts represented programs in Sweden, United States of America, France,
Germany, Switzerland, and Canada. For the USA, both the crystalline
repository project and the nuclear defense waste programs were represented.

Nuclear energy and nuclear waste management

Opening remarks by Professor H. G. Forsberg
Executive Director, Royal Swedish Academy of
Engineering Sciences

In Sweden, 7000 tons of fuel waste is expected in the year 2000. In
the world, 300,000 tons of fuel waste is expected in the year 2000.

In Sweden, while public opinion favors the use of nuclear energy, it
also holds that Sweden is not (considered by its public) capable of
disposal of its waste. Realistic safe storage was stressed, as opposed to
"the safest storage" possible. An exchange of research results was held
as desired.

Swedish nuclear high level waste program--key research areas
Dr. S. Bjuratrom, SKB, Sweden

Sweden has 9,500 MW capacity [Ed. note: I presume this to mean
nuclear, on-line at present.] Sweden's Parliament mandates that by 2010
they will determine methods for disposal of waste. It has legislated that
the holder of license for nuclear activities shall ensure that the
necessary measures are taken in order to safely handle nuclear waste or
non-recycled nuclear materials.

Construction of repositories is planned to begin in the year 2010.
Research shall continue from the present to at least 2020 when the
operation of a repository is expected to begin. Site investigations
conducted in the 1980's will result in site selection in the 1990's and
perhaps beyond if needed.
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Key Research Areas cited:

e Water flow in joined work

e Nuclide migration in fracture zones

• Natural analogue systems (that are useful in validation of models
developed)

-- redox front
-- stability of clays
-- solubility of U02
-- sedimentation processes

• International cooperation

-- models for safety assessment

U.S. Crystalline repository project--key research areas
E. Patera, U.S. DOE-CRPO, USA

The project was begun around 1982 with the mission to identify and
license sites for the second (U.S.) and subsequent sites in crystalline
media. The site selection process is broken into several phases:

• National survey

• Regional phase

-- The crystalline rock regions are North Central, South East,
and North East.

• Area phase

e Site characterization

Under this project, the President would recommend a site to Congress
by 1997. By 1991, DOE would nominate and recommend a site (for detailed
site characterization).

In the area phase, six sectors (factors of interest) are weighed to
rate each site. These are: socio-economic mitigation, postclosure,
preclosure, environmental impacts, transportation, and total costs. The
Stripa project and the U.S. participation in it was mentioned. The URL
site in Canada was discussed. The AECL and the U.S. DOE have a proposed
agreement for cooperative work on underground research laboratory
activities, field characterization techniques, and performance assessment
activities.

Research Areas:

• Fluid flow in fractures

e Hydrothermal flow experiments

5



The project is young, and research needs are being identified as the
work continues. Their engineering designs for waste packages were briefly
discussed.

U.S. Nuclear defense waste program-- current development
and key research areas
Ray D. Walton, Jr.* and Kenneth A. Chacey",
*U.S.-DOE, Defense Waste and Byproducts Management,
Washington, DC 20545
*U.S. DOE, Savannah River Operations Office, P.O.
Box -A, Aiken, SC 29801

The United States has been engaged in defense nuclear activities for
over 40 years. The primary goal of the Defense Waste and Byproducts
Management Program is to develop technology which ensures the safe,
permanent disposal of all defense nuclear waste. Programs are in place at
each U.S. Department of Energy site; they address long-term strategy for
permanent disposal of waste generated as a result of defense operations.
Technology is developed for assessing the hazards, environmental impact,
and cost of each long-term deposition alternative for selection and
implementation. This paper addresses the key research areas and major
facilities associated with the long-term management of defense nuclear
waste.

Note: The following notes were taken from Mr. Walton's presentation.
Mr. Walton indicated to me that he is wiling to come to the NBS to discuss
his work. I have a copy of this paper, and it is available for those
interested. In his talk titled "Current Development and Key Research
Areas," he highlighted two strategies:

1. Technology developed for use at one site is to be transferred, as
possible, to subsequently developed sites.

2. To reduce the magnitude of the problem of disposal, a key objective
is to reduce the amount of waste generated.

Large-scale leach tests being conducted at Savannah River were
outlined. These use two-foot-diameter by one-foot-deep glass-leaching
specimens. The work of Carol Hanson, in which the effects of Eh and pH on
leach rates are explored, was highlighted.

Hot isostatic pressing (HIP) is used to make ceramic forms of the
waste products, which are also made into glass and calcine forms. These
are forms of waste produced from the liquid waste, which also contains
zirconium and aluminum. Defense transuranic facilities, including WIPP
(waste isolation pilot plant) were highlighted. Waste that contains
greater than 100 nanocuries per gram goes to WIPP, and those with less
than 100 are treated as low-level waste.

French nuclear high level waste program-key research areas
C. Sombert, CEA, France

Three main areas of interest in HLW research on glass were cited.

1. Long-term behavior
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The R7/T7 glass composition was given; and the effects at
temperature, pressure, and irradiation on physical and mechanical
properties and leaching behavior were explained as the complex system in
which studies must be conducted to understand the behavior in the long
term. Devices for integral and nonintegral leaching experiment were shown
and described.

2. Sensitivity to industrial fabrication conditions in which glass
waste forms are developed

Glass compositional variations are a function of fabricational
variables.

3. Waste package characterization

Parameters of importance include thermal and physical properties,
stability (thermals etc.), variability of mechanical and other properties,
viscosity (8 Pa e 1100 0C), and transformation point (500 00).

German nuclear high level waste program--key research areas
Helmut Geipel, BMFT, FRG

Borosilicate glass, phosphate glass and ceramics, and forms that were
considered for fuel wastes in the 60's and 70's--During 1981-84, reference
concepts were developed for waste forms, reprocessing plants, and
repositories. The influences of heat and radiation on disposal in salt
sites are now being considered. By 1992, the work on a (German) HLW
repository should have fully described its suitability, so that operations
may begin shortly thereafter.

Interim storage of glass canisters shall be important in the near
future, as the licenses expire for short-term storage. The somewhat
hurried schedule for waste disposal prompts scientific research to be
limited to essential question so that they can be answered adequately.

Swiss nuclear high level waste program--key research areas
C. McComble, Nagra, Switerzerland

Research aims must be project oriented, as opposed to being open ended.
Important areas include:

• Improved understanding in safety related processes.

• Improved understanding in long-term system behavior.

e Development of site characterization tools.

e Increased emphasis on system optimization.

Both near-field and far-field areas of investigation were
highlighted, as was the need for research that permits realistic
assessments, as opposed to having to resort to overly conservative
approaches and pessimstic extrapolations that increase costs.
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Canadian nuclear high level waste program-key research areas
L. H. Johnson, AECL, WNRE, Canada

Canada's R&D programs focus on:

o Models and data distribution.

o Technology.

0 Procedures for site screening, selection, and characterziation.

o Containers. The materials for containers under consideration
include Ti, Cu, and Ni-based alloys, as well as ceramics;
containers are being assessed from the view of long-term
corrosion performance, especially in the presence of gamma
irradiation fields.

They feel that their basic approach is sound, and they are proceeding on
schedule.

SESSION 2a: Canister Corrosion

Some aspects on the use of iron canisters for HLW
I. Neretnieks, Royal Inst. of Techn., Sweden

Bentonite has low permeability to water and gas.

H2 0

H2

canister

Thermodynamically, the most likely reaction between a ferrous canister and
the water in the environment is:

3 Fe(s) + 4 H20(9.) Fe3O4 (s) 4 H2(g) { magnetite reaction

Pressure of 630 to 705 atm of H2 is estimated to be the
equilibrium value needed to stop this corrosion reaction.
exceeds the lithostatic pressure P.

This
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P =PH + PC, where

P = pressure,

PH - hydrostatic pressure, PC - capillary pressure due to fineness of
bentonite. In between the flakes,
the void radius, ro - 15 - 20 R.

Peq 600 atm when various factors are taken into account.

H escapes by diffusion into bentonite.

If the corrosion rate is limited to 0.1 pm/yr then pressure
buildup would get rid of the gas (by diffusion), but predicted
corrosion rates exceed this rate, so diffusion would not get rid of
the gas.

H escapes by flow, through pores.

This might compact the bentonite backfill and cause undesired
further decreases in flow.

PH2 may be > P lithostatic @ equilibrium.

Neretnieks also presented a paper on how the use of sand in bentonite
may be very helpful in extending life of a canister to several thousand
years. The amount of water in contact with the iron decreased and this
slows the corrosion considerably.

Evaluation of the localized corrosion of carbon steel overpacks
for nuclear waste disposal in granitic environments
G. P. Marsch, K. J. Taylor, I. D. Bland, C. Westcott, P. W.
Tasker, S. H. Sharland, AERE, Harwell, U.K. (presented by Sharland)

Experimental approach at Harwell aimed at assessment of long-term
corrosion behavior--The first part is construction of Pourbaix diagrams
(Eh, pH) to show regions of stability and general corrosion, and
conditions favoring pitting vs. passivity can be noted. Only diffusion
in the liquid within a pit cavity was considered,i.e., no convection
(fluid flow) effects were considered. Further, only a vertical pit was
considered.

Corrosion rate of unalloyed steel and cast irons in reducing
granitic groundwaters and chloride solutions
J. P. Simpson, R. Schenk, B. Knecht, Sulzer Bros. Ltd., and
Nagra, Switzerland (presented by Simpson)

Corrosion rates were measured to be less than 10mm/year at 25, 50 and
800C.
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In the absence of oxygen, Fe will corrode by various reactions
(anaerobic), all at which evolve H2:

Fe + 2H - Fe++ + H2

Fe + 2 H20 = Fe(OH)2 + H2

3 Fe + 4 H20 - Fe3O 4 + 4 H2

3 Fe(OH)2 - Fe3O4 + 2 H20 + H20

Magnetite (Fe3o04) forms preferentially above 1000C, and this
decreases measured rates of corrosion.

The corrosion rate is determined by immersion test and by the measured
content of hydrogen gas in the nitrogen gas stream passed over the
corroding submersed iron specimens. Gas chromatography is used with a
sensitivity of 0.2 pm/year in the general corrosion rate predicted.
Cast steel of 250 mm wall thickness is used, as a reference container
by Nagra.

Note: This work is related to the earlier work on adding sand to the
bentonite. The question is, what is the kinetics of H2 formation and how
does this relate to the escape through bentonite. This is important in
that fissures would form in media around canisters due to the PH that would
obtain from corrosion. 2

Corrosion behavior of nodular cast iron casks for low and
intermediate level wastes
W. Hauser, R. KOster, Kernforachungazentrum Karlsruhe,
FRG (presented by Hauser)

The corrosion behavior of the nodular cast iron proposed for use in
casks was studied for corrosive media (expected or postulated in accident
scenarios) during interim storage or after disposal in the abandoned iron
ore mine Konrad or in a salt formation. Corrosion was considered both on
the inner and outer sides of the casks. Exposures of 10 x 20 x 40 mm
specimens for 3,6, and 12 months were evaluated. Methods included
gravimetry, surface measurements, and SEM studies. Pit formation, crevice
corrosion, and uniform corrosion were evaluated.

Internal canister corrosion due to ion-exchange resins, cemented
waste forms, and evaporator concentrate was studied--most significant
corrosion rates were measured to be 0.1 mm/yr provided that 02 is
adequate. External corrosion rates can be kept at minimal levels if in
salt brines, as these have limited dissolved 02* These external
corrosions would dominate the behavior.

In-situ electrochemical determination of the effects of gamma
radiation on the aqueous corrosion processes of prospective
nuclear waste container materials, R. S. Glass, R. A. van
Konynenburg, G. E. Overturf, R. D. McCright, LLWL, USA

Paper was withdrawn.
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HLW container corrosion in geological disposal conditions,
M. Helle, G. Plante, CEA, France (presented by Helie)

A titanium alloy with 0.2% Pd designated (Ti-Pd) was found prone
to hydrogen embrittlement (HE), provided the atomic H level from
radiolysis could be sufficient to maintain a high concentration of
hydrogen. However, Ti corrosion itself (plus concomitant H
formation) was very limited (low).

Polorization resistance measurement were made on mild steel
overpac Rp= -it, where Rp is the polarization resistance. Thus Rp
is a found to be a function of time (t) in a deaerated 3 g/L NacL
solution at 90 OC. Unlike the performance of canisters made of
copper, the flow rate at water to the canister is important ot the
long-term performance of welded steel containers.

A Ti-Pd container was found superior to one of a Ni-Cr-Mo alloy.
However, HE of the Ti is a problem, and the behavior of H in overpack must
be better understood to assess the significance of H.

The fugacity of hydrogen (fH) had not been measured. [Ed. note: I
speculated that perhaps the figure 600 atm (illuded to by the speakers
earlier) would obtain their mild steel, but nothing is available for the
Ti alloy]. I pointed out the significance of this measurement, in
disussing this paper.

This discussion brought out that small amounts of H can lead to
delayed failure of titanium-Pd alloy, and the level of H needed is now an
unknown that requires further investigation to establish its significance.
Apparently, very low levels of H in this alloy can cause delayed cracking.
One discussor indicated that the Pd would catalyze the H reaction and
promote H entry and possibly thereby the embrittlement.

SESSION 2b: Canister Materials

Metallographical study of hot isostatically pressed copper
encapsulation of nuclear fuel elements
B. Loberg, K. E. Easterling, Univ. of Lulea, Sweden
(presented by Loberg)

Spent fuel is hot isostatically pressed (HIPed) in a Cu powder;
this is done under H2 to reduce oxides and within a Cu canister at 150
MPa. Later, a stainless steel outer canister was used as the Cu (welded)
bonds of the canister did not hold under the H2 plus pressure of HIPing.

Voids are sporadically found in grain boundaries; and it is assumed
that they may hold H20, which is assumed to be innocuous except at or near
300 0C. Would this assumption hold true for over a thousand years?

When air was excluded from the processing, shaping, and handling of
powders of Cu, the resulting HIPed material gave much improved properties
(mechanical) and no apparent indication of hydrogen (used during oxide-
reduction treatment of the powder) effects on the lowering the elongation of
the parts.
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The Cu (all argon treated) contained a contaminant of a super alloy
powder left as a residue in the apparatus used to form the powder. This
led to reduced values of ductility, which nevertheless were very adequate.

In place of the H2 reduction of oxides CO may be used, but the
reaction 2 CO t C + C02 is possible, and care must be taken. The second
reaction is exothermic and this could "affect your popularity" if it causes
grain boundary wetting.

Cu2O + CO + 2 CuCO2 plus heat

H20 + CO + CO2 + H2 + I

The development of durable cementitious materials for use
In a nuclear fuel waste disposal facility
N. C. Burnett, R. D. Hooton, R. B. Heimann, H. Onofrie,
Ontario hydro and AECL, WiNRE, Canada

One option being considered is dry storage in concrete casks. A
concrete integrated cask is used for transport, storage, and disposal.
Dense concrete is proposed for use in this application. The various uses
of concrete within a repository are being explored generally in this
Canadian effort. Their abstract gives a lot of detail.

Note: Screening tests led to the conclusion that saline conditions of
their repository's led to development of a sulfate-resisting Portland
cement (SRPC) to which 35% fly ash or 10% silica or 20% silica fume were
added to optimize some of its physical and chemical properties.

SESSION 3: Waste Form Performance--Glass

Static leaching of fully radioactive waste glass at 90 C
in the presence of bentonite, granite and stainless steel
corrosion products
H-P. Hermansson, I-K. BjOrner, H. Christensen, T. Ohe,
L. Werme, STUDSVIK, SKB, Sweden, and CRIEPI, Japan

The glass used in these experiments contained 11.2% fission products.
All leach tests were conducted over 28-day periods. New tests have 7 to
128 days planned. The bentonite was compared in the forms compacted
vis-a-vis uncompacted. Total mass lost and elemental cesium (Cs) mass
loss were reported (in [g/m2]) for each test configuration studied.
Results varied from about zero to about 30 g/m2. Experiments include
effects of bentonite, granite, and stainless steel corrosion products on the
leach rates of the glass.
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Glass/water reaction with and without bentonite present--
experimental and model
B. Grambow, H-P. Hermansson, I-K. Bjbrner, L. Werme,
HMI, FRG, STUDSVIK, and SKB, Sweden

This work parallels that of the previous presentation. The
dependence of leach rates on the bentonite (clay)/water ratio is explained
in this work. The 28-day experiments in the previous presentation leave
us with the question does benotnite enhance the long-term corrosion
behavior, i.e., over periods of 1 or 2 years. The behavior may differ
from that of the 4-week-long experiments. [Ed. note: The answer is that
the leach rate would be a function of the flow rate of water (or vol

H20/vol of glass and/or of bentonite), as silica builds up in the H20 and
the dissolved silica decreases the reaction rates.]

Conclusions:

1. An overall model can be built out of submodels.

2. Good agreement: model vs. experiment.

3. Detrimental effect of bentonite is regarded as a short-term
effect.

Results from the long-term interaction and modeling of
SRL-131 glass with aqueous solutions
D. M. Strachan, L. R. Pederson, R. 0. Lakken, PNL, USA

SRL-165 is the reference glass now used, whereas these experimental
results were obtained using SRL-131. Nevertheless, the data are regarded
(by the speaker) as being representative of that which would obtain from
the newer glass forms. However, a discusser indicated 165 to be 3 times
more durable than 131.

The leach test experiments lasted for 2 years and involved over 200
samples. The results are given for two temperatures: 40 0C and 90 OC,
and 4 leachants: deionized water, a solution of silicic acid and sodium
carbonate, a K-Mg-Na-Cl brine, and a basaltic solution (one that mimics
water in contact with basalt). The MCC-1 static leach test method
(MCC-1981) was used throughout. Even after 2 years, leaching continues
(mass loss is greater than zero). Thus, longer leach test periods were
suggested. Modeling calculations resulted in predictions of the amount of
dissolution. In general, there was good agreement between the laboratory
test results and the predictions of (geochemical) calculations.

Investigations on the role of surface layers in HLW glass
leaching
R. Conradt, H. Roggendorf, H. Scholze, Frauenhofer-Institut
ffr Silikatforschung, FRG

The question is do the diverse layers known to form on the glass
surface during leaching control the leach rate in any way. Experiments in
which specimens were removed from solution were used here to simulate a
flaking off of a layer formed under static leach conditions. A comparison
with static leach tests revealed little difference.
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These 300-day tests were interrupted in 42-day intervals. Brine was
at two temperatures: 120 *C and 200 OC. The brine contained
Na-K-Mg-Cl-SO4. Periodically interrupted tests were conducted, using
several types of surface and solution combinations. While reaction layers
and hydration zones had no effect on leach rates, saturation had a major
effect. The effect of composition at rest glass surface has not been
determined.

Leaching of actinides from the French LWR reference glass
S. Fillet, J. L. Nogues, E. Vernaz, N. Jacquet-Francillon,
CEA, France

Leach tests were conducted on the French reference glass R7T7, using,
for the first time, pure double-distilled water as leachate. Various
actinides were present in each of 5 different glass compositions that gave
a range of specific activities. Glass samples were leached for up to 6
months at 90 OC in a static test. The ability of the glass to retain
various of the actinides can be and was assessed, as was the effect of
radiolysis on leaching.

The role of groundwater oxidation potential on waste glass
performance in crystalline repository environments
C. H. Jantzen, N. E. Bibler, E. I. du Pont de Nemours and
Co., SRL, USA

The reactivity of various basalts was measured in terms of time of
approach to final steady state reducing conditions. For basalt, the
reactivity is a function of the amount of intergranular phase which
reacts. A colloid, thought to be the reactive species controlling the
solution redox, is formed. A similar colloid has been found in
groundwater equilibrated with granite. The identification of these
reactive components is important in determining how the reducing nature of
crystalline repositories is established and maintained.

Characterization of lead-iron phosphate glass
E. Schiewer, W. Lutze, L. A. Boatner, B. C. sales
HMI, FRG, and ORNL, USA

Chemical durability of lead-iron phosphate glass varies with wt. %
Fe20 content, over a range 0 to 9, for H20 at 90 OC. Questions addressed
in this paper were:

1. How does the glass behave in other than deionized H20?

2. How does the glass behave at T > 90 OC: 190 *C was tested?

3. What is leaching mechanism?

Results were given for H20 and for an NaCl solution, for 30-day tests
conducted at T OC - 90:150:190. At 190 OC in an NaCl solution, the
normalized leach rates were very high. The Pb seems to be involved as a
governing factor in determining leach rates, with higher Pb concentrations
giving lower leach rates.
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An assessment of the long-term durability of concrete in
radioactive waste repositories
A. Atkinson, D. J. Goult, J. A. Hearne, AERE, Harwell, U.K.

While glass leaching problems were addressed in the other papers of
this session, durability of concrete was the topic of this paper. The
application of interest for these concretes is a shallow repository for
intermediate wastes. Concrete casks containing drums of immobilized waste
are envisioned. The mechanical properties of these casks (or of
reinforced concrete) after interaction with clay environments was the main
topic studied.

Reactions with aqueous sulfates and with magnesia govern the
solution's concentration of Ca taken from the cement. An empirical
expression was developed

X - 0.55 * C * ([Mg] + [S04]) * t

X - corrosion depth

C - 3 Cl-A1203 content in cement %

Experiments done within 5 years had rough agreement with this expression.
For 25-year tests, the extent of corrosion was overestimated by the
expression by a factor of over 3.

Some work was done on estimating rebar corrosion rates. Structural
lifetimes were predicted from the combined results (or estimates).

The volume of groundwater was shown to be important, with 1000 times
the volume of the repository being the volume of water needed to take away
the dissolved calcium. pH is expected to be > 10.5 for about one million
years. The life-limiting process may be either reaction with sulfate or
corrosion at reinforcement. A reinforced concrete section 1 m thick, in
contact with clay, is expected to have a structural lifetime of 1000
years, providing a sulfate resisting cement is used.

SESSION 5: Waste Form Performance--Ceramics and Spent Fuel

The extended defect as a mechanism for the immobilization
of HLW species in zirconolite, perovskite and hollandite
T. J. White, Griffith Univ., Australia

In synroc minerals, radionuclides do not enter as a "continuous"
solid solution; instead, these HLW elements give rise to a structural
change, in the host media, at the unit cell level. Some of these changes
were described in this work, which used high resolution electron
microscopy and selected area electron diffraction to characterize the
changes due to the radionuclides. These workers expect (but did not show)
that structural modifications might also accompany the incorporation of
substantial levels of HLW elements into sphene based and monozite-zircon
based disposal media, i.e., in a manner like that observed for the synroc,
which was shown to undergo twinning, cation ordering, and shear
transformations.
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Intergranular films and pore surfaces in Synroc C
S. Myhra, R. L. Segall, R. St. C. Smart, P. S. Turner,
T. J. White, Griffith Univ., Australia

Short-term dissolution of synroc is governed by glassy intergranular
films, which are glassy products that lay between the crystallites. These

are absent between crystals of the same phase, but are present between
dissimilar crystals, e.g., perovskite and magnetoplumbite. Cracks readily
propagate along these glassy intergranular regions. In these materials
the tripple points are large targets suitable for microanalytical
examination. SIMS, XPS, etc., are surface analytical techniques that can
be used on fracture surfaces to examine and estimate composition of these
glassy regions. Cs, Na, K, Al, and possibly Si and Mo are present in
enhanced amounts in the glassy films.

Redox processes and the U02 (s) volubility. The determination
of the UO 2

2+/U4+ redox potential at 25 OC In HC104 media of
different strength
J. Bruno, I. Grenthe, B. Lagerman, Royal Inst. of Techn., Sweden

The solubility of U02 fuel was discussed in relation to the redox
potential of the environment. Complex formation and/or oxidation of U(IV)
to U(VI) results in an increase in the amount of U in solution. Large
scatter in the data (literature) on redox potential leads to an
uncertainty of an order of magnitude in the modelling of the oxidative
dissolution of U02(s). Thus, this worker has started an effort aimed at
obtaining a more precise measurement.

Oxidation of candu-UO2 fuel by the -radiolysis products of water
D. W. Shoesmith, S. Sunder, L. H. Johnson and M. G. Bailey
Atomic Energy of Canada Limited Whiteshell Nulclear Research Establishment
Pinawa, Manitoba, Canada ROE 1LO

This work concerns itself with the periods in post-container-failure
period, i.e., times after 103 years, and a is by far the predominant
radiation field in this period. One major product of a-radiolysis of H20
is H202. They compared oxidation of U02 in solutions containing H202 with
that both in the presence of an a radiation source and with oxygenated
water. Determinations of the rate at which the corrosion potential
achieves a positive value of > + 50 mV (vs. SCE). The H202 promoted
oxidation of the U02 through the states U02 3 3 U02 .5, and U02 .67' which
perhaps is a mixture of U02 and U409, the latter of which is formed on the
surface under either H2 02 or a-radiation exposures.

Dissolution of used Candu fuel at various temperatures and
redox conditions
S. Stroes-Gascoyne, L. H. Johnson, P. A. Beeley, D. M.
Selinger, AECL, WIRE, Canada

Used fuel dissolution studies have been conducted in Canada since
1976. Results provide information on effects of variable such as
oxidation polential, ground water chemistry and temperature on dissolution

kinetics. Eight year data were reviewed for fuel elements in tapwater

containing bicarbonate, and deionized distilled water. Predominance of
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grain boundary leaching was stressed. Results were described for tests
conducted at 25 and 1500C. At 250 C oxidizing conditions were used, and
at 1500C reducing and oxidizing were compared.

Derivation of a waste package source term for NNWSI from the
results of laboratory experiments
V. M. Oversby and C. N. Wilson, LLNL and Westinghouse Hamford
Co., USA

Results were presented for the dissolution of Turkey Point
pressurized water reactor (PWR) spent fuel in J-13 well water at ambient
hot cell temperatures. These results were compared with those previously
obtained on Turkey Point fuel in deionized water, on H. B. Robinson PWR
fuel in J-13 water, and by other workers using various fuels in dilute
bicarbonate groundwaters. A model is presented that represents the
conditions under which maximum dissolution of spent fuel could occur in a
repository sited at Yucca Mountain, Nevada. Using an experimentally
determined upper limit of 5 mg/l for uranium solubility in J-13 water, a
fractional release rater of 6.4 x 10-8 per year is obtained by assuming
that all water entering the repository carries away the maximum amount of
uranium.

SESSION 6: Near-Field Chemistry

The papers presented in Session six on Near Field Chemistry
were not easy to follow due to my lack of background in this field.
Thus, summary remarks taken from the abstracts are given below.

The "Source-term" for safety assessment of the disposal
of vitrified high-level radioactive waste
A. Hough, J. Marples, I. Handyside, AERE, Harwell and DOE, U.K.

Specimens of vitrified highly-active waste were doped with isotopes of Sr,
Tc, Cs, Np, Pu, and Am. These glasses were surrounded by iron filings and
either dry bentonite or cement, which simulate 3 cm of backfill. Leaching
at 60 OC was studied from monthly analyses taken on the water that was
placed in the environs. Absorption onto the bentonite and cement
accounted for the low apparent leach rates observed, and the application
of these results to a larger scale, e.g., to the release from large
cracked blocks, will require information on absorption and other factors
which the authors feel is not yet available.

The effect of a radiation field on TC redox behavior in
the system basalt-waste package components-ground water
D. G. Coles, S. A. Simonson, J. R. Burnell, J. Myers, PNL
and RHO, USA

Was withdrawn.
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American speciation and retardation Inma granitic ground water
G. W. Beall, W. W. L. Lee, A. van Luik, R.F. W ton, Inc., USA

This paper tests the hypothesis that since different species of the same
chemical elements have different sorption characteristics, the use of a
single retardation coefficient for elements in performance evaluation of
radioactive waste isolation systems may yield non-conservative results.
The hypothesis is tested for the case of americium, and it is shown to be
true with results that indicate that overestimates in the retardation
potential can be several orders of magnitude.

Modelling radionuclide speciation and solubility limits
in the near field of a deep repository
H. Wanner, EIR, Switzerland

This work is aimed at the attainment of a more quantitative specification
for the chemistry of the near field, with the objective being to derive a
more realistic description of radionuclide release from the near field.
Speciation and solubility limits of actinides and technitium in the model
bentonite porewater are calculated. The results are presented and
discussed.

Geochemical modelling of the alteration of a granitic
rock around a repository for spent nuclear fuel
B. Fritz, M. Kam, Y. Tardy, Centre de Sdimentologie
et de Gechimie de la Surface, France

Mineral dissolution may be expected from granitic rock surrounding a
repository, due to temperature increases of 10 to 100 OC that would result
from the heat of the repository. The authors calculate that 10 or 20%
decrease in the porosity of the rock may occur over a period of about
100,000 years. More near the repository itself, clay minerals
(bentonites) will be used as physical and chemical barriers. These
swelling clays are efficient as barriers if they remain as swelling
minerals during the storage when the temperature increases. However,
their calculations show also that a bentonite barrier will have a very
important "self-buffering" effect on the composition of a quite closed
water-rock system and could maintain the stability of swelling-type clays
under the new temperature conditions.

Humic substances in ground water
N. Paxes, B. Allard, U. Olofsson, M. Bengteson
Chalmers Univ. of Techn., and Univ. of Linkping, Sweden

Humic substances, which form a major part of the organic matter in natural
waters, soils, and sediments may play an important role in transport of
radionuclides. Fluvic acid represents the major fraction of the isolated
humic substances. These substances are important in their ability to form
complexes and to participate in redox reactions. Fluvic acid was used for
studies of the complex formation with actinides, primarily americium and
thorium, and subsequently, of effects on their sorption and mobility.
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Laboratory and modelling studies of microbial activity
in the near field of a HLW repository
J. M. West, I. G. McKinley, H. A. Grogan, S. C. Arme
BGS, U.K., and EIR, Switzerland

Effects of temperature, pressure, and radiation on the population of
selected microorganisms were studied, and the laboratory data were placed
into context by development of a quantitative model of microbial effects
in the near field of a HLW repository. Microbial processes considered
are:

1. Physical disruption of a bentonite backfill.
2. Enhanced canister corrosion.
3. Enhanced glass degradation.
4. Organic byproduct solubility of important nuclides.
5. Alteration of Eh/pH conditions.
6. Microbial gas generation.
7. Direct microbial uptake of radionuclides.

The chemistry of the near field environment
F. T. Ewart, S. M. Sharland, P. W. Tasker
AERE, Harwell, U.K.

The chemistry of the near field, i.e., the pH, Eh, and complexing ions,
determines the solubility of radionuclides from a waste source. Studies
have been started for possible chemical changes in the environment,
presumably those that might result from man-made perturbations that
accompany construction of a repository. In the experimental work, the
ratio iron (II) to iron (III) was measured in mineral components of clay,
as the pyrite is oxidized after exposure to air. A theoretical model is
studied in relation to its sensitivity to the rates of various proposed
reactions in which oxygen is consumed in the complex process that converts
pyrite (FeS2) into ferric hydroxide (Fe(OH)3).

Control of the near-field environment by cementitious material
M. J. Angus, F. P. Glasser, Univ. of Aberdeen, U.K.

The nature of the chemistry of cement-based systems is reviewed in this
paper. Considerable chemical reaction can occur between cement components
and soluble (or potentially soluble) radwaste constituents. Water
(typically ground water) couples the cement and the constituents of the
near field, in reactions that are recognized as slow. Portland cement
dominates the short-term reactions. Other constituents of cement systems,
such as blending agents, may dominate long-term reactions. Likely
important patterns of coupling between the cement waste form and the
near-field environment are identified.
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POSTER SESSIONS

Two poster sessions were held at MRS-85. For these sessions, papers were

divided into a total of seven topics:

PIa. Waste Form Performance--Glass
PIb. Waste Form Performance--Ceramics and Spent Fuel

PIc. Canisters--Design and Performance
PIIa. Radionuclide Speciation and Sorption
PIIb. Solute and Colloid Transport
PIIc. Groundwaters in Crystalline Rock
PIId. Geotechnical and Transport Modelling

Abstracts for all of the papers presented in the poster sessions are

available from this office upon request; a list of the titles are

attached to this report.

Of particular interest were the works presented in Session PIc on Design

and Performance of Canisters. H. Bienek and W. Wick described a German

cast-steel canister designed to contain a glass (one COGEMA glass block

canister). The canister is 1 m in diameter by 2 m long, with a 280 mm

wall thickness. It is designed as a pressure vessel with hemispherical

heads; one is cast with the cylinder and the other is press-fit and then

welded. The weld exists as an extension of the body of the cask, so that

residual stresses will have a minimum effect on performance of the vessel

in service.
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Tour of Studsvik Energiteknik AB
Nykoping, Sweden

September 12, 1985

The mission of Studsvik is to develop new and improved energy technologies
for use in Sweden. Our visit focused on their waste management activities.

About 1100 people are employed by Studsvik Energiteknik AB, and the company
is now owned by Sweden's Ministry of Industry. The laboratory has
activities in stress corrosion cracking (SCC), corrosion fatigue, and
electrochemistry of high temperature water. None of these were toured
on this short visit, which was designed as a tour of their work in glass
(waste) leaching, and the facilities for waste storage (AMOS). In
addition, we did observe the facilities used in the fuel processing
laboratory where pressurized water reactor (PWR) and boiling water reactor
(BWR) fuels are examined and tested for deterioration, etc.

The uniformity of waste glasses is studied at this facility. Presumably,
these studies are used to determine suitability of various methods of
preparation of the glass formulations proposed for HLW containment.
Attached are two brochures prepared by the Nuclear Division entitled "Low
and Medium Level Waste Technology Research" and "High Level Waste
Technology." These give overviews of Studsvik's activities in these areas.

Studsvik was started in 1947 to develop and utilize nuclear energy, and in
1969 the company ownership was taken over by the State. Diversifications
into non-nuclear activities occurred during the oil crisis of the 1970's.
The company's three divisions are: Nuclear (350 employees), Energy
Technology, and Waste Technologies.

NUCLEAR DIVISION

The Nuclear Division is involved in decommissioning of nuclear facilities.
This is planned as a continuing activity that will be conducted on a con-
tract basis.

WASTE TECHNOLOGIES DIVISION

The facilities at Studsvik are used mainly for treatment of waste from
Sweden and Germany, and some waste from other countries is also treated
here. Treatment of burnable low-level waste from nuclear power plants is
done using facilities designed in Sweden and marketed commercially.
Waste from various sources is sent to Studsvik where it is burnt and
turned into ash. The ash is then cast in concrete-for storage. The
reduction factor obtained by burning low level waste is between 50 and
100 from the initial. waste form before burning to the final encapsulated
form, which is returned to the country of origin.

Project AMOS deals with planned modernization of the waste treatment plant
at Studsvik. This involves sorting, cutting, compacting, packing, and
fixation of the waste into cement blocks or cans that are stored in
interim storage. From there, they will (in 1990) go to repository reactor

waste facilities (SFR). I got the impression that by the year 2020 they
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will be moved to a permanent repository for high level waste, but this was
not perfectly clear. For HLW (spent fuel), interim storage of 30 to 40
years will be done at their CLAB facility near their Oskar Shamn power
station, with final disposition presumably being done at Forsmark SFR.

Environmental Studies

Studsvik workers have developed a very flexible (modular type) computer
code (called BIOPATH) for making computations on the transfer of
radionuclides from the biosphere and predicting the resulting dose to man.
Apparently, BIOPATH is the only code developed to date for this purpose.
It can be used in conjunction with another computer method called PRISM,
which has been designed to efficiently evaluate uncertainty associated
with model predictions for a wide range of model types. They boast it to
be more efficient than simple Monte Carlo. BIOPATH can be run on a
desk-top computer. A 22-page writeup on BIOPATH is available from this
office on request.

Glass Corrosion

Work on glass corrosion has been done at Studsvik since the 1970's. It is
done in cooperation with both Japan and Switzerland in what they call the
JSS program, i.e., Japan, Switzerland, Sweden.

These workers have been doing leach tests of inactive and of active
glasses for sometime now, and today the tests also involve dynamic
studies that include effects of pressure. For these tests, only two main
temperatures are used, 90 .C and 40 "C. The "pressure" is that which
obtains when the bentonite is held fixed, i.e, not allowed to expand,
constrained by the test chamber. Thus, the cells are not "pressurized" to
some preselected values of pressure.

Blocks of glass are formed and then cut into small sections and polished.
Their activity is about 0.49 Bq. Polished blocks are examined, and about
50% are rejected for excessive porosity or flaking, before leach testing.

An ICP (inductively coupled plasma) unit is used for spectrographic
analyses of diluted solutions of the leachate. This permits analyses of
even trace amounts of all of the elements of importance except for Cs.
An infrared spectrometer is used for less sensitive measurements.

AMOS Project

AMOS is the name of the project to modernize the waste facilities in
Studsvik. The modernization is largely completed. We toured all of the
facilities by bus, and we were able to go inside only the underground
interim storage area. Adjacent to it are the harbour facilities to be
used for shipment to the final repository (SFR). The underground storage
is believed to be cost effective and very safe. The magnitude of it, with
all of the remote handling capabilities, was quite impressive.

A more complete description of AMOS and a color brochure (in Swedish) that
shows pictures and artists' renditions of the facility are available
upon request. See also AMOS in the appendix to this report.
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Other documents published by Studsvik that are available from this office
on request are:

LWR Fuel Programmes
Annual Report 1983-1984
BIOPATH: A Computer Code for Calculation of the Turnover of

Nuclides in the Biosphere and the Resulting Dose to Man
PIE Techniques Used in the Studsvik Hot Cells for Analysing

Different Stages of Fuel Rod Defects
PRISM--A Systematic Method for Determining the Effect of

Parameter Uncertainties on Model Predictions

SEMINAR ON COPPER

in Conjunction with the

Ninth International Symposium on the Scientific Basis for
Nuclear Waste Management

Stockholm, Sweden

September 13, 1985

1. Basic Conclusions on Copper Corrosion, Einar Mattsson, Swedish
Corrosion Institute

The amount of copper (Cu) involved in the Swedish waste disposal
program represents 3% of the Cu consumed in Sweden; for this calculation,
a 30-year usage period is taken as a suitable base.

The proposed Cu canister has a 200 mm thick wall, with the spent-fuel
rods being separated either by (Pb) or by a Cu powder compaction that is
sintered to remove the void spaces. The canisters are to be placed in a
repository tunnel. A sand-bentonite mixture in the tunnel could be modified
with iron (II) phosphate, and this is regarded as an optional backfill
environment.

After about 1000 years, temperatures will be below about 50 OC.
Ground water is believed to be well known, with a pH of 7-9, and with
bentonite, which is a pH buffer, it is expected to be 8-9. After the 02
is consumed the redox potential is expected to decrease to about
-0.45V(SHE). This is the non-aerated case. For aerated water,

V(SHE) > 0.25.

Available oxidants for corrosion of the copper are:

Eq.(1) 4Cu + 02 + 2Cu20

Air is available in the short run, Just after closure of
repository. 02 can also come from radiolysis later.
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Eq.(2) 2Cu + HS + H20 - Cu2S + H2 + OH

H2 S is in ground water, and it is also in the buffer, i.e.,
in the clay environment of the near field of the engineered
barrier.

Eq.(3) 2Cu + 2H+ + 2C1 - 2CuCl + H2

[Ed. note: The CuCl of Eq. (3) is difficult to form unless
the pH is < 4. Thus, CuCl2 is a complex that is usually
formed, and it is most water soluble.]

2 2+
Eq.(4) 2Cu + S0 + 2Fe + H0 + Cu S + FeO0 + 2(OH)

4 ~~2 2 2 3

The formation of Cu2S of Eq.(4) is limited by the amount
of Fe2+ present. If Cl is available, in the presence of
this reaction, then Cu2S can be formed more readily and
the reaction rate is limited by the amount of Cl present.

Available 14-year pitting data indicates that 25 is a maximum on the
factor (pit depth/depth of general corrosion). With longer times, there
are some indications this will be lower. This and other data (artifact
findings) lead to a factor of 5 as reasonable for the long run.

Pitting depth was plotted as a function of time. The plot showed the
depth approaches asymptomatically a value of 0.6 mm. Benchmark points
on the plot were 0.45 mm at 100 years and over 0.55 at 300 years. This
curve was said to be an extrapolation of soil corrosion data. The
presumption is that at long times pits broaden rather than go deeper.

Factor:(Pit depth/depth of gen.corro.) 1 5 25
General attack (total depth in 10- y - 0.12 mm 0.5 3.0

it IT itn 106 y -0.69 mm 3.0 17.0

Constant-strain-rate tests were used to show that no SCC would occur
unless nitrite concentrations are considerably greater than those that
could reasonably be expected in the repository.

Thermodynamic calculations indicate that up to very high Cl
concentrations, corrosion of Cu will require pH levels below 2 to make
CuCl2, under reducing conditions.

[Ed. note: If more Cl is present, the soluble complex
CuCl2 forms at slightly higher pH. Ocean water is
35,000 ppm, and pH - 7 is then adequate. The Baltic Sea
has 3000 to 8000 ppm chloride.]
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Under oxidizing conditions a Cu(II)(OH) Cl may form Cu(II)2 (OH)3 Cl.

2. Thermodynamics of Copper in the Disposal Environment, Ingmar R.
Grenthe, Royal Institute of Technology

By using thermodynamics and thermodynamic data, the behavior of the
copper system can be predicted for the equilibrium state, and so the
extent to which equilibrium exists must be known.

Because Cu is noble, the following reaction is favored strongly to the
left.

Eq.(1) Cu + H2 0e CuO + H2

[Ed. Note: The CuO of Eq.(1) requires highly oxidizing
conditions.]

Stable phases of sulfur form the following:

Eq.(2) Cu + HS + H20e CuS + H2 + HO

Eq.(3) Cu + 2C1 + H+ 0 CuCl2 + 1/2 H2

In a reducing environment, this reaction requires pH a 2,
which may be present in crevices, and requires a high
chloride concentration.

Eq.(4) Cu + so2 + 3Fe SiO + 2H+ 0 Cu S + Re 0 + 3SiO + HO04O 3F 2 J4 2 3F 2O3 SO 2 2

AG - -5J kcal/mol

[Ed. Note: The Fe2SiO4 is needed for the Fe
2 + to be effective

in making this reaction happen.]

Hence, Cu is not thermodynamically stable in sulfides. The question
becomes one of kinetics. How fast can we expect sulfides of copper to
form, and for the answer, Dr. Grenthe turns to the available natural
analogues.

There are no copper sulfides in the Quinnez mine in the USA where
conditions are correct thermodynamically for their formation, so the
kinetics would appear to be predicting very slow rates of reaction.

3. Near-Field Modelling of the Disposal Environment, Ivars Neretnieks,
Royal Institute of Technology

The question for this system is what are the transport behaviors that
affect the reactions in question. The water is the carrier for
(dissolved) reactive constituents.

Bentonite is a barrier to flow of water, such that the dissolved
constituents must diffuse through bentonite to reach the canister. The
conductivity of the granite in question [in Sweden] is well charac-
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terized and is known to decrease with depth below the surface.
Disturbance stresses in the rock, associated with the implacement
processes, must be considered in computing near-field water flow.

Taking everything into account, Neretnieks gives an equivalent flow
rate of water of li/year/canister, and this greatly limits the amounts of
the corrodents. Thus, the 106 year (canister-lifetime) calculations seem
to hold from this view as well, because the soluble constituents will not
be taken away by this low flow of water.

4. Manufacturing Techniques for Copper Canisters, Lars 0. Werme, SKB
Nuclear Waste Services

The size of the canister would be rather large, with a length greater
than 4 m to accommodate the fuel rods.

Material of the Canister:

Forged Cu, OFHC, with a grain size small enough (< - 1 cm) to permit
ultrasonic testing. Otherwise, scattering of the beam would preclude
ultrasonic testing of the closure. Filling with lead (Pb) is one
option, but environmental contamination of Pb is regarded as somewhat
objectionable. [Ed. note: Nevertheless, Pb is the standard or proven
technology.]

Scaling : (1) Electron beam (EB) welding 10 cm wall canister, which
would contain 8 BWR fuel
bundles

(2) Hot Isostatic Pressing (HIP)

Simple Design for a
Welded Copper Canister

--* -800mm [

>4m

L I Z' - Weld

|*- loom

Seam

m

The problem of producing a
defect-free weldment of
100 mm thickness has not
been solved, especially
for the last part of the
(weld metal) to solidify
in the ring-shaped weldment,
i.e., as the arc is
extinguished, the fade-out
of the thermal source
and the thermal (cooling)
shock associated with
fade-out are not accommo-
dated without cracking.

Li
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For the hot isostatically pressed canister, 9 BWR fuel bundles can be
contained. Copper powder (rather than lead) is put inside to fill all
voids in the canister. Sealing and compaction of the powder is done by
HIPing to seal at 550 to 600 0C, 150 MPa.

The question of a large [remote-controlled] HIP facility suitable
for this purpose is still open. One has apparently not been built to
date. Thus, in Sweden the copper canister has been approved as a concept.
Some technical problems remain to be addressed.

5. Plans for Future Investigations in Sweden, Lars 0. Werne, SKB Nuclear
Waste Services

(1) A better understanding of pitting corrosion of Cu under reducing
conditions is desired.

(2) Reduced wall thickness should be considered for ease of
fabrication.

(3) Additional studies of sulfide formations may be in order.

(4) Studies of creep in Cu at T 5 100 OC are needed to exclude creep
as a failure mechanism.

(5) Electron beam welding studies of the problem at fade-out of the
electron beam weldment are needed.

(6) Continued research and development on Cu powder technology and
HIP technology may lead to a needed understanding of expected
behavior in a repository. [Ed. note: The HIPed product would be
in tension as the uranium/Cu thermal expansion coefficients are
such as to make the fuel become loaded in compression after
cooling; hence, the surrounding "canister" is in tension. Werme
feels this would not be a problem, but he said nothing to
convince this observer that he has excluded all possibilities.]

6. U.S. DOE Program on Copper as a Canister Material, Stewart Lyman, a
representative of the Nevada Nuclear Waste Storage Investigations
Project, Copper Development Association, Inc.

DOE will spend $5-$6 million over the next few years to explore the
potential of copper and its alloys for use in this application. This will
be done by workers at Lawrence Livermore and Rockwell Hanford in fiscal
year 1986 under an NNWSI 3-year project on copper. The Copper Development
Association, Inc., is trying to assemble expertise and available reports
that may aid in developing the understanding needed to meet the objectives
of this project.

Alloys and Metals Considered:

C10200 Oxygen-free (OF). Deoxidized high phophorous
copper will also be considered.
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C61 300 Cu-6% Al (aluminum bronze)

C70600 90% Cu - 10% Ni

C71500 70% Cu - 30% Ni

Mr. Peters of Copper Development Association, Inc., added the following
comments.

The 50-year retrievability requirement and the 10 CFR 60 open
storage requirement change the scenario somewhat. The NNWSI site is
well above the water table, and very low (1 mm/yr) rainfalls can be
expected to give very little water to the environs of the canister,
which is now in an air-like environment of welded tuff (tuff fused by
heat during deposition and having little devitrification). The pH is
roughly neutral. Peak temperature of about 270 0C at about 40 years
to 90 years; as no liquid H20 would be present for over 100 years for
defense waste and 1000 years for other HLW. When water returns, it
would have higher pH, higher silica content, and lower Ca and Mg
concentrations. Thus, there are some differences between this
situation and the one in Sweden, and more oxidation-resistant alloys
are to be considered for the USA's application of Cu.

For the basalt environment of Washington State, with bentonite
buffering, DOE is considering a thicker canister than that considered
for Nevada because the canister must withstand external pressure in the
basaltic environment.

Forms of corrosion to consider in evaluations of Cu and Cu-alloy
containers are as follows:

1. General corrosion in steam in J-13 well water, with and without
Y' radiation field

2. Localized corrosion (pitting and crevice)

3. Selective leaching of the alloys

4. Stress corrosion cracking of the alloys

Expectations and Problems:

1. Corrosion rate for pure Cu wall increase with the concentration
of oxygen species in the environment.

2. CDA 613 and CDA 715 should be more resistant in the oxidizing
environment.

3. Localized SCC is difficult to predict. Radiolysis may create
species, such as hydrogen peroxide, or nitrates, with unknown
consequences.

4. Corrosion survey tests will be done to continue to explore the
outstanding questions for the U.S. program.
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SCIENTIFIC PROGRAM
OPENING SESSION Monday 9.00-12.00
Chairman: P-E. Ahlstrom

Nuclear energy and nuclear waste management
Opening remarks by
Professor Hans G. Forsberg
Executive Director
Royal Swedish Academy of Engineering Sciences

Invited papers
Swedish nuclear high level waste-program - key research
areas
S. Bjurstrom
SKB, Sweden

US crystalline repository project - key research areas
E. Patera
USDOE-CRPO, USA

US nuclear defense waste program -current developments
and key research areas
KA. Chasey
USDOE-SR, USA

French nuclear high level waste program - key research
areas
C. Sombret
CEA, France

German nuclear high level waste program - key research
areas
H. Geipel
BMFT, FRG

Swiss nuclear high level waste program - key research
areas
C. McCombie
Nagra, Switzerland

Canadian nuclear high level waste program -key research
areas
LiI. Johnson
AECL, WNRE, Canada

3
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SESSION 1 Monday 13.30-17.00
Chairmen: G. de Marsily L. McKinley

Fluids in Crystalline Rocks

Diffusivities in crystalline rock materials
K. Skagius, I. Neretnieks
Royal Inst. of Thchn., Sweden

Diffusion and permeability based sorption measurements
in intact rock samples
M.H. Bradbury, LG. Stephen
AERE, Harwell U.K.

An analogue validation study of natural radionuclide
migration in crystalline rocks using uranium-series
disequilibrium studies
J.A.T. Smellie, A.B. MacKenzie. R.D. Scott
Swedish Geological Co., Sweden, and Scotish Universities
Res. and Reactor Centre, U.K.

Uranium in clays of crystalline rocks
G. Simmons, L.J. Caruso
MU, USA

Estimations of changes in microcrack-population, elastic
modulus and permeability, due to differential-thermal ex-
pansion, in plutonic rock surrounding a nuclear fuel waste
vault
B.J.S. Wilkins, Y. Liner, G.L. Rigby
AECL, WNRE, Canada

Validation of hydrogeologic models to describe ground-
water flow in the crystalline of Northern Switzerland
R.W. Andrews, F Kimmeier, P. Perrochet, L. Kiraly
INTERA 7bchnologies Inc., USA, and Univ. de Neuchatel,
Switzerland

Confidence in solutions of flow through stochastically
generated hard rock formations
C. Braester, R. Thunvik
Technion, Israel, and Royal Inst. of Thchn., Sweden

The origin ofsaline groundwaters in granitic rocks: evidence
from hydrothermal experiments
D. Savage, M.R. Cave, A.E. Milodowski
BGS, U.K.

Effects of fissure calcite by recharge water.
Some problems related to C-14 dating of groundwater
E-L Thllborg
Swedish Geological Co., Sweden

SESSION 2 Monday 13.30-17.00
Chainnen: L. Werme, G. Ondracek

2a Canister Corrosion

Some aspects on the use of iron canisters for HLW
1. Neretnieks
Royal Inst. of Thchn., Sweden

Evaluation of the localised corrosion of carbon steel over-
packs for nuclear waste disposal in granitic environments
G.P. Marsch, K.J. 7hylor, I.D. Bland, C. Westcott, P.W lbs-
ker, S.M. Sharland
AERE, Harwell, U.K.

Corrosion rate of unalloyed steel and cast irons in reducing
granitic groundwaters and chloride solutions
J.P. Simpson, R. Schenk, B. Knecht
Sulzer Bros Ltd., and Nagra, Switzerland

Corrosion behavior of nodular cast iron casks for low and
intermediate level wastes
W Hauser, R. Koster ,
Kernforschungszentrurn Karlsruhe, FRG

In-situ electrochemical determination of the effects of
gamma irradiation on the aqueous corrosion processes
of prospective nuclear waste container materials
R.S. Glass, RA. van Konynenburg, G-E. Overturf, R.D.
McCright
LLNL, USA

HLW container corrosion in geological disposal conditions
M. Helie, G. Plante
CEA, France

2b Canister Materials

Metallographical study of hot isostatically pressed copper
encapsulation of nuclear fuel elements
B. Loberg, K.E. Easterling
Univ. of LuleA, Sweden

The development of durable cementitious materials for use
in a nuclear fuel waste disposal facility
N.C. Burnett, R.D. Hooton, R.B. Heimann, M. Onofrei
Ontario Hydro and AECL, WNRE, Canada
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SESSION 3 Tuesday 08.00-12.00
Chairmen: D.M. Strachan, B. Grambow

Waste Form Performance-Glass

Static leaching of fully radioactive waste glass at 900C in
the presence ofbentonite, granite and stainless steel corro-
sion products
H-P Hermansson, I-K Bjorner, H. Christensen, T. Ohe,
L. Werme
STUDSVIK, SKB, Sweden and CRIEPI, Japan

Glass/water reaction with and without bentonite present
-experiment and model
B. Grambow, H-P Hermansson, I-K Bj6rner, L. Werme
HMI, FRGT, STUDS VIK and SKB, Sweden

Results from the long-term interaction and modeling of
SRL 131 glass with aqueous solutions
D.M. Strachan, L.R. Pederson, R.O. Lokken
PNL, USA

Investigations on the role of surface layers in HLW glass
leaching
R. Conradt, H. Roggendorf, H. SchoLze
Frauenhofer - Institut fuir Silikatforschung, FRG

Leaching of actinides from the French LWR reference glass
S. Fillet, J.L. Nogues, E. Vernaz, N. Jacquet-Francillon
CEA, France

The role of groundwater oxidation potential on waste glass
performance in crystalline repository environments
C.M. ,Jantzen, N.E. Bibler
E.I. du Pont de Nemours and Co., SRL, USA

Characterization of lead-iron phosphate glass
E. Schiewer, W. Lutze, L.A. Boatner, B.C. Sales
HMI, FRG, and ORNL, USA

An assessment of the long-term durability of concrete in
radioactive waste repositories
A. Atkinson, DJ. Goult, J.A. Hearne
AERE, Harwell, U.K.

SESSION 4 Tuesday 08.00-12.00
Chairmen: N. Chapman, D.G. Brookins

4a Thermal and Stress Effects on Fluids in Rocks

Near field thermal analysis of the nuclear waste disposal
vault
H.S. Radhakrishna, K.C. Lau, A.M. Crawford
Ontario Tlydro, C. Mirza Eng. Co., and Univ. of Tbronto,
Canada

Determination of near field excavation disturbance in
crystalline rock
R. Koopmans, R.W Hughes
Ontario Hydro, Canada

Simulation of vn .ter transport in heated rock salt
M. Schlich, N. Jockwer
Techn. Hochschule, Aachen, and List. fir Tieflagerung,
FRG

Natural, thermal and radiolytical gas liberation in rock salt
as a result of disposed high-level radioactive waste
N. Jockwer, S. Gross
Inst. fur Tieflagerung, FRG

Hard clay as host medium: Thermo-mechanical experi-
ments and model
G. Baldi, M. Borsetto, T. Hueckel, A. Peano, E. Ttssoni
ISMES, Italy

4b Diffusion and Transport in Clay Buffers

NMR-studies of pore water in bentonite/water/electrolyte
T. Carlsson
Univ. of Lule&, Sweden

Diffusion of tritum and chloride in basalt-bentonite mix-
tures.
J.F. Relyea, D.P. Trott, C.V. McIntyre, C.G. Rieger
BW[P, Univ. of Idaho, and Montana State Univ., USA

Diffusion mechanisms of strontium, cesium and cobalt in
compacted sodium bentonite
A. Muurinen, J. Rantanen,RPenttild-Hiltunen, R. Ovaska-
inen
Techn. Res. Centre, Finland
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SESSION 5 Tuesday 13.30-16.00
Chairmen: LK, Johnson

Waste Form Performance-Ceramics and Spent Fuel

The extended defect as a mechanism for the immobilization
of HLW species in zirconolite, perovskite and hollandite
T.J. White
Griffith Univ., Australia

Intergranular films and pore surfaces in Syrroc C
S. Myhra, R.L. Segall, R. St. C. Smart, P.S. Turner,
T.J. White
Griffith Univ., Australia

Redox processes and the U0 2(s) solubility. The determi-
nation of the UO2

24/U4' redox potential at 250C in HCl04
media of different strenghth
J. Bruno, *. Grenthe, B. Lagerman
Royal Inst. of Tbchn., Sweden

Oxidation of Candu U02 fuel by the alpha-radiolysis
products of water
D.W. Shoesmith, S. Sunder, L.H. Johnson, M.G. Bailey
AECL, WNRE, Canada

Dissolution of used Candu fuel at various temperatures
and redox conditions
S. Stroes-Gascoyne, L.H. Johnson, PA. Beeley, D.M. Sel-
linger
AECL, WNRE, Canada

The corrosion of spent U0 2 fuel in synthetic groundwater
R.S. Forsyth, L. Werme
STUDSVIK and SKB, Sweden

Derivation of a waste package source tenn for NNWSI from
the results of laboratory experiments
V.M. Ouersby, C.N. Wilson
LLNL and Westing house Hamford Co, USA

SESSION 6 Wednesday 08.00-12.00
Chairmen: I. Neretnieks, F.T. Ewart

Near-Field Chemistry

The 'Source-term' for safety assessments of the disposal of
vitrified high-level radioactive waste
A. Hough, J. Marples, L Handyside
AERE, Harwell and DOE, U.K.

The effect of a radiation field on 99Tc redox behavior in the
system basalt-waste package components-groundwater
D.G. Coles, S.A. Simonson, JR. Burnell, J. Myers
PNL and RHO, USA

Americium speciation and retardation in a granitic ground
water
G.W. Beall, W.W.-L. Lee,A. van Luik
R.F. Weston, Inc., USA

Modelling radionuclide speciation and solubility limits in
the near field of a deep repository
H. Wanner
EIR, Switzerland

Geochemical modelling of the alteration of a granitic rock
around a respository for spent nuclear fuel
B. Fritz, M. Kam, Y. Tardy
Centre de Skdimentologie et de Geochimie de la Surface,
France

Humic substances in ground water
N. Paxdus, B. Allard, U. Olofsson, M. Bengtsson
Chalmers Univ. of Techn., and Univ. of Link6ping, Sweden

Laboratory and modelling studies of microbial activity in
the near field of a HLW, repository
J.M. West, LG. McKinley, HA. Grogan, S.C. Arne
BGS, U.K., and EIR, Switzerland

i

I

i
I

The chemistry of the near field environment
F.T. Ewart, S.M. Sharland, P.W. Thsker
AERE, Harwell, U.K.

Control of the near-field environment by cementitious
material
M.J. Angus, F.P. Glasser.
Univ. of Aberdeen, U.K.

-- ----- __
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SESSION7 Wednesday 13.30-15.30
Chairman: F. Karlsson

Transport in Fractured Rocks

Flow and tracer experiments in crystalline rocks. Results
from several Swedish in situ experiments
H. Abelin, L. Birgersson, J. Gidlund, L. Moreno,
I. Neretn ieks, S. Tunbrant
Royal Inst. of Techn., Sweden

Radionuclide transport modelling in fissured zones and
channels
A. Rasmnuson, I. Neretnieks
Royal Inst. of TRchn., Sweden

'Iransport of radionuclides in inhomogeneous crystalline
rocks
tJ. Hadermann, F Rosel, Ch. McCombie
EIR and Nagra, Switzerland

The effects of simultaneous heat and mass transport on
radionuclide migration
FB. Walton, J.P.M. Ross, D.G. Juhnke
AECL, WNRE, Canada

2U/Iffh ratio as an indicator ofredox state, and U, Th, and
Ra behaviour in briney aquifiers
J.C. Laul, MR. Smith, N. Hubbard
PNL and Battelle Mem. Inst., USA

POSTER SESSION I Tuesday 13.30-18.00
Chairmen; W. Lutze, LA. Boatner, R.C. Ewing

Ia. Waste Form Performance-Glass
Effects of rocks and backfilb materials on waste glass
leaching
K. Ishiguro, N. Sasaki, H. Kashihara, M. Yamamoto
PNC, Japan

Crystallization behaviour of a ferri-silicate alphawa'te
glass
A.D. Stalios, R. De Batist
SCK/CEN, Belgium

Weathered baselt hyaloclastites: A natural analogue for
the effects of saturation on nuclear waste glass durability
B. GrambD , M.J. Jercinovic, R.C. Ewing, C.D. Byers
HMI, FRG, Univ. of New Mexico and Argonne Natl. Lab.,
USA

Dissolution of basaltic glass in seawater: Experiments and
thermodynamic modeling
J L. Crovisier, B. Fritz, B. Grambow, JP. Eberhart
Univ. Louis Pasteur and Centre de S6dimentologie et de
G6ochimie de la Surface, France, and HMI, FRG

lb. Waste Form Performance-Ceramics and
Spent Fuel

Influence of higher waste loading on crystallization of tita-
nosilicate glass-cerarnics
PJ. Hayward, E.R. Vance, C.D. Cann, L.M. George
AECL, WNRE, Canada

Review of progress in the development of sphene-based
glass-ceramics
P.J. Hayward
AECL, WNRE, Canada

Radiation damage in natural titanite by crystal structure
analysis
ME. Fleet, G.S. Henderson
Univ. of Western Ont., Can- ida

Structural changes in 23 Pu-substituted zirconolire on
recovery from the metamict state
F.W. Clinard, Jr., R.J. Livak, L.1W. Hobbs, DL. Rohr
LANL, USA
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Alpha recoil effects on the dissolution of betafite: Rapid
natural annealing of radiation damage within a metamict
phase
Y Eyal, G.R. Lumpkin, R.C. Ewing
Technion, Israel, and Univ, of New Mexico, USA

An investigation of uranium L-edges of metamict and
annealed Pyrochlore
R.B. Greegor, E W. Lytle, B.C. Chamoumakos,
G.R. Lumpkin, R.C. Ewing
The Boeing Co. and Univ. if New Mexico, USA

Experimental study on the solubility of uranium (IV) oxide
in aqueous solutions (H20, HCl, LiOH, Na2HPO4,
NaH(0 3) under saturated v; por pressure (Psat) and the
temperature range 100 to 400-C
C. Nguyen Trung
CREGU, France

Source term for the activity release from a repository of
LWR spent fuel
R. Wirtz, M. Ellinger
KWU, FRG

Alpha-radiolysis of aqueous solutions
H. Christensen, E. Bjergbakke
STUDSVIK, Sweden, and Ris6 Natl. Lab., Denmark

Ic. Canisters-Design and Performance
Final storage container design for highly radioactive
waste
H. Bienek, W Wick
STEAG GmbH, FRG

Optimization of concrete containers composition in radio-
active waste technology
IB. Ple6a,§, Lj. L. Mihajlovt6, A.M. Kostadinovu6
Boris Kidric Inst. of Nucd. Sciences, Yugoslavia

The corrosion of steel and zirconium in anaerobic concrete
C.M. Hanson
Danish Corr. Centre, Denmark

ESCA investigation of the reaction products formed on
titanium exposed to water-saturated bentonite clay
H. Mattsson, I. Oleflord
Chalmers Univ. of Tbchn., Sweden

POSTER SESSION II Wednesday 13.30-1730
Chairmen: B. Allard, G. de Marsily, 0. Stephansson

[Ha. Radionuclide Speciation and Sorption

Sorption of some fission products and actinides in concrete
systems
S. H6glund, L. Eliasson, B. Allard, K. Andersson, B.7brs-
tenfelt
Chalmers Univ. of Tbchn., Univ. of Link6ping, and
STUDSVIK, Sweden

Investigations into the mobilization of actinides from ILW
conditioned in cement and bitumen and studies of their
sorptive and migration behaviour in both near- and far-
fields for a repository contained in a deep salt environment
A.R. Flambard, H.-U. Fusban, Ch. Keiling, G. Marx
Free Univ. of Berlin, FRG

The solubility of actinides in the near field
FT. Ewart, R.M. Howes, H.P. Thomas, S.J. Williams,
JE. Cross
AERE, Harwell and Univ. of Wales, UK.

Influence of redox environments on the geochemical
behaviour of radionuclides
G. Bidoglio, A. Avogadro, A. De Plano
CEC, Ispra, Italy

Studies on the radionuclide coprecipitations-solid solution
formation. The U0 2(s)-La(OH) 3(s) coprecipation as an ana-
logue for the UO2(s)-Pu(OH)3(s) system
J. Bruno, L Grenthe, M. Murzoz
Royal Inst. of Tchn., Sweden

[Tb. Solute and Colloid Transport

Formation and transport of americium pseudocolloids in
aqueous systems
U. Olofsson, M. Bengtsson, B. Allard

* Chalmers Unv. of Techn. and Univ. of Linkoping, Sweden

Analysis of colloid transport
H.E. Nuttall, B.J. Thzvis
Nuttall & Ass. and Los Alamos Natl. Lab., USA

Sorption and diffusion of radionuclides in rock matrix and
natural fracture surfaces studied by autoradiography.
S. Muuronen, E-L Kamdrdinen, T. Jaakola S. Pinnioja, A.
Lindberg
Univ. of Helsinki and Geol. Survey of Finland, Finland
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Experimentation and modelling of U, Th and lanthanides
transport in fissured rocks. Influence of complexation
P 7bulhoat '
CEA, France

Migration behaviour of U(W) in tuff
S. Sato, H. Furuya, S. Araya, K Matsuo
Hakozako, PNC, and Nucl. Safety Res. Ass., Japan

Sandstone Uranium deposits: Analog for SURF disposal in
some sedimentary rocks
D.G. Brookins
Univ. of New Mexico, USA

Ocean floor sediments as a repository barrier: Comparative
diffusion data for 11 selected radionuclides in sediments
from the Atlantic and Pacific Oceans
F. Schreiner, C. Sabau, A. Friedman, S. Fried
Argonne Natl. Lab., USA

Transient diffusional release from waste packages in
a repository in basalt
M.S. Bensky, DL. Oliver
RHO, USA

Hc. Groundwaters in Crystalline Rock

The assessment of reducing conditions at depth in granitic
rock
P. Wikberg
Royal Inst. of Ibchn., Sweden

Chei 'ical thermodynamic data set for minerals associated
with granite.
AB. Muller, B. FritzA .Wyman, M. Snellman, and S. Car-
lyle
OECD/NEA, Univ. de Louis Pasteur, France, Univ. of Las
Vegas, USA, and Techn. Res. Centre Finland

Ild. Geotechnical and Transport Modelling

Mechanical behaviour of galeries in deep clay. Study of a
concrete example
G. Rousset, A. Bonne, J.C. Fernique, R. Andr6-Jehan,
CEAIANDRA, France and SCK/CEN, Belgium

Mechanical behaviour of host rock close to HLW disposal
cavities in a deep granitic formation
J.M. Hoorelbeke, M. Dourthe
CEA, France

Heat induced fracturing of rock in an existing uniaxial
stress field
J. Mathis, 0. Stephansson, B. Bjarnason, H. Hakami,
A. Herdocia, U. Mattila, U. Singh
Lulea Univ. of Techn., Sweden

Numerical calculation of the time and space dependent
temperature distribution in an IILW repository of a finite
extension for a temporal step-by-step disposal procedure
K. Hahne, M. Schlich, E. Korthaus
Techn. Hochschule Aachen and Kernforschungszentrum
Karlsruhe, FRG

Development of the code MELODIE for long term risk
assessment of nuclear waste repositories
P. Goblet, P. Guetat, J. Lewi, J-P. Mangin, G. de Marsily,
P Raimbault
CEA and Ecole des Mines de Paris, France

Investigations of fracture zones in crystalline rock by
borehole radar
0. OQsson, L. Falk, 0. Forslund, L. Lundmark, E. Sandberg
Swedish Geological Co., Sweden

In situ measurements of groundwater flow in fractured
crystalline rock by point dilution
E. Gustafsson
Swedish Geological Co., Sweden

I
I
i
I
iJ

Evaluation of single-hole hydraulic tests in fractured
crystalline rock by transient methods 1
J-E Andersson, 0. Persson
Swedish Geological Co., Sweden



NBS Monthly Letter Status Report - FIN-A-4171-5

Cost Analysis - September

Pay Periods 18 and 19 (September 1 - 28, 1985)

Costs (Dollars)

This Period Cumulative

$20,134* $ 94,863

Projection by Month
Dollars in Thousands--to 11-30-85

Oct Nov

25 40Personnel Expenditures

Travel Costs
(Individual and Trip) 4,172**

Costs (by Item):

Software ($700)
Supplies ($11) 711

Uncosted Obligations:

Training, Marinoff

TOTAL CUMULATIVE (as of 9-28-85)

2,930

198

$102,163

*Total hours this report (see attached labor journals): 442
Total hours cumulative: 1,920

**Adjusted cumulative based on actual cost item(s).
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High level
waste technology research

Lead cave and glove box used for glass leaching studies.
Scope
Investigations to characterize chemical stability
and other safety related properties of spent nu-
clear fuel and vitrified high level waste from fuel
reprocessing have been in progress at STUDSVIK
for several years. The purpose is to identify cor-
rosion mechanisms for these waste forms and to
produce input data for the safety analyses of their
disposal in crystalline rock. A series of experi-
ments on inactive simulated vitrified waste is run
in parallell to the investigation of radioactive
glasses.



, A. 5

ICP analyses of leach solutions with the plasma part in a
glove box.

Experimental capacity and competence
A number of advanced items of equipment are
available for experimental investigations and
analyses of radioactive glasses and ceramics and
of spent fuel under e.g. geological repository con-
ditions. Some of these are illustrated in the
pictures above. The following capacities are
included:
* multielement determination in solution using

ICP analysis (Inductively Coupled Plasma)
* characterization of chemical species in leach

solutions by ion chromatography
* surface characterization analysis by IRRS

(Infra Red Reflexion Spectroscopy)
* surface element analysis by SEM-EDS (Scan-

ning Electron Microscopy - Electron Disper-
sive Spectroscopy)

* neutron activation analysis
* radionuclide analysis, including gamma and

alpha spectrometry
* high temperature equipment

- furnaces, up to 20000 C
- hot presses, up to 1 500'C-50 MPa

* thermal analysis
- thermogravimetry
- differential thermal analysis

* specific surface analysis by BET
* X-ray diffraction analysis.

The research programmes are conducted in close
contact with international developments. A for-
malized cooperative programme with Japan and
Switzerland on vitrified waste investigations is in
progress since 1982. It is mainly conducted at
STUDSVIK and is financed by CRIEPI of Japan,
NAGRA of Switzerland and the Swedish Nuclear
Fuel Supply Company (SKBF).

Information
For further information about STUDSVIK's high
level waste technology research please contact the
Marketing department of the Nuclear Division,
Studsvik Energiteknik AB.

References
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Low and medium level
waste technology research

,, -mu -I ~Scope
For low and medium level radioactive waste
STUDSVIK offers process development and
improvements for waste treatment and quality
control of various waste forms.
Process work includes waste incineration and ash
treatment, incorporation into cement and bitu-
men of various wastes with emphasis on spent
resins from the operation of nuclear power
stations, and overview or specialized studies of
international developments in the field.
Waste analyses and assessment of safety related
properties -have formed a separate project over the
last years, sponsored by the Swedish NuclearI b>' ,1 WPower Inspectorate. Investigations on radio-
activity distribution and off-gas analyses in large
scale waste incineration have been performed for
the National Institute of Radiation Protection.

4" 1; &g~ ;<A Experimental capacity and competence
A test rig, shown in the picture, is used for the full
scale verification of process formulas when devel-
oping systems for solidification of various radio-
active wastes in cement. This includes spent
resins, sludges, and decontamination wastes,
where already developed processes have been
successfully verified in full scale runs. Waste in-
cineration developments may also be verified in
the STUDSVIK incineration facility for low level
waste.
Besides equipment for conventional dry and wet
chemical, inactive and radiological work, the fol-
lowing equipment is available specially for ma-

_ _ s q l I _ terials testing and characterization:

Test rig for full scale waste solidification. * waste cementation
- mixing-pouring
- viscosimetry
- crushing and tensile strength

* waste bituminization
- flame point



- ring and ball
- penetration resistance
- water contents
sample preparation and testing
- cutting, grinding, polishing
- leaching
- sedimentometry

Most of the testing equipment is adapted to stan-
dards such as ASTM, DIN, SIS etc.

formation
For further information about STUDSVIK's low
and medium level waste technology research
please contact the Marketing department of the
Nuclear Division, Studsvik Energiteknik AB.
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AMOS
MODERNIZATION OF THE WASTE FACILITIES IN STUDSVIK

PREREQUISITES (Forutsattningarna)

The research station in Studsvik was started in 1957.
From the start the handling of radioactive waste from
the operation of its reactors and laboratory work was
paid considerable attention.

The waste handling facilities were built for the
most part between 1958 and 1964. They can take
care of both liquid and solid waste.

In 1977 facilities for processing and storing
solid low level waste were built to complement the
earlier ones. They include an incinerator and a store
for the processed waste.

Since the Swedish authorities have now speci-
fied their requirements concerning the modernization
of the waste facilities, and the final repository for low
and medium level waste is under construction in
Forsmark, the Swedish government has commissioned
Studsvik Energiteknik AB, STUDSVIK, to project
and construct the new facilities necessary to process
and store the waste for subsequent transportation to
the final repository.

The project is called AMOS and includes the
design and construction of the new facilities which
will enable the waste stored in Studsvik, as a result of
the extensive nuclear research programme carried out
over the past 20 years, to be taken care of. The
facilities will also be able to receive radioactive waste
from other institutions, such as hospitals.

AMOS PROJECT (Projekt AMOS)

AMOS is the name of the project to modernize the
waste facilities in Studsvik.

The modernization comprises a new building
for processing both solid and liquid waste, an under-
ground interim store and a harbour. Storage pools.
tanks and transportation systems are also to be
extended and modernized.

The investment has been estimated to cost
154 MSEK at current prices levels. 13 MSEK was

granted in the spring of 1982 for the project work.
For the financial years 198 .183 and 1983/84 13.4
and 44.2 MSEK respectively have been granted for
the investments.

At the end of 1985 the facilities should be
complete and ready to be taken into operation to
process the medium level waste currently stored
unprocessed in space which it is expected will be too
small in a few years.

TREATMENT PLANT (Behandlingsanlaggningen)

Both liquid and solid waste, most medium level, will
be processed in the facilities.

The solid waste will be cast into drums with
concrete, or into concrete moulds. A central part of
the facility is a shielded cell which fulfills the follow-
ing functions: introduction through the air-lock.
sorting. sectioning. cutting, compacting, packing.
measuring, and exiting through the air-lock.

The method of approach is in principle the
same as that used for the shielded cells in the fuel
laboratory, which has been in operation since the
early 60's. The level of radioactivity will, however. be
lower in the new facility than it is in the fuel labora-
tory.

The equipment for processing the liquid waste
will include shielded tanks for chemical treatment
and sludge separation. The sludge and ion exchange
resins will be set in cement to produce solid blocks.

HARBOUR FACILITY (Hamnanlaggningen)

Transportation of the processed and packed waste to
the final repository (SFR) would most suitably be by
sea. This means that the harbour in Studsvik must be
extended to accommodate roll-on/roll-off shipping.
specifically designed for this kind of freight.



SAFETY AND METHODOLOGY
(Sikerlhet och metodik)

Acquisition of the new facilities in Studsvik, together
with the processes which will be used, in consistent
with the high ambitions STUDSVIK has with regard
to safety and the environment. The processing plant
will facilitate the reduction of the already small
amounts of radioactive substances which are dis-
charged with the liquid effluents.

Underground siting of the interim store means
that the radiation from the waste containers to the
surroundings will be eliminated completely. It will
also provide good protection in the event of abnormal
situations pertaining. There will be no releases of
radioactivity in the interim store.

As well as the construction work the project
also incorporates improvements in the entire waste
treatment process through better facilities and more
effective methods. True to the STUDSVIK tradition
the experience of the improved safety and more
effective methods will also benefit other similar
facilities.

Through the AMOS project Studsvik Energi-
teknik AB will be providing jobs with different
contractors for about 30 people for the three year
period. About 10 of our own employees and a
number of consultants will also be involved.

INTERIM STORE (Niellanlagret)

The illustration show:; an artist's impression of the
underground interim store which is being built in
Studsvik.

Amongst other things the interim store will
have the facilities for storage and remote shielded
handling. It will be possible to store highly radio-
active waste containers there.

In another part of the store unshielded hand-
ling will be used for containers with less radioactivity.

Containers will be stored prior to shipment to
the final repository. This will be by special boats
which will dock in the new harbour. Underground
siting of the store will provide good shielding. Com-
parative studies have also shown that the costs for
underground construction are not higher than for a
surface construction. The anticipated doses to person-
nel are lower for underground storage.
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SEMINAR ON COPPER

As a Canister Material for Nuclear Waste Disposal

A half-day seminar on the use of copper and its alloys as container materials for the disposal of
spent nuclear fuel waste will be held in Stockholm on Friday, September 13, 1985 in conjunction with
the Ninth International Symposium on the Scientific Basis for Nuclear Waste Management which takes
place in Stockholm September 9-12. The seminar is being sponsored jointly by SKB Nuclear Waste Services,
Copper Development Association Inc. and International Copper Research Association, Inc. There is no
charge for the seminar. It will convene at:

0900-1200
Friday, September 13,1985

Industrihuset
Storgatan 19

Stockholm, Sweden

The main content of the meeting will be reports by Swedish scientists and engineers on the ex-
tensive research and development work on copper canisters carried out since 1977 by the Swedish
Nuclear Fuel and Waste Management Co. This work culminated in the prototype production of two
copper canisters. The current U.S. program on copper and its alloys as canister materials will also be
described. The agenda for the meeting, which will be followed by a light lunch, is as follows:

1. Basic Conclusions on Copper Corrosion
Prof. Einar Mattsson, Swedish Corrosion Institute

2. Thermodynamics of Copper in the Disposal Environment
Dr. Ingmar R. Grenthe, Royal Institute of Technology

3. Near-Field Modelling of the Disposal Environment
Dr. Ivars Neretnieks, Royal Institute of Technology

4. Manufacturing Techniques for Copper Canisters
Dr. Lars 0. Werme, SKB Nuclear Waste Services

5. Plans for Future Investigations in Sweden
Dr. Werme

6. U.S. DOE Program on Copper as a Canister Material
Representative of the Nevada Nuclear Waste Storage Investigations Project

To reserve a place at the Seminar, please contact either:

Dr. Lars Werme Mr. W. Stuart Lyman
SKB Nuclear Waste Service Copper Development Association Inc.
Brahegatan 47 Greenwich Office Park 2
P.O. Box 5864 P.O. Box 1840
S- 10248 Stockholm Greenwich, CT 06836
Telephone: 08-67 95 40 Telephone: 203/625-8230
Telex: 13108 SKB Telex: 643784 CDAGRC
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