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J. 0. Neff, Project Manager, SRPO

FOREIGN TRIP REPORT FOR TRAVEL TO FEDERAL REPUBLIC OF GERMANY AND BELGIUM,
SEPTEMBER 26 THROUGH OCTOBER 11, 1986

o/ Enclosed is a foreign trip report detailing the travel of D. Cattran of
ONWI and K. Wu of SRPO to the Federal Republic of Germany (FRG) and Belgium
on September 26 through October 11, 1986. The purposes of this trip were to:

1. Attend and parficipate in the U.S./FRG Bilateral Agreement .
Technical Coordinators and the Principal Coordinators A
meeting.

2. Visit and tour Asse Mine and the Gorleben salt repository
site for discussion of past and possible joint studies and ;
proposed information exchange. |

' |
3. Visit and tour relevant facilities at the Karlsruhe Nuclear
Research Center and the Juelich Nuclear Research Center.

. 4. Visit and tour the underground research laboratory in a clay
\_ formation at Mol, Belgium. .

In addition, D. Cattran researched possibilities for information exchange
in the public information and institutional area, such as possible tours of
Asse and Gorleben for key state officials and citizens.

This report has been arranged as follows:

o A brief summary of the various meetings, purposes of the trip, i
itinerary, and cost for SRPO travelers. i

o A summary of the Bilateral Agreement Meetings and comments
and recommendations on public information aspects. Note :
that the primary trip report for the Bilateral Meeting ' , :
portion of the trip was prepared by J. Strahl of Weston i
for direct submittal to J. Fiore of OGR. Appropriate i
portions of this are included as Appendix C. 3
1

¢ A report for the visits to Karlsruhe and Juelich Nuclear
Research Centers, which are not covered in the Weston
report. The major report for the Mol, Belgium, portion i
was also prepared by J. Strahl and is included as Appendix H. ' r

FaITONE Al 1525

Visitors’ Entrance: 1375 Perry Street, Columbus, Ohio
Telephone (614) 424-5674 — Telex 24-5454
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e A set of appendices covering the itinerary, names, and
addresses of key contacts, meeting minutes, selected
photographs, and pertinent technical papers.

This report has been reviewed by K. Wu of SRPO and has been prepared
in accordance with Section 6.4.3 of DOE/RW-0064, OCRWM International
Procedures. It will be issued according to the attached distribution

Tist. If you have any questions or comments, please contact D. Cattran

at Ext.>§¢-4303.

/ /’w /( hu e ~

ayne Al carbiener
Program Manager

WAC/DEC :dmh

In triplicate

Encs.

cc: R. B. Lahoti, SRPO

K. K. Wu, SRPO
L. K. McClain, SRPO

WBS 1.3.5.4
ONWI-010-86-0169
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SUMMARY
U.S./FRG BILATERAL AGREEMENT MEETINGS
AND FACILITY TOURS
FEDERAL REPUBLIC OF GERMANY
AND
BELGIUM

September 28 - October 9, 1986

Trip Report Date: December 1986

SRPO/ONWI Travelers: K. K. (Roger) Wu, SRPO, Technical Coordinator for waste
management portion of bilateral agreement;
D. E. Cattran, ONWI International Coordinator

(Other key attendees for the first week's meetings were
J. F. Strahl, Director of International Program Office
at Weston; C. R. Cooley, OCRWM; and L. 0. Tyler,
Sandia.)

Itinerary: September 29-30: GSF/IfT (Company for Radiation and Environmental
Research, Institute for Underground Storage),
K. Kuehn, Braunschwelg

September 30: " BGR (Federal Institute for Geosciences and
Natural Resources), M. Walilner, Hannover

October 1:  Asse Mine Visit, K. Kuehn

October 2-3: BMFT (Federal Ministry for Research and

Technology), Gorleben Facility Visit,
R. Randl, (BMFT), G. Gruebler (DBE)

October 6: KFK (Karlsruhe Nuclear Research Center),
K. Closs, Karlsruhe

October 8: KFA (Juelich Nuclear Research Center),
R. Odoj, Juelich

October 9: Underground Research Laboratory, CEN/SCK
(Nuclear Energy Research Center);
A. Bonne; Mol, Belgfium

A more detailed itinerary is included as Appendix A. Appendix B
is a 1ist of persons contacted, with addresses and telephone

numbers.



Purpose:

Report Abstract:

The purpose of the trip to the FRG was to participate in
the U.S./FRG Bilateral Agreement Technical and Principal
Coordinators' Meetings, tour the Asse Salt Mine and the
Gorleben proposed repository site, and visit the
Karlsruhe and Juelfich Nuclear Research Centers for
discussion of ongoing and planned studfies relevant to
the Salt Repository Project. The trip to Belgium was to
visit the Underground Research Laboratory in a clay
formation, discuss the Belgium disposal program plans,
and evaluate potential cooperative activities with SRPO.

On September 30, 1986, the GSF/IfT and DOCE/SRPO agreed
to extend the Asse Project Agreement for two years and
defined specific activitias to be performed under this
agreement, inciuding post-test evaluation of Asse
irradiated salt samples. In addition, it was agreed
that at least two joint workshops will be held in 1987,
and personnel exchange to both the U.S. and FRG will
continue. Additional work related to Asse experiments
was discussed, including simulated spent fuel emplace-
ment tests, backfill and sealing tests, and geomechan-
ical modeling development. If implemented, parts of
this work may require either a new project agreement or
addendum to the existing agreement. Interest in
information exchange in the area of public information
and outreach programs was indicated, particularly the
SRPO interest in arranging a tour of the FRG facilities
for key state officials and citizens.

The SRPO representatives visited the Karlsruhe and
Juelich Nuclear Information Centers to tour appropriate
facilities and to further discuss relevant projects
planned for the Asse Salt Mine. At Karisruhe, the PUREX
reprocessing plant and the POLLUX cask welding facility
were toured, and possible SRPO participation in demon-
stration projects for spent fuel disposal was discussed.
At Juelich, the discussions focused on medium activity
waste and high temperature reactor fual element borehole
disgosal tests and the waste container quality assurance
work.

In Belgium, the overall status of the program was pre-
sented by A. Bonne of the Nuclear Energy Research Center
(CEN/SCK), after which SRPO, CPO, ONWI, and Weston
representatives toured the Mol Underground Research
Laboratory in the Boom Clay formation. It was concluded
that only CPO may have some interest in formal future
interactions with the Belgium program.

~
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TRAVEL COST:

3

K. K. Wus $4,500 (travel cost plus 80 staff hours)
D. E. Cattran: $9,500 (travel cost plus 200 staff hours)
Briefing packages;ngogiewgraph preparation--time and materials:

Total: $16,000



U.S./FRG BILATERAL PLANNING AND AGREEMENT
MEETINGS AND TOURS

(September 29 - October 3, 1986)

A On September 29-30, 1986, a delegation representing the U.S.

~ DOE/OCRWM geologic disposal program, led by the Salt Repository Project

_ Technical Coordinator, K. (Roger) Wu, met with the FRG geologic disposal

_ delegation under the direction of K. Kuehn, Technical Coordinator from the
Gesellschaft fuer Strahlen- und Umweltforschung mbH Muenchen, Institut fuer

Tieflagerung (GSF/IfT, German Company for Radiation and Environmental

Research, Institute for Underground Storage), to discuss progress under the

existing agreement extension signed in August, 1984, in Park City, Utah, and

to further define and reach an agreement on continued cooperative activities

over the next two years. )

On October 2-3, 1986, a delegation representing the U.S. DOE, led by
the Principal Coordinator, C. Cooley, met with the FRG delegation led by
R. Randl, Principal Coordinator from the Bundesministerium fuer Forschung und
Technologie (BMFT, Federal Ministry for Research and Technology) to summarize
agreements reached at the various Technical Coordinators' meetings and to sign
an agreement on continued cooperative activities for the next two years.

A detailed report on both of these meetings plus tours of the Asse
Mine and the Gorleben exploratory shaft facility was prepared by J. Strahl,
. Manager of International Affairs at Weston, and submitted to J. Fiore of OGR
* on November 14, 1986. SRPO/ONWI comments were incorporated in this report,
and a copy of the appropriate portion is included as Appendix C. Minutes on
both the bilateral planning and agreement meeting are included as Appendix D.

Please note that the attachments referenced in Appendix C have not
been included in this report for the sake of brevity. Anyone wishing to see
any of the attachments should contact Diane Cattran at FTS 976-4303, ONWI, or
Jim Strahl at (202)646-6654, Weston.

Comments and Recommendations on
Egglic nformation Aspects

Most of the general public information work on nuclear waste dis-
posal has been conducted by the Physikalisch-Technische Bundesantalt (P78,
Federal Science/Engineering Laboratory). This is supplemented by work of the
Deutsche Gesellschaft zum Bau und Betrieb von Endlagern fuer Abfallstoffe mbH
(DBE, Company for Construction and Operation of Waste Disposal Facilities*),
which is centered on the Gorleben site.

* OBE was formed by the PTB in 1979 specifically to manage construction and
operation of waste repositories and is directly supervised by federal
authorities. DBE, in turn, is made up of four government controlled
corporations, including the Deutsche Gesellschaft fuer Wiederaufarbeitung
von Kernbrennstoffen mbH (OWK, German Fuel Reprocessing Company).
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The federal government has opened a site-specific disposal informa-
tion center on nuclear disposal at Gartow, a small town near Gorleben. It is
operated jointly by the federal government and the Land of Lower Saxony. The
office is open four days per week and other times by appointment. The exhi-
bits are extremely professional and well done. Upon entering the front door,
the visitor is greeted by a large five-foot high chunk of pale pink rock salt.
Particularly impressive are the three-dimensional model of the Gorleben salt
dome and a model depicting shaft freezing and the various 1inings used to
construct the shaft. Photos of various exhibits are attached as Appendix D.
Upstairs are offices and a large conference room for viewing films and holding
meetings. Dr. Wolfgang Schorr, who manages the information office for the
State of Lower Saxony, showed a 30-minute, 16mm film “Abteufen eines
Gefrierschachtes® ("Freezing Technigue for Shaft Sinking®), in which the
freezing method 1s demonstrated with animation and 1ive footage of the
underground construction operations. Dr. Schorr agreed to send a copy of the

’f11m for SRPO to translate.

The area surrounding Gorleben is primarily agricultural, although
substantial local effort has been devoted to attracting tourists to visit
resort cabins and participate in water sports at a small lake near Gartow.
Since the area is very near the East German border, there is no longer any
major east-west traffic, and the population is considerably smaller than it
was twenty years ago. Lower Saxony has the lowest population density in the
FRG. The federal government and contractors have worked closely with the
of ficials of Lower Saxony and the local town officials resulting in quite good
public acceptance among the local population. Most of the strong anti-nuclear
sentiment in Germany seems to come from more or less "professional" nuclear’
opponents, and they are presently concentrating protest activities and demon-
strations at the reprocessing plant construction site in Wackersdorff, .
Bavaria. Several meeting participants noted that the Chernobyl incident had
been extremely detrimental to public opinion of the nuclear industry and they
expressed concern that the incident could affect the outcome of the federal
elections in January 1987.

The visit to the information office was followed by a tour of the
actual Gorleben facility which was quite impressive, particularly the high
metal fences topped with high-pressure water cannons and the guards circling
the perimeter of the facility with dogs. The Gorleben administration build-
ings and shaft headframe are very solidly built, and do not look like a -
typical construction site. Many of the buildings are constructed of red
brick, giving the impression of permanence. The exploratory shaft was com-
pletely frozen in August and construction started in September with progress
down to the 70-meter level. The tour included observation of shaft 1 exca-
vation, shaft 2 freezing operations, the freezing equipment facility, and the
shaft elevator systems. Completion of the shafts is expected in 1989 and
testing will take place from 1989 to 1992. After a five-to six-year licensing
process, operation is expected around the year 2000. (See Appendices C and E
for more details.)

The visit to the Asse Salt Mine on the previous day, October 1,
1986, provided a better understanding of the activities used by the FRG to



evaluate salt as a host rock for waste disposal and an update on future
experiments planned in the mine. The tour highlights included the core
storage facility at the 490-meter level where the samples from the brine
migration tests are stored, the low-level waste storage room, and, of parti-
cular interest to SRPO, the brine migration test area at the 800-meter level.
Three of the four heaters used in the brine migration test had been removed
for testing, and the fourth was proving difficult to remove. The primary
benefit of such a tour for the nontechnical person would be the general

- axperience of being in a salt mine with its cavernous rooms and solid rock
“walls and ceilings. This atmosphere, combined with the specific nature and
“purpose of the RD for high-level waste disposal in salt and the obviously
knowledgeable staff, would contribute to the confidence that such an under-
taking was feasible in theory and practice. (Again, see Appendices C and E
for more details.)

In summary, a tour of these FRG sites for a group of Texas officials
and/or citizens would be both feasible and desirable. The major benefit for
‘the visitors would be a first-hand understanding of a country managing a
credible and systematic program that actually has field tests and site charac-
terization studies underway, using many of the same techniques (i.e., shaft
freezing) that will be necessary in the SRP.

e
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KARLSRUHE NUCLEAR RESEARCH CENTER
(October 6, 1986)

On October 6, K. Wu and D. Cattran visited the Kernforschungszentrum
Karisruhe GmbH (KFK, Karlsruhe Nuclear Research Center) located near Karlsruhe
in southern Germany. Or. Klaus D. Closs, who visited SRPO/ONKI in September
1986, was the host and arranged for tours of the PUREX reprocessing pilot
plant and the POLLUX cask welding laboratory, as well as further discussion on
p?ssibl? SRPO participation in the demonstration tests for spent fuel
disposal.

Spent Fuel Disposal

The R&D program on direct disposal of spent fuel is coordinated by
KfK and funded by BMFT. Since the disposal concept involves emplacing large,
heavy spent fuel packages, the licensing authorities have determined that the
feasibility of direct disposal must be demonstrated before a license can be
granted. Therefore, the main thrust of the program is to demonstrate the safe
and reliable handling of large, heavy canisters in a repository on a one-to-
one scale. Emphasis 1s also placed on investigating .special thermal and rock
mechanics aspects of the tunnel emplacement concept, as well as laying out &
repository suitable for both reprocessed waste and spent fuel. One of the
programs which Dr. Closs coordinates involves the R&D necessary for these
demonstrations in three areas--shaft transport, underground handling and
emplacement, and thermal and mechanical behavior of the back-filled tunnel.
The third area is of most interest to the SRP and involves emplacing elec-
trically heated canisters in the Asse Mine in two parallel drifts. The
canisters will be surrounded by crushed salt and measuring instruments will be
installed in the salt and surrounding strata to record and evaluate relevant
parameters throughout the several-year test. Dr. Closs indicated that he will
have further details on the test plan by the end of the year and will send
them to SRPO for evaluation and possible cooperation. (See Appendix F,
"Overview of the FRG Activities on Spent Fuel Disposal® for a more detailed
description.)

Reprocessing Plant

The. reprocessing plant at Karlsruhe began operation in 1971. Since
it was financed by the government, the plant is owned by KfK but operated by
WAK, a 100 percent daughter company of the Deutsche Gesellschaft fuer
Wiederaufarbeitung von Kernbrennstoffen mbH (DWK, the German Fuel Reprocessing
Company). It is a small pilot plant which reprocesses approximately thirty
tons of spent fuel per year, mainly from 1ight water reactors. The PUREX
technique for reprocessing involves bringing a fuel element from a pool in the
processing plant to the hot cell by remote control, cutting off the head and
foot portion, removing the fuel rods, and cutting them into pieces five
centimeters long. These pieces are dissolved in nitric acid, and the leftover
hulls and head/foot portion are put in drums which are filled with concrete.
These drums are usually considered medium-activity waste. The final products



of this process are uranyl nitrate solution and plutonium nitrate solution
which are eventually used for fuel element fabrication.

Although the FRG is developing techniques for direct disposal of
spent fuel as an alternative, its philosophy for high-level commercial waste
. is that it should be reprocessed. Accordingly, the DWK is constructing a
- full-scale commercial plant designed to reprocess 350 tons per year. This
. faci1ity near Wackersdorf in Bavaria is planned for startup in 1995, Mean-
- while, FRG has reprocessing contracts with France and the United Kingdom.

Corrosion Studies, Institute for Materials Research

A brief visit was also arranged with Or. Leistikow of the Institute
for Materials Research (part of KfK), who was conducting electromechanical
experiments to test and rank various alloys under consideration for canister
materials. This involved using electrochemical methods to characterize their
corrosion behavior in chloride-containing solutions at various temperatures
and pH-values. Results had shown Hastelloy C4 to have the highest corrosion
resistance of all tested alloys. (Details of this testing program are found
. in Appendix G, "Selection of Canister Materials: Electrochemical Corrosion
.- Tests of Hastelloy C4 and other NI-CR-MO Alloys in Chloride Solutions.”)

POLLUX Cask System and Welding

The last facility visited on October 6 was the Pfaudler Company near
Karisruhe to see the POLLUX cask system and a narrow-gap wealding technique for
sealing the outer 11d. This system was designed by Dr. Franz Popp of DWK, and
- can be used for all kinds of fuel elements. The very flexible system allows
for transport, long-term interim storage, and disposal, with the option of
reopening the cask if reprocessing is later deemed desirable. The containment
- system uses a multiple barrier concept made up of the consolidated fuel assem-
- blles, a "lost" disposal cask with a bolted primary 1id and a welded secondary
11d, an anticorrosive coating, and a shielding overpack and 11d. (See
Appendix F, "Overview of the FRG Activities on Spent Fuel Disposal" for
diagrams and details.) Part of the laboratory program to qualify this concept
was use of a special welding technique to coat the disposal cask with a
Hastelloy surface and a narrow-gap welding technique to seal the outer 1id.



JUELICH NUCLEAR RESEARCH CENTER
October 8, 1986

The Kernforschungsanlage Juelich GmbH (KFA, Juelich Nuclear Research
Center) is one of twelve major research facilities in the FRG, and was founded
by the state of North Rhine-Westphalia in 1956 as a joint nuclear research
center for the state's universities and colleges. The scientific work has
centered on the development and testing of the high-temperature reactor (HTR)
used for simultaneous production of electrical power and low-temperature heat,
as well as the production of high temperatures for process appiications such
as coal gasification. Since 1972, ninety percent of the operating cost has
been borne by the federal government and 10 percent by the state. According
to Dr. Reinhart Odoj, our host, the great percentage of research was formerly
on the nuclear fuel cycle, but now the emphasis is changing to toxic chemicals
and the associated environmental effects (i.e., acid rain). He commented that
the Chernobyl incident has changed the political scene which in turn has
affected the FRG research objectives.

The focus of the visit was discussions on the medium activity waste
(MAW) and HTR fuel element borehole disposal tests, the waste container -
quality assurance work, and the waste vitrification pilot plant process. HWe
also had the opportunity to meet the Director of the Institute of Chemical
Technolggy, Or. Erich Merz, in whose area most of the nuclear work is
centered.

MAW AND HTR Fuel Element Borehole Disposal Tests

Dr. P. Brucher and his colleagues, Dr. E. Barnert, and
Dr. D. Niephaus, described the FRG plans for testing for disposal of MAW and
HTR fuel elements. The purpose of these tests is to develop techniques for:
final disposal of dissolver sludge, cladding hulls/structural components, and
spent reactor fuel, and then to test the technique in the Asse Mine. The work
is divided into two subprojects: (1) disposal/sealing technique test and
(2) retrievable disposal test.

In the disposal/sealing test, they plan to develop prototype
components for MAW disposal in boreholes and techniques for borehole sealing
in a repository. The long-term plans for MAW disposal are to emplace it in
300-meter deep boreholes at approximately the 800-meter level. The test
boreholes, however, will be between 10 and 30 meters deep and will be back-
filled with crushed salt and sealed with salt and concrete. These test bore-
holes, currently being drilled at the Asse Mine, were seen during the Asse
tour the previous week. The FRG had also developed a new technique and
equipment for drilling deep holes in salt without using fluids. This test,
headed by Or. Barnert, is in the early planning stages, and he was extremely
interested in making some contacts with SRP regarding borehole sealing and
definition of boundary conditions. Dr. Wu gave him several report references
and the names of K. Robinette of SRPO and R. Schornhorst and H. Kalia of ONWI.
Dr. Wu indicated SRPO would be interested in reviewing the test plans as they
were developed.
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. In the retrievable disposal test, the gas release from the MAW pack-
ages will be determined in a hot-cell experiment, and the safe underground
hand1ing of MAW and spent HTR fuel elements will be demonstrated by a retriev-
able test disposal with real waste packages in the Asse Mine.

The hot cell experiment §s already underway at KFA and was cbserved
~ later in the day. The waste packages, to be checked for at least one year,
" arae six 200-1iter drums put separately into gas-tight overpacks and checked
" for release of radicactive and nonradioactive gases. The overpacks are
* alectrically heated to simulate the temperature in a borehole. After hot cell
testing, the waste packages will be emplaced for up to five years in the Asse
salt mine. This project, headed by Dr. Niephaus, 1s set and already underway,
and Dr. Wu indicated that SRPO would 1ike to receive reports and updates.

‘(For further details on both these tests, see Appendix H, "R&D Work
on Geologic Disposal of Dissolver Sludges, Claddings, and Spent HIR Fuel
Elements in the Federal Republic of Germany".)

Waste Canister Quality Control

Or. 0doj provided an overview of the product control program for
inspection and acceptance of waste disposed in a final repository. This
inspection would ensure that waste received at an interim or permanent
facility would meet requirements for disposal. He also described mobile and
permanent stations being developed to test waste drums (LAW and MAW) for gas
ralease or damage. We later saw a prototype of this equipment, the low-
activity waste storage facility (storing 55-gallon drums), and a CASTOR cask
con%a1?1ng four pressurized water reactor fuel elements undergoing gas release
analystis.

FIPS Vitrification Process

The last tour for the day was to view the Fission Product Solidifi-
cation (FIPS) vitrification process plant. This is a smali-scale pilot
process which has made approximately four cubic meters of 1iquid waste into
glass per year. According to Dr. Odoj, this is the only FRG location where
vitrification is currently done.
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NUCLEAR ENERGY RESEARCH CENTER AT MOL, BELGIUM
(October 9, 1986)

The last facility visit was to the Centre d'Etude de 1'Energie
Nucleaire/Studiecentrum voor Kernenergie (CEN/SCK, Nuclear Energy Research
Center) at Mol, Belgium, to tour the Underground Research Laboratory in a clay
formation and to evaluate whether the work is of interest to OCRWM. This
portion of the trip included J. Strahl of Weston, R. Schassberger of CPO, and
R. Robinson and M. Deyling of OWTD.

The Mol facility is an R&D laboratory to test the feasibility of the
Boom clay formation to serve as a media for high-level waste disposal. The
Belgians expect that the site, upon submission of a license application, could
be recategorized as a repository within five years, and that the facility will
be sufficiently complete to accept waste by the year 2020. SRPO indicated
that work being performed at the Mol facility would not significantly benefit
the SRP work; CPO concluded that the information may be of benefit to the
reformatted Waste Technology Development work. (More details of this trip are
provided in the report of J. Strahl to J. Fiore of 0GR, attached as
Appendix I.)
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ITINERARY (REVISED)

FINAL REVISION

DATE DAY LOCATION CONTACT SUBJECT OF DISCUSSION
September 26 Friday Flight to Travel
Frankfurt, Germany
September 27 Saturday Frankfurt to Hanover Travel
September 28 Sunday Hanover to Braunschweig Rest
September 29 Monday Braunschweig (GSF/Ift*) Klaus Kuhn Pre-bilateral meeting
to prepare for bilateral
September 30 Tuesday Braunschweig Finish pre-bilateral
meeting
October 1 Wednesday Braunschweig Tilman Rothfuchs Asse Mine in a.m.
Gorleben repository site Gernot Grubler Tour Gorleben site
and shaft freezing
facilities in p.m.
October 2 Thursday Gorleben area Rolf Randl Bilateral meeting
October 3 Friday Gorleben area Finish bilateral meeting
To Hanover Travel
October 4 Safurday To Karlsruhe Travel
October 5 Sunday Karlsruhe Rest
October 6 Monday Karlsruhe (Karlsruhe K. Closs Information exchange
Nuclear Research Center) and visit facility
October 7 Tuesday To Juelich Travel
October 8 Wednesday Juelich Nuclear Research Erich Merz Information exchange
Center (a.m.) and visit facility
To Brussels, Belgium (p.m.) Travel
October 9 Thursday To Mol, Belgium Visit underground
research laboratory
October 10 Friday To individual schedules
October 11 Saturday zuu to London) Travel
Cattran to remain in Brussels)
October 12 Sunday  Flight to Columbus Travel

*EF/ITt - Institute for Underground Storage, Company for Radiation and Environmmental Research

Revised 9/25/86
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KEY CONTACTS*

GSF/IfT (Company for Radiation and Environmental Research, Institute for

Underground Storage)

Gesellschaft fuer Strahlen- und Umweltforschung mbH Muenchen, Institut

fuer Tieflagerung
Theodor-Heuss-Strasse 4
D-3300 Braunschweig
Federal Republic of Germany

Tel: 49-531-8012-1

Dr. Klaus Kuehn Manager, Disposal Techniques
Technical Coordinator, Bilateral
Agreement
Mr. Tilman Rothfuchs Manager, Asse Testing Program

Dr. Norbert Jockwer

Dr. Horst-J. Herbert Manager, Geochemics

Mr. Rainer Gommel

Mr. Klaus Duerr Director, Operational Development

Waldemar Hansel Geotechnical Investigations at Asse

49-531-8012-231

49-5336-89232

49-531-8012-252
49-531-8012-250
49-531-8012-255

DBE (German Company for Construction and Operation of Waste Disposal

Facilities)

Deutsche Gesellschaft zum Bau und Betrieb von Endlagern fuer Abfallstoffe

mbH
Woltorfer Strasse 74
D-3150 Peine 1
Federal Republic of Germany

Tel: 49-5171-43-100

Dr. Peter Young President
Gernot Gruebler Director, Mining
Hans Engelmann Division Manager

Technology and Development

Manfred Weg Deputy Manager, Gorleben

49-5171-43-200
49-5171-43-290
49-5171-43-272

*For any individual telephone number not 1isted, call the company number.



BGR (Federal Institute for Geosciences and Natural Resources)

Bundesanstalt fuer Geowissenschaften und Rohstoffe
Stilleweg 2 ‘

D-3000 Hannover 51

Federal Republic of Germany

Tel: 49-511-6468-1

Dr. Michael Langer Director, Subdivision, 49-511-643-2420

Engineering Geology
Dr. Manfred Wallner Geomechanical Modeling

BMFT (Federal Ministry for Research and Technology)
Bundesministerium fuer Forschung und Technologie
Heinemannstrasse 2
Postfach 200706
D-5300 Bonn 2
Federal Republic of Germany
Tel: 49-228-591
Dr. Rolf-Peter Randl Principal Coordinator,

Bilateral Agreement Reprocessing/
Recycling

Mr. Helmut Geipel Spent Fuel Disposal

PTB (Federal Science/Engineering Laboratory)
Physikalisch-Technische Bundesantalt
Bundesallee 100
D-3300 Braunschweig
Federal Republic of Germany
Tel: 49-531-5921

Dr. Horst F. Schneider Director, Division Storage/
Radwaste Disposal

Mr. Peter Brenecke Konrad Mine

State of Lower Saxony

Dr. Wolfgang K. Schorr Information Office in Gartow

49-511-643-2431

49-228-59-3275

49-531-592-7620

49-5841-5016

et

—
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OWK

KfK

KFA

(German Fuel Reprocessing Company)

Deutsche Gesellschaft fuer Wiederaufarbeitung von Kernbrennstoffen mbH
Hamburger Allee 4, Postfach 1407

D-3000 Hannover 1

Federal Republic of Germany

Tel: 49-511-3390-0

Dr. Klaus Einfeld Waste Management 49-511-3390-455
Dr. Franz Popp POLLUX Cask 49-511-3390-429.
(DWK is building reprocessing plant in Wackersdorf;

has buflt AFR spent fuel storage at Gorleben)

(Karlisruhe Nuclear Research Center)

Kernforschungszentrum Karlsruhe GmbH

Postfach 3640

D-7500 Karlsruhe 1

Federal Republic of Germany

Tel: 49-7247-821

Or. Klaus Closs Spent Fuel Disposal Tests 49-7247-825790

Dr. Ulrich Knapp Spent Fuel Disposal Tests 49-7247-825796
Dr. Siegfried Leistikow Corrosion Studies 49-7247-22137
Dr. Reinhard Kroebel Manager, Fuel Processing/ 49-7247-822032
Waste Management Project .
Mr. Walter Diefenbacher Project Leader 49-07247-824844
Mr. Erich Ernst Pollux Cask & Welding 49-6202-85-355
(pfaudler Co.) Subcontractor to DWK, KfK

(Juelich Nuclear Research Center)

Kernforschungsanlage Juelich GmbH

Postfach 1913

D-5170 Juelich

Federal Republic of Germany

Tel: 49-2461-610

Or. Reinhard Odoj  Quality Assurance 49-2461-616190

Dr. P. Bruecher MAW and HTR Disposal Tests



Dr. Barnert
Dr. Neiphaus
Dr. Erich Merz

ALKEM

ALKEM GmbH
Postfach 110069

Disposal/Sealing Test
Retrieval Test

Director, Institute of Chemical
Technology

D-6450 Hanau 11 (Wolfgang)
Federal Republic of Germany

Tel: 49-6181-58-0

Dr. Volker Schneider Plutonium Waste Treatment

CEN/SCX (Nuclear Energy Research Center)

Centre d'Etude de 1'Energie Nucleaire/
Studiecentrum voor Kernenergie

Boeretang 200
B-2400 Mol

Belgium

Tel: 32-14-31-1801

Dr. A. Bonne

General Manager, Geologic Disposal

49-2461-61-5299

49-6181-58-4590

32-14-31-6871

-



APPENDIX C

U.S. DOE/FRG BILATERAL PLANNING MEETING
ASSE MINE VISIT, GORLEBEN BRIEFING/SITE VISIT,
KARLSRUHE AND JUELICH NUCLEAR RESEARCH CENTERS

J. STRAHL

Please note that the attachments referenced in Appendix C have not
been included in this report for the sake of brevity. Anyone
wishing to see any of the attachments should contact Diane Cattran
at FTS 976-4303, ONWI, or Jim Strahl at (202)646-6654, Weston.
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ENCLOSURE "1

USDOE/FRG BILATERAL  PLANNING' MEETING: " (September-29-30, ' 1986)

On September 29-30, 1986, a delegation representing the USDOE/OCRWM
geologic disposal program, led by the Salt Repository Project Office (SRPO)
technical coordinator, K.K. (Roger) Wu, met with the FRG geologic disposal
delegation under the direction of K. Kuhn, technical coordinator from the
Gesellschaft fuer Strahlen - und Umweltforschung mbH Muenchen, Institut
fuer Tieflagerung (GSF/IfT), to discuss progress under the existing
agreement signed in August, 1984 in Park City, Utah, and to further define,
discuss and reach an agreement on continued cooperative activities over the
next two years, Attendees of the Bilateral Agreement Plaﬁning Meeting are
defined in Attachment El-1. D. Cattran represented the Office of Nuclear
Waste Isolation (ONWI), support contractor to SRPO, while the prime role of
J. Strahl, Weston, was to review the proposed activities to ensure
consistency with other OGR international activities and with the overall
repository program. K. Kuhn further distributed an IfT organization chart
to identify the organizational position of each FRG participant. This
chart is presented in Attachment El-2. The agenda prepared by the FRG and
utilized for the Planning Meeting is presented in Attachment El-3.

Summary’ of " Past’ Attompl 1Shméhts

K. Kuhn opened the meeting by indicating that the work over the past two

years has generally been productive and useful, including the planned

- workshops, technical studies, cooperative visits, and information

exchanges. Action has been taken by the FRG to enhance the flow of

documents to the DOE geologic repository program. M. Wallner generally
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discussed the past Federal Institute for Geosciencas and Natural Resources
(BGR) work with the DOE, indicating that their activities have been mostly
in Eooperation with the USDOE Waste Isolation Pilot Project (WIPP)
personnel and associated contractors. BGR is interested in cooperating

with SRPO in the future.

K. Wu fndicated that cooperative work over the past two years has been

productive, Including the following workshops:

1) Waste Package Materials Corrosion Workshop held in Karlsruhe on May 8-
10, 1985.

2) Rock Mechanics Workshop held in San Francisco on February 26-28, 1986.

3) Sealing and Backfilling of a Salt Repository Workshop hald in
Albuquerque on September 23-25, 19856 (DP was involved in this

workshop).

L. Tyler of the Sandfa National Laboratory (SNL) stated that the WIPP
personnel and associated contractors are interested in cooperating with the

FRG in work focusing on salt consolidation, experience in the construction
of seals and dams, and in-situ testing. A more extensive list of WIPP

suggested topics 1s provided in Attachment El-4.

Assa’ BM A8’ Mghat16h” Tast

T. Rothfuchs (GSF) subsequently provided an overview of the joint DOE/FRG
Brine Migration Tast at the Asse Mine. A summary project report dealing
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with this test fs provided in Attachment E1-5. He dfscussed the joint
ictivities that occurred from October 1979 through November 1985, including
the Asse 1icensing procedure schedule work performed with Westinghouse, the
issues of the test, the test objectives, the radioactive source (C0-60)
test configuration, instrumentation utilized, heater test chronology from
May 25, 1983 through November 28, 1985, the mine-by work to obtain
apparently affected salt in the vicinity of the test canisters, projected
post-test activities, and conclusions of the test. Most of the information
jdentified above is provided in Attachment El-5. GSF explained that the
validity of the initial test data is questionable, since salt dust
collected in the vicinity of the instrumentation. However, thére has been
a noticeable darkening of the canister material (stainless steel with an
Inconel clad) with radiation exposures in excess of 10E8 Rads (10E4
Rads/Hr). Laboratory testing will be performed over the next two years to

define materials effects.

The USDOE proposal to extend the Project Agreement, identified in
Attachment El-6, was subsequently discussed by GSF and the DOE.

T. Rothfuchs indicated that all brine migration testing 3111 have been
completed by Spring, 1987, and that an in-situ data report will be issued
by the Summer of 1987. It°#a$"agkeed that”GSF"(T. Rothfuth§) &hd’ SRPO
(Ko Wu)'will meet” ThCollmbus, OhTo’ ThA"€he"Sprihy”of’ 1987 to' distuss the

test results.

The GSF noted that the FRG funding for all brine migration testing, except
the radiation effects laboratory testing, will expire at the end of 1986.
(The GSF is willing to fund the radiation effects testing, since it is

considered a normal transition to their next set of tests utilizing
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simulated HLW). GSF will provide the post test plan to the SRPO. In
iddition, the post taest activities will be published separately.

Salt' Radiation’EFFects’ Ihvastigations

The GSF noted a perceived problem with the current capability of the DOE to
test irradiated samples in the forthcoming months. It was planned by

the FRG to send samples to the Brookhaven National Laboratory (BNL).
However, as a result of the communication by BNL indicating that the DOE
would be required to approve the draft GSF/BNL plan, the GSF assumed that
funding for the testing had not been obtained (See Attachment E177).

SRPU assured GSF that BNL is funded to perform the tests, and_described a
latter from ONWI which defines thelr request for samples. AS’Fr&questad’by
SRPO, " tha " GSF’ $hould’ forwird tha’ samp1as to’ tha"0rFica of” Nuttéak’ Haste
Isolat1oha 1" Columbus,” Oh15” (ONWI) .’ “Tha' SampTas w11 3G5884GentTy’ bé
d1stributed for rotk methanits;’ jeomethanlts and’ radiat1on’ efrécts tastings
SRPO'wil1'phovida’a’ test' plan’ td”GSFfor’ réeview,

SRPO indicated that BNL is contracted to perform salt radiation effects
testing through February, 1987. As a result of mutual interest, it was
agreed to establish a plan to perform tests on 1rrad1ated”§alt samples
comprised of Brine Migration Test samples, Asse samples and Gorleben
samples in the frame of the existing Project Agreement., BRL'Wf117bé
requasted to establish’ A’ praposal‘definihy’ both  tost’ and"Schedula’to

fhvestigate’ tha' Saiples. The investigations will consider both the US and

FRG repository conditions. It was further agreed that the Asse samples

will be tasted first.
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The SRPO and GSF further discussed the proposal of including the
letherlands as a participant in the investigations. Since the DOE does not
currently have a bilateral agreement with the Netherlands, it was

recommended that the initial work proceed with only the FRG and DOE.

Futisfe Jbint’ TeStihg Proyrams

T. Rothfuchs generally described the FRG plans to utilize the Asse Mine for
high level radiation testing on salt. Using the PNL prepared simulated HLW
glass logs, 1t is planned to irradiate the salt up to 10E11l Rads with a
source radfation dose rate of 5x10ES Rads/Hr. The Netherlands is
contributing to the HLW test (canister guide system and data acquisition
system). These investigations were to have been performed between 1982 and

1994, but the schedule has slipped.

H. Brucher of the Juelich Nuclea;‘Research Center (KFA) described the FRG
test plans in support of the disposal of Intermediate Activity Waste (MAW) and
High Temperature Reactor fuel eléments in boreholes at the Asse Mine.
Attachment E1-8 provides detail on the technical plans. Summarizing.xit is
intended to dispose the wastes in 300 meter deep boreholes located >800
meters below grade level. The test boreholes will be 10 meters deep. The
boreholes will be backfilled with crushed salt and sealed with a salt
concrete. Each drum will maintafn a heat output of approximately 100
watts. Tests will be performed to evaluate the integrity of the seal to
radiolytic gas. Cladding hulls will be placed in 200 1iter drums and fixed
in cement. The ﬁeat output of each drum is expected to be 4.6 watts. The
FRG also has a new technique and equipment for drilling deep holes in salt
without the use of fluids.
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Both the SRPO and WIPP (SNL) expressed interest in obtaining the results of
both typeé'of tests. (The SRPO has chosen, through previous discussions,

not to participate in the HLW tests).

K. Closs of the Karlsruhe Nuclear Research Center (KfK) was to present the
FRG plans associated with simulated spent fuel package emplacement and room
bac(fill tests, However, SRPO and the KfX discussed the subject the
evening prior to the DOE/FRG Bilateral Agreement Meeting (evening of
October 1, 1986). The proposed test simulates the emplacement of spent
fuel packages in tunnels. As explained by the KfK, the test will utilize
simulated fuel assemblies and associated fuel handling equipment to emplace
the fuel at depth in the Asse Mine. The tunnel into which the fuel

is to be placed will be subsequently backfilled with crushed salt. SRPO
expressed concern of participating in tests utilizing actual spent fuel,
and was subsequently assured that the FRG intends to mock-up a fuel
container to physically represent a fuel assembly (1.e., emplacement tasts

will .not utilize actual spent fuel).

As a result of the discussions, tha'SRPO"TadfTeated that "1t axpaets td
participate’ fn“the'tast plan’desigh’ ahd devalopment of“tha"$imdlated’ spént
fudl' patkage emplatement’ ahd”room’ backfi11"test at " the  Assa Miha, It is

anticipated that a new project agreement or addendum covering these

activities will be required.
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H. Fischer of the German Company for Construction and Operation of Waste
Yisposal Facilities (DBE) presented the FRG plans associated with dam
tests to be performed in the Asse Mine. In addition, W. Hansel of the GSF
described the Pilot Dam Construction Program. The tests are to be
performed in support of the licensing requfrements of the Gorleben
facflity. Attachment E1-9 describes the FRG plans. Phase 1, which
jncludes all conceptual design activities, is expected to be completed in
1986. Phase 2, which includes planning and construction of the test, is
expected to be performed between July, 1986 and June, 1989. Phase 3,
including development of test procedures and subsequent test evaluation, is
expected to take place between June, 1989 and June 1992. BGR is
responsible for the design of and subsequent test performance, and GSF fs
responsible for the scientific investigations. The tests will include the

injection of water into the seal area during the operational phase.

Room sealing technology and testing is of interest to the SRPO., Even if
seal designs differ substantially between the FRG and SRPO programs, the
logistics and technology are of interest. As a result of the discussions,

SR#O‘1ntehdS'to:partiéjp&té'fﬂ'thé’té§t‘blaﬁ'dégfgh’&hd”deélﬁpméht'bf’thé

dam tésts “to be performbd At AS8&, As in the case of the simulated spent

fuel test, it is anticipated that a new project agreement or addendum will

be required.

L. Tyler (SNL) described the work being performed at WIPP associated with
backfill and sealing. WIPP is using crushed salt as a backfill material.
The sealing material is composed of a 70/30 mixture of salt/bentonite.
WIPP intends to use a multiple seal approach, including cementatious

material, salt block, and bentonite. It is anticipated that full scale
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tests will be initiated in 1988. SNL expressed interest in formulating a
cooperative effort with the FRG. SRPO"fARdicated”intérast’ta’obtalalhg

information’ From' the FRG™0A" thelr’ seal’ test’ progham,  ThETadIng safriciant
fnformitionh’ 1n"tha’ Fobn df réports’ to"assist’ T1h"tha’ formblation’or'd
position’ o’ participatidoh” In"a’ Eooperative arrort with”tha ' FRG, The FRG

indicated that a copy of the preliminary plan for the seal test program
will be forwarded to SRPO in approximately four weeks.

Site’ Charatterizat1di” Programs

Short summaries of the SRPO and WIPP site characterization programs were
presented by K. Wu and L, Tyler. The FRG indicated that a review of the
Gorleben site characterization program would be given at the site on

October 1.

Fldoded’ Hope" SaTt"MIhe<GSF’RavIew

H. Herbert (GSF) briefly described the flooded mine experiment being

performed at the Hope Salt Mine north of Hannover. The experiment,
sponsored by the Federal Ministry for Science and Technology (BMFT),

is expected to be completed in 1987, The program consists of four
subprograms: the geochemical survey, the geomechanical survey, the
geohhysical survey, and the bulkhead development and installation
activities. One of the most important aspects of the program is to test
A1nstruments (since several of the initial instruments failed, new

1nstruménts'were required to complete the program).
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Cooperative’ Laboratory' Proghams

K. Wu described past efforts of the SRPO with the FRG in the area of
geomechanics, describing the formulation of plans for an intact salt creep
program by M. Langer (BGR) and 6. McNulty (ONWI) over the last six months.
Per the discussions, it was concluded that two workshops should be |
recommended: one covering intact salt créep. and one covering salt
consolidation. The intact salt creep work would include parallel
verification and validation of codes for experiments. The work would be
initiated utilizing information from the Asse Mine, and subsequently with
the DOE Exploratory Shaft when 1t becomes available. The salt
consolidation work would fnclude parallel calculations of the FRG salt
consolidation model along with parallel verification and validation of the
codes ANSALT and SPECTRUM fdr field experiments in the Asse Mine and future
DOE Exploratory Shaft. M. Wallner (BGR) prefers to initiate validation
immediately and to fit the experimental data to that predicted by models.
SRPO does not agree with this approach, Indicating that long term creep is
very important and therefore a general model is required first. K. Wu
1ndicated that the previous work performed by RE/SPEC for WIPP is not
representative of the type of models being prepared for the OCRWM geologic
disposal program. SNL briefly described the geomechaniéal work being
performed at WIPP., Attachment E1-10 provides additional detail of the

presentation. Both SNL and BGR consider the past work very successful.

It was' cohcluded’ Ehat™SRPO’may’ participate’ Th' FULUPE”aELTVTtTEE aE5bCTatEY

with geomethanltdl’ model"developheht’, depending on the methodology

recommended by the FRG to be utilized for programmatic implementation.
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H. Herbert (GSF) briefly described the geochemical work (brine
investigation program) being performed by IfT. Subsequently, SNL proposed
that H. Herbert contact S. Lambert and K. Stein for further development of
a cooperative effort. N. Jockwer (GSF) presented the geochemical and
mineralogical investigation program on rock salt. SNL indicated that IfT
should contact G. Nicks and M. Molecke for identification of the MITT test
program results and applicability.

A cooperative program concerning the geochemical work will be developed by
H. Herbert and N. Jockwer and forwarded to SNL and SRPO for review and

comment.
Workshops

The FRG, SNL and SRPO discussed recent past workshop results and presented
several proposals for workshops to be completed over the next two years.
Aftar muth’aTseassidh;” 1L was agreed that’ tha~folTowThg workshops”should
také' prate"1a"1987:%

1) Gédchemiéal Thstrimshtatidh” and* Measlretent” Tachalghes, to be
held in the FRG. Contact persons are: H. Kalia (SRPO-1eader), D.
Munson (SNL), and T. Rothfuchs (IfT).

2) Repbiitdry* Nearf1atd’ Gebehemftal’ Bshavidr, to be held in the U.S.

Contact Persons are: J. Kircher (SRPO-leader), J. Nowak (WIPP),
and N. Jockwer (IfT).
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3)

Potential

1)

2)

3)

4)

A bilateral workshop was proposed by H. Schneider (PTB) following
the Seminar on Radionuclide Migration, sponsored by the
University of Munchen, to be held in Munich on September 14-18,

1987.
workshops for the year 1988 are:

Performance Assessment. Contact persons are: R. Strock (IfT)
and R, Anderson (SNL). The SRPO contact person will be
identified.

Salt Constitutive Models and Their Predictive Capabilities, to
be held in the FRG in May, 1988. Contact persons are: M,
Wallner (BGR-leader) and D. Munson (SNL). The SRPO contact
person will be identified.

Waste Packaging. Contact persons are: K. Closs (KfK) and M.
Molecke (SNHL). The SRPO contact person will be identified.

Waste Acceptance Criteria. H. Schneider (PTB) offered this
workshop based on experiences obtained from the acceptance
criteria developed for the Konrad Mine. Contact persons are :
H. Schneider (PTB) and J. Jackson (WIPP). The SRPO contact
person will be identified.
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Ihtérhationél'SympDSIEIMeetihgg

Several international meetings were identified by the GSF for general

information. These include, but are not limited to, the following:
1)  Waste Management Meeting, Tucson, Arizona, March 1-5, 1987.

2) Zechstein Symposium on Salt Geology, Hannover, FRG, April 28-30,
1987.

3) 1AEA International Symposium on the Back End of_the Fuel Cycle,
Vienna, Austria, May 11-15, 1987.

| 4)  ISRM Symposium, Montreal, Canada, September, 1987.

Personii) ' Exthahge

Following a brief discussion on the past activities associated with
personnal exchange between the DOE and FRG, the following agreements

regarding future exchanges were recorded:

1) In January’ 1987,°H. Harbert' (GSF) will”ba’ placéd’ oh' assighment” to

the U.S,' Fob' bhe year, He will work at the University of Arizona

and the University of California at Riverside.

2)  SRPO’WIll'Séhd"a U.S. reprbskhtative’to” tha’ FRG GSF/IFT 6ffica 1a
Brauhsthiely’ for a'mi Al bF" he” year.
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3) Medium and short term visits are to be continued. The FRG will
develop a procedure to ensure the U.S, visits are defined well in

advance to enhance accomodations.

4) The public information exchange program agreement was discussed
at the Bilateral Meeting on October 2. To maintain consistency
of the proposed agenda, the summary statement is provided below:
“There Is an area of mutual benefit in the exchange of public

information materials and outreach programs."

BGR™ VISTIT  AND" TOUR:"" [ Séptembéer~ 30, " 1986)

In the afternoon, after conclusion of the technical coordinators meeting.
J. Strahl, K. Wu and D. Cattran toured various facilities at the Federal

Institute for Geoscience and Natural Resources (BGR).

USDOE/FRG" BILATERAL" AGREEMERT"MEETING:" * (Ottober 253, 1986)

On October 2-3, 1986, a delegafion representing the USDOE, led by the
principal coordinator, C. R. Cooley, met with the FRG delegation under the
direction of R. P. Randl, Principal Coordinator from the Federal Ministry
for Science and Technology (BMFT), to discuss progress under the existing
agreement signed in August, 1984, in Park City, Utah, and to further
define, discuss and reach an agreement on continued cooperative activities
over the next two years. Attendees of the Bilateral Agreement Meeting are

identified in Attachment El-11.
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Summary’ 6F' Past’ Accomplishmehts

R. P. Randl opened the meeting by generally discussing the current status
of the FRG nuclear energy program. He mentioned that the nuclear
oppo#ition within the FRG 1s not negligible. The Socialist Democratic Party
is opposed to nuclear power, as are several other groups such as the
“Greens". The BMFT does not expect much to happen in the promotion of
repﬁbcessing prior to the upcoming elections in Bavaria. The Konrad Mine
licénsing application (for deposition of low heat generating alpha waste)
1s progressing smoothly, although it is approximately one month behind
schedule. The rest of the industry is operating as expected.

An announcement of the DOE/FRG Bilateral Agreement Meeting was distributed
to the meeting attendees (See Attachment El-12). 'In addition, a summary of
activities defining cooperative work over the past two years was

distributed to the attendeas (See Attachment E1-13).

C. R. Cooley subsequently summarized the current status of the DQE waste

management programs, focusing on the OCRWM program. He mentioned the
current location of the salt site recommended for characterization, current
status of the second repository program, and issues associated with

transportation, tha MRS, dry cask storage activities and 1iability.

L. tyler (SNL) discussed the status of WIPP mentioning that, although the
NRC regulations utilized for the civilian program do not apply to the

defense program, the EPA standards are enforced by WIPP. J. White (DOE/RL)
summarized the current status of the DWPF, indicating that it should be in

service at the SRL and RL in 1990. T. McIntosh (DOE/DP) presented the
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current status and schedule of the West Valley activitfes. K. Wu (SRPO)
briefly presented the current status of the SCP, the QA plans, and the ONWI
contract, which expires in September, 1987. SRPO expects to utilize two
contractors to promulgate the salt program. The deadline for the proposals

for the contracts is October 3, 1986.

K. Kuhn (GSF) summarized the activities and agreements formulated by the
geologic disposal group on September 29-30, 1986 (See the Bilateral
Planning Meeting Summary presented above). K. Closs (KfK) discussed the FRG
program on spent fuel research which is expected to be performed between
1986 and 1993. The program 1s comprised of three tasks: Task 1l- to
identify the requirements for the transport of heavy loads through the
shaft; Task 2- to define the horizon engineering requirements (high
temperatures), fncluding simulation tests at Asse (see the above September
29-30 summary); and Task 3- to perform the experiments at Asse. Summaries
of the agreements under the remaining technical areas of the Bilateral
Agreement, including low-level waste, TRU waste, decontamination and
decommissfoning waste, WIPP/FRG activities, and spent fuel storage
activities are presented in Attachments El-14 through E1-18, respectively.
copy of the Bilateral Agreement for the period 1986-1988 resulting from the
October 2-3 meetings 1s presented in Attachment E1-19. This document
contains a brief summary of the geolegic disposal agreement. The formal
agreement be;ween the SRPO and the GSF/IfT as a result of the'September 29-
30 meeting is prgsented in Attachment EI-ZO;
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ASSE" MINE' VISIT: " (Oétodér 1,  1986)

Un October 1, 1986, several of the personnel* in the DOE delegation visited
the Asse Salt Mine to obtain 1) a better understanding of the type of
activities and associated configurations utilized by the FRG to evaluate
salt as a media for geologic disposal of radfoactive waste, and 2) an
update on the plans to utilize the mine for future experiments. The GSF
presented a brief overview of the activities performed at the mine, stating
that it was purchased in 1964 for 700K DM. Other historical information is
presented in Attachment E1-21., GSF indicated that the firm of Pheonix and
Sisson was contracted in the 1970's to construct the second deep shaft to
meat FRG mine safety laws. The GSF is currently extending the original
shaft to the depth of approximately 950 meters (original depth is
approximately 800 meters) fot the initiation of new tests associated with
the disposal of pellatized low-level waste (see test description below),

It is expected that the work will be completed in Mafch. 1987. All '
experiments to date have been performed at the 800 meter level, including

the Brine Migration Experiments, the source container experiments, and the
in-situ creep experiments. The scheduled HLW experiments will also be

performed at this depth.

The GSF is developing a new method for the treatment and packaging of low-
and intarmediate-leval waste. It is planned to mix the waste (previously

solidified with cement and placed into dry storage at the facility surface

*Geologic Disposal and Headquarters personnel includes: R. Wu (SRPO),
D. Cattran (ONWI), J. Strahl (Weston), C. Cooley (OPQ), T. McIntosh (DP)
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in the form of 0.5 mm beads) with cement to form small pellets, and
subsequently to inject the pellets down a borehole to a cavity being

excavated in the salt (adjacent to the shaft being excavated to 950 m).

The actual tour of the mine required approximately two hours. The GSF
exhibited all tests assocfated with the salt related geologic disposal
program (f.e. the Brine Migration Test), the in-situ creep experiment,
previous work performed with low-level waste, a demonstration of the
excavating machines being utilized to expand the mine, and the position
configuration of the HLW tests expected to be performed fn support of ihe
FRG program. Several members of the touring party obtained photographs of

the more salient features of the mine and related tests.

GORLEBEN BRIEFING/SITE' VISITS" " (0Ctobér’ 3,7 1986)

On October 3, 1986, the DOE representatives visited the Gorleben proposed
repgsitory site for an update on the current status of the activities being
performed at the site. The German Company for Construction and Operation
of Waste Disposal Facilities (DBE) provided an overview of the current
activities. The current strategy of the FRG is to construct and utilize
this facility for HLW disposal, since it has concluded that the best site
would never be chosen with the selection of more than one site for
characterization. The current siting activities, which satisfy the FRG
mining laws, do not address nuclear material disposal requirements. The

position established for implementation of the current site work -
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especially the excavation, construction and exploration activities
assoctated with the shafts - is based on the fact that the facility is

currently being utilized for mining technology development pufposes.

In addition, it is the BMFT position that the facility will not need to
address ndclear issues prior to license application in 1992, A lawsuit has
been submitted, which, 1f accepted by the courts, will require the DBE to
stop ‘work pending modification to consider issues regarding the disposal of
nuclear waste, If enforced, the current site activities would stop. It is
expected that, with the current schedule, the Gorleben facility will cost
approximately 1 billion DM (approximately $500,000,000 U.S. 1986 dollars).

The site activities being currently performed are considered as part of
Phase 2, or site Investigation. This phase was initiated in June, 1983,
with work associated with shaft excavation. To excavate the shafts first
required ground freezing through the fracture zone to approximately 280
meters below the surface. Subsequent to the complation of freezing
operations. Shaft 1 excavation was initiated on September 18, 1986. As of
JUctober 3, 1986, the shaft had been excavated to approximately 70 meters.
It is expected that all shaft work to horizon, including Shaft 2, will be
completed in 1989 and that at-horizon activities will be completed by 1992,
at which time the license application will be submitted. With this
schedule it is curreatly anticipated that waste will not be emplaced prior
to the year 2000. Additional information associated with the activities
being performed and planned for the Gorleben site is presented in
Attachment E1-22.
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Subsequent to the briefing, a tour of the facility was completed, including
dbservation of Shaft 1 excavation, Shaft 2 freezing operations, freezing
equipment facility, and the shaft elevator system. Several of the DOE

representatives cbtained photographs of the facilities and operations.

GORLEBEN SPENT” FUEL7LLW"STORAGE" FACILITIES:  "(0ctbber’ 3," 1986)

A tour of the German Fuel Reprocessing Companies (DWK) Gorleben Spent
Fuel/Low Level Waste Storage Facility was completed by K. Wu (SRPO), C.
Cooley (OP0), D. Cattran (ONWI), and J. Strahl (Weston) on October 3, 1986.

KARLSRUHE® AND" JUELICH" NOCLEAR® RESEARCR™CENTERS:" " (Octobér‘ 6"&hd* 8, " 1986)

Visits and tours of the Karlsruhe Nuclear Research Center (KfK) and Juelich
Nuclear Research Center (KFA) were made by K. Wu of SRPOVand D. Cattran
(ONWI) a separate trip report covering these activities is being submitted
through SRPO.
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APPENDIX D

Minutes of Overall U.S. DOE/FRG BMFT Technical Exchange and
Cooperative Agreement, October 2-3, 1986.

Minutes of U.S./FRG Bilateral Technical Meeting -- Disposal
of Radioactive Wastes, September 29-30. 1986



r,A

RECORD OF THE US/DOE=-FRG/BMFT WASTE MANAGEMENT COOPERATIVE
PROGRAM PLANNING AND REVIEW MEETING AT GORLEBEN, FRG
October 2 - 3, 1986

In conformance with the terms of the Technical Exchange and Cooperative
Agreement between the United States Department of Energy (US DOE) and the
Federal Republic of Germany Bundesministerfum fuer Forschung und Technologie
(FRG BMFT) 1n the field of management of radfoactive wastes, representatives of
the US DOE and FRG BMFT met at Gorleben, FRG on October 2 - 3, 1986 for the
purpose of:

1) reviewing US and FRG activities {n the area of radioactive waste
management, including geologic disposal, spent fuel storage,
transportation and decontamination and decommissioning;

2) reviewing US DOE and FRG BMFT technology exchange activities taking place
since the previous planning meeting in the fall of 1984; and

3) reviewing and approving plans for continued cooperation under the
bilateral agreement for the next two years. The meeting was co-chafred by
the Principal Coordinators, Dr. R, P. Randl, FRG BMFT, and Mr. C, R.
Cooley, US DOE.

Plans for future cooperation were developed for each of the topical areas prior
to this planning meeting by the Technical Coordinators for presentation at the
meeting. Plans for exchanges on spent fuel storage and transportation were
developed at the US/FRG 1nformation exchange meeting held in Seattle,
Washington on April 11, 1986, Plans for exchanges on high-level, low-level and
a1pha waste management and decontamination and decommissioning were developed
at meetings held in association with the International Topical Meeting on Low=,
Intermediate~, and High-Level Waste Management and Decontamination and
Decommissioning held at Niagara Falls, NY on September 9 - 14, 1986, Plans for
future exchanges on low-level waste mangement were also developed by the
Technical Coordinators through an exchange of letters. Plans for continued
cooperation on geologic repository development were prepared at & two-day
meeting {n Braunschwelig, FRG on September 29 - 30, 1986.

The proposed future activities were discussed and approved by the Principal
Coordinators. Both parties agreed the technical exchanges have been proceeding
well, have been equitable and have been highly beneficial to both parties. The
next planning meeting was scheduled tentatively for the fall of 1987 in the
US. subject to an assessment by the Principal Coordinators of the need for a
meeting 1n one year,

The Principal Coordinators agreed that the appropriate mechanism for arranging
future exchanges and visits {s through informal contacts between the parties
and formal notification of the visit through the Principal Coordinators at
least 6 weeks prior to the visit. Improvements in the distribution of
documents wil1 be sought through an updated 11isting of indfviduals who should
receive documents as part of the exchange. Further emphasis on exchanges
fnvolving public information and institutional and regulatory matters will be
encouraged to keep each party informed.



The specific plans developed during the bilateral planning meeting are provided
in the following paragraphs.

The Principal Coordinators will continue to rely on the Techafcal Coordinators
and individual contacts to organize and carry out the plans agreed upon in this
meeting.

GENERAL

Cooperative technology exchange activities will continue undar the US DOE/FRG
BMFT Technical Exchange and Cooperative Agreement in the Field of Management of
Radicactive Wastes.

Principal Coordinators:
FRG: Rolf Randl (BMFT)

US: Carl Cocolsy (DOE Office of Civilian Radioactive Waste
Management)

%%

HIGH=LEVEL WASTE (HLW) TREATMENT

Technical Coordinators:
FRG: Karl=-Dieter Kuhn (WAK)
US: Ted McIntosh (DOE/NE) - Civilian Wastes
Gerald Daly (DOE/OP) - Defense Wastes

The exchanges taking place since the 1ast planning meeting have included
reciprocal visits, document exchanges, workshops and extended assignments of
technical staff to the other party's facilities. Ten visits wers made by US
teams to FRG facilities which included KfK, WAK, DWK, lLahde, Pamela, KFA and
HMI; thirteen visits were made by FRG teams to US facilities which includes
Savannah River, Idaho, Hanford, and West Valley. Workshops were conducted on
the topics of HLW vitrification chemistry, design criteria for vitrification
facilities, operating experiences with vitrification systems and waste
accaptance critertfa, Extended visits included the assignment of two FRG staff
at Wost Valley for six week pericds, of one US staff to HMI for seven months,
and two US staff to the Pamela project for a three week period.

#% Reciprocal visits will continue subject to the approval of the Principal
Coordinators, Improvements in the control of the document exchanges will be
sought by the Technical Coordinators through an updating of distribution 1ists,



Al

The US DOE through Battelle (PNL) {s currently producing glass logs for FRG
BMFT experiments. Although this activity is behind schedule and over budget.
the consensus of US DOE and FRG BMFT {s that a way should be found to complete
the production of the canisters as originally planned. US DOE and FRG BMFT
agreed to pursue supplemental funding and advise each other by mid-October
1986. FRG BMFT agreed that the proposed delivery schedule of October 1987 was
acceptable., US DOE will provide a request to FRG BMFT for $1.3 million to
complete payment of the currently authorized funding.

FRG 1s currently fabricating special Castor-type casks for shipment of the
glass 1ogs from PNL to the Asse mine. A 11icense for the shipping cask has been
recefved from FRG authorities but a 11cense from US authorities has not been
obtained as yet. FRG needs shipment of the glass logs from Hanford to the Asse
mine., US DOE will Took into the status of approval of the special FRG casks by
US authorities and attempt to expedite approval of the cask for shipment of the
glass logs. US DOE will also look into the status of general acceptance by the
US regulatory authorities of the FRG 11censed cask for shipment of spent fuel.
US DOE will try to fdentify problems in obtaining approval of the FRG cask and
advise BMFT on means to resolve the problems.

The following workshops were tentatively planned:
June 1987 at Mol, Belgium - Operational Experiences
Fall 1987 at HMI 1n Berlin - Glass Characterization

Spring 1988 in the US - Future Developments 1n HLW
Immobil1zation and Related Processes

It 1s also planned to arrange for the assignment of US staff_ members to
Pamela durfng radfoactive operation and to consider other long-term
assignments for technology exchange.

ALPHA WASTE JREATMENT
Technical Coordinators:
FRG: Volker Schneider (Alkem)
US: Joe Coleman (DOE/NE) - Civilian Wastes
Mike McFadden (DOE/AL) - Defense Wastes

The technology exchange on alpha waste treatment has continued in an active
manner since the last bflateral planning meeting including exchange of
documents, visits to facilities and the conduct of four workshops and five
special ists' meetings. The workshops include cne on fncineration at Arnheim,
NL, one on immobi11zatfon in cement at Hanau and one on waste minimfzation at
Savannah River. The specialists' meetings covered the topics of waste
management technologies and systems {ssues, operational waste processing,
alpha waste management, storage tank technology, advanced size reduction
facilities, glovebox design, assay systems and 11iquid waste treatment.



Proposed future technology exchanges on alpha waste management include
cooperative preparation of a document and one workshop., The cooperative
document will be a review of methodologies for reducing the generation of
nuclear waste. Contributors will be i1dentified by May 1987 and the document
will be comploted by October 1988. The proposed workshop will address
operational experience with compactors, incinerators, and remote handl ing
systems. Plans and dates for the workshop will be completed at a meeting of
Technical Coordinators in the spring of 1987.

LOW=LEVEL WASTE TREATMENT AND DISPOSAL
Technical Coordinators:
FRG: Refnhard Kraemer (KfK)
US: Scott Hinschberger (DOE/ID)= Civilian Wastes
Gerald Daly (DOE/DP) - Defense Wastes

The technology exchange on low=level waste management has consisted of visits to
each party's facilities. The focus of these visits has been on waste treatment
and storage facilities. This level of exchange has been adequate and equitable
to both parties. : :

Since the previous planning meeting in the fall of 1984, the major
accompl { shments have included:

1) a tour of thre Tow=lovel waste treatment and disposal facilities at
. Savannah River and West Valley by a delegation from the FRG;

2) a tour of low=laevel waste treatment and storage facilities at KfK by a
delegation from the US DOE and US NRG,; and

3) a meeting of US DOE and FRG BMFT representatives in Washington, OC to
discuss current document exchange distribution 1ists and planned
workshops. .

‘Activities for 1987 and 1988 are planned to include:

1) additional visits by technical staff to each party's waste treatment,
storage and disposal facilities;

2) exchange of available technical documents; and
3) at least one technical workshop on waste form performance in 1987,

Three areas were {dentified as pote'ntfa'l exchange topics for the near future.
These are:

1) Gafning a Better understanding of treatment, storage and disposal of
intermedfate=1evel wastes concerning responsibilities for greater than
Class "C" low=level wastes.

2) Sharing information on low=lovel waste treatment,



3) Providing'a forum for FRG experts to explain mined cavities for 1ow-1level
waste disposal technology and practices to US states and regfons required
to evaluate low~level waste disposal fn mined cavities.

SEOLOGIC DISPOSAL
Technical Coordinators:
FRG: Klaus Kuhn (GSF/IfT)
US: K.K. "Roger" Wu (DOE/SRPQ) - Civilian Wastes
Richard Crawley (DOE/ALO) - Defense Wastes/WIPP

Active exchange of technology on geologic disposal has continued since the
previous planning meeting in August 1984. Much has been accomplished through
Joint workshops, technical studfes, visits and information exchange. Three
Joint workshops were conducted on the topics of: 1) Waste Package Materials
Corrosion, May 1985, in the FRG; 2) Rock Mechanics, February 1985 {in the US;
and 3) Sealing and Backfi11ing of a Salt Repository, September 1986, in the US.
The major cooperative technical study ongoing in the past two years is the Asse
Brine Migration Test. In this period, numerous accomplishments were made, -
including preparation of joint reports on 1984 and 1985 activities, release of .
quarterly data reports, development and implementaticn of a post-test plan,
visits of two DOE staff members to Asse, arrangements for shipment of salt core
samples to the US for geochemical and geomechanical tests, and development of
plans for studies of radfation effects in salt,

Exchange activities planned for the next two years under a newly extended *
Project Agreement include the continuation of analysis of data from the Asse
Brine Migration Test and testing by both parties of natural rock salt for
radiatfon effects using facilities currently under contract in the US to the
SRPO. Technical Coordinators will also inttfate planning considerations for
additional testing in Asse on geotechnical instruments, package emplacement and
roam backf1111ing and roam sealing. Possible expansion of geochemical modelling

. on intact salt creep and crushed salt consol idation will also be considered.

Geochemical cooperation will also be discussed.

The cooperation between the FRG and the WIPP program over the past years has
been very beneficial to the WIPP program. Specific areas of cooperation have
been in rock mechanics 1aboratory testing, model ing, in situ and 1aboratory
tosting of waste package canister materials. The cooperation has been fn the
form of information exchange by onsite visits for rock mechanics code
evaluation, rock mechanics creep testing, and rock mechanics in situ testing.
Technical {nformation exchanges have also occurred at workshops on the
mechanical behavior of salt, salt constitutive model development, repository
plugging and sealing, and waste package material oorrosion.

The WIPP desires to continue interactfons in these areas with added emphasis on
the facility sealing, backfil1 behavior, radicactive effects on salt and in
situ testing with radfocactive sources.

The fol lowing workshops were agreed upon by both BMFT and DOE to be held during
the forthcoming year: 1) Geotechnical Instrumentation and Measurement



Techniques, 2) Repository Near Field Geochemical Behavior, and 3) Radionucl ide
Migration.

Over the past two years 23 staff members have participated {n exchange

visits; these exchanges will be continued. One US staff member will be given a
long=term assignment in the FRG to improve technology exchange on the high-
‘level waste disposal program and participate in FRG activities, as feasible and
appropriate.

An FRG scfentist will be assigned to the US Salt Repository Project. Other
exchanges will be arranged through the Principal Ccordinators as appropriats.

It was also agreed that there 13 an area of mutual benefit in the exchange of
public information materials and outreach programs.

DECONTAMINATION AND DECOMMISSIONING
Technical Coordinators:
FRG: Walter Diefenbacher (KfK)
US: Clarence Miller (DOE/RL)

An active exchange of D & D information has ensued fol lowing the autumn
1984 planning meeting. Remote tool design and waste management specfalists
from the FRG have made extended visits to the West Yalley Demonstration
Project, and US specialists have studfed FRG decommissioning projects at
Niederaichbach, Gundremmingen, Lingen and Karlsruhes, Frequent exchanges of
status reports on the major decommissioning projects have kept participating
countries abreast of project progress and of R & D work befng conducted for
these projects.

In the area of new techniques development, the entire spactrum of dismantlement
demol {tion techniques development for KKN Netderaichbach is of interest to the
US. These developments include the remote handl ing equipment for dismantlement
of the moderator tank and the thermal shield, Opportunities for US
participation in demonstratfon workshops and observation of fn=plant use of the
equipment are being provided. Progress reports on R & D for explosive
dismantlement of concrete biological shields of the KKN Niederafchbach and
other reactors are being provided to the US. Explosive demolition of reactor
biological shields and other heavy structures 1s befng considered by the US.

Progress of the Shippingport Station Decommissioning Project (SSDP) work is
being followed closaly by the FRG. Site visits have been made by several D & D
spocialists in the autumn of 1986, Future visits are planned in the autumn of
1987. The SSDP {is demonstrating one-pfece removal of the reactor vessel and
barge transportation of this and other components to the Hanford Site for
burfal. Also of major interest to the FRG are US developments in techniques
for measuring very low levaels of radfoactivity. Information on relevant work
being conducted at DOE national laboratories is being provided to the FRG.

The main vehicles for information exchange wil1l continue to be site visits and
documents, Participation in workshops and equipment demonstrations will also
be pursued in conjunctfon with US specfalists' visits to the FRG in the spring
of 1987, and FRG specfalists' visits to the US in the autumn of 1987. An
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exchange of personnel for the more critical aspects of the Shippingport and
Nefderaichbach projects w111 be considered at an appropriate time. The areas
of mutual interest, as outlined previously in the autumn 1984 planning
meetings, remain valid for the next two years' planned activities.

SPENT FUEL STORAGE
Technical Coordinators:
FRG: Helmut Gefpel (BMFT)
US: Keith Klein (DOE/RW)

The attendees at the Third US DOE/FRG BMFT Spent Fuel Information Exchange held
in Seattle, Washington on April 8 - 10, 1986 reached a consensus that the
information exchange has been beneficial to both countries. Spent fuel storage
programs underway in both countries justify continuation of the {nformation
exchange. The following topics are of special {interest:

1) operational phases of dry storage
2) dry storage technology requirements

3) rod consolidation technology developments. ;
The participants agreed that the next formal exchange on spent fuel will occur
in the spring of 1988, adjacent to the Fourth International Spent Fuel Storage
Meeting, to be hosted in the FRG. However, if earlfier needs for interactfon ~
are identified, arrangements should be made through the Technical Coordinators.
Special topics suggested at the meeting included FRG cask drop tests and the
safety aspects of nodular cast fron. Technical exchange {s expected to become
more active in the area of transportation.

October 3, 1986

Gorieben, FRG

FEDERAL REPUBLIC OF GERMANY UNITED STATES OF AMERICA
BHFT DOE
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Minutes of the
US/FRG Bilateral Technical Meeting - Disposal of Radioactive Wastes
Braunschweig, September 29 and 30, 1986

Participants: USA:
D. Cattran (ONWI)
J. Strahl (Meston)
R. Wu (US/DOE, SRPO)
L. Tyler (SNL)
FRE
K. Kiihn (GSF/IfT)
K. Dirr (GSF/1IfT) 9/29
N. Jockwer (GSF/1£T)
H. Herbert (GSF/IfT)
W. Hinsel (GSF/IfT)
T. Rothfuchs (GSF/IfT)
A. Nies (GSF/IfT) 9/30
M. Wallner (BGR)
P. Brennecke (PTB) 9/29
H. Schneider (PTB) 9/30
G. Griibler (DBE) 9530
M. Weg (DBE)
H. Fischer (DBE) 9/29
H. Briicher (XFA)

1. Nelcome

Welcome adress by K. Kuhn and R. Wu. The agenda as proposed
by IfT was accepted (see attachment 1).

Summary of GSF + BGR / SRPO + SNL Accomplishments under Current
Bivlateral Agreement

2.1 Workshops

2.2 Technical Studies

2.3 Visits

2.4 Information E€xchange

A summary of GSF, BGR, SRPO and WPO /SNL accomplishments
under current Bilateral Agreement was given by K. Kiihn,
M. Wallner, R. Wu and L. Tyler.

"Brine Migration Test” in the Asse salt mine

3.1 Joint Summary

A brief overview of the joint US/FRG Brine Migration Test
in the Asse mine was given by T. Rothfuchs, A summary
Project Report was distributed to the participants.

N
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The US proposal for extension of the Project Agreement for
another two years was discussed with the following results:

- FRG agrees to extend the Project Agreement for the

- IfT . fntends to issue a final project report by mid
1987 taking into account the currently
performed laboratory investigations on samples
obtained from the test field. The post-test
plan will be provided to SRPO. The remainder of
the post-test activities will be published as

Further laboratory investigations on irradiated samples
will be made within the next two years and
published in separate reports.

- R. Wu described a letter from ONWI which defines
their sample request. As requested by R. Wu,
the samples should be sent to ONWI. The samples
will be distributed for rock mechanics,
geochemics and radiation effects testing. SRPO
will provide a test plan to IfT for review.

-R. Wu and T. Rothfuchs agreed to meet in Columbus,
Ohio, in spring 1987 to discuss the test
results and layout of a joint final report.

Current and Future Contracts of ONWI with Paul Levy

R. Wu indicated that SRPO is investigating the radiation
87. Additional
funding is reserved for reminder of Fiscal Year 1987.

It was agreed to establish a plan for future investigations
on irradiated salt samples comprising BMFT-samples, other
Asse samples and Gorleben samples in the frame of the
exjsting Project Agreement. The German as well as the US
repository conditions are to be taken into account.

-2 -
3.2 Extension of Project Agreement
3.3 Analysis of Data
3.4 Post-Test Investigations of Salt Samples
next two years.
separate reports.
Study of Radiation Effects in Salt
2.; Use of Samples from Brine Migration Test
. (Brookhaven Natfonal Laboratory)
4.3 Program Proposal by Hermann Gies and Paul Levy
effects on salt at BNL through February 1
4.4

Interest/Participation by ECN, Netherlands

A participation of the Netherlands in this program is not
yet possible as there is presently no bilateral agreement
between the US and the Netherlands. US / DOE. will further
investigate the possibility of 2 multinational agreement
with the Netherlands.
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Possible Future Joint Testing Programs

5.1
5.2

ooy n

ndp W

Test Disposal of High-Level Glass Blocks in the Asse Salt
Mine

Test Disposal of Medium-Level Waste and HTR-Fuel Elements
in the Asse Salt Mine

Both WPO / SNL and SRPO are interested in obtaining test
data as they become available.

%imu\ated Spent Fuel Package Emplacement and Room Backfill
est

Dam Test in the Asse Salt Mine

Backfilling and Sealing Tests at WIPP

Based on the laboratory modeling and ifn situ test progress
for backfill behaviour and seal testing, it is important to
?g;;ne a close cooperation between FRG and WPO / SNL in

For the area of repository seals, the cooperation should be
the exchange of detajls for laboratory and field test con-
cepts and plans, model development and prediction, and
laboratory and field results.

For drift backfill the exchange of information should be
the test objectives and plans, techniques and instrumen-
tations and model development.

The SRPO intends to participate in the test plan design and
development of simulated spent fuel package emplacement and
room backfill test, the dam test and backfill and sealing
tests at Asse. A project agreement covering these
activities may be required. WPO / SNL, due to planning of
similar tests, will compare test techniques, instrumen-
tation, and results as they become available for the simu-

lated spent fuel package emplacement and room backfill test.

Site Characterization Programs

6.1

oo

wN

Gorleben

This item will be presented during the plenary session at
the Gorleben site. )

WIPP
Deafsmith County

Short presentions were given by L. Tyler and R. Wu.

GSF-Review on Experiments in the Flooded Hope Salt Mine

A detailed presentation was given by H.-J. Herbert.

—
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Cooperative Laboratory Programs incliuding Modelling

8.1 Geomechanics

Cooperative work in the past between BGR and WPO / SNL was
considered very successful. SRPO is currently cooperating
with BGR in geomechanic activities, specifically in the
code comparison calculations,.

BGR 2nd WPO / SHL specifically will cooperate in:

- Common Laboratory Program on samples from both WIPP
and Gorleben sites.

- Comparison of computer code results with benchscale
tests and underground mesurements obtained at WIPP and
Asse.

Both SRPO and WIPP / SNL will continue further evaluation
and comparison of computer codes witn BGR.

8.2 Geochemistry

H.-d. Herbert presented the brine investigation program of .
1fT. MWith regard to further cooperation L. Tyler proposed
that H.-J. Herbert should contact Steve Lambert, K. Stein
and Krumhansel at SNL.

N. Jockwer presented the geochemical and mineralogical in-
vestigation program on rock salt performed at IfT. George
Wicks, SNL, and M. Molecke, SNL, could be contacted about
the MIIT test program results and applicability.

A cooperation program on the mentioned items will be worked
out by H.-J. Herbert and N. Jockwer and forwarded to SNL

and SRPO.

Workshops

g.1 Backfilling and Sealing (September 23 - 25, 1986)

9.2 Performance Assessment (proposed for 1987)

9.3 Geotechnical Instrumentation and Measurement Techniques
(Proposed for 1987)

g g Geochemical Data Generation and Geochemica] Modelling

Waste Packaging

- A workshop was held in Albuquerque from September
23 - 25, 1986. Results from this workshop were not known in
detail. L. Tyler indicated a high interest in the “heated
backfilled room” and "dam-construction” tests at the Asse mine.

- The understanding of Performance Assessment and Geochemical
Modelling was discussed in detail.

It was agreed to perform the following workshops in 1987:



10.
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Geotechnical Instrumentation and Measurement Techniques.
Contact persons are: H. Kalia (SRPO-Leader), T. Rothfuchs
(1fT) and D. Munson (SNL). The workshop will be held in the
FRG.

Respository Nearfield Geochemical Behaviour.

Contact persons: N. Jockwer (IfT), Jim Nowak (WIPP),

J. Kircher (SRPO-Leader of Workshop). The workshop will be
held in the US.

An additional bilateral workshop was proposed by H. Schneider
(PTB). From September 14 - 18, 1987 a Seminar on radionuclide
nigrat:o: organized by the University of Minchen will be held
in Munich.

In addition, the following workshops have been discussed beyond
1987:

Performance Assessment.
Contact persons are: R. Storck (IfT), R. Anderson (SNL), SRPO
contact to be determined.

Salt constitutive models and their predictive capabilities.
Contact persons are: D. Munson (WIPP / SNL), M. Wallner (BGR,
Leader of workshop), SRPO contact to be determined. This
workshop should be performed by a2 very limited number of
experts only.

The workshop is to be performed in May 1988 in the FRG.

Waste Packaging.

Tnis workshop will be discussed during the plenary session at
the Gorleben site. :

Contact persons are: K.-D. Closs (KfK), M. Molecke

(WIPP / SNL), SRPO contact to be determined.

Waste acceptance criteria.

H. Schneider (PTB) offered a workshop based on the experi-
ences obtained from the acceptance criteria developed for the
Konrad mine.

The US participants explained their interest in acceptance
criteria for High Level Waste.

Contact persons are: H. Schneider (PTB), J. Jackson

(WIPP / SNL), SRPO contact to be determined.

International/National Symposia and Meetings

Waste Management Meeting, Tucson, March 1 - 5, 1987.

Natural Analogs in Rad Waste Disposal, Brussels,

April 28 - 30, 1987.

ggch?;g;n-Symposium on Salt Geology, Hannover, April 28 - May
. .

TAEA Int. Symposium, Back End of the Fuel Cycle, Vienna,

May 11 - 15, 1987.

ISRM Symposium, Montreal, Canada, September 1987.



—
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11.

12.

Personal Exchange

11

.1

11.2
11.3

Long-Term Staff Assignment

In January 1987, H.-J. Herbert will be sent to the USA for
one year. He will work at the University of Arizona at

- Tempe and at the University of California at Riverside.

SRPO will send a2 US represntative to the FRG-IfT-Office in
Braunschweig for a minimum of one year.

Medium-Term Assignment to Perform Special Investiga-
tions/Studies
Short-Term Visits

Medium-term and short-term visits are to be continued. The
FRG will develop a procedure to ensure that US visits are
defined well in advance to enhance accomodations.

Information Exchange

-t b —t
NN
¢ o

W N -

Listing of Available Computer Codes
Updated Document Distribution List
Public Informaticon Program

It was also agreed that there is an area of mutual benefit
in the exchange of public information materials and out-
reach programs. Particular interest was expressed by SRPO
on publications and films relating to the shaft freezing
and construction work at Gorleben, the brine migration and
other underground tests at Asse, and salt pile management.
SRPO also wishes to arrange a tour of these FRG facilities
for]gtate officials, community leaders and members of the
public.



APPENDIX E

SELECTED PHOTOGRAPHS AND SLIDES

Gartow Public Information Office, Signing Bilateral Agreement at
Gorleben, the Gorleben Exploratory Shaft Facility, Asse Salt Mine,
&nd Federal Institute for Geosciences and Natural Resources
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APPENDIX F

OVERVIEW OF THE FRG ACTIVITIES ON
. SPENT FUEL DISPOSAL

K. D. CLOSS AND K. EINFELD



Paper to be presented at Second lnternat1ona1 Conference on Waste Management,

Ninn1peg. September 1986
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OVERVIEY OF TEE FRG Lcrxvm CX SPENT FUEL DISPOSAL
:.nri ct.oss
Kemfcrxchunqszent:u nzlstunc (K£K)

P. 0.

Box 36

7500 nﬂtfuhl !'RG

3000 Ham

underground investigs
aouunumumtn:mpom

1  INTRODUCTION

Electricity genezaticn by nuclear power has Decose
of increasing importance in the TFederal Republic of
Cerzany. Vithin the last four years, the ins

clear power plant capacity Ras doudbled. Light water
reactors {LVR) with an overall set capacity exceeding
7 GVe, are on line in 1986, contriduting more than
St to the total supply of electricity. Koreover,
as=cooled and sodium-cooled tion reactors

.jith a4 capacity of 130 XWe are in cperation, one mors

actor (SHR 300, 280 M¥e) is under construction.

Four additional L¥R's (§ CVe) &re in an advanced
stage of constructicn so that & net LVR capacity of
;zs Gve i3 expected for 1950. Thare are plans for
four sors IWR's (S Gvcl.nthatawtuuucitr
pf. about 27.5 GVe would be reached by the turn of

the csntury.

|

:z VASTE NANAGEMENT POLICY

| Back-end fusl cycle installations are cperated by
private companiss in the IRG. Bowever, the Federal
Governaent {is, respensidble for radicactive waste dis-
posal. The Gersan waste sanagesant policy gelies en
the pollutsr-pays-principle, All cost of the back-end
of the nucear fuel cycle including disposal are.ap~
portioned to the Xvh ¢f nuclear generated glectri-

city.
2.1 Reference Conceot

" peprocessing is the refersnce wasts management
goute for LVR's in the IRG. The basis for the Gerzman
waste smanagesment policy is the Cerman Atonic Energy

Aet of 1959, This law binds all puudmts in the
nuclm fuel cycle

Deutsche Gesellschaft

E Viedarsufardeitung

von uznbnpns £fen (DVK)
Hapburgeriillee 4

nover 1, IRG

= to safely tecover and recycle the rescurces con-
tained {n spent fuel cor

« to classify the material as radicactive waste
and to dispose it of safely, only if recycling
‘18 either sctentifically or technically not fea-.
sidle or econoaically not justifiable.

Gerzany‘'s involvement in the f£ield of reproces-
sing dates back to 1959 when it was cne of the 13
founding mambers ‘of the OECD joint venture EURO-
CHENIC, & rsprocessing plant at Belgiuam which was
cperated Detween 1966 and 1974. In 1971, the German
pllot czeprocsssing plant, VAKX, became cperzticnal
at Karisruhe. Up to now, thls plant has reprocessed
soze than 170 Mg of spent fuel successfully.

The realization of large scale reprocessing did
not proceed without setbacks. In Kay 1979, the pur-
suit of realization of e large back-end fuel cycle

| centar at Gorleben based on a 1400 ¥g U/yr reproces-

u.nq plant was abandoned for polttical reascns by

Governaent of Lower-Saxony. ¥ith this decisicn,
m Federal Government’s plan ¢f an integrated back-
fusl cycle cantar with c¢olocaticn of all fuel
installations; including the repository had to
be given up.

In September 1979, the Federal Governzent and the
Governnents of ths Federal States decided to adjust
the principal rules of spent fuel and waste manage-
sent 4in the IRG to the naw situation. The concept of
& closed fusl cycle wif.n teprocessing was saintaine
od, Ddut colocation ¢f the individual back-end fuel
cycls facilities was uo longer pursued. This 1979
waste managesent policy was supported by all cajer
political parties in the FRG.

In the following years, saveral Federal States
agreed to formal site sslection and licensing proce-
dures for & rsprocessing plant with a politically
lizited maximm capacity of 350 Xg U/yr. In January
198S, ths Federal Govarnment confirzed that repre-
cessing would remain the reference wasts panagesent
concept for LVR's in the IRG wheredy special refer-
ence was sade to the legal situation (Atcaic Energy
Act, proven and demonstrated technology) as well as
to long tera upects {U-savings, option for breeder
geactors). The Govcmene was vindicated in its de-
¢ision Dy findings of the Cerzan Alternative
Fuel Cycle Evuuuon which did not exhibit decisive
advantages of direct disposal over fuel reprocessing
1%, 2. This decision was - contrary to the 1379
waste mansgesent policy = no longer supported by the
Federal States governed by Social Desmocrats for po-

aREE




litical reasons.

In February 1983, DVK, a company jointly owned by
all Gernan utilities ' operating nuclear power reac-
tors, decided to Duild the creprocessing plant at
vackersdorf/Bavaria.

LaniiF Tty NG-TON MR- 08 TI0 durind
the last'yexzy in tﬁtubc!cg fiisl cycle via,

reprocessing and recycling. The status is as !
{see ﬂ.q. 1).

- A spent fuel interin storage facility has deen
cospleted at Gorleben, one is under construce
tiocn at Ahaus/Northrhine-Westf3lia, and a third
will be Dbutlt as an entrance storage for the
reprocessing plant at vackessdorf. Zach of thes
has a capacity of 1500 M@ uraniua.

- yitrification of high active liquid reprocas-

' sing waste has been and will de further demon-
stzated at the PAMEL) vitrification plant at
Mol/Belgium. The PAMELA concept has beent devel-
oped 1in the FRG.

« Reprocsssing contracts with COCEIMA and BNFL
: have Deen signed by Garzan utilities for almost
4600 Mg uranius. All wastes arising from repro-
cessing might De returned to the TRG for dise

pesal.

- The f£irst constructicn permit has Deen granted
for the Vackersdorf zeprocessing plant, and
site preparatory work is undsr way. The plant
will have a maxizum annual throghput of 300 Mg
uraniua. Cold and hot start-up of the plant is
sxpected for 1993 and 13995, respectively.

- About 60 XNg of mixed oxide fusl have been fa-
bricated, most of mamb«no:uw.pq

FIGURE 4: NUCLEAR POVER PLANTS AND BACX-END FUEL
CYCLE INSTALLATIONS'IN THR FRG

production

- Various ~disposal techniques for low and zediua °

lavel wastae have been demonstrated at tha un-
derground 1laboratory ASSE salt aine in Lower-
Saxony between 1967 and 1979. Large-scale da-

monstration of the exzplacezent of heat-produ- .
cing mediua and high level waste will start ia .

1987/83.

= Licensing procedurs 1is under way in Lowar-Sa-
xony for the XONRAD repository, & former iron
ors =mine. Nuclear waste with negligidlae heat
production will be dispesed of in this repesito-
ty. The 1license for construction and cperation
is expected in 1988 and 13990, respectively.

-« Exploratory shaft sinking worXs have bequn at
the Gorleben salt doze (see Fig.2). Undarground
exploration will last until 1992. If the salt
done turns out to be suitable for disposal, the
operational start-up of the first Geraan repo-
sitory for heat producing nuclear waste is
foreseen for the turn of the century.

As-irslicetnh VAR Decixd, the stage i3 3et for
fundTrCiuriW e Y20 Dy the

FIGURE 2: EXPLORATORY SHAFT SINKING WORKS AT
GORLEBEN

2.2.5zenk Fuel Disposal

Speat fwed élsposal without reprocessing has been

inveutigstion i1 the YRS since 1979. The basis
for those investigations was the earlier zentioned
waste nanagesent policy decision of 1979 agreed upon
by the Heads of both the Federal Gevernment and the
States. This decision stated that in addition to the
realization of the reprocassing fusl cycla alterna-
tive Dback-end cycle concepts, such as direct
disposal of spent fuel without reprocessing, wers to
be investigatsd enabling a Jjudgement by 19383,
whether of not direct disposal zight offer decisive
advantages over reprocessing.

Between 1981 and 1984, the Fedaral Ministry of
Research and Technology (BMEFT) supported the RSD
prograa “Alteftitive-fyent Fued Managemenit and Dis-
peadl- Teutmtqwes®; which was coostinated Dy the

Xazlacuhe ieises Reamsach Center (KEX). ¥ithin this

Nukes and OVK developed the concept of a
scala conditioning and encapsulaticn

prograa,




and designed casks feor spent fusl disposal. '

pla
DBEH;. the cozpany which will construct and opera-

te waste z;epositories on _behalf of the federal
agency PTB®’, designed the repository for spent fuel.

¥ithin this prograa, the technical feasibility of
spent fuel disposal has been demonstrated in princi-
ple. In additicn, a comprehensive compariscn of the
two waste managezent options with and without repro-
cessing has been performed resulting in the following
findings: As far as the status of technolegy is con-
cerned, reprocessing constitutes proven technology in
the FRG, whereas spent fuel conditioning and encapsu-
lation is in the development stage, With respect to
radiological safety, the comparison revealed that the
radiclogical impact of direct disposal is generslly
sozewhat lower than for reprocessing, but the differ-
ence is Jjudged minor when discussing the absolute
values and comparing them to natural radiation expos-
ure. Cost of direct disposal of spent fuel seea to be
lower than in the case of the reprocessing route. Fi-
nally, with regard to safeguarding a repository for
spent fuel, some unresolved issues exist presently.
As gzentioned already, it was concluded that direct
disposal of spent fuel has not significant advantages-
over reprocessing £1,2/.
I

The cresults of this evaluation formed the basis
for the already cited decision the Federal Govern-
gent pade in January 1585 as to how to proceed with
direct disposal. It was stated that spent fuel dis-
posal without reprocessing should be develcped to
technical smaturity for those fusl elements for which
Teprocessing 4is either technically not feasible 4r
economically not Justifiahle, That concerns, first
bf all, the thorium fuel elements from the German
gas-cooled pebble-bed reactors, and, moreover, LWR
fuel which is not within the scope of the Vackersdorf
Teprocessing plant specifications. _

For the time being, it is almost impossible to
project the amount of spent LWR fuel which might be
disposed of without reprocessing. But an upper limit
can be derived: Taking into account a net LVR capaci-
ty of 27.5 GWe in the year 2000, about 600 to 700 Mg
of spent fuel will be digcharged annually froa LVR's
by the turn of the century, depending on the burnup
of the fuel. Up to SO0 Mg of spent fuel with g mini-
gua cooling time of 7 years will be reprocessed in
the Vackersdorf reprocessing plant per year. Under
these boundary conditions, an amount of spent fuel in
the range 100 to 200 Mg remains uncomaitted beyond
the turn of the century. There are several possibili-
ties to treat this amcunt of spent fuel: The through-
put of the vVackersdorf reprocessing plant could be
increased, new contracts with foreign waste manage-
gent companies could be signed, or the fuel could be
disposed of directly.

The activities already initiated or planned with
respect to the developzent of spent fuel disposal to
technical maturity will be described in the next two
sections.

1)
Deutsche Gesellschaft zuxz Bau und Betriedb von End-
lagern fUr Abfallstoffe wbi, Peine

rd
Physikalisch-Technische Bundesanstalt, Braunschwelg

'3 TECHNICAL CONCEPT FOR SPENT FUEL CONDITIONING AND

ENCAPSULATION

Vithin. the RAD prograa °*Alternative Spent Fuel .

Management and Disp8sal Techniques® the reference
concept for spent fuel disposal was the emplacement
of large and heavily shielded disposal casks in tun-
nels of a repository umine located in a salt doze
{see Fig. 3). The main characteristics of this con-
cept were as follows: Three intact fuel elements
were sealed in a gastight canister, the dry storage
bin., The disposal canister, surrounding the dry
storage bin, consisted of a canister body and a cor-
rosion protection which guaranteed an absolute con-
finement of the spent fuel for some hundred years.
The lost shielding was designed such as to allow the
workers to handle the packages hands-on in the repo-~

‘'sitory.

Uagiscement Cxacept:

Saif-Shiside¢ Olsazal Prchags:

FIGURE 3: FORMER DEFERENCE CONCEPT FOR /SPENT FUEL

DISPOSAL \
In the tize, cask development work was conti-
nued by OWX their own, and a very flexible system

was designed dudbbed the POLLUX Cask System /3/. This
systen can be used for 21l kxinds of fuel elexments.
In addition to digposal, the cask system allows also
for transport in the repository and long-term inte-
rin ‘storage with an.option of reopening the cask in
case reprocessing is deemed desirabdle.

The POLLUX containment concept, shown in Fig. 4,
is built up by multiple barriers with regard to spe-
cific design criteria.

The disposal cask assures:

= gas tightness by means of a screwed primary lid
and a welded secondary lid

= protecticn against mechanical loads and impacts.
The dominant mechanical load 1is given by the
pressure in the geoclogic repository

= protection &gainst corrosion of salt brines in
the g¢eclogic repository. The protection against
corrosion 1is sassured with Hastelloy C4 resur-
facing by welding.
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FIGURE 4: POLLUX CONTAINMENT CONCEPT

i " The shislding ovarpack assures:

- shielding of gamza- and neutron-radiation under
transport, 3torage and related accidental con-
ditions

- gechanical protection under operaticnal and Ty-
pe B(U)-test conditions, and shock absorbar
function for the inner disposal cask.

The POLLUX loading and closing proceduras is cha-

racterized by tha following steps, as shown in Fig.

transport of empty POLLUX into hot call
loading wasts fcrm into POLLUX

closing dispesal cask by srewing in prizary lid
within the hot cell

transport of POLLUX cut of the hot cell to
walding gantry with shialding overpack, clcsed
by a temporary shislding 1id

closing steal containment of disposal cask by
.walding secondary 1id in direct operation mode,
using welding gantry

closing anticorrosive coating in direct cpera-
tion moda, using welding gantry

closing shielding
shislding 1id.

overpacX by screwing in

L I rorrr
e s

FIGURE 5: POLLUX LOADING AND CLOSING PROCEDURE

© A large laboratory progran is under way to quali-
{ fy the concept and the materials for later applica-
ltien. As an  example, tha coating of tha disposal
cask with Hastelloy C4 resurfacing by welding is
shown in'Fig. §.

FIGURE §: POLLUX: CCATING OF DISPOSAL CASK
HASTELLOY C4 RESURFACING BY WELDING

Tha resulting POLLUX design for consolidated pins
fron 3 PVR fuel assezbliss i3 shown in Fig. 7. The
fual rods are enclosed 1in canisters which fora a
hollow cylindar in the dispesal cask. In this way,
temparatura peaks in the centrs ars avoided. This
spaca 13 used to accommodate tha compacted skeletons
of the fuel assemblies. The cask i3 designed to ac-
cept fual three years aftar dischargae fron the re-
actor. In this case, the total heat load i3 20 X%
and the surface dosa rate 20 area/h. Soma zor2 char-
acteristic date are shown in Table 1:

FIGURE 7: POLLUX 3 PVR FUEL ASSEMBLIES

heavily shielded packagas,
canistars.
ages have the same outer dizensions as the canisters

for vitrified reprocessing wasta.
that the saxa handling and emplacement technique can

!bo used in the repository as for vitrified waste, -

:nazaly the ezplacement of tha canisters into 300 a
:deep boreholes, drilled in the floor of the disposal
‘galleries.

Besides this reoference concept with large and
a back-up concept is :
being pursued which results in szaller spent fuel .
In this casae tha disassembled fuel pins
have to ba cut into piecas of about 1 a length, As .
can be scen froa Tabls 1, the szall spent fuel pack- .

The advantage is -




TABLE 1: CHARACTERISTICS OF LWR DISPOSAL PACKAGES

$Spent Fye! Package HLW
Largs Small {Package
Length (m) 8.3 1.3 1.3
Dlameter (m) 1.57 1.3 .43
Weight (Mg} “ 1.8 [ &}
Numbes ¢f
fuel-glements | 9.5 2.2
Heat Load (xwW) (41 (X 20
Surface Doss . R
rate (mrenvh)® <20 | <10 1
acement

sm o Tunnel | Borehate]Barehote

' myemmmmmmi.wn

, In May 1986, DWK initiated the licensing proce-
dure for a pilet conditioning and encapsulation plant
‘enabling the encapsulation of all kinds of spent nu-
'clear fuel in different disposal casks. The POLLUX
'systen described above 1s used as the reference con-
cept. This plant will be built at Gorleben near the
lsite of the interim storage facility. According to
‘the present tizme schedule, the cold and hot operation
'eould start in 1552 and 1994, respectively.

4 REPOSITORY RELATED R&D

Contrary to spent fuel conditioning and encapsula-
jtion, the repository related RAD will be further sup-
rted by the EMFT. The R&D program "Direct Disposal
gg Spent LVR Fuel® 1s coordinated again by KfK. !qgr
,consiihuuons to the prograa are zade by DBE, GSF

Up to now, the planning for a repository in the
Gorleben salt dome was concentrated on accommodating
reprocessing waste but it did not take into account
the emplacement of large and heavy spent fuel pack-
zges. Even a small number of spent LVR fuel elements
intended for direct disposal could entail major
changes in Doth the sboveground and underground de-
tiqn and of the repository. Vith respect to the
reference. 1he nining authorities have point-
ed ocut that the feasidility of dizect dispcsal i3 to
be demcnstratad befors a license for industrial scale
deployasat could be granted.

the pain thrust of the program lies with

? Thus
the de;onstnt.tm ef the safe and le hamdling
of large and heavy canistess in a pitory on a 1:1

scale. Emphasis is also laid on the investigation of
special thermal and rock mechanics aspects of the
tunnel enplacezent concept as well as on the layout
and optimization of & repository for both reproces-
sing waste and conditioned spent fuel.

Figure 8 shows the logistics for POLLUX casks in
the repository. In the repository shaft area, the
cask is loaded on & rail transport vehicle. The loa-
ded vehicle is slid intc the cage and then lowered
to the emplacexent level., Since the shaft has & dia-

1)
Gesellschaft fir Strahlen- und Uaweltforschung,
Institut fir Tieflagerung, Braunschweig |

2) .
Bundesanstalt filr Geowissenschaften und Rohstoffe,

Hanngver

o o =

peter of 7.5 m, the S.4-m lonq POLLUX cask can be
ieransported in the cage in & horizontal position.
Railbound transport takes place as far as to the ez-
placezent tunnel. A hoisting apparatus is installed
at the position where the cask is to be disposed of.

After the transport vehicle has reached this posi-
tion, the cask is lifted & few centigeters, the ve-
hicle is pulled away, and the cask is lcwered on to
the floor of the tunnel. Soon afterwards, this part
of the tunnel is backfilled with crushed salt.
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Rack-filing

fotgy in which further RAD with regard
P4 sts /4! 1s necessary, nazely

2 hack~6illed tnnml. are tarked on Fig. 8:

@- The shaft. transpert with lcading and unloading
of the hoisting cage will be simulated in an
abeveground test rig with inactive canisters. Up
to now, shaft transport with 2 paylcad of €0 Xg
(POLLUX + transport vehicle) has not yet been
Gexonstrated, but existing technology can be
adapted. The following topics will be investiga-
ted, for example: locking of the hoisting cage,
pushing the loaded vehicle onto the cage, lok-
king of the vehicle within the cage, loading of
the hoisting cables and hoisting sachinery upon
telease of loaded cage, locking of the loaded
cage, unloading c¢f the cage etc.

The m .of..ioactive large disposa}
casks the dewonstration of safe handling
will be done sbove and below ground. The machi-
nery for the transport of the casks into the
disposal tunnel as well as for lifting and
lowering the canister at the disposal position
is to be developed, constructed on & 1:1 scale,
and  tested. The cbjective is to obtain general

of the mining law.

approval for the components under the provisions :




Therzal and rock sechanics investigations for ;

the tunnal emplacement concept will be perfor-
med with electrically heated canisters in the
ASSE underground laboratory, as shown in Fig.
9. For this test, two parallal drifts ars exca-
vated, each of which i3 to accomzodate three
canisters with an electric power of 8 X¥ each.
The casks ara surrounded by crushed salt, using
an optizized zathod of back-filling. Different
types of neasuring instruzents ara installed in
the crushed salt and surrocunding strata in or-
der to rscord and evaluate all relevant parame-
ters (temperature, pressure, roosclosure rata,
heat flow, cozpaction of tha crushed salt atc.)
throughout the duration of tha test which will
last for soma years.

Morsover, discussions are going on whather an ac-
tiva test with szall spent fuel canistars using the
borehola emplacezent technique should be perforzed at
itht XSSE underground laberatory.

]
! demonsiration of !

Besida the aforezentioned demonstration tests, the
'layout and optimization of all aboveground as well
iag subsurfaca process steps with regard to a comzon
irepository for both reprocassing wasts and conditio-
‘ned spent fuel is necessary /2/. Different nixes of
spent fual that ig going to be disposed of directly
and reprocessed, respectively, are tha basis for this
systezs analysis °Dual Purpose Repositery®. Concept
variations _are generated by varying cooling tizes
pricr to dtsposal, by conceiving different conditic-
ning and canister concepts, and firally by taking
into consideration a nuzber of repository desigm al-
tarnatives and exzplacement techniques, such as shown
in Fig. 10.,The set of repository alternatives will
includa either tunnel or vertical borehole exmplace=
zent as well as a combination of both concepts, Ea-
placezent tunnels and boreholes will be located
either in different sectors of the model salt doze or
in one comzeon sector. Emplacement of heavy disposal
casks will aven ba studied for tunnels being arranged
at different lavels of the repository. Conceptual da-
sign of the various repository and emplacezent con-
cepts will be accoopanied by geothermal and thermcza-
chanical calculations. The pros and cons of the sys-

tea variants will be daterained by quantifying the
perforzance criteria
maturity®, radiological safety during routine opera-i

*expenditurs until technical}

‘tion®, “‘long-tera safety of the repository®, and
i*cost®. The final evaluation will also include the
areal requirements of the disposal concapts and as-
pects of intornational safeguards. '

Ranahaly Emplacements

FIGURE 10: EMPLACEMENT CONCEPTS

.

S CONCLUSIONS

In addition to the realization of tha fuel cycle
based on reprocessing, spent fual dispesal without
reprocessing has been investigated during the last
years. After having proven the principal technical
feasibility of this. wasta zanagement routa, the
pregram has reached a new phase: During tha next
years, important aspects of this back-end fuel cycle
concept will be demonstrated. For this reason, a pi-
lot cooditioning and encapsulaticn plant will be
built ab Gorleden and repository related demonstra-
ticn tests will be performed on a 1:1 scals. Tha aina
of the ongoing prograz on spent fuel disposal is
that the results will be availabla early enough to
ba incorporated in thae licensing procedura of tha
Gorleben repository which will start as soon as tha -
results of the underground investigations show that '
the salt doza will be suitabla for disposal. ’

Large progress has been zade in the FRG during
the last years in closing the back-end of tha fuel
cycla, and it is expected that all installations
will be cozplated by the turn of the century. This
peans that - in addition to the reprocessing and re-
cycling waste nanagement concept - diract disposal |
of spent fuel not suitable for reprocessing could be |
introduced a3 an additive concept for completely
closing thae backend of tha fusl cyela. T
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Selection of Canister Materials: Electrochemical Corrosion
Tests of HASTELLOY C4 and other Ni-Cr (-Mo) Alloys in Chloride
Containing Solutions

Abstract

Several Ni-Cr (-Mo) alloys (HASTELLOY C4, INCONEL 625,
SANICRO 28, INCOLOY 825, INCONEL 690) were tested by electro-
chemical methods to characterize their corrosion behaviour in
chloride containing solutions at various temperatures and pH-
values in respect to their application as canister materials for
final radioactive waste storage.

Especially, HASTELLOY C4 which proved to have the highest
corrosion resistance of all tested alloys was tested by the fol-
lowing electrochemical methods:

(1) Poteniodynamic measurements to determine the charac-
teristic potentials, passive current densities and
critical pitting potentials.

(2) Potentiostatic measurements in order to evaluate the
duration of the incubation period at various poten-
tials. .

(3) Galvanostatic measurements in order to characterize
critical pitting potentials.

As electrolyte | m HyS04 was used, as parameters tempera-
ture, chloride content and pH-value were varied.

Variation of temperature gives the following results: an
increase in temperature leads to an increase of the critical
passivation current density, the passive potential bandwidth
decreases slightly and the passive current density increases
with rising temperature.

The addition of different chloride contents to the HS0y
solution shows the following effects: the critical passivation
current density and the passive current density increase with
increasing chloride concentration and both, the critical pitting
potentials and the pitting nucleation potentials, shift towards
negative values.

As third parameter the pH-value was varied. As expected,
an increase of the pH~-value extends the passive region to more
negative values, the passive current density decreases. The
variation of the pH-value does not affect the critical pitting
potential,

All tested alloys showed a clearly limited resistance
against pitting corrosion phenomena.

However, the best corrosion behaviour is shown by HASTELLOY
C4, which has of all tested alloys the lowest passivation current
density and the largest potential region with protection against
local corrosion phenomena.



1. Introduction

The aim of the presented work was to find a ranking order
for a group of alloys in respect to their corrosion behaviour
vwhen applied for the production of waste packages for final
storage of high radioactive waste. Several Ni-Cr (-Mo) alloys
(HASTELLOY C4, INCONEL 625, SANICRO 28, INCOLOY 825, INCONEL
690) were tested by electrochemical methods to characterize
their corrosion behaviour in chloride containing solutions at
various temperatures and pH-values in respect to their applica-
tion as canister materials for final storage especially in rock
salt formations.

The high level radioactive waste considered is the one left
by the reprocessing of spent fuel elements from which the fis-
sile and fertile nuclides have been extracted in view of their
recycling. This waste is immobilized by incorporating it in an .
inert solid, which can be either glass- or ceramic matrix. At
the present stage of technology, glasses (i.e. borosilicates)
are the only operational process available [1].

The hazardous nuclides are:

- the fission productswith a very high activity,
- the uranic and transuranic nuclides with a lower activ-
ity but with a much longer life.

Total isolation of the high level waste by disposal in
geological stable formations seems to be achievable for 300 to
1000 years. For the period beyond 1000 years, it has been pro-
posed that the isolation be only partial and that the release
rate of activity per year should then not be higher than 10~3
of the total activity [I1].

The prevailing concept on which the final waste disposal is
based is the so called multibarrier concept:

The first barrier of this concept is the waste form, i.e.
the glass matrix, whose functions are to immobilize the radio-
toxic elements and to dilute them in order to keep the heat
generation at a sufficiently low level.

The second barrier is the canister which provides mechani-
cal support to the waste during the transportation, handling and
encapsulation operations and serves as a crucible in which the
liquid glass is cast.

The third barrier may be a gamma shield surrounding the can-
ister in order to protect the external space from the gamma-
radiation of the waste.

The next barrier is the overpack which encloses all the
preceding components. Its purpose is to provide the necessary
corrosion resistance to the container.

The backfill placed around the container in the repository
and the host rock (salt, granite etc., according to the geology)
complete the isolation concept.



1.1 Corrosion prevention

In general, the corrosion conditions in the repository are
determined by the rock temperatures which may range from about
100 to 200°C, lithostatic pressure, radiation and, in case of
final storage in rock salt repositories, high chlorides concen-
trations. Corrosion damages to the overpack canisters can theo-
retically be avoided in several ways:

A first one is absolute immunity, i.e. the thermodynamical
impossibility of a reaction between the corroding media and the
material exposed to it. The only two absolutely corrosion immune
metals are gold and platinum; the costs of plating a container
are economically not acceptable.

A second way for an alloy to practically avoid corrosion is
to develop a superficial layer which protects the underlying met-
al from further corrosion; such an alloy is usually called cor-
rosion resistant. Aluminium alloys, stainless steels, Ni~ based
alloys which are the subject of this investigation as already
mentioned above, Zr- based alloys and Ti- based alloys have been
considered as overpack materials which are economically accept-
able.

A third way is the so called corrosion allowance concept.
1f the overpack material corrodes without developing a protec-
tive layer, it can nevertheless be used provided it corrodes at
a known rate which is low enough to allow a material thickness
to be corroded away during the specified life time of the over-
pack without breaching the container. Cast iron, carbon steels
and iron belong to this class of materials which are called con-
sumable materials.

1.2 Testing conditions

The aim in selecting testing conditions for the candidate
materials is to obtain results which allow valid predxctxon for
the container [2].

Electrochemical measurements are suitable for decreasing
the duration of testing and are able to classify the performance,
i.e. the corrosion behaviour of the materials in situ.

1.2.) Classification of the corrosion processes

Corrosion damages can be classified into two main catego-
ries: general corrosion which is mainly observed in high tempera-
ture reactions and localized corrosion, more typical for wet
corrosion processes.

General corrosion affects uniformly the surface of the
specimen and during a given length of time transforms the same
thickness of initial metal or alloy into corrosion products. If
these are eliminated as fast as they are formed, the corrosion
rate is then controlled by the supply of the corroding agent.
They may also accumulate on the specimen surface forming a cor-
rosion layer which may protect more or less the underlying alloy
from further corrosion, the material is then corrosion-resistant
under these specific conditions.



Localized corrosion processes are subdivided into several
categories: pitting and crevice corrosion, grain boundary, gal-
vanic and stress corrosion.

1.2.1.1 Pitting corrosion

This is the phenomenon in which the destruction of the
alloy proceeds at discretepoints of the surface. In the first
case, it is characterized by an induction period during which
no pitting is observed, followed by a propagation period during
which the pit grows at a catastrophic rate [1]. These two charac-
teristics of pitting corrosion resistant alloys poses a difficult
problem for the application of these materials to overpack: how
to suppress the initiation and/or propagation of pits and how to
assess the induction period in real service.

Pitting corrosion can occur only within a definite poten-
tial range lying within the passive range. With the exception
of active pit bottom areas the alloy surface is passive [3].

Electrochemical methods have been widely used in examining
pitting behaviour of iron and steels in media containing aggres-
sive ions, like e.g. C! -ions [4]. Starting from the active
range, the sample becomes passive with increasing potential
(fig. 1) and is then subjected to pitting corrosion. The poten-
tial value where pitting is observed first, is called the pit-
ting nucleation potential E,, (fig. 1). The initial stages of
pitting may be caused by several mechanisms [5]: incorporation
of aggressive ions into the preformed passive oxide is able to
cause pitting initiation, adsorption of anions on the oxide
surface or simply destruction of the oxide film may start the
pitting process (fig. 2).

Transition into the pitting range is not sharply defined.
The pits occurring at first may be repassivated completely at
potentials below a certain value, called the pitting potential.
At potentials changing into the pitting range beyond this value
[3], the repassivating effect of the pits decreases while the
rate of growth increases and finally, stable pits occur in the
alloy surface.

2. Experimental

A computerized experimental equipment was used for the in-
vestigations; the electrochemical cell with working electrode,
counter electrode and reference electrode is shown in fig. 3.

. As electrolyte | m H;80, was used, as parameters tempera-
ture, chloride content and pH-value were varied. The electro-
lytes were prepared from deionized water and reagent grade
chemicals and were deareated with hydrogen for 1 h.

The materials tested and the experimental conditions are
summarized in table |, Besides the chemical composition, the
pitting resistance equivalent "PRE" (i.e. weight 7 Cr + 3
weight ¥ Mo) is listed in the last column of the table.
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Chemical composition of the tested alloys

Tab. 1: Composition of alloys and experimental conditions.

weight % PRE
Altoy e Tsi [culFe IMnlce | Ti | Al |Co |Mo | Ni [recre
HasTeLLOY c4 (0003002 | - |053]0,13(1565/026| - |01 [1531)680)] 616
iNcONEL 625 0,02 ]0,26 | 002] 23] 005]226 1 012 | 012 | - 1904627 497
sanicro 28 [0,011(0,61 | 097 |(35.8) 167]2672] - | - | - [3.42{30m| 37
incoLov 825 |0009] 0,22 198 | 310 [ 013 2218} 0.8 1036 | 0,63] 328}(39.6)] 32

INconeL 650 10,0003 | - [1026]042]291]029]022] - | - |594)] 29

PRE = pitting resistance

equivalent
Experimental conditions:
Tempercture range: 300K 3 T 3 365K 3
Electrolyte : TmHS0, » xmKCl, x=0,02,05, 1.0, 20 7 H2(299,933%) /
difterent pH - volues
Surfgee finish  : 1200 SiC wet gnit
Reference electrode : Hg/HgaSQ; K250, (sat.), Enpg= +€48 mv
Haber - Luggin We'"l‘;'c"tgr ode
capillary
referepced counter
electrode electrode
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Fig. 3: Schematics of the electrochemical cell




The electrochemical techniques used for the investigation
of the different alloys were:

- Measurements of the open circuit potential (free cor-
rosion potential) for ! h before any polarization routine
was applied. v

- Potentiodynamic polarization measurements to obtain cur- -
rent density - potential curves (scan rate dE/4t =
0.2 mV/s) and thus to determine characteristic poten-
tials, passive current densities, and critical pitting

potentials. -
- Potentiostatic measurements in order to get current

density - time dependences, and thus to evaluate the

duration of the incubation period of pitting at various i

potentials.
= Galvanostatic measurements to obtain potential - time

dependences in order to characterize critical pitting

potentials. =

3. Results —

At first, temperature dependences of the current density -
potential curves were determined for the different alloys. The
current density - potential curve of HASTELLOY C4 in pure H3S0, ~
with the temperature as parameter (fig. 4) is representing the
various characteristics such as height of active peak, active/
passive transition, passive current density and passive/trans-
passivetransition. The increase in temperature leads to an in-
crease of the critical passivation current density, the passive
potential bandwidth decreases slightly and the passive current
density increases with rising temperature. —

Fig. 5 shows the temperature dependence of the current
density - potential curves for HASTELLOY C4 in a | m H,S04
+ 0.5 m KCl solution. At higher temperatures a hysteresis in
the curves indicates the appearance of pitting corrosion pro-
cesses.

The criteria for the evaluation of the pitting resistance
of the five tested alloys were:

- current density in the passive range,
- shape of the hysteresis in the current density - poten-
tial curves, if there was pitting corrosion, -
- incubation time of pitting, -
- critical pitting potentials, and .
- microscopic inspection of the surface of the specimen
after electrochemical polarization (hereby also deter-
mining whether crevice corrosion at the edges of the -
specimen had occurred or not).

From these criteria, an evaluation of the ranking order of —_
the tested alloys was possible which is in accordance to the
PRE - values given in table 1. The pitting resistance decreases
in the following order of alloys: HASTELLOY C4 > INCONEL 625 >
SANICRO 28 > INCOLOY 825 > INCONEL 690. -

—y
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The further investigations were focussed omn HASTELLOY C&4
and INCONEL 625, which in so far proved to have the highest cor-
rosion resistance of the fice alloys. As parameters the chloride
concentration and the pH-value of the electrolyte were varied.
The addition of different chloride contents to the H;S0, showed
the following effects: the critical passivation current density
and the passive current density increase with increasing chloride
concentration and both, the critical pitting potentials and the
pitting nucleation potentials shift towards negative values
(fig. 6 and 7).

2 1 HASTELLOY C4 |
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Fig. 6: Potentiodynamic Current-Density-Potential Curves
(dE/dt = 0.2 mVs~!)
System: HASTELLOY C4 / Im HyS04 + xm KC1,
x = 0.2, 0.5, 1.0, 2.0 / Hy / T = 367 K
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As next parameter the pH-value was varied. As expected, an
increase of the pH~value extends the passive region to more nega-
tive values, the passive current density decreases. The variation
of the pH-value does not affect the critical pitting potential,
as can be seen from fig. 8.
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4. Conclusions

All tested alloys showed a clearly limited resistance
against pitting corrosion phenomena.

However, the best corrosion behaviour is shown by
HASTELLOY C4, which has of all tested alloys the lowest passi-
vation current density and the largest potential region with
protaction against local corrosion phencmena.

Further investigations will now be directed towards the
corrosion allowance concept, i.e. electrochemical corrosion test-
ing of low carbon steels under various conditions will be per-
formed.
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ABSTRACT

The Bundesminister fir Forschung und Technologie
(BMFT, Faedaeral Ministry for Rasearch and Technology)
is sponsoring a project at ths Kernforschungsanlage
Jolich (KFA, Juslich Nuclear Rasearch Centrs)
entitled "MAW and HTR Fuel Element Test Disposal in
Bareholes®. The aim of this project is to davelop a
éechniqug‘fpr tha final disposal . of (1) dissolver
sludga, (2) cladding hulls/structural components and
(3) spent HTR fuel elements in untubed boreholes in
salt, and to test this technigque in the abandoned
Asss salt mine, including safety calculations and
safety anginsering demonstrations. The project is
dividad into the sub-projects I "Disposal/ssaling
tachnique™ and II "Retriasvabla osal tast”. In
sub-project I, prototypical components for ths dis-
posal of MAW packages in borsholes and for the
seaaling of thaese boresholes in a final repository will
be daveloped, fabricated and tested inactively in the
Asss. Ths conceptual design of the components will bes
complaetad at the end of 1986. In sub-project II, the
gas relesase from the MAW packagaes will be detarmined
in a hot-cell experimenf; and the safe underground
hbandling of MAW and spent HTR fuel eslemants will bs
demonstrated by a retriavable test disposal with rasal
waste packages in the Assa, using well-known or
slightly modified handling components. Installation
of tha hot-cell axpasriment is being completed, the
start of the retrievable tast disposal is schaduled
for the middle of 1987. Ths overall project comprises
a period from 1983 to 1992. Implementation of the
project involves the Bundesanstalt fir Geowissen-




schaften und Rohstoffe (BGR, Federal Geological
Survey), the Physikalisch-Technische Bundesanstalt
(PTB, Physicsl-Technical Fed. Inst.), the Deutsche
Gesellschaft fir Wiederaufarbeitung von Kernbrenn-
stoffen (DWK, German Company for Spent Fuel Element
Reprocessing), and. the Gesellschaft fur Strahlen- und
Umweltforschung (GSF, Redistion and Environmental
Research Company), under scientific and technical
guidance of KFA.

1. INTRODUCTION

The evidence of the basic safety engineering
feasibility of finsl disposeal concepts for radio-
gctive waste requires the development &and prototype
testing of new techniques. Final disposal techniques
for low and medium active waste (LAW, MAW) with
negligible heat generation have been developed &nd
sre pert of the Federsl Republic of Germany's
conceptual design for the final disposal of those
types of waste. For radioasctive waste with
perceptible hest generation like high-active waste
(HAW), certain types of MAW, and spent fuel elements
from high-temperature reactors (HTR-FE),
corresponding techniques still have to be provided
for finsl disposel in sslt formations [1].'The
corresponding R&D progremmes are conducted by GSF eand
KFA, with the Inst. fUr Tieflagerung (Deep Disposal
Inst.) of GSF being responsible for the HAW disposal
test in the Asse mine [2].

With respect to the final disposél of heat-genera-
ting MAW (dissolver sludge, cladding hulls/structursl
components) from reprocessing and of spent HTR-FE, the
BMFT has charged the Institut fir Chemische Techno-
logie der Nuklesren Entsorgung (Institute of Chemical
Technology for Nuclesr Waste Management) at the KFA
with the development of the so-called MAW borehole
technqiuve. In this connection work is being performed



in a projsct entitled "MAW and HTR Fusl Elesment Test
Oisposal in Borsholas”™.

2. OBJECTIVES AND BOUNDARY CONDITIONS

The main objectiva of the projact mentionad
above is to devealop a techniqus for the final
disposal of hsat-ganerating MAW and spent HTR-FE in
untubad vartical boreholas in salt, and to test this
tachniqus under real conditions in a salt mine.

In order to achievs this objesctiva, the project
has been divided into two sub-projescts with the
following main working items:

[}
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I Disposal/ssaling tachniquse
- davealopment of components for thes MAW
borshole technique which may be used in
.Germany's final repository at Gorleben
- cold testing (i.e. without real waste) of
the prototypic components in the Asse.

II Retriavable disposal test
- dataermination of gas relsase from MAW
packages
- ratrievable test disposal with‘real waste
packages in the Asse.

The tachnical boundary conditions and thes time-
table of the project are determined by the plans for
the Gorlasben repository, the conditions in ths Asss
test facility, and the waste packages available.

From PTB's timetable mada up for thes rspository
in Gorleben involving presentation of ths safety
report in 1932, it follows that basic rssults of the
project must be available in sarly 1990.



Due to the specific licensing conditions of the
Asse éalt mine it must be guaranteed that the radio-
active waste packages disposed of experimentally cen
be reliebly retrieved at 2ll times, and theat they
will be removed from the Asse after terminstion of
the 5 years test disposal.

Weste psckages for the retrievaeble disposal test
ere aveilable from the Wiederaufarbeitungsanleage
Karlsruhe (WAK, Kerlsruhe reprocessing plant) end
from the high-temperature gas-cooled AVR reactor in
Juelich. .

3. IMPLEMENTATION

The project is being jointly planned and
implemented by KFA &nd GSF, under the scientific and
technicel guidance of KFA. GSF is ecting as spplicant
for implementation of the in-situ test in the Asse,
end is responsible for mining &nd geotechnics. PTB
(planning of the Gorleben repository) and DWK (Opere--
tor -of the reprocessing plant) are also involved.
This guasrenties that the results of the project can
be included to the fullest possible extent in
plenning the Gorleben final repository. In addition,
BGR is responsible for geomechanical compdtations.

In-situ testing will be conducted in the
ebandoned Asse sslt mine nesr Wolfenbuettel in the
State of Lower Saxony in the northern part of
Germany. Fig. 1 represents 8 simplified view of the

800 m-level of the Asse, where the tests will take

place. Two separste MAW test drifts "EV" and "BV" for
the two sub-projects are foreseen there in the older
rock selt Ne2. Depth and surroundings correspond to
the plans for the Gorleben repository. Although being
nearly, the HAW test field doesn't have any thermal
influence on the MAW test.



3.1 Disposal/sasaling technique

The tachnique for the final disposal of MAW and
HTR-FE packages in vertical borsholes.in salt and for
the sesaling of these boreholes is designed bearing in
mind its commarcial application in a final
rapository. The basis for the design are the plans
for the Gorlasben repository and the references
concepts for the MAW packagaes daveloped by the DWK as
waste producar.

It is assumed ,that the spant fuel eslemants
arising from the two gas-coolad HTRA's beaing in
operation in Germany will be disposad of in the type
of package mentioned above. Henca, the same disposal/
ébaling tachnique can ba used.

In order to simplify the aoperation of the
planned final repository, the MAW borshole taschnique
and the HAW borsholes technique, the latter of which
is subject of the HAW disposal teast [2], will have to
be standardized.

Fig. 2 illustrates the disposal and sealing
tachniqua for MAW with its main componants, which
will be designed, fabricated, and tested: 400 1
standard drums with cemeanted wasts are lowered out of
a transport cask into a 300 m-deep vertical borshole,
using 3 disposal machine, which is equipped with a
grapple system. Apart from the lowering-phase, the
borehole is closed with a slide. If nacessary, the
annular gap batwean the drum and the wall of the
borehole may bs filled with crushed salt, and the
stacking forces may be dissipated into tha borshole
wall, using a simple spreading device positioned
bstwaen a cartain number of packagss.

Whan the borehols is filled with waste drums up.
to 10 m below the drift, the slide will bs removed,
and a plug will be inserted. The plug has to provide
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for radiation shielding &s well 8s sesling against
redioactive gases (during normal operation) end brine
(in case of an &ccident). As indicated in Fig. 2, the
plugging system mey simply consist of crushed salt
covered with a slab of sslt concrete, but more
complex constructions might become necessary for
reasons of radistion protection of the personnel.

This MAW borehole technique will be tested in
situ in the MAW test drift BV with its 3 boreholes
V1-V3, using prototypic components for handling and
inactive dummies for the MAW packages.

Borehole Vi, heving & depth of 10 m, serves to
demonstrate the gas tightness of the final disposal
ﬁiug as &8 function of time st & relevant tempersature.
For this purpose, insctive test gases like hydrogen
and krypton will be injected at the bottom of the
borehole, and the migrstion of these gases through
the plug will be measured.

Borehole V2 will be operated without & plug end
is envisaged for control measurements.

Borehole V3 haes & depth of ebout 30 m and serves.
to demonstrate the commercial feesibility of the
disposal and sealing technique. Inactive 400 l-drums
will be emplaced using the prototype technique, and
the borehole will be sesled with the plug. The
mechanicsl properties of the plug will be determined
from semples taken by core drilling.

In order to simulste & temperaturé level of
about 70°C in the salt relevant for the final reposi-
tory during the operating phase of &8 MAW disposzl
drift, electric hesters will be instelled around the
boreholes. Pressure built-up, borehole convergence
and temperatures will be messured and compared with
computations predicting thege parameters.



3.2 Retriesvable disposal tast

The safs undarground handling and emplacemant of
MAW and HTR-FE is demonstratad in a retrievabls
disposal test with a limited number of radioactive
waste packages. Tho tast design is influenced by the
spacific situation in the Asse salt mine and the
wasta packages available. As far as possible, well-
known componaents which have already been applied in
the Asse will bs used.

200 1 standard drums with MAW are available from
reprocaessing of PWR fusl with a burn-up of 39 GWd/t.
As an example, Fig. 3 shows schsmatically the drum
with structural componaents of two of thosas fusl
'éiemants. The structural componants are fixed with
camant in a removable insert, which is used due to
the inevitable surface contamination during the
filling procedure in the WAK. The outer drum is
aquipped with a 1id having a lifting ring, which is
compatible with an existing grapple system.

With the same dasign, two drums with Zircaloy
cladding, and thres drums with dissolver sludge on a

filter unit will be available for the disposal test.

Here, total activities, surface dose rates, and heat
production for those waste drums are smaller than the
numbers given in Fig. 3.

In addition, four stainless-stsel cans with
spent spherical fusl slemants from the german high-
tamparature tast reactor AVR will be available for
ths retrievable disposal test. Fig. 4 illustrates thsa
dasign of thae can which is currently being used for
'dry intermediate storags, and gives charactearistic
data.

One main objective of the project's investiga-
tions is to quantify the release of radioactive and
non-radiocactive gases from the waste packagss, which

i#



could effect the radiological as well as the working
safety of the personnel &and the environment. Tritium,
krypton-85 and hydrogen have to be taken into
consideration. Hence, prior to the in-situ disposal
test the reprocessing waste packages will be checked
for at leeast one year in en hot-cell experiment in
the KFA. The six 200 l-drums will be put seperately
into gas-tight overpscks and checked for the gases
mentioned sbove. Electrical heasting of the overpacks
to simulete the temperature in g borehole in & final
depository is provided, the temperature inside the
weste drums will be checked by resistasnce thermo-
meters. Similar measurements have slready been done
for the fuel element cans.

v After the hot-cell testing, the weste packages
will be emplsced for up to five years during the
retrievable dispossl test. Fig. $§ illustrstes the MAW
test drift EV, where the in-situ testing will take
place. Five boreholes with & depth of 10 m each and &:
diameter of 1 m are foreseen.

- Borehole ES (precursory test) serves for opticel
inspection of the borehole convergence. Inspection
will start at leasst one yeer before the start of the
radioactive in-situ test itself. As well es borehole
€1 (reserve), this borehole is opereated without
redicactive waste.

The remaining boreholes accomodate the redio-
active waste packages with dissolver sludge (three in
borehole E2), cleadding hulls and structursl
components (thrée in borehole E€3), snd spent HTR fuel
elements (four in borehole €4), which will be removed

"from the Asse after the completion of the test. These

boreholes are closed with & slide. Measuring lines
are led into cebinet racks, which are connected to s
computer-supported date logging in an air-conditioned
measuring container.



Fig. 6 shows as an axample the equipment of
borehole E3. The reliable retrieval of the disposead
MAW packages at all times during the tast has to be
guarantsad. Dus to the relatively small borshols
convergence sxpectad at a temperature less than 55°C,
this is achieved by stacking the packages in an open
storage rack, and with a sufficiesntly dimensioned
annular gap betwean tha rack and the untubed bore-
hole wall. Convergenca has baen pre-calculated by
geomachanical computation, the diameter of the
remaining gap will be surveyed during the disposal
tast by resdundant distance maters. Temparature and
concentration of gases (hydrogen, tritium, krypton)
in thes borshole will be measured together with the
inclination of the rack during the diéposal tast.

"I

4. TIMETABLE

The genaral timetabls of the project is given in
Fig. 7. It is oriented towards the PTB structure plan
for the Gorlaben rapository, which requires prasenta-
tion of basic results of this projectiin sarly 1990.
The status of the project as of March 1986 is as
follows:

In sub-project I, the conceptual design of
prototypic components will be finished in most parts
at the end of this year. Inactive testing of the
prototypas in the Asse is scheduled to start in lats
1987.

In sub-project II, the modified components are
designed and in parts fabricated. The hot-cell ex-
pariment is installed and rsady for atarting. The
tast drift EV in the Asse is being axcavated.
According to current planning, starting of the fully-
active disposal test is scheduled for the second half
of 1987.



(1]

(2]
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FIG. 3: Retrievable disposal test: 200 1 standard drum with structural components
fixed with cement
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FIG. 5: Schematic view of the MAW test drift EV (retrievable disposal test)
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Part |: Disposal/sealing technique =
conceptual design .
design and fabrication of components
preparation of the test field in Asse
licensing procedure
implementation of the test

Part I1: Retrievable disposal test
preliminary programme in Asse
conceptual deéign
design and fabrication of components
hot-cell experiments '
preparation of the test field in Asse
licensing procedure
implementation of the test

recovery of waste; post-examination L

safeguards for test disposal

Timetable of the project

FIG. 7: Timetable of the project
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ENCLOSURE" 3

USDOE" VISIT TO' CEN/SCK MOL FACILITY:  (October 9,° 1986)

On Uctober 9, 1986, a group of DOE personnel and contractors visited the
disposal R&D facility in Mol, Belgium, to obtain information on the current
status of activities being performed in Boom clay. This information will
assist in the identification of any woék which may be of interest to the
OCRWM disposal program. Participants in the Mol briefing and visit are
presented in Attachment E3-1. The U.S. participants responsibilities are

defined in Enclosures ; and 2.

A. Bonne of the Nuclear Energy Research Center (CEN/SCK) provided the U.S.
group with an overview of the activities in support of the Mol facility. He
indicated that the National Institute for Radioactive Wastes and Fissile
Materials (ONDRAF/NIRAS) 1s responsible to identify the requirements for
the R&D program. He further added that the Commission of the European
Communities has not been a major contributor to the Mol activities recently
and is not involved in the radionuclide migration experiments being
performed at the facility. The Mol facility is currently considered an R&D
laboratory chartered to test the feasibility of Boom clay to adequately

serve as a media for the disposal of HLW.
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If the site proves acceptable from an R&D standpoint, the CEN/SCk will
submit a license application for the disposal of HLW at Mol. It is
currently anticipated that the site could be recategorized as a repository
within the next five years. The Compagnie Generale des Maiieres Nucleairas
(COGEMA), currently reprocessing the Belgium fuel, may transport the HLW to
the CEN/SCK by the early 1990's. Thus, a storage facility may be required
at ‘the site. ' ‘

FuFther. assuming that the site proves to be acceptable for the disposal of
HLW, another shaft will be excavated. It is currently envisiongd that

the shaft will be larger than the first and placed near the BELGOPROCESS to
enhance receipt/handling of waste. It is expected that construction on
this shaft will be initiated within the next two years (1983). The CEN/SCK
is further considering the option of placement of HLW in the final
excavated tunnel rather than in canister-placement-holes off the tunnel,
sinée studies show that heat dissipation and nuclide retention is more
effective in this configuration. Vertical emplacement of HLW canisters
adjacent to the tunnel will not be used. Based on past experience, the
CEN/SCK expects to freeze only that portion of the shaft which penetrates

the aquifer. Conventional techniques will be utilized for excavation.

A. Bonne indicated that work at the Mol site was initiated in 1974 (Project
HADES) to fest clay as a media for the disposal of HLW. The seven issues
being addressed by this program are identified in Attachment E3-2 along
with the overall schedule of the program. The work expected to be
performed in prepération for the testing and acceptance of HLW is presented
in Attachment E3-3. The average depth of Boom clay is 270 meters. The

experiments are being performed at a depth of approximately 230 meters. The
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original shaft and horizon tunnel were excavated 1n clay which was frozen
to ease the excavation process. The results of this work show tﬁat
freezing is not necessary for most segments of the excavation and actuailly
induced adverse expansion stresses. The CEN/SCK is currently performing
several in-situ experiments, including leaching tests, migration tests, and
canister corrosion tests. The experimental drift test being developed is
currently being performed in cooperation with the French National Agency
for Radioactive Waste Management (ANDRA). The CEN/SCK'maintains a license
to use Co-60 for testing at Mol., It fs expected that radfoactive in-situ
tests will be initiated in 1987.

Unlike the U.S. process, the CEN/SCK does not require the development of
detailed test procedures prior to activity implementation. The CEN/SCK
developes the test procedures subsequent to the evaluation of completed
activities. In addition, the results of current activities will be
utilized to support the development of the Belgium Concept and Safety
Report (SAFIR) being prepared by ONDRAF/NIRAS. This report, to be submitted
in 1987, will discuss the validity of utilizing the option of clay disposal
for HLW, although it will not specifically address the suitability of the
Mol facility. The SAFIR will establish a position on the disposal concept

and materials to be utilized for a canister overpack.

A. Bonne stated that only the first 20 meters of the second tﬁnnel (to
accommodate HLW) will be lined with steel. Subsequently, interlocked
sliding steel tunnel liners will be used in the remainder the tunnel.

These frames should adjust to external clay pressures. The CEN/SCK expects

the facility activities to be sufficiently complete to accept HLW by 2020.
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Ur. Neerdael provided the group with a brief ovaerview of the Mol site
geology, 1nd1catiﬁg'that the Boom clay is approximately 100 meters thick.
The elevation at the Mol site 1ies between 180 and 280 meters and the Mol
expérimental gallery i; located at an elevation of 224 meters. The Mol
access shaft, constructed with a concrete liner, required one year to
complete (two separate pours). The ground was frozen for all the Phase 1
activities, including excavation of the shaft and the original 30 meter
horizontal gallery. The frozen clay attracted free water in portions of
unfrozen clay, creating a layer of ice on the tunnel steel 1ining. The new
experimental drift was excavated without freezing. No adverse effects were
encountered. It is currently expected that the next 5 meter diameter
tunnel.uill be constructed without freezing the clay. Measurements have
shown that the freezing technique results in a 3 cm displacement of clay,
whereas subsequent equilibrium displacements of 24 mm have occurred in the
experimental drift with no freezing. The east end of the original 5 meter
diameter gallery is open to obtain direct measurements in clay
(extensometers). Additional experiments being performed at the site
include: 1) In-situ heater experiments with radioactive material; 2)
Groundwater age profile; and 3) In-situ corrosion experiments. The
corrosion experiments are expected to be performed over a five year period
starting in November, 1986. 64 specimens, including 20 types of alloys,
will be tested. The French will participate in the alloy experiments

commencing in 1988.
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The group subsequently toured the underground portion of the facility.
'Several members of the group obtained photographs of the construction and
testing activities. Most members commented on the relatively small size of
the facility, especially the main gallery, questioning the capability of

the facility to accommodate HLW.
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