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S urA r1lary

P number of U. S. visitors were in the area for meetings arid
tours of the German faci 1 it ies during this report ing period.
The Karlsruhe Nuclear Research Center (KfK) was visited and
field testing planned in connection with the program for direct
disposal cf spent fuel was discussed. P meetirig on radiaticn
effects orn salt was held in Braunschweig and plans were made
for test irig cf irradiated Asse Salt Mine samples fr.:'m the Brine
Migration Test (BMT). The May 1987 construction accident at
Gorleberi remained a subject cf discussion in the FRG as the
investigat ion into its cause and the development of a recovery
plan for further shaft sinking were continued.

I nt rod uct i orn

Beginning in early 1987, the long-terrm assignrnenrt of a represent-
ative of the Salt Repository Project (SRP) to the nuclear waste
disposal program in the Federal Republic of Getr-many (FRG) was
established as part of the ongoing interact ions between the two
countries under the U. S. /FRG Bilateral Pgreemrent (Waste Manage-
mernt). Through day-to-day contacts and cicise asso:ciatiorn of a
technically cognizant SRP representative with key aspects of the
FRG program, the objective of having a systematic exchange ,f
pertinent programmatic irfformation and data cr, the nuclear waste
disposal programs of bcoth countries is being realized. During
this reporting pericod, additional valuable contacts with key FRG
persconnel were established and direct comiurmunicat icon with SRP
rnarsagemeret was maintained.

Karl sruhe Nuclear Research Center (KfK)

P visit was made to the Karlsruhe Nuclear Research Center (KfKK)
primarily to discuss field testing planned inr cornrnecticrn with the
prograrn for direct disposal of spent fuel (SF). At the 1KfK, the
resp,:,nsible group for rmlanagi~r g the direct disposal R&D program is
the Projektgruppe Aindere Erns'ct gurngstechriken, PRE, headed by
Dr. X.-D. C loss. A copy of the R&D program plan for the PAE is
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included as Attachment 1. An update of this plan is current ly
in preparation, however, the attached version contains the
essential aspects of the program, including the schedules for-
various work elements. A11 cf this work is of some interest to
the SRP, however, the thermal simulation test appears to have
greatest potential for providing data that is directly relevant
to U. S. repository condit irons.

The PAE R&D program is structured as follows:

1. Demonstration Tests of Direct Disposal of SF

- thermal simulat ion of tunnel emplacement
- handl ing experiments for tunnel emplacement
- sirnulat ion c:f shaft transport
- borehole emplacement of SF canisters

2. Planning of Dual-Purpose Repcsitory (SF and HLW)

- systerms analysis
- in-depth planning of two: selected repository concepts

3. Experimental Program

- container material corrosion test ing
- retent ion of fission gases in backfill and seals
- SF leach test ing
- combined leach testing (g lass/SF/corrcsi on products)

The thermal simulation test (TSS) will be conducted in the Asse
Salt Mine. This test was discussed in detail at the US/FRG
workshop on geotechnical instrurmentation held at the Asse Salt
Mine in May 1987 (see DE Clark's monthly report for May). The
conditiow"f that will be simulated in this test are similar to
what may'-prevail in a U.S. salt repository. Large containers
(cylinders with a length of 5.5 meters and diameter of about
1.6 meters) will be ernplaced in tunnels, backfilled with salt
and heated internally to:' obtain a surface temperature of ca.
20t0 degrees Centigrade. Currently, two different backfilling
techniques are being tried in the Asse Salt Mine using dummy
containers. Thus, pneumat ic stowing is being compared with
a slinger (high-speed belt) stowing technique.

There is interest irn having U.S. participation in the thermal
sirnulat ion test. At a minirmlm, inforrimat ion exchange wi 11 be
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possible under the U.S. /FRG bilateral agreement. Also, there
may be opportunity to test U.S. geotechnical instrumenitat ion
under r epository condit ions in the TSS. Fur ther discussions
will be held concerning the TSS and possible opportunities for
direct participation in the test.

Discussioris were also held with the corrosion test ing group at
KfK. The most r ecent report of their work is KfK 4265 (May
1987) entitled "Corrosion Behaviour of Container Materials for-
the Disposal of High-Level Waste Fortms in Rock Salt Formationris"
by E. Smnai los, W. Schwarzkopf, and R. Koester. Data obtained
,in in-situ testing in the Asse Salt Mine are presented in this

report. Copies of this and other pert inert reports will be
sent back to SRP as they become available.

Dr. Closs is interested in reconvening the U. S. /FRG Corrosion
Workshop in 1988 during the week immediately following the
Waste Management '88 meeting in Tucson, AZ. Many Germans plan
to attend the Tucson meeting and it is felt that several special
U.S. -FRG meetings could usefully be held in conjunction with that
event.

While at KfK, the library facilities were visited and arrange-
merits made to receive regular listings of all KfK publications.
The PAE Semi-Annual Report for July-December 1986 will soon be
available in English translation and copies will be sent back
to the SRP. Other repovrts are beginning to be published in
English as well as German, making them generally more useful
to U.S. workers.

Attachmert 2 is a list of papers that have been published to date
on the PAE program.

Radiation Effects Meetinq in Braunischweiq

A meeting on the effects of radiation on salt was held at the
Asse Salt Mine and in Braunschweig. Technical experts involved
in the testing of Asse salt for radiation effects produced duriing
the Brine Migration Test (BMT) in the Asse Salt Mine met and
discussed the joint testing efforts forl salt from the BMT site.
A tour was made of the Asse Salt Mine and the participants were
able to observe the BMT site firsthand. After much discussion,
agreement was r-eached on a harmonized test plan for the BMT salt.
A draft vertsion of the minutes of this meeting is included as
Attachment 3, however, it should be noted that this is subject to
r-evision as it is curt-ently being r-eviewed by the parti-
ci pants.
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The appearance of the irradiated BMT salt differs from that ':'f
other salt that has been similarly irradiated (e.g., in the
Lyo:ras, Kansas salt mine). In particular, there is consider-able
variability in the col:ration cf crystallites, rang ing from dark
blue clored (due to presence of colo idal sodium) to that .:'f
little or no change in appearance frorn the unirradiated salt.
This is so even for crystallites that are irn intimate contact
with orae another and would have had the same radiat icrn exp.:sure.
Twc: different views have been put forth to accountt for this
oebservaticon. One view is that the coloration is related t.-: trace
element/mineral content; in this case, one should be able to
correlate the coloration with chernical/mineralo:gical content of
the crystallite. The other possible explanation is that the lack
ojf coloration (i.e., decrease in colloidal sodium content) is due
to recrystallization of the salt. Salt recrystallization, which
should be directly related to water content of the crystal 1 ites,
thus may serve as a "heal ing" pro:cess when romck salt is
irradiated in the natural condit ion. The test irag plans are
intended to help clarify the observed condition c:f the irradiated
salt, and lead to a better understanding cof the effects of radia-
tiorn on salt under actual repository conditions.

Discussions were also held with Paul Levy concerning salt
radiation effects work at Brookhaven Naticnal Laboratory (BNL)
that will be performed under direct funding by the FRG. It
is intended that a 2-1/2 year program be performed at BNL for
the Germans as a joint programr under the US/FRG Bilateral Agree-
mernt. When the FRG program has been finalized, the terms of such
a joint prc'gramn will have to be negot iated with U. S. courter-
part s.

U.S. Visitors in June

Much of the remainder of this period was spent with meet irags arid
tours with other U.S. visitors. In all cases, very productive
interactions were had with the various FRG companies and insti-
tutes, and a considerable amount of useful information was ex-
changed. Summaries of these visits are contained in the trip
reports submitted by the individuals who are listed below
alorag with dates and places of their different visits.

June 9, Jerry Saltzman (USDOE) and Robert BirStowning (USNRC)
Gor leben candidate salt repository

June 10, Robert Browning (USNRC), Asse Salt Mine and the
Konarad I rc'rn Ore Mi ne

June 10, Paul Levy (BNL) and Larry Peders.:'ni (PNL), Asse Salt
Mine



June 11-12, Paul Levy (BNL) and Larry Peders.-n (PNL), GSF-
I fT, Braunschwei g

June 22, Manny Cornar (SRPO) and Ron Helgersc.n (ONWI), Asse
Salt Mine

June 23, Manny Comar (SRPO) and Ron Helgerson (ONWI), Konrrad
Iron Ore Mine

June 24, Manny Comar (SRPO) and Ron Helgersorn (ONWI), BGR,
Hannover

June 25, Manny Cornar (SRPO) and Ron Helgersor, (ONWI),
Gor leben candidate salt repository

June 26, Manny Cornar (SRPO) and Rcn Helgerson (ONWI), DWK,
Hannrcver

June 29, Lynn Tyler (SNL) and John Stcormnonit (SNL), GSF-IfT,
Brarunschwei g

June 30, Lynn Tyler (SNL) and John Stormront (SNL), Asse
Salt Mine

July 1, Lynn Tyler (SNL) and John Stcorrmont (SNL), Gorleben
candidate salt repository

July 2, Lynn Tyler (SNL) and John Sto:rrnmont (SNL), BGR,
Hanric'ver

StateU5s 'f the Gorleben Project

Shaft excavation activities were halted at the Gorleben candidate
salt repository site during this repcrting period as a result of
the construction accident cf May 12, 1987. Another press release
was issued by the Federal Ministry for Research and Technrolc'gy
(BMFT) con June 9, 1987 (see Attachment 4). While the early press
coverage of this accident had appeared to be fairly objective,
the trend now seems to be otherwise. There now is increasing
criticism in the media, probably in response to the more active
role being assumed in this matter by ant i-nuclear and opposing
political factions. Ni new developments have occurred during
this period. The accident is still under investigation by the
competent authorities, and a technical review and recovery act ion
plan is being developed by the Germans. The freezing
plants continue to operate at both shafts. In the case c:f shaft
#2, the continued coo l irig is necessary before further shaft
sinking can occur, as was previously planned for the present
stage of its development. As ricited in the attached press
release, the schedule for sinking ,-,f shaft #1 (where the accident
,ccur r ed) will prcbably be delayed for at least several months

until the investigation arid technical reviews have been
corn p let ed.

Planned Activities for July 1987

A major ob ject ive wi 11 be to cornt irnue to stay in close touch with
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the situation at Gorleben. A consultative visit to the U.S. is
planned and this will provide an opportunity to brief SRPO on
the current status of the FRG repository prograrn.

Attachmenits

1. R&D Pro:gram for Direct Disposal cf Spent Fuel
2. List of Publications on the PAE Program
3. Draft Minutes of US/FRG Technical Meeting on

Testing BMT Salt for Radiation Effects
4. Press Release cn Gorleben Accident by the BMFT
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Introduction

In its decision of January 23, 1985, the government of the Federal

Republic of Germany ruled that direct disposal of spent fuel be

further developed for fuel for which reprocessing is neither techni-

cally feasible nor economically justifiable. By that the government

emphasized its intention to dispose of directly spent fuel from the

German HTGR (high temperature gas cooled reactor)-program and, in

addition, to bring to technical maturity direct disposal of spent LWR

fuel. This program description will deal only with direct disposal of

LWR fuel.

Federal funds will be used almost exclusively for the repository

development program which is, according to the German atomic law, the

responsibility of the federal government. The fuel cycle industry,

namely DWK (Deutsche Gesellschaft zur Wiederaufarbeitung von Kern-

brennstoffen, German Reprocessing Company) and utility companies, are

responsible for the advancement of conditioning technology.

On behalf of the Federal Ministry of Research and Technology, PAE

(Projektgruppe Andere Entsorgungstechniken, Project Group Alternative

Entsorgung) has been installed at KfK (Kernforschungszentrum Karls-

ruhe, Karlsruhe Nuclear Research Center) and will co-ordinate all

tasks within the framework of underground disposal of spent fuel. In

addition, KfK contributes funds to the further development of spent

fuel disposal. DBE (Deutsche Gesellschaft zum Bau und Betrieb von

Endlagern fUr Abfallstoffe, German Repository Company) is in charge

of both the demonstration tests and the repository design. GSF (Ge-

sellschaft fUr Strahlen- und Umweltforschung, Radiation and Environ-

mental Research Company) operates the Asse underground laboratory and

will take part in the planned demonstration tests. BGR (Bundesanstalt

fUr Geowissenschaften und Rohstoffe), the German equivalent to the

USGS (US Geological Survey) will be involved in the experimental and

the systems analytical program. Finally, with PTB (Physikalisch-Tech-

nische Bundesanstalt), the German equivalent to the US National

Bureau of 5tandards, agreements will be souoht with respect to the

overall objective of the program as well as the documents required

for each single task.
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I. Demonstration Experiments of Direct Disposal of LWR Fuel

I.1 Thermal Simulation of Tunnel Emplacement

Objectives:

The reference concept for direct disposal of spent fuel consists in

emplacement of large and heavy disposal containers on the floor of

storage tunnels in a repository. Contrary to emplacement of repro-

cessing waste in boreholes, high temperatures are reached in the

tunnels at an early point of time after emplacement of spent fuel

packages. Licensing for direct disposal of spent fuel requires

investigations of the behavior of both the salt and the back-fill

material and comparison with results of model calculations. Within

this experiment back-filling will be demonstrated and mathematical

calculations will be verified by comparison with geothermal and geo-

mechanical quantities measured in the undisturbed rock salt and in

the back-fill material.

Realization:

In a screening test two methods of back-filling will be investigated

(blowing, centrifuging) under realistic conditions. The more quali-

fied method will be employed in the demonstration experiment, in

which two parallel tunnels will be excavated in the ASSE underground

laboratory, the tunnels having the same dimensions as the future

disposal tunnels. In each tunnel, 2 to 3 electrically heated con-

tainer dummies will be emplaced and backfilled. These dummies will

have the same dimensions, weight, and heat production as the spent

fuel disposal containers. For measurements of temperature profiles,

stresses, deformations, moisture,and porosity instrumentation will be

provided for containers, backfill material, and rock salt. The meas-

ured data will be used for comparisons with results of predictive
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calculations, which will be performed with computer codes developed

for the layout of the repository. Special concern will be given to

verification of input data for material laws of crushed salt.

Time Schedule:

85 86 187 188 189 90 91 92 93

Conceptual Design Test

Back-Fill Material

Licensing

Construction

Realization

Evaluation,

Documentation

Activities:

- Screening test: DBE (GSF)

- Handling: DBE

- Container dummies: DBE

- Scientific program

. Layout calculations: KfK

. Detailed test field layout: BGR (GSF, DDE)

. Temperature measurements: GSF (BGR, DBE)

. Thermomechanical measurements: BGR, GSF (DBE)

Back-fill material properties: eGR, GSF
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. Corrosion tests: KfK

. Model validation: BGR (KfK, GSF)

- Planning, documents for licensing procedure, construction, reali-

zation, documentation: DBE

- Filing of licensing documents: GSF
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I.2 Handling Experiments for Tunnel Emplacement

Objectives:

Licensibility of direct disposal of spent fuel in heavy containers is

contingent upon safe handling in-the repository. Equipment for both

emplacement and transport to the emplacement tunnel has to be devel-

oped. Underground transport of an (inactive) full size package of

original size and related handling steps have to be demonstrated.

Optimization of tunnel geometry (radii, cross-sections) and of empla-

cement operations (waste handling personnel, occupancy distance and

time) will be carried out.

Realization:

Based on actual DBE-planning for the emplacement vehicle, a concept

optimization will be performed. The selected equipment will be con-

structed and tested above ground employing a full size container

dummy. These tests will contribute to the optimization of tunnel geo-

metries and emplacement operations. After successful demonstration

above-ground, underground testing in the ASSE will be performed if

deemed necessary.
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Time-Schedule:

85 1 86 1 87 I 88 1 89 1 90 1 91 1 92 1 93

Comparison

techniques

emplacement
H

Conceptual planning

Planning, licensing

Construction

Realization

Evaluation and docu-

mentation

Underground testing

Evaluation and docu-

mentation

Activities:

- Design of transport and emplacement equipment (DBE)

- Planning, realization and documentation of the tests (DBE)

- Provision of test field and licensing procedure (if underground

testing in the Asse): GSF
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I.3 Simulation of Shaft Transport

Objectives:

Licensing of direct disposal of spent fuel in large containers re-

quires demonstration of safe handling and-transport of big and heavy

components in the hoist system. Since loading of the hoist cage with

loads of up to 80 Mg has not been realized in existing facilities,

loading and unloading of the hoist cage have to be tested in a demon-

stration experiment. For this purpose the components shall be con-

structed and tested. Lateron handling in the hoist system shall be

demonstrated under realistic circumstances.

Realization:

At first a study will be performed in which the state of technology

of the equipment and facilities required for shaft transport of heavy

components will be reviewed. The demonstration experiment will be run

above ground by use of a hoist cage mock-up. A facility will be con-

structed and tested, which enables a controlled charge and discharge

of the hoist cables. In these tests, which will be run as long-term

tests, all possible operational conditions will be simulated. The re-

sults will be used as a basis for the designing of the entire hoist.
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Time-Schedule:

85 86 87 88 89 90 91 92 93

Study Hoist

Equipment

Conceptual Design

Design and

Licensing

Construction -

Realization

Evaluation and

Documentation H

Participant: DBE (Planning, construction, realization and documenta-

tion)
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I.4 Borehole Emplacement of Spent Fuel Canisters

Objectives:

In addition to the reference concept of spent fuel conditioning, an

alternative conditioning process is discussed that consists in

cutting the fuel pins and encasing in canisters the size of HLW-can-

isters. Supplementary to the trial emplacement of HLW, an experiment

will be performed with such a spent fuel package in the ASSE under-

ground laboratory using the same technical equipment. The goal is

to demonstrate that canisters filled with HLW or spent fuel can be

handled and disposed of with the same handling equipment. Further-

more, it has to be demonstrated that no fission gases are released

from spent fuel canisters. As spent fuel emits neutrons, the im-

pact of neutrons on both radiation protection measures and the

ambient rock salt could be investigated.

Realization:

One spent fuel canister with a high neutron source strength will be

fabricated. The transport of the canister will be accompanied by

extensive neutron dose rate measurements in differently sized rooms.

These measurements will enable estimation of radiation doses of the

operational personnel for various other emplacement concepts. The

canister will possibly be emplaced retrievably inma vertical hole be-

neath the floor of a specially excavated tunnel. Borehole, tunnel,

and ambient rock salt are equipped with monitoring devices as in

the HLW-experiment in order to (1) investigate the impact of neutrons

on the rock salt and the borehole atmosphere and (2) validate

geothermal and geomechanical model calculations at elevated tempera-

tures ( - 1000 C). The long-term borehole emplacement and the rock

salt investigations are still under discussion.
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Time-Schedule:

85 1 86 1 87 1 88 1 89 90 91 1 92 1 93

Conceptual Design

Design and Licensing

Construction

Realization l l

Evaluation and

Documentation

Participants: DBE, GSF, BGR, KfK

DBE: Procurement of spent-fuel canisters; planning and realization

of the experiment with emphasis on handling the spent-fuel

canister; provision of licensing documents; overall documen-

tation

GSF: In-depth planning, realization, evaluation, and documentation

of salt-specific experiments; licensing procedure; excavation

of experimental field

BGR: Thermomechanical calculations

KfK: Neutron dosimetry; thermomechanical calculations



-12-

II. Planning of the Repository for Spent Unreprocessed Fuel (SURF)

and High Level Waste (HLW) (Dual-Purpose Repository)

II.1 Systems Analysis Dual-Purpose Repository

Objectives:

For a fixed ratio of HLW and SURF, an optimized waste management

scheme will be developed. Beside different repository concepts, vari-

ations of spent fuel treatment and HLW-treatment (pre-emplacement,

storage, and conditioning) will be subject to systems analysis.

In order to select an optimized waste management scheme, the follo-

wing criteria will be quantified: Radiological safety during the

operating phase, long-term safety of the repository, cost, expendi-

ture to reach technical maturity, geothermal and geomechanical

characteristics, repository areal requirements.

The results will enable PTB to select an appropriate disposal concept

as soon as characterization of the Gorleben salt dome and quantifica-

tion of the waste streams will be concluded.

Realization:

Based on preselected amounts of spent fuel waste and package designs,

various repository concepts will be investigated with respect to geo-

thermal and geomechanical characteristics. Subsequently, the reposi-

tories will be conceptually designed yielding logistics and operating

personnel requirements. Radiological safety and the expenditure for

technical realization will be quantified for the entire path. For

some selected repository variants far-field calculations will be per-

formed and long-term safety will be assessed. Finally, the complete

system variants (including pre-emplacement treatment and disposal)

will be assessed on the basis of the different criteria.
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Time-Schedule:

85 86 87 88 89 90 91 92 9.

Reference System

Variants

Overall Analysis

Documentation

Participants: DBE, KfK, BGR, GSF, DWK

DBE: Conceptual design of repository variants, quantification of

radiological safety and provision of basic cost data

KfK: Near-field geothermal calculations,

BGR: Far-field geothermal and geomechanical calculations,

GSF: Repository long-term safety assessment

DWK: Spent fuel/waste flow sheet, conditioning, packages, interim

storage

PAE, DBE, DWK: Evaluation of variants

PAE: Compilation of 'Systems Study Dual-Purpose Repository'

I
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II.2 In-Depth Planning of Two Selected Repository Concepts

Objectives:

Subsequent to the analysis of numerous different disposal concepts

(II.1), two candidate concepts will be investigated in detail.

Special emphasis will be laid upon emplacement procedures, safety as-

sessment as well as thermomechanic and rockmechanic analyses. Results

gained during exploration of the Gorleben salt dome will be taken in-

to account as far as possible. This study will be a basis for

planning of the repository in Gorleben.

Realization:

As the amount of waste generating only negligible heat constitutes a

major part of the overall waste, this type of waste will be included

in the detailed analysis of two candidate concepts. Safety investiga-

tions will be performed, including emissions from secondary waste and

incidents during handling of the waste packages. Furthermore, the in-

fluence of geometrically complex repository configurations on the op-

eration of the repository, on thermal and thermomechanical aspects

and on long-term safety will be investigated.
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Time-Schedule:

85 86 87 88 89 90 9 I 92 931 1 . I I I I9 - 9 I I

Near-field

Repository, radio-

logy

Far-field

Long-term safety

Evaluation

Participants: DBE, KfK, GSF, BGR

Activities:

- Repository layout, logistics, operational

operational phase: DBE

- Thermal and thermomechanical calculations

- Thermal and thermomechanical calculations

- Long-term safety analysis: GSF

personnel, radiology

near-field: KfK

far-field: BGR

Activities will be co-ordinated with PTB and DWK in the technical

committee.
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III. Experimental Program

III.1 Canister Material Corrosion

Objectives:

The containers provided for direct disposal of spent fuel are desig-

ned to ensure long-term containment of the radionuclides. An exten-

sive corrosion test program is necessary in order to demonstrate the

effectiveness of the container as a barrier even in the case of brine

intrusion into the repository. Investigations on individual container

materials were performed in a former program (1981-1984) in different

laboratories. In the current program, qualification of the disposal

container will be carried out by DWK. In addition, material combina-

tions encountered in the disposal container will be subject to corro-

sion testing at KfK.

Realization:

Combinations of canister materials will be tested with respect to

their general and local corrosion resistance at different tempera-

tures and dose rates. The tests will be carried out with three corro-

sive brines which possibly could come into contact with the con-

tainers in the repository. Comparative tests are planned with pure

Hastelloy. It is also planned, but with somewhat lower priority, to

quantify the impact of radiolytically and thermolytically formed

gases (HCl, H2S, Co2) on the corrosion rate.
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Time-Schedule:

85 186 187 188 1 89 1 90 I 91 1 92 193

Preparation of

Experiment

Realization

Evaluation and

Documentation

Investigations will be

with DWK, DBE and PTB.

carried out at KfK. They will be co-ordinated
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III.2 Retention of Fission Gases in Back-Fill Material and Dams

Objectives:

A large portion of the fission gases and volatile fission products

generated during reactor operation are firmly bound to the fuel

matrix. Only a small percentage ( -0,06 Kr85, ' 3E-6 H3, -1E-4 I129)

is released into the gap between fuel and cladding. A major release

from the back-filled section of the repository during the operating

phase is very unlikely due to the presence of several barriers: Fuel

rod cladding, welded disposal container, backfill material and dams.

Defendable results exist on the barrier functions of cladding hulls

and container under disposal conditions, but knowledge is limited on

retention capacities of backfill materials and dams. For confirmation

of theoretical studies laboratory tests will be carried out on re-.

presentative samples. These tests in particular will be focused on

the retention capacity as a function of increasing backfill compac-

tion.

Realization:

For to estimate the impermeability of backfill materials and dams

against gases the sorption capacity for Krypton, Tritium and Iodine

as a function of pressure will be determined on representative

samples. For this estimation different methods will be employed:

determination of equilibria, determination of diffusion coefficients,

adsorption and desorption cinetics.
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Time-Schedule:

85 186 187. 88 1 89 190 1 91 92 1 93

Preparatory Work -4

Experiments with

Backfill Material

Documentation

Experiments with

Samples from Dams

Documentation H

Participant: Xi-ig



-20-

III.3 Leaching of LWR-Fuel

Objectives:

The leaching resistance of spent fuel under salt repository condi-

tions is to be determined. The experimental results can be used for

sourceterm modelling for radionuclide release from spent fuel in a

repository in the unlikely event of brine intrusion in the post-op-

erational phase.

Realization:

Leach tests of spent fuel have been performed for LWR fuel with a

burn-up of up to 36,000 MWd/t. The planned experiments will include

higher burn-ups (50,000 MWd/t), various temperatures (100 and 2000C),

and other types of fuel. The leachants will be limited to those a-

greed upon by German expert groups. The effects of an altered redox-

potential through canister materials will be simulated by inclusion

of iron. In one experiment, deionized water will be used to enable

comparison with experiments in Canada, Sweden, and the US. The exper-

imental set-up will be arranged in accordance with the recommenda-

tions of the US Materials Characterization Center (MCC).

The leaching experiments will be carried out by KfK/KTB, whereby ten

autoclaves will be used. Leachates will be analyzed by KfK/IRCh. For

source-term modelling co-operation with external partners will be

sought.
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Time-Schedule:

85 1 86 l 87 1 88 1 89 1 90 1 91 1 92 1 93

Preliminary Experiments

Active and Inactive

Continuatior

Leach Tests

Leach Tests

MWd/t

l of Previous

for 50,000

i

II

Special Fuel

Source-Term Modelling I ___j

Participants: KfK

The experiments

DWK, PTB, and

Battelle, HMI,

modelling.

will be discussed with external partners such as DBE,

the working-group OHLW-Products*; Collaboration with

KWU, and GSF/IfT will be directed to source-term
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III.4 Combined Leach Tests Glass/Spent Fuel/Corrosion Products

Objective:

In addition to the reference concept of spent fuel conditioning, cut-

ting the fuel rods and encasing in canisters with the same outer di-

mensions as the HLW-canisters will be studied. Both canisters for

either spent fuel or HLW can be disposed of in the same emplacement

hole. In order to investigate whether or not leaching of glass or HLW

is influenced by the presence of different materials in the same

borehole, materials combinations consisting of HLW-glass, spent fuel,

and canister corrosion products will also be subject to leach tests.

Realization:

Will be planned in 1986/87.

Time Schedule:

85 186 1 87 1 88 1 89 1 90 1 91 | 92 i 93

Planning

Experimental set up,

screening tests

Realization Reaizaio l
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Participants:

The tests will be carried out in KfK. They will be co-ordinated

with PTB, DBE and DWK. Collaboration is intended with industry and

scientific institutes. Information will be exchanged with USA, Canada

and Sweden.
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Introduction

A meeting of technical experts involved in the testing of Asse salt for radi-
ation effects produced during the Brine Migration Test (BHT) was held at the
GSF-IfT on the dates of June 10 - 12, 1987. The group observed firsthand the
irradiated rock salt at the BMT site in the Asse mine, and discussed the tech-
nical approaches that should best contribute to the characterization and un-
derstanding of the radiation effects. An outline of the meeting minutes is gi-
ven below.
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First Day - Wednesday. June 10

(Asse mine tour; discussion of BHT and HLW-test disposal; dosimetry require-
ments and development)

The meeting started with an overview of the activities at the Asse mine and
the present status of the BNT and HLIW-test disposal sites. This overview was
given by T. Rothfuchs and represented an introduction for the following Asse
mine tour. After an extended tour, problems related the dosimetry of high ra-
diation fields at the high temperatures that will be encountered in the HLW-
test were discussed. H. Hinsch presented a brief description of the planned
dummy containers, which will be placed on top of the simulated waste con-
tainers in six of the eight boreholes. The use of these dummy containers will
allow irradiation testing of samples during the course of the HLW-test dispo-
sal. The locations where dosimetry will be carried out in the HLIW test and the
expected dose rates were discussed. J. de Haas presented some results of dose
rate calculations at various locations inside the dummy containers. H. Froh-
lich described the ionization chamber dosimeter which is to be provided by
Battelle-Institut, Frankfurt/M., and which is small enough to fit in the 1-cm
gap between the steel tube and the salt. Prior to its use at Asse, the dosi-
meter will be calibrated at Battelle-Frankfurt under high temperature and
dose-rate conditions.

0. Regulla and Y. Goeksu-Oegelman discussed the results of their investigation
into the problem of high dose measurements at high temperatures. During this
discussion, it became clear that no material is presently known which does not
show some healing effects at elevated temperatures. However, some materials.
e. g., doped glasses, do look quite promising and proper calibration will now
be carried out at several temperatures in order to allow corrections to be
made. P. Levy pointed out in this context that Ce-doped glasses can be used
successfully over various dose-rate ranges, depending on their Ce-content. Ge-
nerally, it was agreed that the alumina (Al203) beads used to backfill the
emplacement sites could be employed for dosimetry purposes if the samples can
be prepared appropriately. A. Garcia-Celma will try to prepare some samples.
The possibility of using the irradiated salt directly for dosimetry was also
discussed.

The following deadlines were noted by H. Frdhlich and D. Regulla. Battelle-
Frankfurt will deliver the ionization chamber dosimetry system by December
1987 on the material selection for solid state dosimetry at elevated tempera-
tures. At the point, an outline for further procedures will also be presented.

Second Day - Thursday. June 11

(Petrochemical effects of radiation on salt; overview of testing at BNL and
PNL; the role of recrystallization of halite on the formation or removal of
radiation defects; initial results already obtained on the irradiated BMT salt)
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0. Schulze discussed the results of his investigations into the petromechani-
cal effects of rock salt irradiation in the BMT. Several parameters, i. e.,
flow stress and creep rate, were measured for irradiated and unirradiated
salt. The results were compared with several theories. These investigations
are now nearly finished. Subsequently, the general problems of determining
strain in natural salt grains were discussed in some detail.

P. Levy presented an extensive discussion of the fundamental processes under-
lying the formation of radiation defects in rock salt. The influence of vari-
ous parameters, e. g., dose rate, dose and pre-irradiations strain, were dis-
cussed in terms of theoretical significance, and experimental results for
F-center and sodium colloid formation were shown. These investigations were
mainly carried out with single crystallites. The irradiation facilities and
experimental methodology employed at Brookhaven National Laboratory (BNL) were
discussed. The influence of trace elements and/or trace minerals was pointed
out in the discussion. It was suggested that impurities may act as recombina-
tion centers thus reducing the colloid formation. This effect should be en-
countered even at very low concentrations of impurities. However, the mecha-
nism is not understood. It was also discussed that the experimental irradia-
tion set-up at BNL corresponds to the one which is presently being installed
at the University of Groningen (den Hartog) and that no fundamental differ-
ences in the radiation physics are to be expected between the two.

A. Garcia-Celma presented the results of her studies of the recrystallization
of irradiated halite and its effect on the extent of radiation defect forma-
tion. It was shown that the apparent extent of recrystallization is related to
the brine content of the sample. In this investigation, the stored energy in
irradiated salt is measured by calometry and DTA. Several methods and mecha-
nisms were suggested to account for the observations. It was genereally con-
cluded that it is very important, albeit very difficult, to distinguish be-
tween primary and secondary recrystallization. The question as to why the BMT
results with respect to colloid formation differ so much from the results ob-
tained at the Lyons. Kansas mine was raised and discussed. The view that the
Lyons salt is much more homogeneous and has a higher brine content was accep-
ted as the most likely explanation.

The results of the chemical analysis of the BMT salt carried out at Pacific
Northwest Laboratories (PNL) were presented by L. Pederson. The measurements
encompassed the determination of OCl-, H2, and total base. These results
were used to calculate the expected corrosion of steel waste packages. It was
concluded that at the external dose rates envisaged for the U. S. waste con-
tainers. no significant effects are expected.

H. Gies showed results of the chemical analyses of irradiated salt minerals
which were separated into two categories according to their color. The blue
salt containing colloid had a significantly smaller amount of trace minerals
than the white salt minerals. However, the Na/Cl ratio did not deviate signi-
ficantly from the normal stoichiometric value. This program will be continued
on a larger set of samples. After this discussion, a brief introduction of the
experimental program envisaged for the BHT salt was given by N. Jockwer.
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The question of whether chlorine release can be observed during sample irradi-
ation was addressed by P. Levy. The apparent temperature dependence of chlo-
rine release for salt irradiated at BNL was shown. It was pointed out that
chlorine evolution can be measured even without irradiation and that it is at
least partly a result of heating the salt. It was therefore suggested to meas-
ure chlorine evolution at different temperatures from unirradiated samples as
well as irradiated ones (at various dose rates). In addition, the growth of
F-centers in natural samples was discussed along with their dependence on the
strain applied prior to irradiation. Although increasing strain increased the
F-center formation rate, a less certain indication of colloid formation was
obtained.

The results of radiation effects calculations were presented by J. de Haas.
The radiation damage was calculated using the Jain-Lidiard theory (JLT) taking
values for dose rate- and temperature-fields obtained in previous calcula-
tions. The overall aim of these calculations is a consequence analysis for the
burial concept. The calculations were performed with several variations of
variables in the JLT. It was concluded that some improved experimental deter-
minations of parameters are needed, e. g., for the rate of F-center forma-
tion. In the ensuing discussion, it was pointed out by P. Levy that the JLT is
correct qualitatively in most aspects, but fails to make correct quantita-
tive predictions. In addition, JLT does not allow for the observed induction
periods. It was generally agreed that JLT must be modified to provide an im-
proved theoretical treatment. This task can be performed using more accurate
sets of data (rate of F-center and colloid formation), which are measured as
functions of dose rate at lower dose rates and temperatures. Low dose-rate
measurements are problematic due to long experiment times. It was concluded,
however, that extrapolations from different dose-rate regions are only permis-
sible if the mechanisms are known accurately. Finally, L. Pederson observed
that for a consequence analysis the absolute maximum in radiation damage can
be calculated from the band gap and the total absorbed energy values.

Third Day - Friday. June 12

(Agreement on harmonized test plan; final discussion)

On the final day, the participants finalized plans for a full investigation of
radiation effects on BNT salt. A general outline of proposed responsibilities
for the post-test analysis of salt from the BHT was developed (see Appen-
dix A). Consensus was reached that each laboratory should perform its tasks
independently, but that some preference will be given to samples which are al-
so being tested elsewhere. In this context, it was agreed that the experimen-
tal program will concentrate on samples from the horizontal borehole. The work
is to be completed (and reported to the GSF-IfT in draft form) by the end of
this calender year. It was concluded that the necessity of having another mee-
ting of this group will be evaluated at that time.
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Conclusion

This meeting proved to be very productive. Frank discussions were held concer-
ning what is currently known about radiation effects in salt, what experimen-
tal approaches are viable, and remaining uncertainties. A detailed working
plan was produced and the recommended institution to perform each test (see
Appendix A). A satisfactory conclusion of the BHT project should result from
implementation of the planned working task assignments, and more definitive
data will be obtained from the next in-situ radiation effects test at the Asse
mine.
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Outline of Proposed Tasks for Determining Radiation Effects in
B4T Salt

1. Mineralogical-geochemical measurements

a) determination of the accessory minerals present
I, II (minor effort), IV (minor effort)

b) determination of the distribution of accessory minerals
I, IV (minor effort)

c) separation of various phases (e. g., blue, white and sulfates) for
further analysis
I

2. Chemical analysis

a) OCl- measurement
IV, I (minor effort)

b) determination of total base (via Gran-titration); determination of
pcH-values
I, IV

c) chemical analysis and measurement of distribution of principal and
trace elements (e. g., via ICP, NAA, microprobe of thin sections)
I, IV, III (minor effort?)

d) analysis of water content and gases evolved by heating or dissolving
the salt
I, IV, II (minor effort)

3. Radiological work and physical measurements

a) determination of colloid concentrations by optical absorption methods
III, II (??? possibly minor efforts)

b) determination of colloid production rates by optical absorption
methods
III (?)

c) rock salt dosimetry via comparison with mineralogical equivalent
(analogous) mineral crystals
III (secondary measurement, minor effort)
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d) measurement of strain-related effects
III (?)

e) measurement of stored energy (including comparison and calibration of
methods to determine stored energy
II, V (minor effort), VI (possible minor effort)

4. Mlcrostructural measurements

a) mapping of a large number (i. e. statistically significant sample size)
of thin sections
V

b) re-irradiation of thin slices followed by examination for the occurence
of recrystallization
V (minor effort)

c) application of techniques to discriminate between primary and secondary
recrystallization
V, VI (possible minor effort)

5. Calculations

a) two-dimensional mapping of radiation fields at the BNT-site(s)
II, VI (possible minor effort)

b) two-dimensional mapping of temperature fields at the BMT-sites with
time dependence
II, VI

c) calculation of radiation damage using parameters obtained under a)
and b) above according to Jain-Lidiard theory
II

d) extension of Jain-Lidiard theory in accordance with new experimental
results
II, III (?)

institstios

I GSF-IfT
II ECK
III BNL
IV PNL
V RUU
VI others (to be determined)
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Federal Ministry for Bonn, June 9, 1987
Research and Technology (BMFT)

The Accident in Shaft Nr. i of the

Gorleben Exploratory Mine on May 12, 1987

On May 12, 1987. at 9.45 h a steel reinforcement ring (diameter

10 m) dropped from a height of 5 m onto the base of the shaft un-

der construction, which was at a depth of 239 m below surface.

At that moment, 7 miners worked on this level. 3 of them were he-

avily and .3 others slightly Injured. One of them'died some days

later.: -*v *:ontrze ! -b- :' ' . *Q n -.

IVIA1u1i.l lIid yvUlOW iLAnl situation:

Shaft 1 of the exploration mine Gorleben was sunk to a depth of
239 m through aecylindrical set of frozen strata Into the Inter-

face between'the overlying strata and the'caprock of the salt do-

ie! ' .. w, t o : - ' '- '
.iJ,~~~~~~~~~~~~~~z

The geological formation of the Quarternary (0 - 162 m below sur-

face) Including a 3.5 m 'thick layer of ;'"LauenburgerN clay was

passed by shaft sinking without problems. The underlying Tertiary

formation (162 to 237 m) consists in principle of 3 layers: an

upper clay layer (162 to 210 m), an intermediate layer of sand

and sandstone (210 to 229.5 m) and the lower clay layer (from

229.5 m) which overlies the caprock at a depth of 237 m. Due to

the proximity of the salt dome. the water content of the lower

clay layer is highly saline. The clay formation shows abundant

Joints and slickensides. Therefore, only In this lower clay layer

significant convergencies occured because the freezing body as a

result of the shaft sinking freezing procedure could not entirely

avoid the movement of rock in this section.

In this critical zone sinking was done more carefully. Additional-

ly, the concrete blocks forming the outer shaft reinforcement we-

re supported by 34 pre-stressed, welded and screwed steel rings.

One of these steel rings fell down after a welding had broken.
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Among the first security actions taken was the emplacement of

steel cables to secure the remaining steel rings. During the fol-
lowing days, measurements and visual Inspections of these rings
showed general deformations due to rock pressure. This means,
that the reinforcement rings were too weak to withstand the unex-
pectedly high rock movement. Huwever, this outer wall is normally
not designed to resist to external pressure but to serve as a
protection during shaft sinking. Pressure resistance will finally
be guaranteA by the Inner shaft wall consisting of a steel liner.
and reinforced concrete, both being based on a foundation in the.
rock salt.

On May 17, It was decided to fill up the shaft in Mthis critical
zone of 14 m with poor concrete in order to stabilize the actual
situation and to avoid the failure of freezing tubes 4due to rock
displacement. 1.290 m' of concrete was brought n from May 18 to

_ _ ~~~. . .. .May 20, 1987. ^X.ht 39Si714a -* m;=-

These measures allow to design. license and fabricate a stronger
wall support and-to-replace the first one successively. The sche-
dule of shaft sinking will probably be delayed by 3 to 6 months.

Apart from the manifestation of convergency, some anomalies have
been observed on temperature and water level measurements in the
weeks before the accident. The BGR (Federal geological survey)
has been asked to evaluate these phenomena and to find out whet-
her they might have had an influence on the deformations of the
shaft wall.

Conclusions:

Due to these facts, critics claim again to stop all work at Gor-
leben. However, It is common understanding within the Government
and the companies in charge that this event is only a mining pro-
blem and does not effect the suitability of the shaft after its
completion and the salt dome as a whole for a radioactive waste
repository.


