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STATUS REPORT ON THE SPENT FUEL TEST-CLIMAX, NEVADA TEST SITE:
A TEST OF DRY STORAGE OF SPENT FUEL IN A DEEP GRANITE LOCATION®

L. 0. Ramspott, L. B. Ballou, and W. C. Patrick
Lawrence Livermore National Laboratory
Livermore, California 94550

ABSTRACT

The Spent Fuel TeslL-Climax (SFT-C) is located at a depth of
420 m in the Climax granite at the Nevada Test Site. Tne test
array contains 11 canistered PHR fuel assemblies, plus associ-
ated electrical simulators and electrical heaters. There are
nearly 900 channels of thermal, radiation, stress, displacement,
and test control instrumentation. This paper is a general
status report on the test, which started in May 1980.

INTRODUCTION

The Spent Fuel Test-Ciimax (SFT-C), a test of the retriev-
able dry geologic storage of speni fuel assembiies from an
operating commercial power reactor, is lorated at the Nevada
Test Site (NTS) of the U.S. Department of Energy. The SFT-C was
authorized for construction in June 1978, and all of the fuol
was in place by the end of May 1980. The test objectives, tech-
nical concepts and rationale, and a general description of the
test were presented at the Waste Management 80 Conference.! A
more detailed presentation of the technical concept is also
available.?

FACILITY CONSTRUCTION AND GEOMETRY

Facility construction required excavation of about 6700 m3
of the granitic intrusive. WNearly 1100 m of cored holes ranging
in diameter from 38 mn to 152 mm were drilled in cupport of

*lork performed under the auspices of the U.S. Department of
Energy by Lawrence Livermore National Laboratory under
Contract W-7405-Eng-48.
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in situ properties and instrumentation tasks.3 The SFT-C
facility consists of a central canister storage drift 4.6 mx
6.1 m high x 64 m Tong, two parallel 3.4 m x 3.4 m heater
drifts, and a tail drift (Fig. 1). The spent fuel canisters are
Towered to the test level (420 m below surface) through a steel-
Tined 0.76 m diameter shaft. CEach canister is stored in one of
17 lined emplacement holes 0.61 m in diameter.

This test uses thirteen encapsulated intact PWR spent fuel
assemblies from the Florida Power and Light reactor at Turkey
Point, Florida. Eleven of the thirteen assemblies are stored in
the center drift of the SFT-C. The remaining two assemblies are
stored at the E-MAD facility in southwestern NTS, and used for
periodic exchanges with those in the test. Also deployed are
six electrical simulatars which, together with the spent fuel
canisters, form a 17-position linear array.

In order to simulate the thermal field expected in a very
large repository, electrical heaters are deployed in two drifts
on either side of the central storage drift. These heaters
together with the storage drift array provide an overall thermal
field, within a 15-metre by 15-metre repository model ceil,
resembling that expected at the center of a very large reposi-
tory (Fig., 2). The six electrical simulators provide the means
for an additional experiment --- the direct comparison of the
effect on the rock of heat alone versus heat plus radiation.

FUEL HANDLING OPERATIONS

The fuel-handling system designed and built for this test
was not intended to be prototypical of that employed in a large
repository. The intent was to provide an inexpensive yet safe
and relfable fuel~handling system for the purposes of the test
Nevertheless, the handling system does demonstrate several
aspects of interest to the _aneral public: (1) that the hand-
Ving of highly radioactive material is a fairly straightforward
matter involving available technology, (2) that the emplacement
and retrieval of spent fuel in a storage array i5 also relative-
ly straightforward, and (3} that remote-control technotogy
allows nuclear waste handling with minimal radiation axposure.
During the initial emp.acement period (April 18 to May 22,
1980), we operated at an emplacement rate of ane assembly every
two days. The underground system is capanle of handling six
cans per day --- a rate near that reguired for an operating
repository, The fuel handting system is described 1 detail
elsewhere. &

In order to demonstrate retrievability, there are a series
of planned fuel exchanges. The first two were successfully com-
pleted in January and October 198) and a third is currently
planned for duly 1982. Anather result of these exchanges is
that fuel will be available for post-test characterization pricr
to the termination of the entire test.
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INSTRUMENTATION AND [N SITU MEASUREMENTS

Pretest investigations have provided properties for use in
calculating the response of the SFT-C to excavation and thermal
Joads and have provided a better understanding of the test
environment. A small-scale heater test provided thermal proper-
tiesb. Hydrology studies bounded the location of the regigna1
water table in the stock, some 160 m below the test level.
In-situ stress determinations,B a campaign of field properties
measurements,d and extensive tunnel mapping!U provided
important boundary conditions and input properties for thermo-
mechanical calculations,

The test is extensively instrumented.11,12 Rock tempera-
ture, air temperature, flowrate and humidity, radiation, rock
stress and rock displacement are all recorded remotely and auto-
matically by a computer-based data acquisition system. This
same system is used for test control and status monitaring.

Of the nearly 900 channels of data being recorded, nearly
600 are for thermal measurements. Kod and wire extensometers
and 3-component fracture monitors account for another 170
channels, Eighteen vibrating-wire stressmeters are deployed to
measure changes in stress. The remaining instruments monitor
for the presence of ionizing radiation, radicactive gases, and
the generai status of test hardware.

Nearly two years into the test, most instrumentation and the
data acquisition system are functioning reliably. Two excep-
tions are the linear potentiometers associated with near-fiela
rod extensometers and the vibrating-wire stressmeters. Exten-
sive failures have occurred in these units, requiring replace-
ment.!3 These failures have led to one of the most signifi-
cant technical activities on the test: evaluation of instrument
survivability in the test environment. The second generation of
instruments is currently functioning normaily,

RESULTS OF CALCULATIONS AND FIELD MEASUREMENTS

The Spent Fuel Test-Climax (SFT-C) is the largest rock
volume under test, using either electrical heaters or actual
nign level waste, in the world. The seventeen canisters are
spaced 3n apart in a 50m long array and the volume of signifi-
cantly heated rock is about 104 m3. Thus, it provides a
unique opportunity for the evaluation of thermal and thermo-
mechanical models which will be used in a predictive sense for
repository design, licensing, construction, and operation.
Radiaiion transport codes may also be evaluated.

Thermal
The thermz] modeling for this test has been exten-

sive, 14,15 and the agreement between measured and calculated
thermal histories has been good. 16 Both in the near fiald

(53]



(Fig. 3) and in the intermediate field (Fig. 4), agreement
between calculated and measured temperatures is within a few

degrees.

The Spent Fuel Test-Climax has provided an opportunity to
evaluate performance of repository-size openings under actual
field conditions. Under these conditions, tactors such as the
ventilation system, the lighting system, and other sources of
heat or transfer mechanisms must be considered. They must be
properly evaluated in repository design and performance
assessment.

Within the first year, thermal peaks within the fuel, on the
canister surfaces, on the rock surface of the storage hole, and
some 50 centimetres into the rock were attained (Fig, 3).
Throughout much of the 15-metre by 15-metre repository mode)
sell at the center of the SFT-C, maximum temperatures will have
been attained by the end of the second year of the test (May
1982). Therefore, 1ittle additional significant thermal
informaiion is expected to be gained until fuel 15 withdrawn and
high thermal gradients are caused by the cool-down period.

Thermomechanical

Une edrly experiment in the SFT-C, the "mine-by", provided
an opportunity to measure the displacement and stress changes
resulting from the mining of the facility itseif for later
comparison with those caused by introduction of the heat-
producing waste. Pre-test calculations indicated that these
would be approximately the same magnitude. Agreement between
calculated and measured response to excavation was poor.
Additional studies with 2-0 jointed-rock models resulted in no
petter agreement.!8 Despite the disagreement petween measure-
ments and calculations of the response to excavation, it is
significant that the mining of the facility itself nas heen
shown to disturb the rock apparently as much as the introduction
of the heat-producing wastes.

Calculations for the SFT-C were made using the ADINA and
AJINAT codes!Y which, like most widely available theramg-
mechanical radels, assume continuum properties of the rock, For
jointed rock like the Climax granite, it may be necessary to
mode] both ubiquitous and discrete fractures. Many problems,
such as the anomalous "mine-by" response, may require 3-D models
with ubiquitous and discrete fracture models. Such models
currently do not exist.
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Altnough analysis of displacement and change in stress data
is currently incomplete, preliminary analyses indicate that
thcrmally induced displacements and stresses are Jeing calcu-
lated quite well. The continuum codes are apparently able to
nodel the major phenomena involved. This is evidenced by the
good agreement in calculated and measured curve shapes,
including inflections and changes in slope of displacement
histories.

Radiation Transport

Ragiation transport calculations have been parformed to
determine the radiation dose to the granite surrounding the
emplacement holes.?0 The results of these calculations and
field measurements of gamma and neutron doses wil) be compares
in later reports.

CONCLUSEON

fhe 5pent Fuel Test-Climax ras providea experience working
unger repasitory conoitions in crystalline rock. At present it
is the only storage of high-level waste ar spent-fuel in a deep
geofogic environment anywhere in the world. Thus there is a
high Jevel of pub'ic interest, evidenced py the fact that there
nave bean 215 tours, through February 1982, involving 246)
people from U.S. ang 23 foreign countries.

The technical goals will not pe fully attained until the
test has been terminated and decommissioned, but a great deal of
informatisn has already been gained during the test. Many of
the activities associated with the construction and operation of
a deep geologic repository in hard crystalline rock have already
teen demonstrated, and data relevant to repository design and
perrormance is beiny collected. These gata can be used to
validate thermal and thermomechanical models which will be used
in a predictive sense for repository design, licensing,
construction, and operation.



(5

6.

REFERENLES (

L. D. Ramspott and L. B. Ballou, "Test Storage of Spent :
Reactor fuel in the Climax Granite at the Nevada Test ;
Site," in M, E. Wacks and R. 6. Post, Eds., Proceedings of

Waste Management 80: The State of Waste Disposal

TechnoTogy, W11 Tailings, and Risk Analysis Models, )
Unfversity of Arizona, lucson, Ariz., March 1980, Vol 2, p

515.

L. D, Ramspott, L. B. Ballou, K. C. Carlson, D. W, Montan,
T. R, Butkovich, J. E. Duncan, W. C. Patrick, U, G. wilder,
W. G. Brough, and M. C. mayr, Tecnnical Concept for a Testi
of Geologic Storage of Spent Reactor Fuel in the Climax

Granite, Nevada Test Site Lawrence Livermore National ;
Laboratory, Livermore, CA, Report UCRL-52796 (1979). -

W. C. Patrick and M. L. Mayr, Excavation and Drilling
Activities Associaled with a Spent Fue) Test Facility in

Granitic Hock, Lawrence Livermors National Laboratory,
Livernore, CA, Report UCRL-53227 (19B1).

J. 0. buncan, P. A. House, and G. W. Wright, "Spent Fuel

Handling Systen for a Geologic Storage Test at the Nevada

Test Site," published in Proceedinys of American Nuclear '
Society Meeting, Las Vegas, NV, June 1980.

Safety Assessment Document for the Spent Reactor Fuel
Geologic Storage Test in the Climax Granite Stock at the
Nevada Test Site, U.S. Department of Energy, NVO-210

January 19807.

L. D. Ramsport, "Climax Granite Test Results," Lawrence
Livermore National Laboratory, Livermore, CA, Report
UCKL-82841, wev. 1, (1979). Also published in Proceedings
of a Workshop on Thermomechanical Modeling for a Hardrock
Waste Repository, Lawrence Livermore Natioral [aboratory,
Livermore, CA, Report UCAR-10043 (1979), F. rolzer and L.
Aamspott, Eas.

W. A. Murray, Geohydrology of the climax Stock Granite and
the Surroundging Rock Formations, Nevada Test Site, Lawrence
Livermore Wational Laboratory, Livermore, (A, Keport
UCRL-53138 (1981).

w. L. €114s and . E. Magner, Determinetion of In Situ
Stress in Spent Fuel Test Facility, Climax Stock, Nevida
Test Site, Nevada, U.S. Geological Survey Open File Report

Tin preparation].

10

REFE =

s

BRI VG at



9.

1.

F. E. Heuze, W, C. Patrick, K. v, De V1 Cruz, and 0. F.

Yoss, In-Situ Geomechanics, Climax Granite, Nevada Test

Site, Lawrence Livermore National Laboratory, Livermore,
CA, Report UCRL-53076 (1981).

U. Wilder and (., Yow, Fracture Mapping at the Spent Fuel
TJest-Climax, Lawrence Livermore National Laboratory,
Live: more, CA, Report UCRL-53201 (1981).

R. C. Carlson. W. C. Patr.zk, D. G. Wilder, W. G. Brough,
D. K. Monlan, P. Harben, L, B. Ballou, and H. C. Heard,
Spent Fuel Test-Climax: Technical Measurements [nterim
epart, FY 1980, Lawrence Livermore National Labaratory,
Uivermore, CA, Report UCRL-53064 (1980).

«. Brough and w. Patrick, Instrumentation Report #1:
specification, Design, Caiibration, and Insfallation of
Tnsirumentation for an Experimental, High Level, NucTear
Waste Storage Facility, Lawrence Livermore Nationa!
Laboratory, Livermore, CA, Report UCRL-53248, {1982).

W. Patrick, R. Carlson, and W. Aector, Instrumentation
Report #2: ldentification, Evaluation, and Remedial Actions
Kelated to Transducer Failures at the Spenl Fuel
Test-UTimax, Lawrence Livermore Wational Laboratory,
Uivermore, oA, Report UCRL-53251 (1982).

Jo N, dontan, "Thermal Analysis for a Spent Reactor Fuei
Storage Test in Granite," presented at the International
syaposiun on the Scientific Banis for Nuclear Waste
Managezent, Boston, MA, {1980), Publishea in Proceedings
uf Tnird Interngtional Sympostum on the Stientific Basis
for Nuclear Wasie sanagement, Vol. 3, pp 015-62¢.

U. Montan and W. Patrick, Thermal Calculations for the
Jesign, Construction, Operation, and Evaluation ot tie
Soens Fuel Test-Llimax, MNevada Test Site, Lawrence
"ivermore National Laboratory, Livermore, CA, Repaort
UERL-53233 {1981).

#. Patrick, D, Montan, and L. Ballou, "Near-field Heat
Transfer ab the dpent Fuel Test-Climax: A Comparison of
Naasurements and calculations", presented at the JECD
wiciear Energy Agency Workshop on Near-Field Phenomena in
~logica) Repositories for Radicactive waste, Seattle, Wa,
August 31, 1981 anu to be published in the Proceedings nf
the UECD Nurlear Energy hgency Workshop on Near-Field

Phenriena in beological Repositories.



file:///uclear

18,

20.

D. G. Wilder, and W. C. Patrick, "Geotechnical Status
Report for Test Storage of Spent Reactor Fuel in Climax
Granite, Nevada Test Site", presented al the Symposium on
Geological Disposal of High-Leve) Radioactive wastes, AEG
Annual Meeting, October 20, 1980, ALS Bulletin, Vel, XVIIY,
No. 4, 198 pp. 355-367.

F. E. Heuze, T. R. Butkovicn, and J. C. Peterson, An
Analysis of the 'Mina-by' Experiment, Climax Granite,
Nevada Test Site, Lawrence Livermore Matignal Laboratory,
[ivermore, CA, Report UCRL-53133, (1961).

T. R. Butkowich, Thermomechanical Response Calculations of
the SFT-C in As-BuilTt Configuration, Lawrence Livermore
National Laboratory, Livermore, (A, Report UCRL-53198 1981.

T, Wilcox and R. ¥an Konynenburg, Radiation Doce
Calculations for Geologic Media Around Spent Fuel
Emplacement Holes in tre Climax Granite, Nevaoa Test Site,
Lawrence Livermore National Laboratory, Livermore, CA,
Report UCRL-5315%, (1981).

DISCLANVER

Fhis docutient was prepared as an aceount of work spansored hy an agency of
the Unied States Government. Seither the 1 nited Srates Gosernment aor the
{piversits of Californiz e any of their vriployees, makies ais waremes, e
prese or implicd, or asames s legal Habilin or responeibifity for the ac-
cueacy , completeness, ar wsefiress of any information. apparatis, produed, or
process disclosed. o represenis thal its v would nat infringe privately owned
rights. Reference beeein to aay specific commercinl products, process, ar sers ice
by trade aamte, teadeatck, manulactires, or pthersie, does nul pecessarily
comstitiite ot imply its cndorsement . recommendarion, or Fvoring by the | nited
States Gorernment or (he § niversity of Cafifornia, The views and npiniens of
atthors expressei) hirein o not aecessarily state or refleel those of the | nited
States Gavernment thereal, wod stall not be esed for advertising or product en-
dnrsenirnt puTpINes.

e ) ey e e e e ik



