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ABSTRACT

The Spent Fus! Test-Llimax (8FT-C} was con-
ducted to evaluate Lhe feusibility of setrievadle
desp geclvglc storsge of commercislly generated
spent muclasr-resctor fuel aspembiies. One of
the primary appects of the test wus to measure
the th hanicsl vesp of the rock mass to
the extensive Besting of & lerge volume of rock.
Instrusentstion was emplsced to measure ptress
changes, relative motion of the rock mass, ond
tunne] closures during three yoar of heating free
thersally decsying hest sources, followed by &
#ix month ecoldown pericd.

The calculstions reported here were perforsed
using the bost avpilable imput parameters, ther-
me] and mechanical properties, and power levals
which wers @directly messured or inferred froe
sessurssents nade during the test. This report
docusents the results of these calculstions ond
conpares the results with selected messuresants
made during heating end cooling of the BF3-C.

IFTRODUCTION

A test of retrievable sep geologic storage
of speat fuel essemdlies from an eperating com-
mercis]l muclear resctor wes recently cospleted in
& granitic intrusive st the U.5. Department of
Energy’s (DOZ) Bevada Yost Bite. This project,
genarslly referred to as the Jpent Pusl Tesi-
Clisax (REPT-C), is part of the Bevads Buclesr
Uasste Storage Investigations, which are managed
by the Bevada Opsrations Offlce of the DOE. The
Lavrence Livarmore Satlonsi Ladorstory (LLEL) wes
responcible for the technical direction of the
tost.

In sédition to evaluating the fassibility of
desp goologic storage, the test provided an
excellent opportunity to study lerge scale res-
ponses of » granitic rock mass to extenslve
heating and subsequent cooling to mear esbjent
conditions. Specific test sbjectives related to
the thermoaechanical response of the rock mass
were te aveluate sur ability to muserically model
the response of the rock mess to an episode of
hoating and subssquent cooling.

In erder to sccomplish this ebjective, s
serles of eslculetions wers undertsken using the

ADIEA ptructurs) anslysiz code (Bathe,2979) ant
its companien hest flew cofis ADINAT (Bathe,
1977). Thess finite slsment codes were chosen
bocsuse of their bread acceptance, and their
obility to either directly or indirectly trect
:’a:h ::l“; ,h;;-:-m of interest in the BF3-C.
particular riance wers the ) |
hest flow and hanical sresp .M M'l:
sequencing, srbitrary stress boundary conditions
and s provision for slsulating ventilstion
offects. Faull and jJoint solien were wot speci-
fically treated.

TEST DESCRIPTION AND CROMETRY
Location and Conflgurstion

The SPT-C is located 420 & below the ground
surface in the quartz monzonite wnit of o two
part intrusive Inown as the Clinax stock. At the
tast Jewel, the rock Ss about 150 B above the
regional weter table and is unssturated but mot
dry. Wilder anf Yov (1984) peport four domimant
Joint sets and three much less promaloent sets in
the tost area. The joint frequencies range frox
0.9 to 2.2 Jointe/s in the test mrea.

The basic conflguretion of the test is shown
in Figure 1. The three parsilel drifts are
spaced adout 10 & an conters. The dimensions of
the two parsllel and central canleter drift are
3.4 % 3.40 and 4.6 x & m high in eross section
respectively.

Repository-mode! eel)
Canister storage drift (15m x 35m)
North heme drifty Practice
L
South
:i'"‘" © Electrica! vimulators ;—, adistion Effects
© Spent fue! Experiment
* Heaters
Figure 1. Plan wiew of SFIC showing locstions

of spant fuel and releted heet sources snd
thermal phase instrumentation.
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Eleven sanisters containing single Intect
sypent-fuel assemblies sged adbout 2.5 yesrs out of
core were smpleced in 0.51 & Slaneter by ¢ & Soop
Soreholes drilled in the fleor of the centrel
Orift. The ppent fuel asseadlies were fnter-
spersed with aix sisctrically hested sisuistors
which wers lecsted In boreholes #f Lthe pane sise
nd geomeiry. %o simulate the thermal fleld of »
large repesitery, ten suxiliary electrical henters
were lecoted in boreholes spaced & & apart in the
fleor of eachd of the two side drifts.

Instrumsotst fon

Teaporatures, dispi te, sné stress changas
wers sessured guring the thres-year heating phase
and subsequant six-montd ceoling phase of tha
SFI-C. Although Lthe depopiticn and remova) of
thersal emergy and the concomitant changes in the
rock mess tampereture censtitute the driving
force, the dispiscaments and siresr thanges are
of direct concern in this report.

Thermscouples were lecsted throughout the test
arrsy to seasure the #istribution of temperstures
during the tost. These instruments were mostly
concentrated in the reglens clese to canisters,
and were alsp located to measure Lemperstures
relotively far from the beat sources. Of perti-
cular iaterest here sre those thermocsuples that
ware Jocsted en ar adjacent to instruments which
seasured #isplacemants or stress thanges.

In afittien, the charscteristics of the wenti-
lation alr stress were sonitored. The “dry Buld"
temperstures and the Sewpolints ef the inlet and
outlet airstresms, together with air flov rates,
were used to determine tha quantity of emargy re-
moved by the wentiletion system as o function of
time.

Ceomeclanical instrusentstion was located
throughout the SFT-C to monitor displacements and
stress chaages which sccurred os the rock sass was
initially sxcavated, bented, anéd cooled. Multi-
point bervhole stensometers (MPRX) were instelled
st three erientstions in four locstions in the
Pillars between the heater drifts end the canister
drift (rig. 2). Whereas the four horizontslly
oriented mits hove three anchor points, the units
orlented st 34 sad 30 dagrees above horizontal
oach have six anchor polnis. These umnits, which
sre refermed to es Nine-dy instrusents (MPI),
were imstalled to secord displscesents during the
Minedy eaperiment and were refurbished for con-
tinued wee during the heating end cooling phases
of the teost. Subssquent to sxcavstion, 14 four-
anchor PR uniis were installasd in the floor of
the canister drift to measure displacements with-
in the reck mass.

Sixtesn erthogonal sets of convergance wire
extensomelers {(CWE) were installed to measure
@éisplacemmts within the drifts. These units
ssssured e reletive displacements detwesn the
roof aad e floor and between opposing wlls of
the drifts. Each QJF was ocutfitted to permit
parelle]l fape, axt ter ts to be
asde.

Legend

ooeemee  Mine-by sxtensomeser

evoe—  Thermal phase extensometer

“0-0-D- Mine-by vibrating-wirs streumeners

‘B-0-8  Therma! phase vibrating-wirs stressmeters
e Thermal phase convergence wire extensometer

Fig. 2. Cross section showing locatiens of
various instruments in SFY-C.

Changes in the state of stress were sonitored
8t selected Jecations using IRAD wibrsting wire
stresmeters. 4 total of 18 mnits were Installed
as rosettes of three, ene metre redially ocutwerd
from eacd of two spent-fuel asseadblies, and ot
pillar contar and 0.7 n in fres the canister drift
8t sach of two locetions in the morth pillar.

4 mumber of the gecmechanical instruments
sxperisnced malfunctions durisg the beeted phase
of the SF7-C. As & foult, ot al) instruments
provided continuous dsts records. The most
eriticel dats losses were frox the vibrating wire
stresmmeters.

Ensrgy Depcsition and Removal

The power history of the spent fuel, developed
by Schalttroth st al. {1980) was adjusted to bring
it into better agresment with calorimetry dats
obtuined sarly in the test. The power history of
the electrical simulstors was sdjusted to the
pover levels which clossly setches the decs;
of th= spent fuel. v curve

The spent-fuel asseadblies were smplaced and the
simulators were snergized dSuring B six week perics
Seginning April 18, 1280 and ending Ney 28, 1900.
Likewise, ot the ond of the beating phase of the
test they were retrieved or Se-anergized as
sppropriate betwesn March 3, 1983 and aprll 6,
1953. Becsuse we modsled the facllity as s infi-
nite length array using s wunit cell approach,
these heat sources could mot be trested indivi-
dually in the calculations, Insteas, the ealcu-
1stion degan to deposit energy at s time corras-
ponding to the insertion ef the center spent-fuel
asseably (Nay 3, 1930), and stops when this



sssenbly wes removed (NMarch 24, 1983). A1) times
sre bessd on the epent fusl age In yuars sut of
core (Y0C). The spant fuel wes 2.4 30C ot the
start of testing.

™he power Jevels of the suxiliery hestsrs are
shown in Teble 3. The power lavels of these
sources incressed 68 the test progressed. The
power incresss clovely spproximstes the thermsl
pulse which s genersted by the intersctien of
sany parslle] rews of hast sources in o large
repository. BSimce the suxiliary hesters were
onergized snd Ge-enargized simultansously, the
tining of their snsrgy Seposition is trested
sxplicitly in the thormomechanics] calculstions.

Table 3.  Auxiliary hester power history.

Date of Change Power (Uetts) Comments

Nay 8. 3900 o. start of test
Sune 27, 390 31850. Too high

July 2, 183 925, Target

December 15, 1980 3250. Target

Petruary 18, 1382 9225, Too low

March 1, 1982 3400. Compensating value
april B, 1992 1350, Turget

The remsval of enargy from the SFI-C was care-
fully monitersd. Since it was mot eur gosl to
svaluate sur adllity to model vemoval ef energy
by the v-uhucn air etresn, we used the

e eaargy ¢ 1 rate as s haat oink in sur
Abm!’ caleulations. This allowed 8 Better level
of sgresmmt Baty 3 and calculated rock
tamperatures smd bence, u-ltod the influence of
discropancies hetwsen messured and taleulated pock
temperature #2 the th hanicel ) of
the rotk mees.

NEAT TRANSIER CALCULATIONS AND COMPARISONS WITH
DATA

The tharmsl calculstions were cerried sut with
the ADINAT finite element code which is compatible
with the SBTHA displacsment and stress analysis
code. ADEMY produces modsl point thermal his-
tories that drive the thermomachanical ADIMA
ealdculatims.

Correctly modeling beat transfer in the SFT-C
reguires a heat transfer code with conduction,
radisties, end wentilation cepabilities. In
sddition te conductive hest flow through the rock
mass, radistive host transfer occurs between
floor, wills, and roof of the dcifts. Purther-
more, hest §5 removed by the ventilstion sir
strest pmaing through the drifts. Nowever, the
present version of ADINAT allows radiative host
transfer ealy £rom the sxternal dHoundary of the
calculational mesh, und heat transfer to the
ventllatiss air is wot directly modeled.

Butkovich and Rontan (1980) devised 8 msthod thst
ensbles SMEAT o model intsrmal radiative hest

traneport and wontlijetion. BRadlation sus modeled
5y aspigning o high walue of therma) comductivity
ahd & Jov mass éannity to the materisl which sen-
stitutes the eponings. Yo simulete wontilstien,
we first connacted all pide mofos An sach drifi

8o o sontrs) node. This pofr wis then sonnected
to an sutsiée point whose tempersture was fixed.

A tempersture Sependent convattive hest transfer
esofficiont controls hest transler Betwen this
outside point and the contrsl mode.

The goal of the ADINAT thermal caleulstisn wan
to produce the correct tempersture change with
which the thermomechanical caleulstisn would be
driven. Therefore, the vonvectien ceefficiont
which contrels the rate of removal of hast by the
vantilation eir streas w3 varled wmtil good
agresmsnt between measured and calculeted
tamperatures was ebtaineg,

Bince there s spproximste symmetry with
reppect to the vertical conter line threugh the
spent-fusl drift, enly half af the planar cross
section shown in Flg. 2 wes modeled. 1Ia con-
structing the finite element mesh, we made pro-
vision for an slsment group 0.35-m wide surround-
ing the sxcovations so that s region areund sach
opaning which was demaged by explesives in the
sining process could e assigned ¢ifferent pro-
porties than the rest of the rock mans. With the
axcoption of Gogancrated 4-acéde elements weed for
the material reamoved in the axcavatieo, all of
the elments consisted of eight aodes.

Table 2 shows the tharmal proparties of the
Climax stock quarts monzonite used An the ADINAY
calculstions. The power isput to the spant fuel
canisters and electrical simulators is thet shown
in Fig. 3 as the 90114 curve.

Table 2. Thermal proparties of Climax steck
Quartz Monzonite used in thermal cslculstion.

Eeat capscity® 930 J/xg-X
Thermal conductivity
o°c 3.1679 Win-X
27 3.1104
477 2.2104
I'benu .xpuulon coefficiant?
10. x 10-6/x
2! 10.
40 8.9
[ 1] 1.4
128 8.0
375 .6
225 12.7

Sperived from diffusivity messurements
ard, H., (1979), values based on measurements
at effective pressure at 13.8 KPa.

The convectlon cosfficients (which econtrel
bast transfer eut of the mesh) were varied unti)
a good fit to all of the tesperature data
msagured throughout the entire beating and cooling
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portiens of tae tost wss produced. Pigure 4
shows 8 Lypical tespersture-Lime surve comporing
messured and ealculsted results. The mofs) point
temperatures throughout the mesh Bt the start of
the galeulation was 23.5° €. The Bessured
temperatures were within about ens dsgree of this
average value.

1800

1400 Decry cusve eorrected for

sslorimatry results
E 1200

| -

Efectrica! simulstor history

1 4

Y

' 1 i
mzs 20 35 40 45 S0 55 &0
Years out of Core

Fiz. 3. Power imput to spent fusl canlsters and
olectrical sisulstor.

'’ i
20 a0 40 50 60

Yaoars oun of core

Fig. 4. Twical tempersture-tise curve compsring
seasured and calculated results.

Fig. S shows an example of s comparison between
the messured and calculated valuss of tesperature
change since the start of the test for 30 lecs-
tions above snd below the openings st station
2483, near the contar of the test facllity st o

esincident with moda) pointe 3n the finite olesent
mesh far which the calculnied tespersiurys are
shown. Areuns the rib vhere the slmments are
smaller, the modal pointe are within 0.2 n of &
sessureasant point. Per regisns swyy fres the
openings wherse the mesh 35 more eserse, Lhe poda)
points msy be a3 Buch @3 1.0 » swey fres esso-
£lated asssurement points.

o r Y d

5.0 Y0C

Al = 98505
AD = 32295
0r o AR » 8406
7 RM = £3715
I 7f RN « 134502

Messured

Fig. 5. Comparison betwesn measured snd caleu-
Jsted values of teapersture change: siscs start
of test at stetion 2493 st 35 ¥YOC.

TIHRRMOMECHANICAL RESPONSE CALCULATIONS AND
COMPARISON WITH DATA

Geners] Considerstions and Isput Dats

After the beating phase of EFT-C was cespleted,
Creveling et al. (1984) performed an extensive
suits of stress Beasuremsnts weisg two imdepsndent
techniques 1o doreholes up to 30 & Ja length.

The measurements exhibited s high Gugree of
spatial variebility both in magnitude and in
srientation.

In situ geformebllity data for the SFT-C were
initislly developed by Neuze st al. (1981).
Later, Patrick, Yow, and Axelrod (1985) cospleted
deformation modulus ta follewing the
hested phase of the test. Their snalyses show
that: the mean deformation modulus wes 37.7 CPa,
about 40% higher; while their msan motulus of
faulted, sheared or intensely jointed rock agreed
with the earlier estimate.

Upon exsmination of the avallable §a situ
stress and deformation modull dats, it weemed un-
ble to do caleulations For ell the posridle

time 5.0 YOC. If the calculstion end ts
agreed sxscily, all the points would fall on the
line with slepe = 1 and y-intercept = 0. Alsoc
shown are the slope (A1) and y-intercept (20) of
the hest fit straight line and the root-wean-
square errers (RM). In all cases, wr see B2

(RR) walues of gt laast 0.98 and root-msan-sguare
errors of Jass than 1°C. Thesa compare favorsbly
with the IM specisl limits of error for thermo-
couples (1.1°C) and with the individusl calibre-
tions. Thie is an exceptlonslly good level of
sgresment shen ene tonsiders that the positions
of the tespersture measuresent points are sot

combinations within the range of measuresents.
furthermore, it was not poasible to model the
varisbility directly. Instesd, three thermo-
mechanical cslculstions were made, one wsing the
in situ walues estinated by Meuse ob al. (1981),
the second based on best estimates of is-situ
wsluas of Patrick, Yow and Axelred (1985), and the
third with mesh loadings based en the extreme of
the post test in-situ stress measurements. Rach
of these calculations used the same nodal point
tespersture histories obtained with ADDUY, and
t sture depandent th ] expansien coeffi.




clents shown in Table 2. The thermsl expansion
coefficionts used were takon froz Meard (1979).

He measured the expanslion coefficlients en semples
of BFI-C quartz sonzonlite st eonfining pressures
of 0, 13.6 an 27.8 NPs. The intersedlste set of
values were used 83 aore represantetive, based on
messured in-giiu stress at test leval. The walues
of input parsmeters for the three cslculstions
were 88 shown In Zable 3.

Teble 3. ERlastic properties and mesh loaling
used for three thermomachanical calculations.

or R

3 2 3
Moduls (CPa)
Intact 27 k1) 38
Damaged 13 pL) pLJ
Poleson's Ratio
Intact 0.25 0.25 0.25
Demaged 0.35 0.33 0.35
Losding (WPa)
Vertical® 6.2 .21 32.60
Hor./Vert, 3.2 1.2 0.9

*Vertical mesh Joading based on in-situ stresses
messured st mid-rib.

Comparisons Between Calculations and Date

Results of the thres calculetions ars shown for
stress ¢h , tunnel ¢l e, and relative dis-
placemants within the rock mass around the open-
ings. When cosparisons with messuresents are
shown, stress differences between two times sre
used; tunnel closures ary sdjusted to a caleuls-
tion as of the start of the measuresent pariod
{severs]l weuks after the start of beating) and are
compared with the cslculation from then until the
end of the test; and relative displacement
differences are tompared st selected tismess during
the test.

tress (13

The three points for which stress ve time
results are shown coincide with the positions of
stress gauges. Figure § shows the calculated
verticsl stress vs time for s point midheight in
the pillar, 3 m from the heater drift. PFigure 7
shows similer results for a soint in the floor of
the canister drift et midpoint elevation of the
center spent-fuel canister, and 1.18 a radially
outward from its centerline.

Comparing the results of these calculations,
we see moderate differences between caleulstions
1 and 2 where the mesh losding is the sane but
the deformation modull differ by about AOL.
Larger differences octur in calculation 3 where
the mesh loading is about 80% greater than in the
other calculations.

Az 8 result of fallure of the IRAD wibrating-
wire stress gauges early In the tesi, it is
impossidle to compare calculstions with date
during most of the heating phase of the test.
These fallures occurred when the gauge housings
Jeaked, causing corrosion of the wirs. The
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Fig. 6. Calculsted in-plane vertical stress vs
time for » point at mid-height in pillar, 3 a
froe hester drift.
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Fig. 7. Calculated in-plane vertical stress vz
time for e point et mid-height elevation of spant
fusl canister, 1.18 & from its axis.

instruments were redesigned with batter seals and
re-installed shortly before the spent fuel was
removed. Stress seasursmsnts at three locations,
two of which are cited above, were available fros
this time through the cooldown pariod.

%o make these compariscns, the results froo
the stress-gauge rosettes were used to cslculate
the secondary principal stresses for times of
interest. From thase, the horizontal stress com-
ponent in the plane of the calculetion was deter-
mined. Vertical in-plane stress values were
aeasured directly with stressasters in the horil-
zontal boreholes which sre located in the rids
st mld-height at two stations.



Table & shows comparisone of Beasured slrers
@ifferences ot the two ptations for each geuge
position with those selculated for the position

Sotwesn 5.35 YOC and 5.835 YOC for each Jocotion.

In conporing the mepsirements and ealeulstions,
the sccurnty of the messuresents susl be
sonsidered. Patrick, Bociior, and Bcarafiottl
€1904) repert post-test celibrations for ihe
stressaetors which show errers An the range of
250% of the gauge resdings. The Bedsured and
esdculotad changos In strers agres within the
uncertsintios of the messuressnts.

Teble 4. Comporiscn of messured and calevlsted
stress changes which eccurred durling eocldown
porled.

Statien Neasured Caleculatel Mrs
[ s [} 9”2 [}]

Norizonts]l ~ 1.18 » froe mid-point slevetion of
spont fued

358 3.5 2.4 3.8 3.4
2498 3.3

Vertica) -~ mid-haight in rid 5.7 » from canister
arift

2485 2.1 1.0 1.8 1.4
47 8.0

Vorticsl - mid-haight in rid at mid-rid

22 (X3 2.3 1.4 1.4
3487 6.3

Tynnel Clesure

Seasurements of rift defermstions were mase

routinely since the emplecesent of the spant fuel.

Both korizeatal and vertical Seasurements were
taken ot five Jocations aleng the heater érifts
ané ot six Jecations along the canister érift.
o types of Jnstnmantstion were wosd: sonver-
gence wire extenscmsters which were monitered
sutomsticslly, end 8 manuslly eperated tape
axtensemeler with which asssurements were made
poriodically, typically ence sach month. The
tape axt ter ts were initisted pix
weeks after the smplocement of the spant fuel.

Pigures § snd § shov an sxsmple of esiculsted
dorisontal and verticsl spent fusl @rift closures
for each ealculation. The results frow these
celcvlations show the complexity of the offects
of warying in ol%u stresess and modull. At eil
Jocstisns, calculation 2 provides the smallest
t 1 elosures & 4t waed Both the Jower in
situ stress and higher modull. Although cal-
culstion 3 ohows the grestest horizental conver-
geonce in the canister drift, there 1s essentislly
2o difference betwesn colculstions 1 and 3 in the
bester drift, sven though the in situ stresses
sre sarketly higher for ealculation 3. It also

prevides the grestesl wortica) tunas) elosure in
Both the tanister and hester Srifis.

Bessursments fres five Jocotione §n the
sanister @rift, five In the Borth hester arife,
and four In the sauth hester €rift msy be eoe-
pared with cslculeted @isplocenents. Temporsture
corrected tope axtonssmetor Bessuremsnts fres
redunfant Bsapur » and 8ifferent opersters
were arithasticslly averagad Lo presucs » pingle
elepure ecurves for tho herisents) and vertics}
@irections in sach @rift. The measuresent
varistions pange to & maxims of 20.2 sx sbout

the mean. Kowever, thess waristions have met been

sorreleted with lscal preperiios and geslegic
structures and bencs are Caken ¢o be rendes In
this analysis.

¥ Y v v v
Calculation § =
Colculetion 2 = = 4
Calculstion ) ~—- =
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Pig. 3. Calculated orizontal elosure of
Spent Fuel Drift. the
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Pig. 9. Crlculsted wariicsl closure of the Spant
Puel Drift.

The colculstions show that as much as 2/3 of
the maximum closure took place Defore the first
tape ext t MESNLS Wore pede. As 3
result, it Uus mecessary to add the smount of
ealculoted elosure Lo the aversged measured
values to facilitste ¢ comparison. For this,
Calculstion #2 wes choron since avorage valuas of
Beasured modulus were used and mesh loading wes
Sased on best estimates of in situ stress.




Pigure 10 ehows an example of » tesparison for
horisonta) canister drift clesurs.
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Pig. 0. An exsmple of & comparison betwean
calculstion sné mesasuresents of drift closure.

Although the averazsd measureaents ppeer
somevhal erratic becsuse of the marginally
scceptable sesclution of the instrument (shbout
0.025 mn), the calculatisns snd the messurements
track oach other guite well. Pirst, the measured
and calculsted Runnel clesures are simllsr in
fora. PFor the measurements showing closure
during the eatire hsating peried, the ecalculs-
tional results alwo show this offect. Whers the
sassurements show closure followed by dilstion,
the calculstisn shows this sffect ss well.
Sscond, the magnitulies sf closures provided by
Calculstion 2 sppear Co be in good sgressent with
the messured rasponses.

tben the differsnce betweon Bessurements and
calculstion is being considered, the reader
should keep 3 mind thet the fractional differ-
ence should be baved sn the total closure.
Neasursments began toward the end of 8 pariod
when the clessrs yates ar guite high. Therefore
a smell change frum the sammption that both
curves are connected st the time of the first
Fsssurement s sake the agresment betwesn
mensurement aad calculstion change dramatically.

Relstive Displacements of the Rock Mass

Compariseas mey also be made betwean tempera-
ture corrected measurements within the rock mass
and ealculations. The fiaite element mesh nodal
points that wre selected for these comparisons
were near or Jatersectsd by the positions of the
Sorizontai sad Inclined borwbole rod sxtenso-
meters. Since the calculations provide horizontsl
and vertical displacement components it wes
necessary te trigonometrically project thase com-
ponents oate the 34° and 50° Inclined positions
which correspend to the extenvometers. Tbese
results were compared with the appropriate
measursd displacement.

Correctiss were mase for the thermal expansion
of the rods. These corrections were, in svary
case, 8 facter of two or more larger than the
recorded displacements. This is Decause the

coefficiont of expansion of the stesl reds fres
which the el axiensenstars were made i pisller
to that of the reck. That lo, Deth reck ond
Snstruments sxpand searly the sane smount unéer »
glven tampersture change. 45 3 pesult, the
measured dlsplscements contaln 8 large component
from the expansion of the instrument, » amsll
component reflecting the gifference botween reck
an Instrument expansien, and & poseible thind
component due to inelastic reck responss.

Once agein, o dats were avallable for the
sarly part of the tast 80 it was aecessary to
make a1l comparisons reletive to 8 spact-fusl age
of 3.0 YOC, sppreximately six months after
emplacamant of the spent fuel.

The relative displecement dsis are summarized
for osse of analysie is Pige. 31. fSure 230
seasured snd calculsted displecenents are plotted

against each other. A 3ine £it threugh the points

provides pome bazic mersures of how well the date
compars to the caleniations. Caleulstion 2 is
soninally better then the other talculations by
81] three Beasures. #hils the B2 is rather low
(RR = 0.574), At le somewhat Detter than {te
©.517 and 0.524 of Calculations 1 and 3,
respoctively. In sééitien, the seot-
mean-squase srror of the data with respect to the
least-syquares fit is about 5 = lesz for
Calculstion 2. Yhe relatively small 22 snd
isrge WS error can be mxplained, in large part,
by errors In the lastrumentation. In situ
cslibrations indicated errors of about 15 2 60

wm (at eos ¥) with erruore for imdividual
instrusents ranging 2 0.25 sm (Patrick, Bector,
and Scarsfiottl, 1994). Tberefere, the dats and
calculetions cannot agree any better then this.
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Fig. 11. Comparisons ¢f measurod and calculated
telative displacsments with results fros
ealculation 2.

Within these limitetlons, we econclude that
Calculation 2 provided the best agresment witdh
the data. This calculation used average
rock-mass modull, s half-metre thick sxplosively
danaged zone around sach epening, snd the aversge
in situ stress segnitudes which resulted jn s
horizontsl-to-wvertical stress retiv of 1.2.
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SUMEARY AND REMARKS

The Spent Pusl] Test-Clizax ceused extensive
hesting of 8 large volume of granitic rock.
Although other tests of this type have Been con-
ducted, this was the first epportunity to svaluste
the ability of s finite-slement code such a8 ADIEA
to ealculste th hanical resp of rock
on this large » scale. Calculations were per-
formed using the dest avallsble thermomechanicsl
properties ant in situ stresses for the rock
surrounding the mined openings which comprised
ths BFTC. The ADINA calculstions all used an
isotropic thermoslustic model with taepersture
dependant thermal expansion cosfficients.

In general, the messured and calculated dis-
placements agree within the accuracy of the
instrumsntation. This is tempered by the fact
that measurements were not odtained st early
times when rates of displecesents and stress
changes were very high. Purthersore, intrinsic
1imitations of transducer accuracies make highly
preciss comparisons betwesn dats and eslcuistions
impossible.

It sppears then, that the rock mass where
measurements wers made Dehaves thermoelastically.
Howsver, ‘s companion pspsr by Wilder (1986) motes
siguificantly larger mon-recoverabls dsformetions
towards the ends of the SFI-C drifts, whers faults
snd shear gones otcur, while the central region
share the reported measurements were taken has
ubiquitous jointing. e are lod to conclude that
the rock at SF7-C with ublquitous jointing Dehaves
elastically, with largely recoverable deformstions
on cooling. In the regions whers shear sones and
Faults sccur, the deformations sre larger and
only partislly recoverable.
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