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Geological storage of spent-fuel assemblies I ro;n an o;>eraL inj\ 
nuclear reaclor lias been underway since the Spring of 1980 at the 
U.S. IVparfment oT Energy's Nevada Test Site. The primary objective 
nl this generic test is to evaluate granite as a medium for deep 
geological storage of high level reactor waste and to provide data on 
thermal and thermomechanical behavior of granite from infused heat 
loads.(') 

The underground installation in tiie Climax stock granit : was 
sited at about 420 m below the surface and 145 m above the existing 
water tabic. As shown in Figure 1, three parallel drifts were exca­
vated spaced on approximately 10 it: centers. Seventeen storage holes 
were drilled at the central drift on 3 m centers in which eleven spent 
I UP 1 canisters and six thermally identical electrical simulators were 
ei'iplaced. Electrical resistance heaters were emplaced in vertical 
holes in the floor of the side drifts on u m centers, The thermal 
output of these L°aters is being periodically adjusted to simjlate 
the thermal response of a large storage array. Rock and ventilation 
air temperatures are being measured continuously in the drifts and 
throughout the rock surrounding the excavations. 

Measurements of drift deformat :t.i. have been made routinely since 
the emplacement of the spent fuel. Both vertical and horizontal 
measurements are being taken at five locations along the heater drifts 
and at six locations along the centra! canister drift (Fig. 1). Two 
types of instrumentaton are being used: convergence wire extenso-
meters which are monitored automatically, and a manually operated tape 
extensometer with which measurements are taken periodically. The tape 
extensometer measurements were initiated about 6 weeks following fuel 
emplacement. The lack of a temperature correcting capability for the 
convergence wire extensometers make that data unavailable for 
analysis at this time. 
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I'lnii of S;-'i-:il Fu(;l Test with Convergence Measuremi' 
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•'• .ii'iivi of finite clement calculations were run with as-buill 
;:;i •• cTict ry and measured physical, mechanical, and thermal proper-
:. .1 i. 1 i-r,-x Stuck granite.'^ The ADTNA^) structural 

.-.:• i\\ i ciin! e.impatible ADINAT1-11' heat flow codes were chosen lor 
'"it '" -cause of their ability to handle diverse factors such as heat 

'.<<* hv rondi:;tion, radiation and convection, thermoelasticity. and 
. iwiiiiui. AUTNAT was adapted to model both internal radiative heat 

• : M l - within the drifts and ventilation. (5) phe AD1NA calcnU-
: M I:I weu- run with an isotropic thermal-elastic model. Separate 
;UNA i :i Irulat ions were made using, different elastic moduli for tlie 
- k. '/..-r.-iges of laboratory measurements on small samples of rock 
• ,.: • ; !n';:i tiie site give a value of 48 Gra, while the average vain" 
i •-.•:-, held determinations of effective elastic modulus is about 27 
-Pa. In addition, an 0.5 m regio:, aicnd each opening that was 
iaraj-ert by explosives during ex.avation wat shown to have an ef.fec-
1 ivr elastic modulus of ai,?"' 13 GPa.'k' 

As expected, the thermally induced closures of tf drifts are 
diiterent in each calculation. Figure 2 shows as an trample the 
horizontal closure of the canister drift from the thertral load for 
each calculation. The smallest closures are for the stiffest labora­
tory measured modulus. Values are larger by a factor of about 2 for 
the fiold determined value, and are about 10% still larger when the 
low modulus damaged region is included. When plotted as a function 
of time, the closure of the drifts is in each case parallel for the 
three calculations. The calculations show that the vertical closure 
of the canister drift and the horizontal closure of the heater drift 
occurs within about 6 months after start-up, followed by a small 
divergence after maximum closure. The horizontal closure of the 
canister drift and the vertical motion of the side drifts are similar 
in that most of the closure occurs early, but in these cases the 
closures continue at a much slower rate without reversal. 
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Drift closure measurements reported here were made manually with 
a model MK55 Tape Extensometer, manufactured by Slope Indicator Co., 
ot Seattle, Washington. A set of measurements were made at each 
location in the canister and heater drifts at about one month inter­
vals, Potential sources of error in the final values obtained from 
I'iven readings include thermal expansion effects and operator 
influences. Measurements are made to the nearest 0.02^ mm (0.01M 
:r;.). Thermal correction errors are no more than ± 2'' of these values 
if the instrument temperature is known. Of fsreater significance are 
••pi'mtor errors, since measurements a r e nadp by .-.'veral operators. 
The variation between operators repeating the same measurement tails 
:w: i,vi n + fi. I mm. ̂ ' ' 

Measurements from five locations in the cJiiisler drill, five 
locations in the north heater drift, and tour locations in the south 
heater drift were used in the analysis. Those in the curved part of 
the south heater drift which may show tunnel end effects and the 
northwest end of the canister drift were not used. Temperature 
corrected results from redundant measurements and different operators 
were arithtnatically averaged at given locations and times to produce 
single values for closure with time in a given drift. 

Figure 3 shows an example of sets of measurements of horizontal 
closure of the north heater drift, including one plot for each loca­
tion where measurements were made, The variations between locations 
do not appear to be systematic, that is, values do not increase or 
decrease from the center of the drift to either end. The variation 
between locations can be as high as +0.2 mm. Again, these curves 
were averaged arithmatically to produce an average curve for each 
drifts' horizontal and vertical closure for comparison with calcula-
tional results, 
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i-'i;-'. ). Measured Horizontal Closure of North Heater iirifi. 

T.ipe '-xtensometer results averaged in this manner are compared 
'-':!ii '•••<• el Ic.ilaied displacements of the drifts at floor and ceiling 
"•il »r! ini's and at the mid-height of the walls in each drift. The 

•.-:) ciil.i' ion used is that which has no explosive-damaged region, that 
..:, i hi modulus is 27 GPa throughout the finite element mesh. This 
••ilciil.it inn I.MS chosen lor the comparison because prior to the 
..•• M l lal ion nt the anchor points for drift closure measurements, 

: lin- hl.-jst-il.iinayeH rock was scaled from the walls, figures La 
'.:: «lmw llie rcsu'its compared for the horizontal and verticil 

L.-.-uiv n: ;he canister drift respectively; figures 5a and 5b for the 
I'r'h ;ieat-r drift; and 6a and 6b for the south heater drift. The 

'.:.: lire-- are the averages of the measured results, aril the lines 
• -.::. cress n,;:rks 3re the calculat ional results. In each case, the 
:.•! il calculated closure since emplacement of the spent fuel (May 6, 
!.'* } :s plotted, The rape extensometer values are assumed to agree 
•-.•.:-, : i.f calculated result when the first set of measurements were 
•3(>. The cakulational results show that most of the closure 
•".(.•it red in the interval between the time of emplacement of the spent 
tuel and the first set of tape extensometer measurements, 

The calculations and data track each other very well, for the 
nu .isure.ments showing the closure to be continuing throughout the 
lutal tbie, the calculations! results alsr show this effect. Where 
the measurements show closure followed by dilation, the calculation 
shows tlus effect as well. In general, considering the excreraely 
small closures that were measured in the time interval starting at 
about six weeks after emplacement of the spent fuel canister, the 
agreement with calculations is very good. When considering the total 
closure the measured numbers are by comparison extremely small and in 
all cases are less than one millimeter since the start of tape 
extensometer measurements. When considering the difference between 
calculation and measurement, the fractional difference should be 
based on the total closure, In all cases tht difference is less than 
30%. When the total closure is almost zero as in the case of the 
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horizontal closure of the heater drifts, this analysis doesn't hold 
because thf calculated displacements are within the range of error 
tor the tape cxtensometer measurements. Table I shows the results. 

Table 1: Difference Analysis between Measurements and Calculations 
1.54 Years Since Start 

Calculated Closure 
since since Measured 
Start 1st meas. closure 
(mm) (mm) (mm) Diff. Diff. 

;i i .^l i - r d r i l l II 
V 

2.60 
2.76 

1.13 
0.60 

0.38 
0.10 

0.75 
0.5 

2K 
IK 

!.. .i t •• r d r i l l II 

V 1.88 
0.11 
0.79 

0.05 
0.60 

0.06 
0.19 10 

hi'.'.U r , l r i ; I 11 
V 1.80 

o.n 
0.79 

0 
0.60 

0.11 
(1.19 If 

SUMMARY 

Horizontal and vertical measurements of drift closures have been 
'•.ill. with a manually operated tape extensotneter since about 6 weeks 
jllrr the emplacement of the spent fuel at various locations along 

h'i:;'f'i '.if llie drifts. The averaged closures are less than (l.fi i.mi 
. ri.:;i tin •ir.&ct ol measurements through about two years after tin' 
'., > :u i "el emplacement, 

Thr>.e results have been compared with thermo-elastic finite 
element calculations using measured medium properties. The compari­
son.-, show thjt most of the closure of the drifts occurred between the 
time the spent fuel was emplaced and the time of first measurement. 
The comparisons show that the results track each other, in that where 
closure followed by dilation is measured, the calculations also show 
this effect. The agreement is excellent, although where closures of 
less than 0.2 mm are measured the comparison with calculations is 
limited by measurement reproducability. Once measurements commenced 
the averaged measured closures remain to within 307, of the calculated 
total closure in each drift, 
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rfARS SINCE START Of SPENT FUEL TEST—CLIMAX 

o i l ci l iated and Measured Horizontal Canister D r i f t 
Closure. 

TEARS SINCE START OF SPENT FUEL TEST—CLIMAX 

Ki|',ur>. 4b. Calculated and Measured Ver t i ca l Canister D r i f t Closure. 
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' i :'ure 5a. Calculated and Measured Horizontal North heater Or 
closure. 
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YEARS SINCE START OF SPENT FUEL TEST-CLIMAX 

Figure 5b. Calculated and Measured Vertical North Heater Drift 
Closure, 
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Ki i',iir-- <••:<•- C a l c u l a t e d and Measured H o r i z o n t a l South Hearer 
D r i f t C l o s u r e . 

YEARS SINCE START OF SPENT FUEL TEST—CLIMAX 

F i i ' u r e 6b. C a l c u l a t e d and Measured V e r t i c a l South Hea te r 

Drift Closure. 
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