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STATUS OF LLNL GRANITE PROJECTS

by L. D. Ramspott

Lawrence Livermore Naticnal Laboratory
Livermore, California

INTRODUCTION

LUNL nas two cets of pivjects relevant to
this worksnop. ‘e are carrying oot laberatory
studies 7 jork behavior ander simulated reposi-
tury tonditions, and we are carrying ont a
series of fielo tests in tne Climax granitic
stuck al the USONF Nevada Test Sitc. Lonsider-
ablP progress nas oeen made 1n Luti areas since
fh workshu or thermomectanics] moceling o year
aq‘.l Tris Gepoel Laminizizes thal prograss,
Anich 10 the rews!l of seny dndiviauals!

efturte, in the ~ontext of thi, wersshnp.
VEURAT Y TRVEST [CATTONS

I Uer slte o1 toe leuoratory determination

A termgl, mechanical nd trensport preperties
4L conditions simuialing tiiose expectey in the
«injnity of 3 high-lever waste repository at
Qeptiy Mugh has been accomplisnern since the sta-
tus of the esperimental prog:am was last
zevieweu.? slthough most enpiasis has Deen
plac=d upon tre pehavior of granitic rocks, some
Mata has a)s50 Leer taken on other cuar e-graived
materisis, rotanly gabbro and halite.  Measure-
ments undertaken incluoe:  thermel conuuctivity,
thermal diffusivity, thermal expansion; bulk
moduliss, Young's modulus and watsr permeabil-
ity. In most cases, tnese dats were determined
over the maxinum range of confining pressures,
pore pressures anc temperatures to be expected
in a repository constructed at gepths ranging to

2000m,

Because of the noarse-grain size (+l cm) of

the suite of rocks selectea for the thermal

measurements anc because of the constraints

imposed on the test py tne range of pressure and
temperature, & new apparatus nad to te devel-
oped. We have constructeo such an apparatus
capable of pressures of 100 ¥Pa o 560°C wnich
utilizes & microprocessor for e.periment control
and dats acquisition, in the past year, minor
but persistent pratlems associaied with the
pressurized electrical leads ane sith jacke! -
of the lugh expa <isity nalite hove teen ,ur-

fuplicate test data nave

cossfuliy overeame
naw been deterrines un 14 ce clameter ty 22 oo
fong samples af tne fvery island salt. Pup-
lished resulLsz incicate that effective pres-
sures (confining pressur: minus pore pressure)
to 90 MPa have a negligin’ » effect un the ther-
mal conductivity, iifusivity ar linear
cxpansicn at temperat res from J“ﬂ to . e
2% ar effective pressures inereasing fiom 12
to 30 MPa, trurmdl conouCtivity ang ttusivity
ste ronstant &t moughly 7 w/m'l and oo«

e m7/5, TPt ivery. R S0 MPa any Lemperd-
ture dncrescing from 0% to 200™, both
cunductivity e 1 Livity orep oy a factor of
. Thermal linear =xpansion at O MPa ma'zhes
thit at S0 MPa, incteaing *

10720% at 0% to e k4T

Lol roughly 4.7 x
* at 0%,

The lack of & pressure effect on all three
properties is consistent witt previous work.
Sieple mourls of mizrocracking suggest thal
grong common geilogical materials, the lack of a
pressure cependence is unique to halite. This
is likely due to combined (ffects of a low,
temperature-sensitive yield strength and a high

crystal symmetry.
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The coefficient of linear thermsl expansicn
has been determined for Llimax Stuck juartz mun-
zonite &gl effective preseures from O Lo 9 MPa
a Lulpelstures ranging from 19t s *
Data on Luea: expdnsion, compressibility and
Young's fuduius Have 3150 Deen measuTes Bol hot
fully evanated for Le dewterd, ono S ipg
granites Lo by Mg ane: ! LhL samples
tesie wels delivetately woven 7o incle

imperiect for e, wart wn teglet froc b o of pre -

foyts e donld e Talge waaparet s te
waode dmeesiong vt m dianete, o, 0
T A S RYTTEN VRS FSTINE K A PP T
nta 3T et pTepeTt, acle sl bt o et
il des et o eache b T thee apttee ey
slect o

Bt s g indov, gt by e

(AR Cdhwentiagt e wene il

ot et TEaTET gt 1N0USE 2ap
Poonticsn Wt yace-Tres tane. oot

st iote o e heates rouk fngicate That e

[ D o

SRl expansion Is accompanic
tack formstion, AU the Lemperatutes tu e

Cxppecte 1 the wall rock r2ar g waste canister

i TdeKy, thils ircredse in crane

SO

Jesity is inferrea to increese local

peraewility vy factors ranaing up to -

wonpres.inilities have only veer fully
evaluatey tur the Stripa granite. rzre, the
isothermal toix modulus at 19°C decreases from
g " 10'll/Pa to 3 ° 10']:/Pa as pressute is
increased from 10 to 50 MPa, At 350°C ang over the
same pressure interval, the camaressibi}it)

decreases fron 20 ° 107 1pa to 6 107 /pa,

Young's moaulus data tieve not yot heen fully
evgluatel. Flastic progerty date afe not yet

avallable fur tre westerly granite.

Permeanilities of wWhite a2 gnes<ic gran-

ity de<terl, grenite ang Cieignten gabbre hove

tagn detelidtan gt

, tetive pres-

cures ranaicoa o, 0 MPe and U ceviatoric

resses too Lab of the fracturs slreis.s

Ferreabititios wete J2lermineg by toth the
“teady-stute ang 'he fransiert methons,  The
WOLTaly of this patter v P b been gssessisd

Gy PaTaiet D wal oo Saiple dimensions

e v Rameter by e Loy g frace
sore vy orana it sadactanaes, cemprie-

s10al it et o o mplitude were deter-

TR I O I AR I TR ¢ (DR TSN REON
= Cotyd e gras e jrgi-
Ly
e it ' ., ln‘Ju frod
1 TreTe LUl b, rbheiiliw
. i 3
. Pl
LETTen Lo - HINTRRETN

sirees
LoogeerEa I v
Allr efter i re e r 8 oani .,

HLTESS

T gAbDEN v 8GR Lt P 1 tgT

increas

e ey,

irereases U sofarent [ 0@
.
y) . . .
107 over U DLt e d0 DL QTanite gt
Gadbro.

when cairpar-g to the initial value, campres-

sional velorities increased by % with pressure
t0 1) MPa ir tre greis.ic grenite. for granite,
oressurizatich frem o ta 2 MP3 ircreased the
velocity ana pulse amplitude by < and $0%,
respectively, ang decreased tne conductance by
5%. \elocitly, amplitude, and conductance were
weakly dependent on pressure in gabbro. The
adaition of stress decrrasec velocity anc ampli-

tude while increasing cor fuctance markedly in




both granite and gabbro. ALl data on both
intact and fractured rock are consistent with
crack closure and dilatancy with pressure and
stress. (onductance and amplituge exhibit the
best potential fer monitoring changes in perme-

ability ano joint behavior in situ.

In the coming year, we expect to have deter-
mined the thermal vehavior of at least several
granitic racks to 350% and 50 MPa et fective
pressure, Likewise, oata on thermal expansion,
compressibility anu Young’s Madulus should ba
available for the Stripa ano Westerly granites,
the Climax quartz monzonile and the Creighton
gabhru - all determinug at pressures to 55 MPa
ang temperatures 300" - 350%.  Measure-
ments of permeability on bath fractyrec ang
unfractured Stripg nrarite, Climax quartz mon-
-onite and Maontello granite shoulc be completed
next year. Diagnostic data of velocity, ampii-
tuue, conducteance ang fracture closure will ve

repurted as well,

FIELD TESTING

Spent Fuel Test-Climax

LLMNL received suthc:ization for the Spent
Fuel Test-climax (SFF-C) on June 2, 1978 end
compieteo loading the fuel May 2b, 1930, less
tnan two years after test authorization. The
cost througn fuel emplacement was $18.1 milliun,
of «hi:h more than nalf is associated with the
ise of raoivactive waste ratmer than electric
heaters. Thesefore, one of tne test abjec-
tives7 - the evaluation of the in situ
differences in the effects of electrical simu-
lators compared with real waste - coulo lead to
considerable cost savings in fiture in sity
tests. Although the fuel handling sysiem
constituted a major part of the effart on the
test, it is documented elsewhereB and will not
be further discussed here.

The original technical cmncept7 was
revised slightly during test design. A more

recent summary has been given.9 This paper
will discuss changes in iest cesign since the
original concept and give some very preliminary
test results.

The basir layout of the SFT-C has not
changed (Figure 1). There are eleven ranister.
of spent fuel interspersed with six electrical
simulators in a canister storage drift, Heater
drifts at eitrer sidc each contain ten electri-
cal heaters. The total array is being operaled
to profuce, within & central I15m v 19m reposi-
tory model ceil, a thermal history which simy-
lates that in the center of 4 large ropository
with waste spaced im apart in linear arrays

which are spaced 15m apart.

Changes in the test layout are mostlv addi-
tions. The data-acquisition system has expanded
from about 700 to #5% channels. The numher of
thermocouples has increaseg by & frum 442 tc
487, The number of rod =xtenscmeters (116
anchors) ang stress meters (18) has remained tne
same, but 34 wire-extensemeters have been addeo
to measure vertical and horizontal convergence
in the drifts. we olso gesianed, built, ang
installed three-girections] joint-motien gages
electronically monitcred at severo stations.
ltere are «lso 4 numter of marua:ly monitored
displacement ang convergence pins set at varicus

locations throughuut the array.

From the stangpoint of test design, & signi-
ficant change has been in tne power output of
the spent fuel. Tne original test design was
based on a nower owtput of 2xW & 2.5 years out-
of-core.7 The fuel selected for the test
(Ref. 7, Table 7) was calculated to have » power
autput of 1,85 kW at 2.5 years cut-of-core.
Although this lower power level resulted in a
reduced thermal peak at the rack face of the
central storage hole at 4.6 montns, this early
peak was still in ¢xcess of that calculated for
the same fuel at 40 to 50 years out-of-core.
Thus the basic overtest cezign was retained.
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Jootprion to fuel emplacement and atter

mst pre-test celculatinns had been made, a fuel
assemyly we, measured in a boiling water
calerimeter.  This measurement, since confirmed

a seTone assenbly, oave a power level @ 2.5
c23rs ¢f L.okW. This new informatjun required
.> Ty make extensive last-minute re-calcuia-
tions, particularly to select the proper powe:-
decay curves for the electrical simulators any
wrn-on time 5 for the auxiliary nesters.

Witn a power output of 1.4kwW, the early peak
vemperature on ths vorehole wall %ill be about
4% greater than that al 40-50 years out-of-
core. Therefore, the SFT-C is still an overtest
with respect to fuzl older than 2.5 years out-
af-care. As a result of poth Lhe power output
change and calculational refinements using TRUMP
in the 3-0 mode with ventilation considered, the
rock-wall peak tem- perature is now expected to
pe 857 in about 6 months after the start of
te test as compared with slightly more than

100°¢ in the original concept.

The operation of the guard heaters was
originally designed to start 0.3 years after
test start-up, and continue at a single power
level. For a variety of both operational ang
test design reasons, those heaters were turned
on June 27 at a power level of 925 watts. The

to 13008 w 0.6

years after test initi-

power will be increaseo twice,
jears ang to 1400w @ 1.8
ation, With the current power history of tne

guard heaters, an improved meizh pelween ‘ne

repository calculation ang the SET-( talcalalior
has resultec.
The Tirst vxperiment in Lo SF1-0 test was
i

measurement of the rock respnse 1o mm‘ng
Following this "mire-ty " experisent, some
instrumentation wac remdved ful inspection and
repair as necessary. Altmough the stress-meters
were in nlace for only trree months, they snowe:
a significant amounl of corrosiu: 10 Because
the SFT-C test duration is 3 to S years, some
effort was expended in making the stressmeters
more likely to survive. In addition the
calibratior reproducioility has peen zidiessed,
as well as the details of instailation.10
With regard to survivability three steps were

taken:

1. Nickel-plating of the stressmeter
hodies

2. Coating of the stressmeters with
plastic film

3. After instailation, filling the
hole volume around the
stressmeters with plastic foam.



The rod extensometer anchors generally per-
formed well during the mine-by experiment. How-
ever, there is evidence that one anchor slipped
because of premature rupiure of the inflation
line. These anchors were permanently inflated
with a check-value system and are pressurized to
the rupture-pressure of a section of inflation-
tubing. The cited malfunction, tegether with
tre recognition that changes in temperature
duriny the main SFT will cause corresponding
changes in anchor-fluid pressure, led to an
improver design of the rod extensometer hydrau-
lic system, The design chosen by LLML is one ir
whith a nearly constant bladder pressure is
maintainea from the drift level. Changes of
blagder pressure are therefore evicent, docu-
mented, and correctaole. Another refinement was
to grout the annujar space between the instru-
ment and the borehole wall to reduce convection
heat transfer within the boreholes. Individual
ancnors were decoupled From the grout by rings
of closed-cell foam fixed above and below each

nlauder anchor.

Wire extersometers were designed ot L'NL to
measure wertical and norizontal convergence
arross the drifts at various locations. Dead-
weight loading of the wire is employed to
eliminate problems associated with changes in
wire stress and in catenary assaciated with
spring-loaded systems. Seven sets of LLNL-
designed 3-comporent fracture monitors remotely
record displacements along major discrete frac-

tures.

In adoition to work specifically covered
under SFT-C funding, two other significant areas
of study were pursued this vear. The fiist
involves an experiment by LBL to determine tte
location and magnitude of acoustic smissions
during the heated phase of the SFT-C. The
second area of study is enhanced rock mechenics

testing. This work focussed on in situ

determinations of rock stress and modulus.
Stresses were measured by undercoring and by
borehole fracturing. Modulus determinations
employed the borehole jack and the "pei.te
seismique™ methods.

In-Situ Migration Test

LLNL is in ghe process of writing an experi-
mental plan for field tests of radionuclide
migration in the Climax granite. During June
1980, construction for natural water collection
and preliminary flow tests was started, The
basic test concept is to inject radionuclides
into a steady-state flow along a natural
fracture ccnnecting two drill holes about 2
meters apart. Tritium will be used to define
the non-retarved migration, with other nuclides
later included to compare field-measured with
laboratory-measured retardation factors.
Another purpose of this test is to develop and
evaluate equipment ang experimental techniques
to be used in later in situ tests at poiential
repository sites.

Therm] Hod: Ling

The thermal modeling for the SFT-C is
briefly documenter, in the Ltechnical concept
report(7) and more thoroughly documented in 3

draft report b

Although many of the scop-
ing and design calculations were don~ ysing ana-
lytic solutions for conductive heat flow, the
more gdetailer calculations were done using the
TRuMP finite difference computer program in 2
and 3 - dimensional geometry. This permitted
accounting for the small scale details of the
as-constructed test geometry, thermal radiation,
convective neat tranépnrt, and ventilatjon, in
addition to conduction. It has also been
necessary to include heat trancport by jonizing
radiation from the spent fuel.



All of the recent modeling, plus the very
early test data, confirm one of the early
results of our calculations - that ventilation
is a significant factor in reducing the thermal
load on the rock and thus should be treated pro-
perly ir pesign calculations. We still expect
Lhat about & third of the heat introduced into
the rock will be removec by the low ventilation

rates (1 mj/s, used in the SFT-C.

all of the thermal measurements to date are
tracking within a few degrees of the pre-test
caleulations.  Becauses of the numerous vari-
ables in the calculations, this agreement is
quod. The variables wnich need to be addressed
in tnis test (and are uncertain to 5 - 10%)

incluge:

0 source power level,

¢ thermal properties of the rock,

0 fraction of source power in ionizing
radiation,

o emittances of materials (stainless
steel canister, carbon steel liner,
rock),

G convective heat transport in the annuli,

o thermal properties of the many
construction materiais (e.g., steel,
concretes) in the storage holes and the
grift floor.

Other perturbing infliuences include ventila-
tion air temperature ang humidity, variations in
pre-test amdient temperatures due to high-volume
ventilation during the construction phase {up to
several 0C at some locations), position in the
array, and the six-week sequence of loading fuel.

Thermomechanical Modeling

In order to carry out thermomechanical cal-
culations, it was necessary either to find a
thermomechanical code which would handle venti-
lation or to link a therma! code such as TRUMP

to a mechanical code. ADINAT is a heat tramsfer
code compatible tc the ADINA displacement and
stress analysis code, but does not include the
capability to model internal radiation and ven-
tilation. Ouring the past year we have

sh0wn12

that s proper choice of nodes ang
materials within the drifts can be used to model
interral radiation, and that ventilation can be
modeled with a beundary convection element.

This method has been verified by check calcula-

12 As a result we have

tions against TRUMP.
been able tu use the ADINA-ADINAT woces fur nut
tnermomechanical calculations with assurance

that the thermal calculations aie courrect.

Initial mechanizal scoping calculations for
the SFT-C were documented at last yeur's sympo-
siuml and in the technical :oncept.7 These
calculations were based on 2 linear elastic con-
tinuum model with an unrealistic treatment of
overburden stress. It was, therefore, nol
surprising that discrepencies existed between
the field measurements and the caliculations for
both displacement ond stress. During the last
year, most projecl personnel have teen con-
strained to complete work prior to test start-
up, so that adyitional analysis of the mine-by
data has been at a relatively law prinrity.
However, we have heen estaglishing a capability
for modeling hoth ubiquitous and discrete joints
in order to evaluite the effect of jointing on
the mine-by data. We have also attemptec to
improve our knowledge of in situ modulus anu

state-of-stress.

In addition to purely mechanical calcula-
tions, we have improved our thermomechanical
modeling capability. At the last symposium we
showed that use of temperature depenent tharmal
conductivities and expansion coefficients could
strongly affect modeling results for the 5 kW

13

heater test at Stripa. Subsequent wark y

LBL has apparently confirmed our results.la

In our calculations of the 5 7-C, we have



included temperature dependence of the thermal
properties at the appropriate overburden stress

levels.15

Unfortunately these calculations

vere documented prior to the change from 1.85 to
1.6 ki power level for each canister. Given the
numerous uncertainties in input and models, we
did not attempt to revise these calculations
immediately before fuel Insertion. They will be

rerun with proper thermal input,
Future Directions

we plan to operate the SFT-C for a pericd of
3 to S years in its present configuration.
Although the thermal peak occurs very early on
tne fuel canister (several months) and on the
rock wall (n§ months), the peak tempeiatures at
the edge of the 15 m x 15 m repository model
cell (Figure 1) does not occur until atout 2
years into the test. Very little cooling will
occur at this location before 3 years, so that

*his seems a minimum test duration.

Although included in the original con-
cep:7, we have only recently begun a serious
evaluation of the possibility of refitting the
test to include in situ studies of annulus back-
fi.l in the presence cf ragiation, We plan to
prepare a technical concept for such an annulus
backfill test during FY 1981.

During the coming year we plan tc improve
the thermomechanical calculations in two ways:
use of improved input on rock properties, and
enhanced code capability for ubiquitous and
discrete joints and other parameters. We plan
ta continue efforts to improve understanding of
the rock response to the waste, but faresee no
significant changes to the test configuration.
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