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ABSTRACT 

I Q mvMMoaw ma oifeow or neewng on ma mmeraKigiooj, 
geoehemlcal, and mechanical prepailiat of rock by 
htoh-lavtl radioactive waste, «ere* are being examined 
from holM panatratlng location* whara alactrte haalara 
aninMiao via presence or a WBJIO oorrisisr, ana worn m n 
penetrating natural hydrotharrnai ayttama* fsaeuite to data 
Inolcata tha localised mobWty and dapoaNlon of uranium In 
an opan fracture In haatad grannie rook, lha mobUHy of U 
In a braccia zone In an active hydrotharmal tyatam In tuff, 
and tha praaanca of U in relatrvery high concentration In 
fracture-lining malarial in tuff. Machanleal • proparty 
studia* Indicate thai diffarancas In compression*!- and 
shear-wave paramatara between haaiad and lata haatad rook 
can ba attributed to differancat in tha dantlty of 
microcracks. Emphatit hat shifted from Initial atudiae of 
granitic rock at Strioa, Sweden to currant hvaaligationa of 
welded tuff at lha Nevada Test Sua. 

wraooucnoN 
Tha local gaochamtoal • hydrotoglcal ragima will ba 

effected by high tamparaturaa ovar long parted* of Nma in 
tha naar fiald of a nuclaar watta eanlstar. Thaaa 
hydro-gaochomical procawa* mutt ba understood rl tha 
transport of radronuctides away from a braachad canittar la 
to ba modalad and pradictad. Tha objactiva of our 
Invattigaliont It to develop an undartanding of tha 
interaction, under long oapoaura to elevated temperaturet. 
af radtonudidaa in tha fluids with matarial lining fractures 
In tha rock, and to undantand tha mechanical reaponee of 
the fractured rock to the elevated temperature*. To 
acoompiith thia, aamplet of core from holea that penetrate 
high-temperature zone* and hole* cored through 
heater-teat zones are examined petrologically, 
ntnfhamlrtt'y and DaomaeliankMlv. 

Initial emphuit was on core aamplet of quartz 
monzonito, obtained by drilling back Into rock previously 
tubjected to a year-long healer experiment simulating 
Mgn-Ktvei raoroacsve watte* conoucteo at stripe, sweosn. 
As Interest In tuff as a repository medium became 
apparent, we examined core from a bote penetrating a 
fractured hydrothermal system In rhyoHtic tuff, and most 
recently we are investigating heated and unhealed, 

unsaturated tuff from the Nevada Test Site. Our 
examinations oompare properties of rook In elevated 
temperature zones with those of tower and near-ambient 
temperature. 

QrVWTCPOCK 

•tudte* of the quartz monzonfto at Strip*, Sweden 1 < 2 

Incorporated core from zones affected by a year-long 
heater teat (Flg.1). m this lest, peak temperatures reached 
378°C In rock next to the healer and 100°C In rock -1.7 m 
from the heater.9 Mineraloglcal alterations in the rock 
adjacent to the heater were moat pronounced In chlorite, 
which showed a marked change In color and a docror >* in the 
ownoneion* of the unit cell.4 An open fracture was <.^*erved 
naar the heater, but eis*-There in the core fcoctuies were 
Mted. In the Stripe quartz monzonitc, U and Th, each at 
30-40 ppm, are concentrated considerably higher than in 
most granitic rocks, and their abundances are nearly equal. 
Uranium I* strongly associated with fraclure-filling 
chlorite, and in some cases with aptdote and sphene. Alpha-
and fission-track radiography were used to Investigate the 
distribution and abundance of uranium In material lining 
and filling fractures in the heated rock. Rased on 
Kasiotrack exposure* of thin section* and standards, the 
U concentration In the epkfele-ephene-rich lining of the 
open fracture within 5 to 7 cm of the healer (Fig. 2) la 1.2 
to 1 . * % , then decreases to -0.2% about 1 mm away from 
the fracture's edge (Fig. 3). This contrasts with fairly 
even U distributions of - 0 . 1 % over epidole-aphene and 
ohtorWc material thai completely fWs nearby fractures. 
Tha presence of Si In portion* of the 1mm zone adjacent to 
the fracture was Indicated by x-ray fluorescence 
measurements and x-ray and electron rnicroprobe scan*. 
At present, we are not able to explain thia occurrence of Si 
h rlnas sasnrlsWnn with U 

Comparison of alpha- and fission-track densities 
Indicates dsequiibirum in the U-decay series in the open 
fracture fining. We calculated the alpha-track densities 
that would result from the U ooMrbutions observed from 
the fission-track data, and compared these cateulaled track 
densities with observed alpha-track densities. The ratio of 
observed to calculated track densities is plotted with 
distance from the fracture edge In Fig. 4. A ratio of 1 
represents secular equilibrium and a ratio less then 1 
fetdtcates the absence of some alpha-emitting daughters in 
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the U dacay series. UncartainWat in tha ratkx a n n o to 
20%, but than is strong avidanca ol dteaquiNbrium in thai 
lhara aro aavaral valuas I O M lhan 0.1. Thasa could 
raprasani the racant addition of U to lha fracture Hnina 
material, or the removal of ont or more U daughtar 
aiamants. At sNas of relatively tow U concantration where 
Vte ratio is wan abova 1 tha aiicacs alpha tracks might ba 
dua to lha prasanca ol Th and Its daughter* in significant 
abundanca. This may also ba iha cass in a Wad tractura 
-15 cm from lha heater where U avaragas 0.17%, there Is 
no gradiant in U concentration, and tha ratio of obaarvad to 
caiculalad alpha tracks is 3. Tha U distribution panam and 
avidanca of U-seriee disequilibrium in tha vicinity of lha 
opan tractor* than auggast that U was mobikzod and 
deposited In a focalized hydrolharmal aystam in opan 
tracturts naar lha haatar. Alternatively, but lass Nkaly, It 
la postlbta that tha fraotor* waa opan prior to heating and U 
waa mobNa over a much longer time under ambient 
conditions* 

Tha avidanca of U mobility Impose that In tha near-new 
repository environment, mineral • tNed fractures might 
reopen m raaponaa to oonstruoHon activities and/or to tha 
thermally Induced atrats caused by Introduction and long • 
term pretence of Mie waste. Uranium laaklng from a 
canister might be mobilized In a naar • Held hydrotharmal 
system In the open fractures, and depending on 
fracture-lining mineralogy, a significant portion ol lha U 
could be deposited on Iracture-llning minerals. 

Merfteoiref neaponei 
Tha seismic velocity and attenuation characteristics of 

healed rook , as we* M the dMrbutton and abundance of 
microcracks ware also Investigated In the Stripe driebeok 
core. Sample* examined were located t , 15, and 50 cm 
from the edge of the haatar hole. Maximum temperatures 
were calculated to have reached 375° C at the • cm site, 
325° at 15 cm, and 200° at N c m . 3 Compressional (P) 
and shear-wave (S) velocities, amplitudes and seismic 
quality factors (Q) ware measured under axial toads from 
4.1 to 52 MPa. The maxknun stress was leas Mian one-halt 
Mie unoonflned compressive strength of Mie rock. Valuas of 
Q ware calculated by the spectral ratio method, using 
atferonoo signele tram an aluminum standard* 

The effect of die lono term heeinn was to lower aataMnle 
n w a r r e w w* w v •venaj w i f f t i r a v m a j waw aw iw?vt â afeamffw 

velocities and Incraaaa attenuation In the - 5 cm of rook 
nearest the heater. Effects on attenuation are Illustrated by 
the P- and S-wave amplitude responses, shown In Fig. 5. 
Some correlation exists between P-wave amplitudes and 
distance (temperature) from the heater hole (Fig. 5a), 
La.,the lowest MnpMudM occur with the hottest sample. 
P-wava amplitudes tor tha two cooler samples ware 
aimltar. As shown In Fig. 5b, tha S-wave amplitudes of 
boMi the hottest and mtermedtaie - temperature samples 
were tower than those of the coolest sample. The inoreaaa 
In amplitude of the •• and S-wavas with axial load la 
commonly observed and Is attributed to the ctoeure of 
microcredit. At t ie (owes) axial load, values of Qp ranged 
from 10 in the tempts nearest the heater to IS In the 
farthest sample. Corresponding values of Qe at tha lowest 

toad ware 15 and 32. The increased attenuation naar the 
heater Is attributed to microcracking In response to the 
long term healing. 

Results of P-wave velocity measurements were 
consistent wkh the attenuation measurements, in that the 
hottest sample exhibited the lowest velocities. S-wave 
velocities of the hottest sample were tow compared to the 
sample at Intermediate temperature. However, in contrast 
to the P-wave measurements, the S-wave velocities of the 
coolest sample were about equal to those of the hottest 
sample. Since the seismic transducers produced polarized 
sheer waves, an explanation tor the difference between P-
and S-wave behavior la aniaotropy In tha rock. A source ol 
anisotropy could bo microcracks with a preferred 
orientation parallel to the axle of the core. DrHting of the 
heater hole and subsequent healing would produce cracks 
parallel to Mia hole surface and perpendicular to tha core 
axis. Mteroeracklng with orientation parallel to the axis 
of trie core had mt been anticipated. 

Tha Intensity and orientation of mlerocreckt ware 
Investigated by examination of eectJoni, out both parallel 
and perpendicular to tha core axis, by scanning-electron 
microscopy. To data, cores at 20 and 50 om (Fig, 5) from 
the haatar hole have been examined. In core at 20 cm, there 
are more open microcracks, their direction of opening Is 
subparallel to tha core axis, and their orientation is 
dtetinct from those of dosed cracks. In contrast, core at 50 
cm hat fewer open cracks and their orientations are not 
distinct from those of dosed or healed cracks. We are 
examining core closer to the heater to determine the 
number of microcracks and their orientations. At this time 
we can state that the greater number and more consistent 
orientation of microcracks at 20 cm than at H cm can be 
attributed to thermally-induced atrasset and/or strait 
redistribution caused by creation of Mia haatar cavity. 

TUFF 

Hydmhtrml system* 
Samples of core from a 730m- deep hole drifted by the 

Department of Energy In rhyoHte of the Long VaKey catoera 
ware examined. 5 This hole penetrates a thermal regime 
from naar ambient temperature to over 200° C, primarily 
in moderately to strongly welded tuff (Fig. 7). 
Examination of tha gamma-ray tog of tha hole and 
gamma-spectral measurements of the core Indicated an 
anomalous tone In caloHe-oemented breccia at 155° C 
(asterisks in Fig. 7), where U la the predominant 
redtoelement. hi this zone, temperature rapidly Increases 
with depth, and oxygen-Isotope ratios concomitantly 
decrease from +3 to -2. Fission-track radiography showed 
that U is concentrated In the range 20 to 70 pom, against a 
background of - 5 ppm in unbreodated tuff, and is 
associated wilh eurflde-mineral-rich zones In the breccia. 
High-reookition gamma spectrometry indicated that the U 
In the breccia zona la not In secular equWbrtum with Its 
daughter elements, suggesting mobHizationAdeposition of 
parent U and/or Its daughters in the hydrothermal 
environment. There Is evidence Mien for moblWy of U in an 
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actfva hydrothermal systam In tuff, at tamparaturas 
comparable to those expected in a repository environment. 
Similar studies will be conducted on core samples from a 
vapor-dominated sectoi of a scientific drill hole in tha 
Vales caidera. New Mexico.6 

Nevada Tear S/» 
At the G-bnnel lest racHity, Nevada Test SHe. drWback 

core has bean obtained for mkieratogical, geochemical and 
geomechanical studies of welded ruff, m the unsaturated 
zone, that has been heated to repository temperature. Tha 
mmeralogical and physical properties of this tuff, the 
Grouse Canyon, are similar to thoee of the densely welded 
Topopah Springs tuff, tha canddata repository medium.7 

m an experiment conducted by Lawrence Livermore 
National Laboratory, an electric heater simulated tha 
localized thermal field caused by introduction of high-level 
waste. Tha heater was at fun power for 4 months, wfth a 
temperature of 240° C at tha heater adga and 120° C m 
rock at a distance of 0.7m (A. Ramirez, LLNL, private 
comm., i t i t ) . 

For future comparleon with drtftoeck core, wa selected 
core from a hole that passai within i m of the electric 
heater (Fig. • ) . Tha distribution of radloatamantt m this 
core was investigated by gamma spectrometry, and results 
showed a relatively even distribution of U (-3.5 ppm) and 
Th (-16 ppm) over the length of the core. Radtoelement 
comparisons Indicate a strong linear correlation of Th with 
K (r 2«0.96) while correlations of U with Th and K are 
relatively weak (r 2>0.43 and 0.21, respectively). This 
apparently independent behavior of U was investigated by 
mora detailed gamma spectrometry and fission-track 
measurements. In this respect, gamma spectrometry 
Mealed high concentrations of U ana Th associated with an 
open fracture, coated partially with amorphous silica. This 
occurrence was examined by fission-track radiography, 
enclosing that U, at -20 ppm, is concentrated 5 times 
higher in tha silica coating than m the tuff matrix. This 
U-rich coating could have been associated with the 
iwdrotharmal system that developed soon after deposition of 
Iha tuff, or with a cooler, fraclura-controlled groundwater 
system that subsequently developed. 

Wa shad Investigate similar occurrences in core 
obtained from drillback through tha heater hole, where 
localized heating may have affected fracture-lining 
constituents. The mechanical properties of core from tha 
heated and unhealed zones wIN also be investigated in a 
similar fashion to the Stripa core studies, for comparison 
of pre- and post-htaiing affects on welded luff. This will 
serve as a prototype investigation for those expected to be 

conducted in the Exploratory Shaft Test Facility, once it is 
excavated in the Topopah Springs tuff. 
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