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DRILL-BACK STUDIES EXAMINE FRACTURED, HEATED ROCK

ABSTRACT

To Investigate the sfiects of heating on the Mineralogion!
geochemical, and maechanical propaities of
Mgh-level radioactive wasle, nores wre being examined
from holes penstrating locations where slecric hea

wansport
10 be modeled and predicied. The objective of our

this, samples of cors from holes that penewrate
high-temperature zones and holes cored through
heater-test 20nes ars oxamined petrologically,
geochemically, and geomechanicelly.

initial emphasis was on core samples of quartz
monzonite, obiained by driling back Ino rock previously
subjected 10 a year-long heatler experiment simulating
high-level racioactive wasie, conhducied at Swripa, Sweden.
As interest In tult as a reposilory medium becams
apparent, we examined core from a hole pensirating 8
¥actured hydrothermal system in rhyollic wif, and most
tecently we are invesligaling heated and unheated,

unsaturated tulf from the Nevada Test 8ite. Our
sxaminations compare proparties of rook in elevated
femperature zones with those of lower and near-ambient

femparature,
GRANITIC ROCK
Studies of the quarz monzonie 8! Stripa, Sweden 1.2

incorporated core from zones affected by a yearlong
hoater test (Fig.1). in this lest, peak atutes reached
3789C in rook next 1o the healer and 100°C in rock ~1.7 m

from the heater.® Mineralogical akerations in the rock
adiacent 10 the haaler were most pronounced in chiorile,
which showed a marked change In color and a decre”>t in the
dimensions of the unkt ceil.4 An open fracture wes «.uesrved
heater, bul slse vhere in the core faciuies were
the Stripa quartz monzonite, U and Th, sach at
, 8¢ concenirated considerably higher than in
rocks, and thelr sbundences are nearly equal.
is strongly associated with fracture-filling
In some cases with spidoie and sphene. Alpha-

and sbundance of uranium in malerisd ¥
fractures in the heated rock.
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Figure 1. Cross seciion through Stripa heater hole and adjacent ciciits, showing location of
drikback holes. :
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Figure 2. Siripe drilback core Closest 10 heater, showing locations of ractures exsmined for
radioslemaents.
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Figurs 3. Alpha-irack densiies and U concenirations (by Rission iracks) in malerial ining an
open iracture in core near Stripa heater hole. Error bars reflect counting statiskics.
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Figure 4. Ralics of observed aipha-irack densities 10 thoss caiculaled from U conosnirations;

SaMe coverage as shown in Fig, 3.



the U decay series. Uncertainiies in the ratios are 10 1o
20%, but there is sirong evidence of disequilibrium in that
thets are several values less than 0.8. These could
represant the recent addition of U 10 the kacture lining
material, or the removal of one or more U daughter
sloments. Al sies of relatively low U concentration whers

tio is well above 1 the excess alpha racks might be

system in the open fractures, and dependi
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The efect of the long term heating was 10 lower selemic
velocities and increase atienuation in the ~8 om of rock
nearest the heater. Effects on attenuation are Mustrated by
the P- and S-wave ampitiude responses, shown in Fig. 5.
Some correlation exists between P-wave amplitudes and

load were 18 and 32. The increased attenuation near the
heater is attribuied 10 microcracking in response 1o the
long lerm healing.

Results of P-wave velocity measurements were
oconsislent with the attenuation measurements, in that the
hotiest sample exhibited the lowest velocities. S-wave
velocisies of the hottest sample wers low compared 10 the
sampie at intermediate temperature. However, in contrast
% the P.wave measwemenis, the S-wave velocities of the
ocoolest sample wers about equal 10 those of the hottest
sample. Since the seiemic transducers produced polarized
shett waves, an explanation for the differsnce betwesn P-
and S-wave behavior is anigotropy in the rock. A source of
anisotropy oould be microcracks with a preferred
orientation paraliel 10 the axie of the core. Driling of the
heater hole and subsequent heating would produce cracks
paraliel 10 the hole surface and o the core
axis.  Microoracking with orientation paraliel 1 the axis
of the core had not been anticipated.

The Intensity and orientation of microcracks ware
investigaled by examination of sections, cut both paraiel
and perpandicular 1o the core axie, by scanning-electron
microscopy. To date, cores at 20 and 80 om (Fig. §) trom
the heater hole have been axamined. In core st 20 om, there
e more open microcracks, their direction of opening is
subparatis! 1o the core mxis, and their orientation is
distinct from those of closed cracks. In conirast, core at 80

examining core closar 1o the heater 10 determine the
number of microcracks and their orlentations. At this time

attributed 1o thermally-induced siresses and/or siress
rediswribution causad by creation of the heater cavity.

y
(Fig. 7).
Examination of the gamma-ray log of the hole and

(asterisks in Fig. 7), where U is the predominant
radioslement. in this zone, temperature rapidly increases
with depth, and oxygen-isolope ralios concomitantly
decrease rom +3 10 -2, Fission-track showed
that U is concentraied in the range 20 10 70 ppm, agains! a
background of ~§ ppm in unbreccialed tuff, and is
associated with sulfide-mineral-rich zones in the breccia.
High-resolution gamma spectrometry indicated that the U
In the breccla zone is nol in seculer equilibrium with s
deughler elements, suggesting mobilization/deposition of
parent U and/or lis daughters in the hydrothermal
onvironment. Thers is evidence then for mobilty of U in an
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Figure 5. Varistion of peak-10-peak ampiilude of P- and S- wave signals through core sempies
a3 a function of pressure. Sampie C is nearest the heater, sample B the farthes!.
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Figure 6. a) 8.E.M. photograph of siep-ike crack formed by reacivalion of sealed
m-mmmumnmzommmm.
1 micron.

b) Crack in chiorke, showing sffect of cleavage foliation on crack direction; location
50 om from healer. Bar is 10 microns.



active hydrothermal system in tuff, al temperatures
comparable to those expected in a repository snvironment.
Similar studiss will be conducted on core samples from a
vapor-dominated sector of a sclentilic deill hole in the
Valles caidera, New Mexico.$

Nevade Test Site

Al the G-unnel lest facility, Nevada Test Sie, drilback
core has been obtained for minsralogical, geochemical and
geomachanical studies of weided Wff, in the unsalurated
one, that has baen heated lo reposilory temperature. The
minsralogical and physical properties of this tutf, the
Grouse Canyon, are similar 1o those of the densely mldog
Topopah Springs (utf, the canddate repository medium.
in an experiment conducted by Lawrence Livermore
National Laboratory, an electric heater simuiated the
focalized thermal fieid caused by inwoduction of high-level
waste. The heater was at full power for 4 months, with a
temperature of 240° C at the heater edge and 120° C in
rock at a distance of 0.7m (A. Ramirez, LLNL, private
comm., 1989).

For future comparison with deilback core, we selected
core from a hols that passes within 1 m of the electric
heater (Fig. 8). The disiribution of radicsiements in this
cOfe Was invesligated by gamma spectromalry, and resuis
showed a relatively even distribution of U (~3.5 ppm) and
Th (~16 ppm) ovar the length of the core. Radioslemaent
onnp;rbons indicate a sirong linsar correlation of Th with
K (r “=0.98) while correlations of U with Th and K are
rolatively weak (r2«0.43 and 0.28, respectively). This
appacently independent behavior of U was investigated by
more detailed gamma spectromeiric and fission-track
measurements. In this respect, pamma spactromatry
indicated high concentrations of U ana Th assaciated with an
open fraciure, coated partially with amorphous siica. This
ocCUiTence was examinad by fission-track radiography,
disciosing that U, at ~20 ppm, is concentrated S times
higher in the sikica coaling than in the tuff matrix. This
U-rich coating could have been assoclated wilh the
hydrothermal sysiem that developed scon aler deposition of
the tulf, or with a cooler, fraclure-controlied groundwater
system that subsequently developed.

We shall investigate similar occurrences in core
obtained from drillback through the heater hole, whare
localized heating may have atfected fracture-lining
constituents. The mechanical proparties of core from the
heated and unheated zones wil aiso be investigated in a
similar fashion 10 the Siripa core studies, for comparison
of pre- and post-healing elecis on weided tuff. This will
Ve 8t 3 prolotype investigation for thoss expecied 10 be

conducted in the Exploratory Shaft Test Facility, once it is
excavated in the Topopah Springs tuff.
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Figurs 7. Disribution of radiosiements over a lempsrature range from 80 10 200°C in wif of
Long Valley caidera. Asiarisks indicale sies of U-series dissquilibrium and detaled
Sasion.rack examinations.
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Figure 8. Section perpenciouiar 10 heater hole in G-tunnel, Nevada Test Site, showing ssmpied
inkervai in core irom the inkial (NE-2) hole and the dcliback hole.
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. DISCLAIMER

' This document was prepared as an account of work sponsored
"by the Uniled Staes Government. Neither the United States
,Goverament nor ahy agency thereof, nor The Regents of the

' Umverm) of California, nor any of their employees, makes any -

wumnly. express or implied, or assumes any legal liability or
mponubuhly for the accuracy, oompluenes. ot usefulness of
vany information, app of p disclosed, or
tepmenu 1hat its use would no| infringe privately owned rights.
' Reference herein 10 any specific commercial products process, or
.servicf.- by its trade name, trademark, manufacturer, or other-
wise, does not necemarily constitule or imply its endorsement,
| recommendation, or favoring by the United States Govenment
, or any agency thereof, ot The Repents of the Univenuy of Cali-
1fornia. The views and opinions of auth d herein do
'not necessarily sate or teflect those of the United States
' Government or any agency thereof or The Regents of the
»Univcnily of California and shall not be used for advertising or
! product endorsement purposes.

Berkeley Lab y {s an equal opportunity employer.



