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AbsStract. Rock meitinyg tecnmwiogy can pro—
vide 1n-situ glass iuwrs 15 nuclear waste pack-
«Je arplacement holes to reduce permeability arx
increase borehole stability. Reduction of porm—
{£ility would roduce the time arxd probakbility
Jroundwater contacting the waste packages. In-
creasiny the stability of the storage lorcholes
would enhance the retrievability orf the nuclear
waste bhackages. The rock melting hole 1ormang
technology has alreoady bxen tested in volcanic
tuff similar to the gqeolegy at the proposed nuuc-
lear waste repository at Yucca Mountain, Nevikta.

Backqround

fock meiting penetrators were developoa ol
the Los Alamos National [aboratory durimg thu:
cvars 1770-1975 to drill holes in roek ant sols
le yraaressive mlting rather than in chappig,
abraduxy, or swalling. The wide range of oxpori-
ments carricd out at that tame, both 1n the i~
ratory and 1n the rield demonstrated the roasi-
sility and the wvantages or the rock meltiy
uXcodavation technolooy.

WO mportant chiaracter:stics ot the holes
tormmed Ly rock meltust orter particular wivanta-=
s to the storuge holes tor the aplacoment o!
nucloear waste puckages. Creatimg holes by rock
melting results in the in-situ material e
wonverted to a alass, wd the walls or the holes
are tomed with thas glass. Thoe glass 1s much
wnser than the in-situ materaal, has much loss
poermeability, wxd 1s also much stromger than the
in= situ material. All of these dharacteristics
provide advantages to aiplacement noles tor the
Atorage of mucloar waste packages.

e rock melting technology development [ro-
iram at Los Alamos resultaed in the construction
nd extensive tield tosting ot several difforent
qizod and Lypes o rock meltur tools, ad tdw
tedhmolagy 15 reahily adaptable to the hole ream-
uxg and hole wall coxhitioning raquirements ot
the storage holos tor uelear waste repositories.
My ot the sucvesstul oxjoruments: were ca't ioed
at o voloanie turt that s very similar to the
dqeolary at Yueoa Moantain, Noevada where a nuclea
waste ropository s planned to be constructod.

Sharactertsties of Meltod Rook Bole Laeer s

oobest ddaracter tae the ey materai, phy-
deal oared medchunreal tests were joerformsd o
se de Tners der e teemm mel by voleane tatt,
Maene tents were carnted ot at the tacelates
S oTerrvatek cCorvarat o, Salt lake ity Utah,
et the tost vesantlts e presentesd berlow.
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Sermeabainty o Liwer Material

Permeability as a tunction of effective stress
(QNF1ng pressure) was measurced on several rad-
11l samples or glass |iner material using air as
the pormeating fluid. The results of several
tusts are shown 1n Figqure 1. As expected the per-
meability decreases as the ettective stress in-
creases. ‘There 1s a lage sample variability at
low etfective stress but this appears to e noad-
aond at et fective stroess on the order ot 3MPa.
Note that on unlowding, the permeabality did not
aapletely recovwer. 1t 1s synificant that the
purmeability values were generally 1.0 melidarces
or less at vory mexdest conrining pressures, (ki
that the lining material was tormed routinely,
without sprcial care leing tuken to mmprove the
Vinor glass quality, s owould be done af a spe-
clal hole reaming rock seltimg tool were used.
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Figure 4. A thick-walled, jacketed, hollow cylin-
der is exposed to external pressure until failure
occurs. The sample was not exposed to any axial
stress. This loadiny condition is most typical of
the service loads that a nuclear waste storage
nole would have to sustain. Hence the test re-
sults shown in Table 2 below are sianificant.

Taple 2. Jollapse Test Data

I INSIDE WTSI0E S PRESSURE A™
TEST | MATERIAL | DIAMETEN :mmi | DIAMEVER (mm) | LERGTH (..)J FAILURE (MPp)
1 Lining L H e 127 ue

2 Linimg 81 92 127 “%

k] Lining 51 ? 12/ %

4 Cry Tuff L1 ] 127 17.9
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20ck Melting System Hardware
'enetrator Tests

A wide variety of rock melting penetrators
have been tested. An adaptation of a melting con-
solidation mode i:enetrator would be used for
forming a stronq, inmpermeable glass liner in
volcanic tuif. In this mode, which is applicable
to porous rock or soil, all the melted rock is
vonsolidated into a rock «lass lining, 2nd it is
not ne.essary to remeve any debris or "cuttings”
from the hole.

Assuminy that the waste repository storage
hole had already been drilled hy a boring machine,
then the reaming and glass forming advance rate
would be very fast and limited only by the thermal
requirement dictated by the volume of tuff to be
converted to the qlass lining,

The tests carried out at los Alaros proved that
the primary tactor requlating the glass torming
rate is the power available tor melting. A rela-
tively small asial thrust load is applied to
avercome triction and heep the penetrator moving,
but this load intluences the penetration rate very
little if at all.

Glass Lining System contiguration

Although the detayled design ot the reaming and
qlassy Vining system i+ beyond the scope ot this
paper, it is possable to outline the basic hard
ware syster confgqurat von,

The system will be b1t around an annular
shaped heated penetrator overating in the melting
consulidating mode, Trgere B s g schomat ic of
thin system showing the melting Jane, the qlasy
Linor amd the placement ot the easential system
component

The peneterator body 1 assuied to be 10 meter
frameter, tabvcated tron eathery Tygngaten or
molyhdenue, and heated by an anteraal olectbreic
heater, "y e af penteator body woubd bhe as
wmbleod from gpprosimately tanety indiyidual e
ety ch havineg it awn anternal heater, "he
clhactyre tower vogquired Yo o leat o each aement b,
b rmatesd to be S bw, binoa tatal penetratonr
vlocty v ool ot 1l bw,

Aocompde poape Stem yogld gpply the conling
At and contamm the elocty 1c oy cable

ey
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“he surface support components would consist of References

a drilling riy to apply a small thrusting load to
the pipe stem, an electric generator for the heat-
er power, and an air compressor for the cooling
air supply.

A1l essential compunents of the system, with
the exception of the segmented penetrator body,
were tested successfully during the Los Alamos
rock melting program.

Summary and Conclusions

In-situ glass liners created by rock melting
reaming of bored holes for nuclear waste storage
packages would provide a protective layer of
strony and relatively impermeable material around
the storage containers.

| aboratory tests have shown that crushing
~trenqths have been doubled and permeability re-
duced by factors of three or more far the ylass
liner material as compared to the in-situ voloean-
ic tutf.

"he rock melting technology exists to make the
qlasy liners by reaming the dri'led emplaceaont
holey ysing an electrically heated rock meltinng
penetrator systeom. .uch systems have been dovel -
oped and extensively fietd tested by 1on Alamos
National Laboratory.
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