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Abstract. Rock meiting tecniwiogy can pro—
vide in-situ glass iuwrs 1 muclear waste pack-
«Je arplacement holes to reduce permeability ars
1ncrease borehole stability. Reduction of perms—
A rlity would roduce the time and probakbility o
Jroundwater contacting the waste packages. Lo-
creasiny the stability of the storage lorcholes
would enhance the retrievabality orf the nuclear
waste packages. The rock melting hole tormmg
technology has already ixen tested in volcaac
tuff simlar ta the gqeolagy at the proposed fae-
Tear waste repository at Yucca Mountain, Noevikla,

Backqround

tock meiting panetrators were levelopoa ol
the Los Alaros National [aboratory durimg the
svars 1070-1975 o drill holes in roaek ana s
le jrarressive melting rather than In duappiyg,
abraduxy, or swalling, The wide range ! oxpora-
monts carried out at that tame, both 1n the id-
cratory and i the rield demonstrated the toeasi-
dality and the wdvantages or the rock meltny
iNcavation technol oy,

WO important characteristies ot the holes
tormed Ly rock melturt orter partaicular wivanta-
s to the storuge holes 1or the aplacoment o
muclear waste prickaees. Creatixg holes by rock
muting results in the m-situ materaal jeun
vomerted to a alass, awd the walls or the holaos
are tormed with this glass. The ylass 1s nuch
wnser than the 1e-s1tu material,, has much less
iermeability, axd 1s also much stronger than the
in- situ matorial . Al of these dharacteristics
trovide advantages  to asplacement noles for the
sthrage of mucloawr waste packages.

He rock meltory technology development jro-
iIrm at v Alamos resultaed 1 the constructom
nd oxtensive ficld test g ot several lifforont
s1zo8 and typen oo vock meltur bols, ad the
tednohixgy omallly adapteble to twe hole ream-
axt Wl hole wall colitioning rapuiremmts of
e seoaragoe oo tor melear waste repositorae:.
My 0 the successtul exjporument:: woere ot sl
at g voliame tnt that as very amhae to the
deolony at Yoo Moantain, Nowvh whoere oomieloa
wWaste repxeintmy i planned to e aeestructing,
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Permeanlity as a tunction of effective stress
tonrinuay pressurce) was measurced on several rad-
11l samples o1 glass iner material using awr as
the permeating tluid. The results ot several
tusts are shown 1n Figqure 1. As expected the per-
meability decreases as the etfective stress in-
creases, ‘Theru 1s a lge sample variability at
low erfectiviy stress ut this appears to e nad-
uond L ef fuitave stross on the ordcer ot 3MPa.
Note that on unlowding, the permeability did not
aamplotely recover. 1t 15 synmaticant that the
purmeability values woere aenerally 1.0 melidarces
or less at very modest ¢oniining pressures, .uxi
that the Ly material was tormed routinely,
without spccial care vy taken to mmprove thoe
Pier alags uality, s owould e oadone 1t g spe-
cral hnole reamng ek aeltimg tiol woere 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 typica! 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 siqnificant.
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2ouck Melting Svstem Hardware
Yenetrator Tists

A wide varietv af vick rltini prnetrators
have been tested. An adaptation of a weltimy con-
sol idation wmode t:cnetrator would be used tor
forminy a stromy, rnpermeable ylass liner in
volcanic tuif. In this wode, which is applicable
to porous rock or soil, ull the melted rock is
vonsolidated into a rock »lass lining, ennd it is
not ne.essitry tn remeve dny iebris or "tuttings®
from the hole.

Assumingy that the waste rrpnsitory storane
hole had already been drilled hy a boring machine,
then the reaming and ylass forminy advance rate
would be very fast and limited unly by the thermal
rrquirement cdictated by the volume nf tuff to be
onverted to the ilass linimy,

The tests carried nut at ios Alaros proved that
the primary tactor requlating the ylass 'urming
rate in the puwer available tor melting. A rela-
tively wmall waial throst Yowd is applied to
wvercome trivtion and keep the penetratin movimg,
lmt this loud iutlnmwerey the proctration rate vy
little if at all,

lass Lining 'ywtem tontiguration
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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.

A1 essential compunents of the system, with
the exception of the segmented penetrator body,
were tested successfully during the Los Alamos
rock melting proyram,

Summary and Conclusions

In-situ ylass liners created by rock me!ting
reaming of bored holes for nuclear waste storage
packages would provide a protective layer of
strong and relatively impermeable material around
the storaiye containers,

| aboratory tests have shown that crushing
trenyths have been doubled and permeability re-
duced by fictors uf three ur wore for the ilass
liner material as wompared to the in-situ volian-
i tutf.

e rock melting technnlonyy exists to make the
ylass liners by veaming the adri! Ll enplaceont
o ley asion an rlectritally weted mwck meitina
prantyatie systom, Canh systems have heen Hevel -
mied and vxtenyively finnt tested by oy Aoy
Natiomal | almratury.
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