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IHTRODUCTION 

Esa vadoaa zona or t h a t subsurface ragion l y i n g batman 
tba surface and the water t a b l e , i a w a l l developed i n a r i d 
and s e a l - a r i d r e g i o n s . In a r i d reg ions tba vadoaa zona amy 
be aavaral hundrad e a t e r s th ick whi le i n areas of higher p r e ­
c i p i t a t i o n i t aay be nonex i s tant ox only a few e a t e r s t h i c k . 
In the vadoee zona, where the pore spaces between grains and 
where f rac tures i n hard rock are not sa turated with ground 
wator, taoso would ba a long hydraul ic flow path between the 
nuclear waste rapoaitory and the saturated regime beneath the 
water tab l e and thua a long, t iae-conauaing pathway for r a d i o ­
nuc l ides to be transported, u l t i m a t e l y t o the biosphere . 
Primarily i n t h i s r e spec t , the vndoae zone i n a r i d regions i a 
considered as a p o s s i b l e environment for g e o l o g i c i s o l a t i o n 
of nuclear waste . 

Ihere are s e v e r a l topographic and l i t h o l o g i c combinations 
i n the vadoae zone of ar id reg ions that say lend themselves t o 
waste i s o l a t i o n c o n s i d e r a t i o n s . Xn soaa c a s e s , topographic 
highs such as aes.-.s and i n t e r b a s i n ranges—coeprised of s e v ­
e r a l rock types , may contain e s s e n t i a l l y dry or p a r t i a l l y 
aaturatad condi t ions favorable for i s o l a t i o n . The adjacent 
b a s i n s , e s p e c i a l l y i n the far western and southwestern f. S . , 
•ay have no surface or subsurface hydrologic connections with 
systems u l t i m a t e l y l ead ing t o the ocean. Some rock types aay 
have the favorable c h a r a c t e r i s t i c s of very low permeabil i ty 
and contain appropriate minerals f o r the s t rong chemical 
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retardat ion of rad ionuc l ides . Environments e x h i b i t i n g these 
hydrologic and gaocheaica l a t t r i b u t e s are the areas underlain 
by tuf faceous rocks , r e l a t i v e l y c a n o n i n the Basin and Range 
geoaorphic prov ince . Adjacent v a l l e y a r e a s , where tuf faceous 
debr i s makes up a s i g n i f i c a n t component of v a l l e y f i l l a l l u ­
v ion , may a l s o contain th ick zones of unsaturated mater ia l , 
and as such a l s o lend themselves to s trong cons iderat ion as 
repos i tory environments. The d i s t r i b u t i o n of tuffaceous h igh ­
lands and adjacent a l l u v i a l v a l l e y s i n the northwestern Basin 
and Range province i s shown i n (figure 1 . 

An appra i sa l of waste i s o l a t i o n i n the Sedan Crater of 
the Nevada Test S i t e [II brought t o the a t t e n t i o n of the 
s c i e n t i f i c and engineering communities the a t t r i b u t e s of 
a l l u v i a l environments. Part ly for tills reason and a l s o b e ­
cause of the present focus of waste repos i tory i n v e s t i g a t i o n s 
a t the Nevada Test S i t e , t h i s papar summarizes tha a s p e c t s of 
nucluar waste i s o l a t i o n i n unsaturated regime, i n a l l u v i a l -
f i l l e d v a l l e y s and tuf faceous rocks of the Basin and Range 
province . (A more d e t a i l e d report which furn i shes the b a s i s 
for t h i s paper i s i n praparation [ 2 ] . ) Highland and a l l u v i a l 
areas i n other a r i d reg ions underla in by other rock types say 
serve equal ly wal l ox b e t t e r than those descr ibed here . Such 
areas inc lude ranges and h i l l s of b a s a l t i c and other vo lcan ic 
rock in the Columbia P l a t e a u , and l a r g e mesas underlain by 
sandstone in the Colorado Plateau and Great Basin. 

REgUlSEMZNTS POR A WASTE REPOSITORY SITE 

Tha p r i n c i p a l requirement of a h i g h - l e v e l waste r e p o s i ­
tory s i t e i s tha t i t provide long-term ( 1 0 s years or acre) 
i s o l a t i o n of rad ionuc l ides . The engineer ing aspec t s of the 
s i t e must a l s o be s u i t a b l e for waste repos i tory cons truct ion 
and for maintenance of s t r u c t u r a l i n t e g r i t y during repos i tory 
operat ions . 

The primary mechanism for radionucl ide escape w i l l be 
migration of contaminated groundwater. The requirement, a t 
present , i s that the groundwater t r a v e l time from the r e p o s i ­
tory to the a c c e s s i b l e environment must s u b s t a n t i a l l y exceed 
1,000 years [31 . In order to meet t h i s requirement, the pro­
posed s i t e must e x h i b i t a number of favorable condi t ions : 

. Groundwater access to and transport from the r e p o s i ­
tory must be minimized; there fore , the s i t e should 
have low groundwater content and i t s l i t h o l o g y should 
i n h i b i t c i r c u l a t i o n wi th in the host rock and between 
hydrogeologic u n i t s . Consideration must be given to 
p o t e n t i a l changes i n reg iona l groundwater flow due to 
human a c t i v i t y or c l i m a t i c changes. 
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CALIFORNIA 

Figure 1. H»a northvastam portion of tbs B-sin and Range 
provinca, showing highland areas that contain tuffaceoua 
cocka. Valley* with appraciabla csaponants of t j f fa-
oaoua alluvium l i a batwaan thaaa highlands. 

[XBL 8112-489B1 

3 



. Tha hoat rock must ba of sufficient thickness and 
aztant to maximize groundwater transit time to othar 
geologic units. 

. Tha ainaralogical and geochamical characteristics 
should be such that they promote precipitation and 
sorption at radionuclides and do not increase but 
possibly decrease, groundwatar mobility. Tn response 
to thermal loading, these propertiea should remain un­
altered or ba enhanced* 

. The response of the rock encompassing the repository 
to i t s excavation and to tha heating caused by the 
waste should have minimal effect on the hydrological 
integrity of the repository. 

. Any major geologic discontinuity should contribute to 
isolation (such as a fault zona acting aa an aquitard). 

Another possible source of radionuclide escape i s exhu­
mation by natural processes, tactonisa, volcanlam and erosion, 
or by man. Human intrusion could ba deliberate or inadver­
tent. Therefore the s i t e should offer l i t t l e resource value, 
be geologically stable, and be at sufficient depth to sake 
exhumation by man di f f icul t and by erosion highly improbable. 

A given s i t e may be determined to meet the requirements 
aa that s i t e exists today but, aside from the changes induced 
by construction and waste storage, the s i t e i s subject to 
long-term natural proceaaes. I t wi l l be neceaaary to predict 
those processes for tens and possibly hundreds of thousands 
of years. For this purpose tha assumption wil l be made that 
those processes which have been operating on the s i t e during 
tha Quaternary Period wi l l continue to operate. Therefore, 
i t will be neceaaary to evaluate the hydrogeologic, geochea-
ica l , geomorphic, structural and tectonic s tabi l i ty , and c l i -
aatologic conditions since the atart of the Quaternary Period. 

It ia not l ikely that an ideal rock type or an ideal 
aita wil l be found. Each muat be analyzed and evaluated with 
an open aind and any conditions, natural or man-made, which 
detract from isolation muat ba judiciously weighed against 
those which favor tha s i t e . 

GBOTECHNICAL FACTORS 

The unsaturated zone in a l luv ia l - f i l l ed valleys of the 
Basin and Range province offers several factors that would 
help inhibit the migration of radionuclides from discrete 
aitoa into and through the hydrologic systemi (1) the flux 
of moisture into and through the alluvium i s extremely low; 
(2) the components of the alluvium at specific locations 
favor the sorption of radionuclides i f they should escape 
from w-aste canistersj (3) at sons locations the alluvium i s 
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underlain by tuffaeeous rode abova the water table, which 
alao providas a lower-permeability, aorptiva barrier to down­
ward migration of radionuclidaa (Thia ia i l lustratad in an 
idealized geologic croaa section in Figure 2 . ) ; (4) the thick-
neas of the alluvium exceeds 1000 • a t many loca l i t i e s and 
the thickneaa of the vadoae zone exceeds 500 a. Bless fac­
tors, together with the presence of a toff aquitard below the 
alluviua, provide a substantial hydrologic flow path between 
a repoaitory at a depth of a few hundred eaters and the under­
lying aaturated zone. 

Figure 2. Schematic geologic cress section through an 
idealized Basin and Range valley, showing alluvium (gal) 
overlying tuff (Tt) and Paleozoic carbonate rock (Pzc), 
with the watar table at depth in the Paleozoic rock 
(based on [1]) . [JfflL 821-1621] 

Several of the advantages of waate isolation in the 
vadoaa zone of alluvium also pertain to isolation in tuffa­
caous rock—low moisture flux, high aorptiva capacity, and 
substantial thickness of rock abova the watar table. Speci­
f ic to tuff ia the attribute of having competent rock units, 
amenable to machine mining and requiring minimal ground 
support in underground workings, sandwiched between less 
competent but highly aorptive zeolit ized units. 

It i s emphasized that even though tuffs underlie high­
land areas, the deptha at which a repoaitory would be located 
should be determined primarily by the occurrence of a favor­
able stxatigraphic setting, whether the repository i s in the 
tuff sequence comprising a topographic high (a mesa or range) 
or at a depth well below the local topographic rel ief , ia 
less important than i t s location above the water table in a 
competent tuff unit encompassed by zaolitized units. I t i s 
conceivable that a favorable setting might be a tuff unit 
overlain by alluvium beneath a Basin and Range valley [ 1 ] . 
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Tectonics, Volcanisa and Seisaieity 

Properly chosen s i tes In alluvium of tectonically active 
area* say take advantage of local taceonl«a~sltoa«ioR of a 
repository on the baalnward aide of an active norma1 fault 
would insure that an increasing thickness of =sterlal would 
accuarulate above the repository with t i s e , alleviating the 
concern of future tectonic-erosive exhumation of th« s i t e [11. 
Unless a s i t e in tuff i s unfortunately located in or closely 
adjacent to a caldera which will have volcanic activity asso­
ciated with i t in the near geologic future (a possibi l i ty 
which should be laid to rest by ippropriate geological and 
geophyaical investigations in the course of s i t e selection) 
the concerns of voleanisB and seismicity are similar to those 
for the case of an alluvial repository. Obviously, the loca­
tion of tho repository astride an active Basin and Range 
fault aust be avoided. The relatively high seismicity of the 
Basin and Range region requires that the response of surface 
and underground f a c i l i t i e s to ground notion associated with 
earthquakes of given magnitude and epicentral distance be 
assessed for givan s i t e locations, and these should be taken 
into account in the assign of the f a c i l i t i e s . 

Cliaatologxcal Conaiderationa 

Evidence of the climate in the Baain and Range province 
during Pleistocene pluvial periods, when precipitation was 
SO to 100% greater thin today's [7, 8) , indicates that future 
pluvial parted* would result in increases in moisture i n f i l ­
tration rates. However, the saturation conditions and water 
table elevations at alluvial s i tes away from obvious loca­
tions of playa lakes would not differ significantly from 
those of today [9] insofar as affecting a repository in 
alluvium, diaatological considerations for a s i t e in tuff 
are essentially the saaa as those for alluviumi significantly 
increased moisture infi ltration rates in a future pluvial 
period may affect the position of the water table. However, 
as with alluvial areaa in arid regions, the effect of even 
doubling the infi l tration rate should be insignificant be­
cause the rates are so low and the additional vegetative 
cover would enhance moisture transpiration. 

Thermal Response 

A principal concern of waste isolation in the unsatura­
ted zone ia the recponaa of the host rock to heating. For a 
given waste form and thermal loading, the maximum temperature 
r i se in the plane of a repository due to the introduction of 
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southern Black Rock Desert (average value - 1 05 x 0.15 
W/m'C, 71 samples over 12 holes, data from [14]). 
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the waste varies with 1/VKpc, where K la the rock's therBal 
conductivity, p i t s density, and s I t s specific heat Mo). 
The thermal conductivity of alluvium covers a large range, as 
shown in Figure 3, and depends strongly on the degree of sat­
uration. The influence of thermal conductivity on repository 
temperature increase has been calculated [9] based on proce­
dures developed by Hang at a l . [10) and i s i l lustrated in 
Figure 4. Calculations ware based on a repository depth of 
150 a, an area of 2000 acres (radius 1605 a ) , and a thermal 
loading of 40 ktJ/ecre with 10-year-old spent fuel . The range 
of thermal conductivities shown i s that which could be 
expected fo.ir dry, poorly indurated alluvium, 0.5 H/m*C, to 
saturated indurated alluvium, 1.5 W/m*C. Peak repository 
temperature increases are 130*C and 75*C, respectively, and 
occur 53 years after emplacement of the waste package. These 
maximum tanperatures are an average for the repository as a 
whole i the actual —•* °™ local temperature wi l l etrongly 
depend on the emmplacemont geometry and the thermal loading 
of each canister. 

Repository temperaturea In excess of 100*C can result 
in accelerated drying of saturated or partially saturated 
alluvium, and a corresponding decrease in thermal conductiv­
i t y . Given a material with 304 porosity, a saturated thermal 
conductivity of ". H/a*C, and a geometric a>an model for the 
dependence of conductivity on water saturation, the increase 
in repository temperature with reduced water contest was 
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Figur* 4. Effects 02 thermal conductivity on alluvial 
repository temperature, spent fuel, 10 year* out of the 
reactor. [XBt. 825-1391] 

determined. Figure 5 presents the temperature r ise , AT, nor­
malized with respect to the temperature increase for a fully 
saturated (wet) or dry alluvium. As indicated, the reposi­
tory in dry alluvium can have a temperature increase of 1.8 
times that of a repository in saturated material. 

Hie ramifications of drying saturated or partially satu­
rated alluvium nave lad to a considaration of the areal ther­
mal loading needed to keep the SSTI m\ia repository temperature 
at or below 100'C. For a thermal conductivity of 1 W/a"C, 
this i s 33 km/acre, and for a dry alluvium of conductivity 
0.38 W/m*C, loading would be limited to 20 kW/acre, assuming 
an ambient temperature of 25*C. 

These results aad those in Figure 5 are conservative as 
they are based on constant material properties for a l l the 
material surrounding the repository. They do not consider 
the beneficial effect of heat transport by vapor diffusion. 
In reality, the properties wil l vary with distance from the 
repository beat source, and only the ground nearest the 
repository openings wil l experience a large decrease in 
thermal conductivity due to drying. To establish a real is t ic 
areal thermal loading for alluvium, i t i s neceseary to be 
s i t e - and material-specific and to employ improved predictive 
models with variable thermal properties. 
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Figure S. Variation of teaperature rise with water 
saturation. [XBL 8111-4883] 

Other factors affecting repository taaperature in a l lu­
vium are waste fore and repository depth, while repository 
area has l i t t l e effect on tsaperatureo Disposal of reproc­
essed waste results ia a mxiana temperature increase of 76*C, 
35 years after emplacement, coapared with 92*C for spent fuel, 
assuming a theraal conductivity of 1 W/a*C and 40 Ml/acre 
theraal loading. Varying the repository depth fron 150 to 
600 a has negligible effect on the aaxiana teaperature, but 
results in tt reducti>j) ia teaperature for repositories at 
shallower depths after 300 years oZ storage. 

Siailar calculations to those for alluvium have been 
aade for the thermal response of a repository in tuff. Based 
on a repository depth of 800 a, an area of 2000 acres (radius 
of 1605 a ) , and a theraal loading of 40 kw/acre with 10-year-
old spent fuel, the influence of theraal conductivity on 
repository temperature increase has been calculated, curves 
are shown in Figure 7. (The range of conductivity in tuff 
i s shown in Figure 6.i For a conductivity of 0.9 W/n°C, 
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Figure 6. Histogram on tha thermal conductivity of toff j 
data from [',51. ISBL 81(1-4850) 

representative of a dry, nonvelded tali and 2.7 W/a"c for a 
saturated welded tuff, tha increase* in temperature are 87 
and S1*c, respectively. Thaaa maxima occur 50 years after 
emplacement of the waste and, aa for alluvium, are average 
temperatures for the repository. 

Comparison of Figures 4 end 7 r<vw*ls the significant 
difference in predicted rapoaitory thermal responses for 
underground vaate disposal in tuff and alluvium. This dif­
ference i s not only related to the relatively higher thermal 
conductivity of tuff as compared to alluvium, but also the 
higher density of tuff. In both cases the r*"-1 -"• tempera­
tures occur at approximately the same time. 

The accelerated increase in temperature due to dehydra­
tion of tuff (especially nonwelded unita) ia , as for alluvium, 
a factor limiting tha mairisum repository temperature and 
hence areal thermal loading. On establishing a 1 00°C •"••*•< i»ni» 
temperature for tha repository, the permissible thermal load­
ing in dry tuff (thermal conductivity of 1.0 w/a"C) i s 
27 kU/acra; for saturated or partly saturated tuff 
(1.8 W/m«C) the loading i s 35 ktf/acre. This assumes a 44*C 
ambient temperature baaed o= a 20*C aurface temperature, and 
a 30*C/km geothermal gradient with the repository horizon at 
800 • dafth. To more accurately determine the allocable 
areal theiaal loading for a prescribed temperature requires 
detailed modeling of the dehydration process, including the 
fluid and vapor pressure, heating rate, and pressure release 
path length. 
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rigure 7. Effscts of theraal conductivitiea on toff 
repository taapenture, spent fuel, 10 yaara oat of the 
reactoir. [XBL 8112-4B88] 

Calculations, alai lar to thos* for alluvius, vara cade 
for toff, talcing into account other factors influencing; 
rapoaitory teaparature--wasta fora, rapoaitory depth, arcs re-
poaitory area. Dispoaul of raprocaaaad waste results in a 
• a n a i i tanparatura incraaaa of 51'C, 35 years after esplace-
aent u coapared to 62*C for apant fual, assisting a thensal 
conductivity of 1.8 H/a"C and 40 Mr/acra thermal lording. 
Altaring rapoaitory daptb froa 400 a to 1600 a and acee. froa 
S00 to 8000 acres haa negligible affact on the thermal 
raaponaa up to 2000 yaara aftar «aatc aaplaoaatuit. For a 
longer atoraga tiaa, lua inf-tenise i s relatival? ainor with 
a graatar dapth and laxgar ai->«, resulting in sl ightly 
incraasad taaparatura riuas. 

Laboratory axpariaants on cores of saturated tuff wra 
parforaad to aaasure the rate of water loss on heating froa 
25 to 150*C, and two aodela ware foraulated to predict the 
aaasured results [12] . In one sudel, the transport of vapor 
was treated as Darey flow driven by the higher partial pres­
sure of water vapor at the liquid-vapor front. The other 
aodel assuaes that aolacular diffusion i s the douinant node 
of water vapor transport. A comparison of tile e n predicted 
rooults with the axperiacntal aaaaureaants clearly indicated 
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tha dominance of the diffusion mechanism. Furthermore, an 
in situ heater experiment at S tunnal in the Grouse Canyon 
tuff (13] basically confirms tha rasults of the laboratory 
experiment. 

Ihe thermal-hydrological propartias of dansaly welded, 
strongly fracturad tuff units which aay contain Uthophy**l 
zonas aust also ba considered. Considerations of rock aass 
paraaability in tuff, in tha ccotaxt of waste isolation, 
would ba aiailar to thoea of othar bard rock typaa—princi­
pally tha effect of heating on tba mar-f ie ld and aid-fiald 
hydxologic aystaas. lha couplad theranasrhinical-hydrologic 
affacts of beating ara also of concern, as ara tba prasanca 
of minerals subjact to volume changa in raaponaa to baating 
[14) and tha affacts of varying dagraas of saturation on 
thesa responses. 

Construction Considarations 

Construction of a relat ively shallow repository in 
alluvium, either by underground mining methods i f the depth 
exceeds 100 a or by open pit methods at shallower depths, i s 
comparable to construction costs in harder fock under satur­
ated conditions [4 ] . Based on experience at the Nevada Test 
Site [5] , the strength characteristics of alluvium ara such 
that extensive ground support fcr underground workings i s not 
required to depths of 200 a. Open p i t construction would 
permit installation of bai-rier materials completely encoapaas-
ing the repository it necessary. In either case, a reposi­
tory at a relatively ahallow depth in alluvium, compared with 
a deep hard rock e i te , permita relatively comparable ease of 
emplacement and i f necessary retrieval of the waste. 

Only underground construction i s considered applicable 
to a aite in unsaturated tuff. This would take advantage of 
a competent, most l ikely densely welded unit, alienable to 
machine mining, and requiring ainiaal ground support of the 
workings [6] • Qie stratigraphic position of such a unit be­
tween zeolit ized units to furnish sorptive barriers would be 
highly desirable. 

Resource Potential 

The Basin and Range province has a very low population 
density—the vast majority of the land i s under federal jur­
isdiction) large alluviated areas ex is t where there ia no 
present mining activity, ttie future mineral resource poten­
t i a l of these areas i s not considered w be significant. At 
s i t e , enable to waste isolation, the depth of the water 
table :.- excessive for development of groundwater resources. 

12 



Sabla X* tUjor hdvantaoaa and Conoarna of aaita Iaoiation In uneaturatad and Saturated Raijiata. 

Major advantaoafi Major Concern* 

tharaal Ml acta 
Unsaturated *ona in told fca^tona* Relatively shallow 
eaplacaaant of iraata will result In lowar repoeltory 
taaparatur* aarliar lo tha Ufa of the repository, ooa-
pared to deeper burial In a given aediua. Dlffuaion of 
water vapor In reeponie to heating say result in bulk 
thermal conductivity comparable to that of saturated 
aatarlal | l 71 . 

•ataratad lonai Hachanlcal and hydrologlcai response* 
of aaturatad (or naarly aaturatadl Mdii to heating arc 
becoaing better understood as esperlasnt* progress in 
various rock typaa* 

Transport of mdlonucildsa 
unsa,uratad Zona In told nations Repository not In 
dlract contact with groundwater ragiaei vastss would 
resaln hydrologlcally isolated aa long oa partially 
aaturatad conditions pertained* 
Saturated tonai Daep burial affords long patn^aya for 
radionuclides to tha jcceasible ekivlronaent. Hachanlaaa 
of tranapoxt of kadlonuoiidaa in aaturatad rocka ara 
presently battar understood than ara tranaport ascha* 
nlsas In tha uniaturatad tona. 

Potential for Buaan Intrusion 
unsaturated <ion» In told Regional Centrally 1CM popula­
tion danaltyi li*.tle potential conflict with future 
utilisation o( groundwater resources 
saturated Zonei Daap burial dacraaiaa likelihood of 
h"u**n intrusion. 

at relatively low teapereturee, bulk thereat con* 
ductlvlty will dapand on degree ol saturation. 
Variations In tharasl conductivity wil l control 
aexlaua tesperetur* rlaa experienced in a repeal-
tory for a given waste fota ana the real loading. 
Data on thsrael «npanelon of unaaturatad aedla ars 
scarce. Foraatlon of vapor phaaa In raaponia to 
besting aay laid to t tvo-phais oonvactlva systewi 
ita ramifications for radionuclide tranaport ars 
not woll understood. 
Potential exists for foraation of convectlve cal ls 
In tfce hydrologle syatea of aaturatad asdl* in 
raaponia to hefttlng* 

Difficulty in predictive aodsling of aa chant aaa of 
transport am) pathways of radionuclides In uniatu­
ratad regis**. Dsares of aaturatlon a«y vary, 

Dlract contact of tha repository with tha ground­
water regies that oould tranaport radionuclides to 
tha accessible anviconaant. 

Relatively shallow eapUceaent ol wast* coaparsd 
with CM? burial balow water tabla. 

possible futura osvetopaent ol groundwater 
resources la the vicinity of tha rapoaltory 



Coapaxad with alluvial s i tae , thsza ia a graatar potential 
for confl ict of a wasta repository location vith mineral 
raaourca potential in tha tuffaceoua rock a. The occurrence 
of pracioua aatala ia relatively videapcaad in aah flow tuffs 
aaaociatad with aaamatic-hydrotharmal syctemi of Tertiary 
calderaa. A resource assessment aboald therafcre bs an i a -
portant part of the aite lnvaiitigationa. 

Advantage* and Concerna at Waste Iaolation in the Unsaturated 
and Saturated 2£,-js 

In coaparing tha attributes of weet» iaolation in the 
unsaturated cone of acid region* and aaturated hydrologic 
regimes, major advantages and concerna are clearly ident i f i ­
able in the conaiderations of tranaport of radionuclides, 
theraal effects , and tha potential for human intrusion. 
Theee are preaentad in brief in Table 1. Given appropriate 
study, beyond the scope of this paper, similar comparisons of 
advantages and concern* of unsaturatad and saturated regie** 
amy t« made for the conaiderationa of the effect: on the 
vaata fora and on i ta surrounding canister and Ovczpadc n t -
er ia l . Considerations would include tha affect cf saturated 
and unsaturated conditions at repositnr? temperature and 
pressure on corroaion of the canisters, on the leaching of 
waate forma, and on the mechanical and hydrologies! integrity 
of ovarpack and backfill material. 

I t ia concluded that the unaaturetad zona* in alluvium 
or tuffaceoua rocks of the Basin and Range province are 
strong candidate environments for consideration as s i tes tor 
nuclear wasta repositories, and aa auch should be invest i ­
gated as coanrefaanaivaly aa the other geologic settings pres­
ently being considered. 
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