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THERMAL ASPECTS OF WASTE EMPLACEMENT LN LAYERED TUFFS, 8. M. Bulmer and

A«_R. Lappin, Sandia Laboratoriles, Albuquerque, 87185

An analysis of the thermal response of layvered tuffs occurring at Yucca
Mountain, Nevada Test Site, to the enplacenent of heat-preducing nuclear wastes
has been completed. This modeling study represents the early stages of metho-
dology development ained at investigating the suitability of tuffs as a geologic
waste disposal medium. The objectives of this study are:

1. To develop rationale for determination of acceptable power densities of L0,
spent fuel and processed high-level waste in tuff.

2. To fnvestigate effects of several parameters on acceptable power densities

: determined by a defined criteriou. These parameters Include fn-situ boil-
ing temperature, local geothernal heat flux, location of the heat-producing
zone relative to a2 marked stratigzraphic discontinuity (characterized by a

! significant difrerence in thermsa! conductiviry), and uncertainties in

assligned material properties of the tuff.

The multi-lavered stratigraphy considered here is based on a l0-layer gen-
eralization of lithologic logs of the Yucca Mountain hole (Tel5A#l). Of parti-
cular intcrest is the presence of a warked discoatinuity in stratigraphy at
711 w depth, which separates the partially welded Bullfrog ‘lember of the Cratur
Flat Tuff from the overlving Prow Yass Mcmbers The Bullfrog tuff is assumed to
be¢ the dexired burial zone, since the thermal conductivity of nonwelded tuis
is assumed to be vascceptably low fo sevve 3s a repository mediun.  Thoernal
properties for the itial phases of rhis study were wstizated fron limited
data and include the effects af porosity and water saturation. ilore recently,
labaratory acasuremcnts of core sanples from hele Uel3a#l have been facorpurat:
into the analyses as available.

. Genmetrical limications in thermal modeling are an important consideration.
The present study centers only on the far-field repository scale, For both
one~dimensional and two-dimensional global calculations, the waste is treated
as a uniforn heat sovurce, il.e., “sneared” evenly throughout a heat-producing
zone. As a resalt, no intrarcpository details can be inferred frnn these cal-

— culations; efforcs tn define the thermal field within the respositery horizorn

wlll rely heavily or three-dimensional codes.

T Various acsunptions concerniag in-situ bolling behavior and its efiects

ron thermal orapertics are discussed. A particular boiling criterion detcrmines

| the maxinum pover density above which the temperature effects of water volati-
gzation aud ot liquid and vapor transport outslde the immediate heat-produsing

%zone must be considered. The criterion as used here implies that boiling v=ry

,near the waste horizon (i.e., within approximately 10 m of the waste itself, is

Véaccoptable. Note that any criterion of acceptable power densicies baseud upon

boiling is very sensitive to in-situ fluld pressures, which are largely unkniwn

" |at depth and are a function of in-situ hydrostatic k 2d and the liquid ard s:ean
perncabllities of the rock.

Insclar as boiling limits the apnifeability of “nominal” thermal proper-
ties, three i{n-situ boiling criteria are exariined. The bounding winfuwa criter-
ion is atmospneric bolling, in which the surrounding rocks are considered co be
sufficiently permcable to avoid any volatile ove :-pressurlng; it is implied
that the repository is located above the water table. At the other extreme,
boiling is assumad to be limited by the lithostatic load (i.e«, fluid and solid
confining pressures are the same), where the tuffs are totally impermeable and
have no tensile surengt.. . Is assusiption is applicable both above and below
the water table. An intermeusfate criterion {s defined by the local hydrostatic
head, in which boiling i{s contc-clled by the potential height of standing water
between the disposal ‘s.rizun ~n” the local water table (i.e., "fissure
equilibrin * 1s assumed). s



http://Th-.-rr.al
http://dunsiti.es

Heat transfer analyses considering the layered stratigraphy indicate mini-
nun rock thicknesses required to minimize stratigraphic effects cn peak rock
temperatures occurring on either side of the repository. Calculated minimum
thicknesses are approximately 145 m for HLW and 195 m for spent fuel; these do
not appear to be a function of initial power density, but do depend upon the
waste decay half-life.

It was determined that a unique burial depth relative to the stratigraphic
interface at 711 m exists for each waste form, at which temperatures are pre-
dicted to be at a minimum. This circumstance is due to the fact that lower
temperatures resulting from increased distance from the interface are even-
tually offset by the increasing ambient temperatures resulting from the local
geothermal gradient.

Since constant thermal properties were assumed, the occurrence of boiling
represants a limit of validity in the present calculations. No boiling is pre-
dicted for any burial depth with power densities up to 150 kW/acre, assuning
that boiling is controlled by the lithostatic p-essure, whervas extensive
boiling for all burial depths will result for any thermal leading of practical
interest should volatilization occur at atmospheric pressure. Results derived
using the assumption that the hydrostatic head potential controls boiling are
shown below. This boiling criterion leads to a fairly complex interplay of
depth of burial, geotheraal flux, permissible power density (to avoid boiling),
and waste form. Hote that thovgeothcrnal flux measureo within Nevada generally
varies between 1 and 3 pcal/cm“g; for Yucca !lountain in particular, the measured
flux is reperted at 1.6 pcal/cm”s.

Based on an arbitrary criterion that the acceptable power density is limit-
ed by the occurrence of boiling at a distance of about 10 m from individual
waste canisters, allcwable densities range from less than 50 kW/acre for both
HLY and UC, spent fuel for boiling near 100°C, to greater than 150 ki/acre at
all depth‘_cons‘Zdurcd ii boiling is controlled by the lithostatic load. Using
an inter.s ite assunption that boiling is controlled by the hvdrostatic head,
allowable puwar densities: (1) are a linear function of geothernal heat flux,

2) depend on the depth of burial only slightly, except at dictances of 50 m ar
less fron a stratigraphic discontinuity across which there is a sigaificant
difference in thormal conductivity, and (3) range from near 100 to greater than
150 kW/acre, depending upon distance to the interface, total burial depth,
geothernal heat flux and waste form.
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FIGURE 1. Allowable
power densities in
layered tuffs.
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An analysis of the thermal response of lavered tuffs occurring at Yucca
Mountain, Ncvada Test Site, to the emplacement of heat-producing nuclear wastes
has been completed. This modeling study represents the early stages of metho-
dology developrient aimed at investigating the suitability of tuffs as a geologic
waste disposal medium. The objectives of this study are:

1. To develop rationale for detemmination of acceptable power densities of U0y
spent fuel and processed high-level waste in tuff.

2. To investigate effects of several parameters on acceptable power densities
deternined by a defined criterion. These parameters include in-situ boil-
ing t. .pecature, local geotherizl heat flux, location of the heat-producing
zonc relative to a narked stratigraphic discontinuity (characterized by a
significant difference in thernal conductivity), and uncertainties in
assigned caterial properties of the tuff.

The rulti-layered stratigraphy considered here is based on a 10-layer gen-
eralization of Iithologic iogs «f the Yucca !ountain hole (Lel5A#1). Of parti-
cular interest is the prescence of a marked discontinuity in sitrztigraphy at
711 m depth, which separates the partially weldec Bullfrog Member of the Cratuer
Flat Tuff from the overlying Pruw Pass Members “The Bullfrog tuff is assuned to
be the desired burial! ~ore, since the themmal conductivity of nonwelded rifrs
is assuned to be unaccepzably lew to serve as a repusitory aedium. Thermal
propertie~ for the iaitial phases of this study were cstimated from Jimited
data and include the effecrs of v Ater saturation. lMore receat
labaratsry neasurs cents of core sy e LelSArl have be-n cneonrporsted
into thec analyses as vailabie.

Geomotrical limitatioas in thermal nmodeling are an important consideratiun,
The present study centers only on the far-f°:1d repositoury scale. For both
one-dimensional and two~dirmex~icral global calculations, the was.e {s treated
as a unifora heat source, i.e., "soeared” evenly throughout s heat-produring
zone. As a result, no intrarcpository d=tails can be inferred from these cal-
culations; efforts to definz the thermal ficld within the respository horizon
will rely neavily on three-dinensional codes.

Various assunptions concerning in-situ bolling behavior and its effects
on thermal properties are discussed. A particular beiling criterion deternines
the nax{mua power denslty above which the temperature effects of water volati-
zation and of liquid and wapor transport outside the inmediate heat-pveducing
zone pust be considered. The criterion as used here implies that boiling very
near the waste horizon {i.e., within approxinately 10 m of the waste Itself) is
acceptable.  Nute that any critericou of acceptable power densities based upon
boillng is very sensitive to In-sltu fluld pressures, which are largely unknown
at depth and osre a function of [n-situ hydrostatfc hecad and the liquid and stean
peracabilities of the rack.

Insuvfar as boiling 1llwits the appllicabillty of "nominal™ thermal proper-
ties, three in-situ boillng criteria are examined. The boundirng mininum criter-
ion is atmospheric boiling, in which the surrounding rocks are considered to be
sufficiently permeable o avoid any voliatile over-pressuring; it is lmplied
that the repository 1s located above the water table. At the other extreme,
boiling is assuned to be limited by the lithostatic load (i.e., fluid and solid
confining pressutes are the same), where the tuffs are totally imperaeable and
have no teusile strength. This assumption Is applicable both above and below
the watcr table. An intermediate criterion is defined by the local hydrostatic
head, in which bolling Es controlled by the potencial heig.t of standing water
between the disposal horizon and the local water table (l.e., "fissure
equilibriun™ is assumed).
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Heat tvansfar analyses considering the layered stratigraphy indicate mini-
mum rock rhicknesses required to minimize stratigraphic effects on peak rock
temperatires occurring on either side -f the repository. Calculated ainimua
thickresses are approximately 145 m for HLW and 195 o for speat fuel; these lo
not appear to be a function of initial power density, b:t do depend upon the
waste decay half-life,

It was determinad that a unijue burial depth relatlve to the stratigraphic
interface at 711 m exists for each wnste form, at which temperatures are pre-
dicted to be at a minimum. This circumstance is due to the fact that lower
temperatures resulring from increased distance from the interface arc even-
tually offset bv the increasing ambient temperaturcs resulting from the local
geothermal gradient.

Since constant thermal properties were assumed, the occurrence of boiling
represents a licit of validity in the present calculations. No boiling is pre-
dicted for any burial depth with power Jdensities up te 150 kW/acre, assuning
that boiling is controlled by the lithostatic pressure, whercas extensive
boiling for all burial depths will result for any thermal loading of practical
interest should volatilization occur at atnospheric pressure.  Results derived
using the assumption that the hydrostatic head potential coutrols boiling are
shown below. This hoiling criterion leads to a fairly complex interplay of
depth nf burial, geothermal flux, peraissible power density (to avoid hoiling),
and waste form., MNote that the _geothermal flux measured within Nevada peneraily
varies between 1l and 3 ycal/cm“ﬁ; for Yucca Mountain in particular, the ncasured
flux is reported at 1.6 pcal/ca~s.

Basad on an arbitrary criterion that the acceptable power density is limit-
ed by thc occurrence of boiling at a distance of about 10 © from individual
waste canisters, allowable densities range from less than $9 kW acre for hoth
HLW and U3, spent fuel €or boiliag rear 100°, to greatec than 150 kU/acre at
all depths considered if boiling is contrnlled by the lithostatic load. Using
an intersediate assunption that boiling is contronlled by the hydrostatic teod,
allowable posur deasities: (1) are a liaear function of geotherzal lhwat {lux,
(2) depend ou the depth of burial only slightly, except at distances of 50 m ar
less from a stratigraphlc discontinuity across which tuere Ly a significant
difference in thermal conductivity, and (3) range from near 100 co greater than
130 kW/acre, depending apon distance te the intertace, total burial depth,
seotheral heat flux and waste form.
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FIGHRE 1. Allowable
power densities in
layered tuffs.
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