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ABSTRACT 
Numerical calcu!ationa of disposal room configuratlon.a at the Waste Isolation Pilot 

Pla.nt (WIPP) near Carlsbad, NM are presented. Specifically, the behavior of either 
crushed salt or a erushed salt-bentonite mixture, when used u a backfill materlalln 
disposal rooms, .is modeled ln conjunction wlth the creep behavior bf the surrounding 
Intact salt, The backfill t'onsollda.t1on model de\'eloped at Sandia National Laboratories 
was implemented into the SPECTROM-32 finite tlement progrt.x:n. This lllodellneludes 
nonlinear elastic as wen u devlatorle and volumetric creep components. Parameters 
for the models were determined from laboratory testa wlth devte.toric and hydtostatie 
loadings. The performance of the Intact aa.lt creep model previously implemented Into 
SPECTROM-32 is well documented. 

Results from the SPECTROM·32 a.naly~w wer~ tuzupiU~cl ~o a 1imilu atud;y con· 
ducted by Sandia NationA-l Laboratories using the SANCHO finite element pro&ram. 
The caleul-.ted de!ormatlons and atresses from the SPECTROM-32 and SANCHO 
a.naly$es agree reasonably well despite differences ln constitutive models and model· 
lng methodolocy. These resulta provide estimates of the be.ekfi.ll consolidation through 
tlme. The trends in the backfill consolidation ea.n then be used to estimate the perme-1 

al>llity of the b&eldill and aub$equent radionuclide transport. 
I 

1.0 INTRODUCTION 

The U. S. Department of Energy is pla.nnins to dispose or transuranlc wastes (TRU) 
at the Wute Isolation Pilot Plant (WIPP) nea.r Ca.rlebad, New Mexico. The eurrent 
miuion of the WIPP ll ~o prov'lde a researth and development facility to demonstrate 
the aa!e mana.aement. atorage, and c!Iaposa.l of TRU wutes senerated by U.S. covern· 
ment defenae programs. Sandia. National Lt.boratories 1s conductln& procedural a.nd 
technical activities to aseess WIPP compliance wlth regulatory requirements. Perfor­
mance of seal, ba.rrler, and backfill mate.rlals 1s bein& studied as 9art of these activities. 
A key c-.ndidate component o~ the room baekfill aystern 1s uuehed salt. Crushed salt 
Ia an attractive ba.ek5ll material because It 1a readily available &om the mining oper .. 
ations, it iA tompatlble wlth the host rock. and lt is expected to rttonsollda.te into a 
low permeabllity mass comparable to the lntact e&Jt u a result of the ereep elosure of 
the aurroundins roek mus. Thererore, an \\ndersta.ndln& of the mechanical behavior 
of back5.111s Important at the WIPP. Optimization of the bac.kflll emplacement 1s nec­
essary to promote room 1tablllty, to enable sufBclent backfill consolidation to reduce 
brine fiow and retard the transport or soluble radionuclldes, and to maintain sufficient 
cas permeability to avold gu pressurization [1). ENT 18 UNLtMtTEO 
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'. The study presented herein was conducted to investigate the consolidation of crushed 
aalt a.nd a crushed &&It-bentonite mixture ln dispose.l room configurations at the \VIPP. 
Numerical simulations or the backfill and creeping host roek system to 200 years wert 
perrorro.ed. The iinlte element program, SPECTROM·32 [2), was modified [3] to inc or· 
pu,e~.tt= • truHhed aalt consolidation model [4]. The model selected £or bnplementatlon 
combines nonlinea.r elastic behavior and voluxXletrlc creep consolldt.tlon. The creep c:on· 
solidation model was modified to lnelude a deviatorle component. Results from these 
analyses are compared to results from similar anR-ty~~~ obta.ined with t.he finite element 
program SANCliO [S]. A notable difference between the two codes is that the SAN" 
CHO finite element pro"ram is based on finite strain theory and the SPECTROM-32 
finite element program Ia based on Jnfinlt.esimal or small strain theory. 

2.0 PROBLEM DESCRIPTION 

2.1 Problent Parameters 

The baslc problem parameters consist or the room and pillar geometry, depth of the 
room, mesh refinement of the modeled re&ion, tempera.ture, a.nd boundary condltlons 
(see Fl&ure 2·1). Except for a variation in the mesh refinement, the basic problem 
p~rrametere in tht SPECTRO~i-S2 analyses are Identical to the SANCHO analyses. 
The total atrain rates in the crushed salt and the Intact salt were usumed to be the 
aum or elut1c a...~d inelastic components as discussed ln the next sections. The initial 
etate or stress in the SPECTR0~{-32 analyses ·was established by excava.tins the room 
instantaneously lnto t.n inititlly lithostatie stress fleld. Subsequently, the room wu 
assumed to be completely backfilled with either crushed salt or crushed aa.lt-bentonite. 

2.2 BsC'kfHI Consolidation Model 

Development or the creep tonsolidatlon constitutl\·e equatioxl used ln SPECTROM· 
32 wu auided by general tonsiderations wlth specific functional tornu taken from 
empirical relations m~tched to available laboratory dat&. From the application of 
thermodynamic c:oncepts, the three-dimensional generallzatlon for creep str&ln rates ls 
slven by (6]. Following this approa.ch, two continuum internal variables were assumed, 
the avera&e inelastic volumetric: atra.ln, •:,,. and the averaae equivalent lnet-.,tle ehear 
atr&in, <, •. 

1.• Jf 80', 1 1.' 8CI,, ( ) 
'I • ••va 8u,, + "' 8au 1 

For the volumetric portion of E(lua.tion 2·1, the in\viant atraln-rate meuure ls 

i~, = it~ (u"') (2) 

The sian c'.>nvention adopted assumes that tensile atresses and elonge.tion (dilation) a.re 
positive. The volumetric strain rate £: is described empirically (4] based on laboratory 
test data on hydrostatic consolidation of crushed salt as 

(3) 



wher~ 

'" - tu, total volumetric strain 

r: - t11, volumetric creep strain -
o,. - ~, mean stress 

Po - Initial density 

Bo, Bh A - m~tcri~l con:.tanta. -
The invariant stress mea.sur~ is &iven by 

' 
(4) 

For the deviatorlc portion of Equation 2-1, the Invariant strain-rate measure ls ta.ken 
to be 

(S) 

and the invariant stress ls assumed to bt a aeal&r multiple Qf the octahedral shear &tress 

tl~. - (/. - y'3J; (6) 

~here J2 Is the aeeond invariant vf the stress deviator (Ja • lStJSai)• Substitutins into 
Equation 2-1 and performing the required differentiation slves 

(7) 

{J is selected such that In a unla.xlal test the lateral components of i:1 equal zero. 
This requires tha.t ~ a - J. After 1ubstltutlna for 1: in Equation 2-7, the strain rate 
components a.re siven by 

(8) 

Obviously, this creep consolidation equation '\\'Ul allow unllmlted consolidation. 
Therefore, a cap is introduced th&.t eliminates further consolidation when the intact 
material density p00 le reached. As a.n option, the crushed salt material may behave 
either as a nonlinear elastic ma.teriaJ or treeplnc lntact aa.lt followln& complete con.sol· 
lda.tiol!~. 

2.3 Intact Satt Constitutive Modttl 

A recently proposed 'VIPP reference constitutive rela.tion for lnta.et ta.lt creep [7) 
&nd the previous WIPP reference law [8] were used in th1 r.ll.leulktinn~. The WlPP 
referenc.e tlut:G•&t"'-01.\d~/ (."c~p model [0). Alvug WAth • ~~i.:tQ•t1.,c Quw ~V~t:utib.l, 

represented the meehanlca.l beha\'lor or the intact salt in the SANCHO analyses. The 
SPECTROM-32 &nalyses used the Munson-Dawson constitutive relation {7) for intt.et 
salt creep along with • Trese& flow po.tential. This combination wu ree~mmended [7] 
because of !avorable comparisons with \VIPP field testa ln a previous study [OJ. 



~ 2.4 Elastie Model 

( · The elastic models used ln the SPECTROM-32 and SAN.CHO analyses were iden· 
tical. The crushed salt wu described usin& a nonllnea.r elastic model [S, 4] and the 
intact 1a!t wa.s assumed to be Unea.r elastic. However, corresponding elastic matertll 
constants for crushed salt and Intact salt used ln the SANCHO analyses were reduced 
by a factor of 12.5 (S]. ·This reduction In elastic properties stems £rom a recommenda­
tion (lOJ tha.t is based on the usa.&e of the ea.rly version of the re!erence constitutive 
relation for aalt creep (7j that produced aood apeement between calculated and mea.­
sured deformations of WIPP field experimentsn Since test dt~.ta. do not exi&t for crushed 
salt-bentonite mixtures. Ita elutlc properties were assumed to be ldentica.l to those of 
crushed salt. Specific: values for the elutlc constants may be found ln references 3, 4, 
and 11. 

3.0 RESULTS 

Results from the SPECTROlvi-82 ana.lysea of the dlsposa.l room backfilled with ei· 
ther crushed ea.lt or crushed salt-bentonite are compared to previously reported results 
uslnc the SANCHO finite e!~ment procrarn [5}. Results from the SANCHO a.nalyees 
were plotted by digitizing the sraphleal results. 

!.1 Room Closure• 

Figure 8-1 eompa.ree the SPECTROM-32 and SANCHO vertical lnd horizontal 
closures alons the room periphery corresponding to the rooC/B.oor centerline and the 
rib mldhe1ght, respectively. DTtrins the lnltial 15 yea.rs, the closures predicted b)' 
SPECTROM·32 are greater and, thereafter, are less than the closures predicted by 
SANCHO. The closur(~ curves from both analyses ror crushed salt backfill are nearly flat 
alter \he density of the crushed salt reaches tht density o£ the Intact salt. This behav­
Ior ls not exhibited ror the crushed salt-bentonite analysea sinee full compaction is not 
reached. Generally, agreement ln the calculated 4eformattons from the SPECTROM·32 
and SANCHO analyses ls within 10 percent (except when the crushed ealt b~omes Cully 
consolidated) despite distinct differencee in the constitu tlve relatlons, mesh refinement, 
material eonstant,s. and theoretical b;asls (B.nlte versus a mall etrain). 

3.2 Averace Void Fraction• 

Figure 3-2 provides the tlme history or the average void fraction rema.ining In the 
bt.ek511. The aver~e void fraction [s] II essentlallr .. me~\'"' qf P9!9'~~f ~~ ~h~ ~~~~-
6Jl. 'I"he trend and ma.snltude of the average '"old fr&etlons from. both codes ln the 
two analyses a.gree closely durin& the initial S ye,us. Thereafter, the rate of consol­
idation Is considerably slower ln both SANCHO analyses. The trushed salt backfill 
consolidates completely in 25 years 1n the SPECTit0l\f .. S2 a.nalyses; whereas, the cor­
responding consolidation takes 65 years in the SANCHO analyses. Full consolidation 
of the crushed salt-bentonite baekflll ls not reached in either the SPECTROM-32 or 
SANCHO analyses. The average void fraction remalnins in the crushed salt-bentonite 
baekfill after 200 years of simulation Ia 5.0 and '1.5 percent for SPECTR0~~-32 and 
SANCHO analyses, respettively. 



. . . . ~ · 1.3 Mean Stresses . 

Comparison of mea.n stress (pressure) is o! int,,., .. ~t l'fnr." mt.&n strt~~ is the driving 
force ln the backfill consolidation process. Fl;ure 3-3 shows the mean 1tress history cor­
rcapondin& to the center of the disposal room. Durlns the inltia.l 5 years, pressure rise 
ln the crusht:d "~It JA nt.zliet))le throuehout t.be clispo!Sal room. Over the next 50 to 75 
years, the magnitude of the m.ean stress increases more rapidly ln the SPECTROM·32 
~1alyses tha.n the SANCHO analyses. This response is Indicative of the deformational 
behavior plotted 1n Figures 3·1 and 3-2 which show that closure (consolidr.tion) OC· 
curs more ra.pidly in the SPECTROM-32 analyses. The cusps appearing La. Fi&ure 
S·S occur after full consolidation of the crushed aalt. At thls polnt, the consolldation 
process teues. Cusps do not appear ln the crushed aa.lt/bentonlte curves bec&use full 
consolidation 1a not reached wlthln the 200 year simulation period as &hown b)' Fl&u.re 
3·2. Mea.n etresses determined ln the SPEOTROM-82 analyses are 2 to 4 time sreater 
than the mean stresses determined in tht. SANCHO analyses durin& the initial SO yean 
and only 1 to 1.5 sreater 1n the finallOO years. ThlJ difference ca.n be attributed to 
more thu &n order or magnitude difference in the elastic constants uaed ln the two 
codes with the SPECTROM-32 constants beln1 the greater of the two. Despite some 
disparity in masnitude, the trends or the mean stress determined from the two a.nalyses 
compare favorably. Both analyses or crushed salt backfill show a signi6ea.nt increase in 
mean stress once full compa.ction la reached • 

•• 0 CONCLUSIONS 

Based on the comparison of results from the SPECTR.OM .. 32 a.nd SANCHO t.na.l· 
yses of a disposal room baekfil!ed with crusl1ed salt e.nd crushed salt-bentonite, vold 
fra.etions in the bac.kflll material are ahown to decay eigni5eantl)' such that the backfill 
becoa!es an integral part o£ the se11.Hna system. The creep eonsolide.tion model prov!dea 
a method to estimate the long-term behavior or backfill materials ln a disposal room. 
The calculated de!orm:.tlons ~md &tresses from the two analyses agree reasonably well 
despite differences in methodology such u the consolidation model, Intact salt creep 
model, strain theory, a.n.d material properties. The volumetric behavior or the backfill 
is based on hydrostatic llboratoey tests, but the deviatoric response included is hr· 
pothetkal. Deviatorie testln& or crushed salt specimens Is presently underway. Da.ta 
obtained (rom these testa wlll be used to refine the devlatoric respon.ae Included ln the 
crushed salt constitutive model. 

DISCLAIMER 

This report was prepared as an account of work sponsored by an agency of the United Stat~s 
Government. Neither the United States Government nor any agency th.!reof, nor any of the1r 
employees. makes any warranty, express or implied, or assumes any legal liability or responsi­
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or 
process disclosed, or represents that its use would not infringe privately owned rights. Refer­
ence herein to any specific commercial product, process, or service by trade name, trademark, 
manufacturer, or otherwise does not necessarily constitute or imply it!> endorsement, recom­
mendation, or favoring by the United States Government or any agency thereof. The views 
and opinions of authors expressed herein do not necessarily state or reflect those of the 
United States Government or any agency thereof. 
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fisure 3-2. Averace Void Fraction for a 
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