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ABSTRACT ---

Numer|cal calculationl of disposal room conflgurattor_ at the W_te bolation Pilot

Plant (WIPP) near Carlsbad, N1VIare presented. Specifically, the behavior of either

crushed salt or t crushed salt-bentonite mixture, when used M a backfill material In
dLsposal roomsj ts modeled in conjunction wlth the creep behavior of the surrounding

Intact salt, The backfill con$olldatlon model developed at Sandia National Laboratories

was implemented into the SPECTROM.$2 _nite element program. Thb mode] [nclude_
nonlinear elastic as we!l as devlatorlc and volumetric creep components. Parameters
t'or the models were determined from laboratory tests with devlator|c and hydrostatic

loadlngs. The performance of the intact salt creep model prevlousl¥ Implemented into
SPECTROM-32 |s well documented.

Results from the $PECTROM-33 tna|yse_ were _uiapazed to i i|ml]ar Itudy con-

ducted by Sandia National Laboratories uslng the SANCHO finite element program.
The calculated deformations and stresses from the SPECTRO.'_-$2 and SANCHO

analyses agree reasonably weil despite d|fferences L'Iconst|tut|ve models and model-

lng methodology. These result| provide estimates of the b_k_ll ¢on$ol]datlon through

time, The trends |n the backfill consolidation can then be used to esthuate the perme-

ab'lllt¥ of the backtill and subsequent radionuclide transport.
/

1.0 INTRODUCTIOH

The U. S. Department of Energy le plannLng to dispose of transuranlc w_tes (TRU)

at the Waste Isolation Pilot Plant (WIPP) near Carlebad, New Mexico. The current
mlu|on of the WIPP b to pros'*de a research and development fu|llty to demonstrate

the safe management, storage, and dlsposa! of TRU wast_ generated by U. $, govern-

ment defense prouams. Sandia National Laboratorle8 k conducting procedure| and

technical activities to assess WIPP compliance wlth regulatory requirements, Perfor-
mance of seal, barrler_ and backfill materlaL_ k being studied as part of these activities.

A key candidate component o_ the room backfill system k crushed salt. Crushed salt
li an attractive backfill material because |t k readily available from the m_Lr_ oper-

ations_ lt is compatible with the host iockD and lt li expected to recor_olldate Lnto i

low permeability ma._ comparable to the intact salt as a result of the creep closure of
the lurrounding rock mass. Therefore, an understanding of the mechanical behavior
of backfill h Important at the WIPP. O;_tlm|zat|on of tht ba&_ll emplacement ii ne¢-

_sary to promote room ,tablllty, to enable suf_clent backfill consolidation to reduce

br|ns #low and retard the transport of so|u_]e radionuclides, and to malnta_ sui_cient

|as permeability to avoid gas pressur|zat|on [I]. UNLIIV_TEDDOCUMENTrB
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",. The study presented herein was conducted to investigate the consolidation of crushed
•_° salt a_d a crushed salt-bentonite rn_xtureIn disposal room conflgurations at the WIPP.

Numerical s|mulat|ons of the backfill aud creep|ng host rock system to 200 years were

performed. The _nRe element I_:ogram, SPECTROM-32 [2], wu modi_ed [3]to tncor-
po,_te s crushed salt consolidstlon model [4], The model selected for |mplementatlon
combines nonl|near elastlc behavlor and volumetr|c creep consolidation. The creep con-
$olldation model was modified to Include a devlatorlc component. Results from _hese
analysesarecompLredtoresultsfromslmilaranalys_sobtainedwiththefinlteelement

programSANCIIO [SI.A notabledlfrerencebetweenthetwocodesfsthattheSAN-

CHO f_nlteelementprogramIsbasedon l_nltestralntheoryandtheSPECTROM-32

finiteelementprogramisbasedonInflnltes_malorsmallstraintheory.

2.0 PROBLEM DESCRIPTION

2.1 Pr.o.blen,Parsmeters

The basic problem parameters consist of the room and p|llar geometry, depth of the
room, mesh refinement of the modeled reg[on, temperature, and boundary conditions
(see Figure 2-1). Except for s varlatlon in the mesh refinement, the basle problem
l)arametersintlt_SPECTROM.$2 analysesareIdentlca]totheSANCHO Lualyses.
The total straln rates in the crushed sal_ and the intact salt were assumed to be the
sum of eluttc and |nel_tic components as discussed in the next sections. The inltial

stateofstressintheSPECTROM-32 analyseswas establlshedbyexcavatingtheroom

kstantaneouelyIntoan |nltiallyllthostatlcetressi_eld.Subsequently,theroom was

assumedtobecompletelybackl_lledwlthelthercrushedsaltorcrushedsalt-bentonlt_.

2.2 B_ckfillConsol;dotlonIVIodel

Developmentof the creeI_consolidationconstltutlve equatiox_usedin SPl_CTROM-
32 was guided by general considerationswlth el)ec|_c functlonal form_ taken from
empirical relations m_tched to available laboratory dat_. From the application of
thermodyna_mlc concepts, the three-dlmenslonal generalization for creep strain rates Is

_Ivenby [6].Fo!lowlngthk approach,twocontinuumInternalva:|ableswereassumed,

_heaverageLnelaet|cvolumetric_traln,_,_,'_and the averseectu|valentInelasticshear

strain, d_s'
|

For the volumetric port[on of Equatlon 2-1, the |n_r[ant strain-rate meuure b
*|

ThesignconvenUonadopted_sumuesthattensilestressesandelongatlonCdllatlon)are

positive.The volumetricstrainrated_k describedemplrlcally[4]basedonlaboratory
testdataon hydrostaticconsolidatlonofcrushedsaltas
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" • where
o"

ev = e_k,total volumetric strain

= eZa,volumetric creep strain

o., = mca stress
Po - lnltlal denslty

B0, BI, A = m_tcri_l constants.

The invariant stress measur _ is given by

For the deviatorlc portion of Equation 2-1, the Invariantstrain-rate measure Is taken
to be

and the invarlant stress ts assumed to bi a scalar multiple of the octahedral shear stress

where J2 is the second invariant of the stress deviator (Js - _$_;i)' Substltut[ng into
Equation 2-1 and performlng the requlred di_erentiatlon gives

^ .. 35.

is selected such tl_at in a uniaxIal test the lateral components of d_ equal zero.
Th_s requlres that _ m -|. After substltuting for P. in Equation 2-7, the straln rate
components are givenby

_t = Po O.

Ol_vlously, thls creep consolldatlon equation will allow unlimited consolidation,
Therefore, a cap k introduced that eliminates further comolidatlon when the intact
mater_al dens|ty p,. lo reached. As an optlon, the crushed salt material may behave
either as a nonlinear elastic materia_ or creeping Intact salt following complete consol-
|dation.

_2.3 |,_act Sa!t Const;tU.t;ve Model

A recent|y proposed WIPP reference constitutive relation for intact salt creep [7]
and the previous WIPP reference law [8] were used in t}_e r.a|c.latlnn., The WIPP
reference ela._t;¢-se_ot_d_y _;scep r_ocle][01__l<,_K w_th _ b[_-t_t,_ fl_w _t_,_t;a|,
represented the mechanical behavior of the intact salt in the SANCHO analy_es. The
SPECTROM-32 anAlyseSused the Munson-Daw_on constitutive relation [7] for inttct
salt creep along with a Tr_ca flow potential. Thb com_|natlon wM recommended [7]
because of favorable comparisons with WIPP field tests in a previous study [O].
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; 2.4 Etast;cModel
,

: The elastic modeb used in the SPECTROM.32 and SANCHO analyses were iden.
tical. The crushed salt was described using a nonlinear elastic model [3, 4] and the
intact salt was assumed to be linear elastic. However, corresponding elastic material
constants for crushed salt and Intact salt used in the SANCHO analyses were reduced

by a factor of 12,S [5]. Th_s reductlon in elastic properties stems from a recommenda-
tion [I0] that is based on the usage of the early version of the reference constltutive
relation for salt creep IT]that produced good agreement between calculated and mea-
sured deformations of WIPP reid experiments° Since test d_ta do not exist for crushed
salt-bentonlte mixtures, its elastic propertles were assumed to be identical to those of
crushed salt. Specific values for the elastic constants may be found in references 3, 4,
and 11.

3.0 RESULTS

Results from the SPECTROI_I-_t2analyses of the disposal room backfil]ed wkb el-
ther crushed salt or crushed salt-bentonlte are compared to previously reported results
using the SANCHO finite element program [5], Results from the SANCHO analyses
were plotted by dlgitlzlns the graphical results.

3.1 R99,mC!o_s_uret

Figure 3-1 compares the SPECTROM-32 and SANCHO vertical and hori¢ontal
closures along the room periphery corresponding to the roof/floor centerlh_e and the
rib mldhelght, respectively. During the Initial 15 years, the closures predicted by
SPECTROM-32 are greater and, thereafter, are less than the closure8 predicted by
SANCHO. The closur,_,curves from both analyses for crushed salt backfill arenearly flat
after the density of the crushed salt reaches the density of the Intact salt. Thls behav-
ior Is not exhibited for the crushed salt-bentonite analyses since full compactlon l_ not
reached. Generally, agreement In the calculated deformations from the SPECTROM-32

and SANCHO analyses Is within 10 percent (except when the crushed salt becomes fully
consolidated) desplte distinct differences in the constitutive relatlonsmmesh refinement,
material constants_ and theoretical b_ls (finite versus small etraln).

$.2 A vzrsTeVo!d Fract|one

Figure 3-2 provides the time history of the average void fraction remalnlng in the

backfill. The averagedvoid frectlon [5] is essentially .ame_..ure,of poros.!t_ i.nthe. back- _
flI. The trend and magnitude of the average vold fractlons from, both codes in the
two analyses agree closely durlng the |n[tlal 8 years. There_ter, the rate of consol.
|datlon Is considerably slower In both SANCHO analyses. The crushed salt backfill
consolidates completely in 25 years I_ the SPECTROM-32 analyses; whereas, the eor.
respond|ng consolidation takes 65 years in the SANCHO analyses. Full consolldation
of the crushed salt-_entonlte backfill Is not reached in elther the SPECTROM-32 or

SANCHO analyses. The average void fraction remalnlng in the crushed salt-bentonite
backfill after 200 years of slmulat_on Is 8.0 and 7,5 percent for SPECTROM-32 and
SANCHO analyse_, respectively.
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,. :" 3.3 Mep, ,nStresses,.

• Comp_rlson of mean stress (pre_sure) ia of inter_._ts_nc,a mean stress is the driving
force in the b_ckfill consolidation process, Figure 8-3 shows the mean stress history cor-
responding to the center of the disposal room. Dur_g the Luitial 5 years, pressure rise
in the crushed salt _a T_e_];_b],_ throtlchotjt the disposal room, Over the next 50 to 75
yearsDthe magnitude of the mean stress increases more rap|dly in the $PECTROM-32
a_alyses than the SANCHO analyses. This response Is indlcat|ve of the deformatlonal

behavior plotted In Figures 3-1 arzd3-2 which show that closure (conso]ldat|on) oc-
curs more rapidly in the SP]:CTROM.32 analyses, The cusps appearing la Figure
3-Soccur after full consolidation of the crushed salt, At this point, the consolidation
process ceases. Cusps do not appear in the crushed salt/bentonite curves because full
consolidation is not reached within the 200 year s|mulation period as shown by Figure
3-2, Mean stresses determined In the SPECTROM-S2 analyse! are 2 _o 4 tLmegreater
than the mean stresse_ determined In the SANCHO analyses durin$ the initial 80 years
and only 1 to 1,5 greater in the/_nal 100 years. Thk difference can be attrlbuted to
more than an order of magnltude difl'crencein the elastic constants used in the two
codes wlth the SPECTROM.32 constants being the greater of the two. Despite some
disparity in magnitude, the trend_ of the mean stress determined from the two analyses
compare favorably. Both analyses oi'cr_hed salt backl_ilshow a significant increase la
mean stress once full compactlon is reached.

4.0 CONCLUSSONS

Based on the comp_risor, of results from the SPECTROM.32 and SANCHO tmal.

yses of a disposal room backfilled with crushed salt and crushed salt-bentonite, void
fractions k the backfill material are shown to decay significantly such that the backfill
becomes an integral part of the sealLuKsystem. The creep conso]|datlon model provides
a method to estimate the long-V,erznbehav|or of backfill materials in a disposal room.
The calculated dei'orxz_atloz_'u_dstresses from the two analyses agree reasonably well
desplte differences in methodology such as the consolidation model, Intact salt creep
model, straln theory, and materlal propert|es, The volumetric behavior oi' the backfill

is based on hydrostatic I_boratory te_ts, but the deviatoric response included is ]_'-
pother]cal. Dev]atorlc testing of crushed salt specimens is presently underway. Data
obtained from these tests will be used to refine the deviatorlc response Included in the
crushed salt constitutive model,
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F|_ure a-II. Average Void Fraction fo_'a l_igure _-_. )v_teanStress (Pressure) at
Bacl_filledDisposal Room. the Cen_erof a ltackttlleclDisposal Room.






