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ABSTRACT 

A badc.fill placed betlfeen 4 r'IU!!:lear wast.@ canister and the 
ho•t 9•ology of a nuel•ar waste rept'•itory can irapede t.ht! 
111qration of vater through the waste packa9e and retard the 
•oveMnt of radionuclidt!l!l into the 9eologic formation. 
Hydraulic eonductivi tieR and !IWelling pressuri!:S are belnq 
deterirln~d as tunctione of the dens! ty of the compactt"!d 
backfill, te~erature, radiation doae, hydraulic hl!:ad and 
th~ che11ical contposition of the per11eating fluid. Bentonite 
claya and bentonite/sand mixtures have received initial 
emphasis • Sodium bentonite and calcium bentonite samples 
co~pacted to a dry density of 2.1 v~crn3 had hydraulic 
conductivities in the range of 10- to 10-13 cm/s. In 
addition, batch distribution r.atios (Rd) for Sr. Cs, Am, Np, 
I, U and Tc have bl!en 111eaaured for a null\ber ol! candida til! 
backfill m.aterials. Both initial penneability and sorption 
!lt\ldies havl!! used a synthetic basaltic ground water. 

IN"l'RODUCTJON 
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Concepts currently under inwstiqation for the disposal of high-l@vel nucle
ar wastee inelude d.eep emplaceJtent of the vaates in continental geologic forma
tions. Such a disposal method would incorporate a waste package placed within 
the g~~oloqic nedium. A backfill bart'il!!r, e~~tplaced het:W'een the containeri.zed 
waste and the host rock, can both protect. the other enqin~ered barrier!!! and act 
aA a prim.ary barrier to the release of radionuclides from the waste packaqe. A 
properly des1qnec1 backfill should 1) retard or ezclude th~ migration of ground 
water betw~en the hoet rock end the waste canistl!!r systell'lt 2) retard the migra
tion of selected chellical species (corrosive agents and radionuclidl!!s) in the 
qrOQnd vahrJ and 3) control the !h and pH of the 9round water wlthin the wast.l!!
pacJc:a9e envi.ron~Mnt 11 , 2, J] .. 

Candidate backfill Nteriais that have the above attributes have been 
SAlect.ed and are beinq evaluated as part of the DeveloplftElnt of BaeJc:fi 11 Materi
ala Program sponsored by the Office of Nuclear Waste Isolation under l.ts con
tract with the O.S. DeparttHnt of Enerqy 11}. Tests are beinq conducted to 
detau.ine the !oUowinq for pot&nt.ial backfill materials: J?t!t'Jieabilities, 
sorpt.ion capacities, C011lp!!11Ct.ion properties, thermal conductiviti~a. end long
tecrll stabili..tie• in therftWil and radiation environments. 1'his paper presents the 
initial result-A of OUt' investigation!' intn the: ability of candidate backfill 

• Work perforned for the u. s. Depart~nt of Ene:rqy under Contr~~oct DE-AC06-
76RLO 1830. 
u Operated for tbe U. S. Departllllt"!r\t of Enerqy by Battelle t1emorial Institute. 
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111.aterials to impede the mi gratlnn of water, and to slow or elilltlnatllt r.td.ionu
clide tno'lefl\ent in the event that water is able to enter the structural barriers 
and leach the wastes. 

R'F.TARDATION OP WATER MrGRATIOH 

The ability of the backfill to aln1o1 or atop water •ovellM!!nt i!l related to the 
permeability and swelling potential of the material. Obviously, the lower the 
permeabi li. ty the !Smalbr th .. Cl\lllOti ty of water that could potentially reach the 
structural barriers and eventually the wastes. Furthermore, t.he swellinq of a 
clay COP~Ponent within the backfill eay plug cracks in the '!last~ paek~CJe and 
eurrounding host rock. EJCperi~:~onts are being conducted to determine the permea
b.llity and swelling pr•sauret!l of 11evenl backfill 11.at.erial11. 

Perr!leabilities, or 1110r~ a.ppropriately, hydraulic conductivitiel!ll, are bein9 
calculated by Ul!ling Darcy•s law for flow throuqh porous media 14). In thia 
tunpirtcal relation, the volulftetric fln1ot rate is proportional to the hydr-aulie 
~radient across the medium: 

Q .. -JtAh (t) 

where 
Q • the volumetric f'low rate~ 
A .. the cros111-section area of thlli! sampler 
h :: the hydraullC gradient acros11 the •a~~pler 
K = a constant called the hy~raulic conductivity. 

This hydrt~ulic conductivity is dependent on the properties of both the porous 
medium and the permeating fluid. It can be related to the specific permeabil
ity, k, which is dependent only on the properties of the porous mediulll, by the 
equation 

where 
p and )J .. the dEin&ity and vJ zcosity of the permeating fluid; 
q :: the acceleration due to -:ravity. 

(2) 

Hydraulic conductivities for varioua candidate backfill• are determined usinq 
the apparatus shown in Fiqure 1 a The permeatinq fluid is pumped by a hiqh
pressure pourap into the permeabi l1 ty cell. The fluid h dis periled on the face of 
the hl!lckfill by a poroua metal disk. After flowing throuqh the bac;kfUl and out 
of thll! permeability cell, the fluid is collected in a preweiqhed vessela The 
volumetric flow rate i• detennined by weighinq the effluent as a function cf 
tiiM!. The hydraul1.c head is ~Atmred.with a pres9ure transducer juat ahead of 
tha p!!rmeabi li ty cell. The outlet pressure ia aaau111$d to be at~spheric. [n 

the initial tests, the powdered backfill aa.mple vu place<l in the permeabilit1 

::~! ~:~d~~~=~e~i !~ !:~~:: i ~:~P:~~:~ ti~ a A~a::~e~"!:;:! t~:;·~~~ 1~;~i~at~• 
densitY was measured before the test was started. It u, therefore, an 
unsaturated density with the samples containing 5 to 7\ water. Eventually, 
hydraulic conductivities wil.l be determined at !leveral co!ftPS.ction densities. 

Sodl.UI!'I and ce~lcium bentonites and eodium bentonite/quartz sand mixtures have 
been tested. A synthetic basaltic ground water wi.th a corapoaition similar to 
9'round '-'ilters found in thll Grande Ronde foriMtion berteath the Hanford site hae 
be~n used aB the permeatin9 fluid (5]. Table I sh.ows the r••ults of these 
testa. Sodium bentonite. wit.h .e hydraulic con.duetivity of lea11 than 10- 12 crrt/s. 

.lJi 

Fig. 1. Schelllatic of p!!rmeabil!ty cell 

was the lea~t permeable of the n~aterials tested. Aa quartz sand was added, the 
permeability of the .•ixture incr~'~ed. A SO wt\ clay/50 wt\: sand •~xture had a 
hydra\llie conductivt.ty of S x 10 cmj,, and a 25' clayj15' sand au.xture had a 
hydraulic conductivity of 1 x lO-lO cmjs. Cal~ium bentonitf'! wu mor~ 1 ~rmeable 
than sodium bentonite; ita hydraulic conductiv.lty was abotJt 1.5 x \0 cm/s. 
OVer tha ranql!! of hydraulic heads applhd, the hydraulic conductivity was con
stant for ••ch IIIAt.erial. 

Our measured hydraulic cond1lCtivitiaa should overestimate the ground water 
flow tor the St:Uill gradients expected within a repository. Because of the lo"' 
permeabilitles of the nwtterials beinq tested, large hydrauhc heads mu~t be 
o\pplied to obtain t~eaninqful. results within reasonable lenqths of time. It ha5 
been reported that peraeabilities of swellinq clays, such as bentonite, 1.ncrease 
as the hydraulic qradient is il'lereased and that sol'lle devi.l!.tions fr01n Darcy's la..., 
are ob~Jerved at very low hydraulic qradients [6, 1 ,8) a The net effect is that 
flow rates in. a repository would be •lower than predicted by extrapolating our 
fUrperimental. rea\llU to smaller hydraulic heads. 

The dedqn life of the backfill can be conveniently divided into twc periods • 
Th• first pariod, prior to saturation of the backfill, 1R one of com~lete water 
exclusion. During the seeond period, after saturation of the back!Lll, IIIOY'e:ment 
of vater throuqh the backfill will be controlled by the hydraulic prope:rtiee of 
the backfill Mteriala and by the reqional hydraulic qr;adient. 

The length of the first p~riod--t.he time required for ~ater to r$a~h the 
containe-rized waste--will depend upon how rapidly water can Jliqrate throuqh the 
hoat. rock to the backfill and the time required for water to soak throuqh the 
unsaturated backfill material. The ti'"e required for water to ai9rat.e to the 
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TABLE I 
l>erl\eability tii"!Bt!l llUmtnArY 

Hydraulic svellinq 
Dens! ty Head Hydraulic Ti~ne Conducti vt ty Pressure 

Backfill Mllter:ial (g/clll3 l (MPa) Gradient {h) (cRt/a) {HPa) 

Na B~ntonl. te 2.05 15.!:» ~::~ : ;~: 269 
6.9 46 6.7-:-,o-13 20.7 2.o9 x 105 316 

2.13 !4.6 1 .56 X 10
5 766 S,G X 10-ll 58 

20.4 2.14 lC 105 
504 5,$ X 10-ll 57 

7.1 7.46 X 105 846 4,6 X 10-Jl 58 

Ca Bentonite 2,09 20.7 2o1 J X 105 ass l,J X 10-ll 

2.11 15,4 1 o59 X 105 617 ',&X 10-12 31 
20.7 J,J 6 X 105 506 , .s lC 10- 12 31 
7.0 7.22 X 104 837 1 ,) X 10-12 

SO\ Na Bentonite 2.12 15.5 1-62 X 105 192 4.6 X 10-U 
50\ sand {80-120 6.9 1.1a x to: 46 3.3 x to-12 

mesh) 20.7 2o15 X 10 1011 4,0 X 10-12 

2.09 16.7 lo 73 X 105 618 6,4 X ,o-12 21 
20.7 2.1) X t05 

504 5,4 X 10-12 21 
7.1 7,31 X 1 o4 484 4,5 X 10-12 

25\ Na Bentonite 2. t 0 3.4 1,19 X 104 1222 6,6 X 10-10 

7S\ sand {80-120 

meah) 

50\ Volclay saline 2.22 15.2 1.66x105 
169 4.1 X 10- 12 

~utal 6.9 ~:~! : ~~= 72 
Sot sand (80-120 1.4 67 3.5 X 10-12 

lhf!Sh) 6.9 7.55 X 10
5 

72 3.1 X 
, 0 -12 

20.7 2.27 X 10
5 

97 '·' X 10-12 

1 s.s 1 .70 x fO 334 2.9 X , 0-12 

badcfill will depend upon the site qeology and upon thermal and t'lydrauli.c 
gradients around the vasts paekage. The time required to saturate the backfill 
is a co11plex function of clay prop9rties, p.artieularlY tor highly COII\pacted 
montlllOYillonites (bentonitea), 111nd will require careful experimental evaldation. 

"nLe lilecond period relates to the tillltl required tor a significant voluce ot 
water to reach the canister system, equilibrate with the aystem., and then con
tinue to miqrnte down the hydr~t.ulie gradient. If a canister-o'1erpack 111 assumed 
to be 1 111 OD k J II\ high, then the Volume of sueh a cylinder is 2 .. 36 • 3 , and the 
external surface area ia 11 m2 • It is aasuaed that ground water aPproachtU!I the 
cylinder through SO' of the surface area and recedes fro• the cylinder throuq-h 
the refl1ain1nq 50\ of the surface area. If a conservative l'eqional hydraulic 

~r=d~~~~ 1 Q!m~;O .~: =~:~::d l~~q~~;., ·=~~:~s:~:a:!;~ t~!~:~u!~:e c~;:::!!;t :!r o~e 
first "equivalent volume" of qround water to contact the cylinder illft.er ground 
wat.A,r finally reaches the cylindt'!r in this simple •odel 1s 1 x 105 years. This 
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equivalent volume, equal to the Volume of thf! cylinder, is rel,tivelY S11dl and 
probably would not result. in si-qnit'icant waste packa9• degradation• 

swelling presaurea are •aaaute!ld simultaneously With the hydraulic conc!uctivi
tiel!l• The load cell in the peraeabiUty apparatus l!lhown in f'iqure 1 is used t.o 
follOW' the preseure buildup aa the clay saturates. The actual awelU.nq pres
sures reported in Table I were detertllined by turninq off the pW1:p8 and reducing 
the hydraulic head to zero bll-fore readin.9 the awelling preseure. The tMqni tude 
of the hydraulic head to which the clay waa expoaed prior to th• 11easu.rement 
apparently had nn eflect on the observed swelling pressure. 'nle s""ellinq pr-es
aur~ retuinlld eonRtant durinq l month• of teating. Sodium bontonite f!xhibited 

~~r!:~:~!l;~~~;~c:i~·:~e;we~~::q a p:::~~=d a;:!:~-::!~~=~~ =~~~! ~~a~f 
reported earlier by Pusch {9), 

RETARDATION OF RADlONUCLIOE MIGRATION 

The !lecond •oet. il!lportant attribute for a backfill material is its ability 
to retard the l!ligration rate of Belect:.ed chemical species ( 1]. In this role, 
the backfill slows or eliminate• r•dionuclide releaae from the waate pad:.aqe 
when or it the structural barrier sy•tem faill and water is able to leach 
radionuclidea from the vast.e material. The retardation ability of the backfill 
may •lao slow the inward moveMent of chemical species that produce corrosion of 
the structural barr1erer however, the importance of this remains to be evaluated 
and vi.U depend upon both the host geoloqy and the naterials selected for the 
eanisb!!r and overpack. 

Radionuelide retardation can occur by severftl processes such a~ ion f!!XC"hanqe, 
chel!lisorption, precipitation and redox reactions ( 1 0]. For our lftateriah
l!lcreening needs, t.h.e laboratory bateh retardation JrW~Jthodology provided a rapid 
a~d cost-effective tnethod of cortparinq a Yide variety of potential backfill 
mat.eri.alo for their &elective retardation of specific n.d1onuclide!l• Batch 
sorption experiments involve contacting a sample of water that contains the 
radionuelide under investigation with a !l"'a.ll Wl'!ighed sample of solid 
material. After steady state is reached, a "distribution ratio,'' Rd' is 
determined: 

wherl!! 

C8 z ::;CJ c:~c:::~~=~~on of radionuelide sorbed in or on the solid t=~hne 

c 1• t.~:~~:9c:;t~:~~~~o~; • radionuelide remaining in the Hqui.d phase 

{3) 

The diatribution ratio (A.dl generated by these batch sorption u:periments is 
a aneasure of the overall ability of the solid ph&se to remove the ndionuclid~ 
from solution. The data are reported as diatribution ratioa (Rd) rather than 
distribution coeffichnta (Xd 'sl because more than one ntechlllnisln may be involved 
and the reversibility of the mechanis11s hag not been demonstrated. 

Batch sorption experimente are usually related to the tw!lhavior of dynamic 
ayeti!JIW by 'the rabt.ionship [11) 

1<1 
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wher-e 

~ : :;:~; ::;u!:n:~;~n~q;:;i~, velocity to nuclide velocity ldi~~~ensionless)r 
t • void fraction or poros1 ty (d!mensionlesah 

led • distribution co@ffic.ient ((:m /g). 

This relationship h based upon the asau•ption of reversibility of s.orption 
and, thu&, llllY' not b8 eo~t~pletely applicable in these tesb. For this reaaon, a 

series of dynamic (column) P.Xperiments, dl!siqned to directly measure the 
retardation of nuclides, v111 be carried out in conjunction with the 
perl'leabill ty Masurement described earlier. 

Batch distribution ratio~ (Rd) have been de~rmined !or several oomJtercU.lly 
ava1.la.ble lla.teria.ll beinCJ evaluated as backfill co•ponents. Radionuclides used 
are those that have been identified as posin9 the qreatt!et potential hazard to 
111an durinq long-terlft etoraqe of nuclear waste {10, 11). Sat~~phu; of each material 
we ret contacted with a synthetic basalt qround water doped wl th tracer quanti tie II 
of a single radionuclide (5}. The initial pH of the ground wat•r wae 9.95, and 
the contact tb1es were 14 and 28 days. No atteJIPt has been made to deterlline 
the reversibility of the reaction& fl.easured. The results are Bhown in Table II~ 

TABLE II 
Repreaentauve batch distr-ibution (Rd) r~Jtios for backfill candidates 

Material 

Coconut 979 
CharcOal 

IJ"on 320 
(peNder) 

13-X, powder 
(faujacite) 

4A, powder 
(Type AI 

Calcium 
Bentonite 

Sod.1um 
Bentonite 

Ml-400 
(erionite) 

A.W-SOO 
( chabazi t.e) 

Zeolon-900 
(tlordenitel 

6.eE4 

2.0E4 

865 

6.8E3 

2.3£4 

2.3E3 

1 .. 5E4 

1.8E3 

1 ~OE3 

1. 1ES 

1.0!:3 

6.7!:4 

7,81:4 

8 .. 3£4 

Distribution Ratio R final 
pH 

1.2E$ 583 9~3.£3 290 t.SE4 8.9 

1. 2!!:S 710 2.4 9.2EJ 2.lE4 8.7 

_,J 18 1.2 194 o.e 9.4 

, 0.4 o.e 10.1 

9.1£3 78 0.9 8.2 

1.4E3 29 t.4E-l 8 8.6 

92 1l o.8 1.2 s.s 

1 .3E3 18 1.5 11 o.• 8.4 

24 12 1.B 35 1.6 8.6 

JH 

The results ahow that Sr, Ca and All are ~troniiJlY sor-bed by clay• and son~e ZfH')

lites' that Am, Mp, I and 'l'c ar• strongly sorbed by charcoal' and that A/ft, Np, 
tl, and Tc interact' •tronqly "'ith iron metal. The ter11. aorbed is used herein to 
include all processea which adsorb or saqueater the radionuclide into or onto 
the •olid phale. Results to date auqgeat that nuclidea such a& Sr, Cs, and "" 
are adsorbed by aateriale with lo'lrqe cation-e:.rchanqe capacities -.ri.a ion
exchanqe processes. "nle stronq interaetiona of Np, u, and Tc vi tt\ ir-on powder 
8U99ests that the ••tallic iron i!l. r-educ:inq these multivalence elements to 
highly insoluble forma and that precipitation •ay be the doftlinate ~nech~Jiislll fClr 
re..ovlnq thell fro11 aolut1on (12]. Theao result.s t1u9qest that, it analyst.s of 
backfill performanc@ indicates that hiqher retardation tactors are requir~d. 
then addi tl.Ve!l are avai lllb~e that will sorb radionuclides of inurest~ 

SUMMARY 

A properly desi(]nf!d backfill can function as more than a simple filler i.n 
the volume betwell!n contatnerbed waste and the host Mterial of a qeoloqic 
repository. M.ateriall!l can be selected that. will slow the now of t~ater thr-Ol.lgh 
the backfill and that vill retard tha migration of radionuclide& from the 'faste. 
Experisaents have bften initiAted to mea&ure the pertr~eabilities of candidate back~ 
fill •atariab and particularly bentonite clays. Other tests hav• dtttermined 
the ability of several uterials to $Ot'b radionuclida.!l of i~~portance in the: 
lonq-terlll perforaance of the vaate package. The results to date indicate that ll 

backfill can serve ag an effective bar.rier to the release ot radionuclides fro• 
a functioning "'aate package. Potential backfill 111aterhl8 vill continul"! to bl! 
tested for pertll!abilitiell and sorption eapabilitil!!ll and will also be evaluated 
in teru ot i~~tKJrtant pa.ra~~;etera such as therJM.l cot1ducti vi ty and long-term 
stability in thermAl and radiation fields. 
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PNL-SANDII\ HLW PACUGE lN'l'ERACTIONS 'l'BST 1 PHASI ONE 

MARTIN A.. MoLECKE 
Sandia National Laboratories, Division 4512, Albuquerque, NM 87185 

DONALD J. BRA.nLE'Y AND JOHN W. SHAI>E 
Battelle Pacific Northwest. t.boratory, Richland, WA 99352 

Tha firat phase of a COlllple.x high-level waate (HLW) 
packaiJe interaction• tart in a .. lt. environment has been 
completad. The teat •Yatem conaiated ot fNL 76-68 HLw 
qlau (loaded with 1naeuve fission products and 238u) 
•urrounded by a stainlea• rteel wute caniate:r, a TiCode-
12 overpack, a bentonite/•and. b&ckf.ill, cxee•• brine 
leachant, and a bedded roek aalt container, all held 
within a 19-Uter autoclave• All c:oaponenh were phyai
c:.ally ccmpromiaed in ord•r to force waatefonn-barrier-eal t 
interact!ona to occur durinq thia 95-c!ay, :zso•c overtcn:t. 
Analyoea of leaehant, wa,teform, and all barrie-r surfa<:es 
were pe.rfo~d. rest data include.d the synergistic 
eftecte between barriers and confiraed previous .anitlysea 
of eimpler ayatema. The gla .. wastetorm exhibited some 
surface altei&tion but Ya.& not dissolved to any eiqnlfi
cant deqree. 1'h& •UCode-12 overpack showed cn!niraal. uni
fom corrosion and no localize4 att.,ck. Oh•erv•d ..U.ne"l'al
oqtcal alterat.ion of t.he backfill waa flinimal. 

tNTMOUCTlON 
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'1'he National Wa.ate Tel11ti.nal Storaqe (NWTS) program hu naearch efforts 
undarvay to aalect appropriate wa1tefo~ and enqineered barrier 11ateriala for 
nuc:l•ac- w..ate pack&gea for qeoloqic diapoul. '"1'heae ettorta include selection 
of pac:ka9e compcnent11 to perform apeci:fic tunctions, testinq of thair interac
tion• under expected repoaitory environllenta, and overteat& thereof. 

Waate packaqe deV&lQpDS.nt pr~rama have narrowed the list of candidate 
materials for input to conceptual waste package deeiqn ~!forts. It h :lapor
t.ant to detemine &s earl)' ae po .. ible in the develop.-ent and dediiJl\ effort 
whether aigniticanl negative interactiona can occur between candidate waste 
packaqe components. This can be evaluated by allowinq or forcing components 
to interact with eaeh other throuqh. solution contact and under accelerated 
test condition• and notln9 any aiqnifieant alteration and/or tleC)radation of 
component properties. 

This paper n~ports the reaulta of the first tiL>/ package interactions te•t 
that combined ell components ot a concept~:~al KLW p<:t,ck.ag• dea1qn under the 
appropriate teet environment of a repository in •.alt. 

The objectives of this complex t.elt wel'e to: 
lo ACqUire a lar9e body of empirical data on IILW p.a.ckaqe interact:iona in an 

ec!;'elerat•d time fr.&m~~ under conditions of non-credibly severe failure of 
b.ckflll, overpack, and ca.nl•ta.r barriers. 1 It: must be eraphaeized that 
this te•t. wae an intentiona.lly severe overteat, conducted for the purpose 
of ma.x1mizinq lnteractione, not for the put"pose of represantlnq expected 
repodtory conditiona.) 


