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ABSTRACT

This paper presents results from an experimental backfill
barrier development program. The swelling, plastic flow, and
relative impermeability of bentonite and hectorite were observed
and measured after wetting with concentrated brines. Measurements
of stable values of pH > 6.5 for the interstitial brines in wetted
bentonite and hectorite confirmed conditicns favorable for precip-
itation and sorption of transuranics. Values of Kg > 2000 ml/g were
measured for Pu and Am. Calculated estimates of the effectiveness
of a one-foot-thick backfill barrier are presented. They show that
the breakthrough of Pu and other transuranics (K4 = 2000 ml/g) can
be delayed for 10R
products (Kg = 200 ml/g) can be delayed for 103 to 10

years, suf-

ficient time for them to decay to very low concentrations. A back-

£111 barrier ean contribute significantly tc s radioactive waste
isolation system.

INTRODUCTION

Backf'ill material emplaced and maintained as a continuous layer
or blanket surrounding waste containers can be designed to be part
of an interacting multiple barrier concept for radiocactive waste
isolation. Barr and 0'Brien (1) proposed that radioactive waste
containers can be surrounded by radionuclide adsorbers or “"getters”

end that they could be emplaced as mixtures with backfilled solids,’ "
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to 109 years. The breakthrough ofhmost fission
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as powders, or as monolithic hole liners. Jacobson and Pusch (2)
gave their criteria for the properties of suitable "buffer substances'
which could be emplaced around waste containers as elements in a
Swedish (KBS) conceptual repository design. They suggested the use
of bentonite-sand mixtures for that purpose. Guiffre et al. (3)

also recognized the potential effectiveness cf a backfill as a phys- .
ical and sorptive barrier to radionuclide migration. B

1

Radiomuclide sorption and retention measurements on clays end
soils heve been underway for many years, and a’ ponderous body of
literature ha been generated. However, those data are not readily
generalizable to specific backfill barrier applications. Corpara-
tively little has been reported on measurements and calculations
specific to the conditions of deep geologic isolation (4,5,6,7,8).
It is to the latter area that this paper is directed. o

A scheratic representation of a backfill barrier is shown in
Fig. 1. Groundwater, including brine which may ove present in bedded
salt, is the vehicle for potential waste migration. Capacity for
sorption of waste species, low hydraulic permeability, adequate
therral conductivity, adequate plasticity to resist fracture, and
sufficient support strength for waste containers are emong the im-
portant properties which contribute to the effectiveness of a
backfill as a barrier to radicactive waste migration. The backfill
may also be designed to modify the groundwater chemically for de-
creased corrosion of the overpack and canister and decreased leaching
of the wasteform. A more detailed description of this system and
migration variables is given elsewhere (9).

A backfill harrier is best designed and analyzed as a part of ..
a specific radioactive waste isolation system. The maximum migra-
tion velocity of radioactive waste species ir a backfill barrier is
a measure of its effectiveness. The migration velocity is determined
by the sorption and mass transport properties of the backfill and
the groundwater. Interactions among the groundwater, wasteform,
canister, overpack, backfill and host geologic formation under the
thewral, radiation, and lithostatic pressure conditions in a
specific repository system can determine those pertinent sorption
and transvort properties.

SORPTION MEASUREMENTS

The capacity to sorb waste specles is a crucial property of
getters or sorbers for use in backfill barriers. Measurements of
the batch sorption of 152Bu hy clays, soils, and a zeolite have
been made. Fu dissolved in nearly saturated brines was used to
simulate transuranics for the proposed Waste Isolation Pilot Plant
(WIPP) near Carlsbad, New Mexico. Brine A is representative of
groundwater in contact with potash-containing layers above the

.
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Fig. 1. Schematic Diagram of emplaced backfill barrier
and hypothetical sequences of processes in its
function.

proposed waste horizon, and brine B represents groundwater in
contact with the halite of the proposed waste horizon itself., )
Nominal compositions of brines A and B are given in Table I.  ~

Sorption measurements were made by contacting brine contain-
ing 52E\1 and a solid sorbent in a continuously agitated vessel.
Values of pH were controlled by additions of aqueous HCl or NaOH.
Control samples of Eu-containing brine alone (sorbent-free) were
included for each set of experimental conditions to correct the
results for Eu losses not attributable to the sorbent. All sam-
ples, including the controls, were filtered through 0.8 um pore
size filter media before gamma-counting. Some of the getter mate-
rials were heated in air at 300°C for 6 hours and cooled prior to
the room temperature sorption measurements, This heat treatment
was dene to test for the effect of a dry thermal cycle on clay
properties.

Screening results are given in Teble IY as empirical distri-
bution coefficients, K. It was shown previously (10)that tre -
liquid phase precipitation of Fu-containing solids from brines A
and B is unlikely at pH < 5,5. At pH = 5.5, the values of Ky for
all of the materials were nearly the same except for montmorillo-
nite in brine B. At pH = 6.5, there was grester variability among
values of Ky, possibly because small chenges near pH = 6.5 caused
large changes in precipitation. Nevertheless, the values of
were consistently larger at pH = 6,5 than at pH = 5.5, and no large
decreases in Kg resulted from heating the getters at 3009C., These
results show that Kq values in the approximate range of 103 to 10
are achievable for all of the materials tested and that exposure
to a2 dry thermal cycle from high level waste would not adversely



Tabla I. Representative Brine Compositions

Major Constituents, Molarity
BrineA 1.8 0.8 1.4 0,02 5.4 0.0t 0.01 0.02
Brine B 5.0 <=« == 0.02 5.0 0.0 —-un oo

affect their sorption properties. - e
Although increased Kg with increased pH is consistent with

sorption by cation exchange, other evidence strongly contradicts
that mechanism. Table IIT presents such evidence for sorption at
pH = 5.5 in dilute and concentrated brines. There was little
change in Xg for montmorillonite and hectorite with a two-orders-
of-maznitude change in the competing ion concentration (virtually
all Na* for brine B). It was concluded thati the sorption mechan-
ism for montmorillouite and hectorite is more ccuplex than simple
ion exchange. Neretnieks (6) reported a similar conclusion for
natural zeolites. The same conclusion was reached for the soils
in these tests. However, the results for Zeolon are consistent

with 2 simple ion exchange wechanism at pH = 5.5.

SELECTION AND PRQPERTIES OF BENTOXITE AND HECTORITE

The smectite swelling clays (11) montmorillonite and hectorite
have physical properties which make them good candidates for back-
f£ill barrier components. When wetted, they swell and flow
plastically to fill and seal voids, they ere essentially imper-
meable, and they have adequate thermal conductivity and support
strength when mixed with sand (12). Swelling to nearly double
their initial volume and subsequent impermeability were verified
experimentally for brines A and B at atmospheric pressure. Measure-
ments of pH 2 ~ 6.5 for the interstitial brine confirmed conditions
favorable for precipitation and large values of Kj. Finally,
initial measurements ylelded ~0.5 W/mK for the thermal conductiv-
ities of dry clay-sand mixtures at atmospheric pressure.

Because of their favorable properties, commercially available
bentonite (containing montmorillonite) and hectorite mixed with
sand were chosen as basic backfill materials for further investi-
gation. These materials establish physical properties for the
backfill and a pH range for the Interstitlal brine or groundwater.
They also act as getters for transuranic nuclides. Some prelim-
inary betch sorption measurements with 10 wt% bentonite, 90 wt%
sand mixtures have ylelded Ky >2000 ml/g for Pu 1n brine B, Other




Table II. Batch Equilibration Results for 152E‘a3+ Sorbate at Room Temperature
-7
€, =~2x 107 M B’ (w0.1uci/m)

K ml/g
Brine A Brine B
pH=5.5 pH=6.5 pH=5.5 DPH=6.5
\_';EP_EQ_I-_ ..... ————— Heated  __... = ... lieated*
DLR(s01l)#* 200 1600 1800 270 14000 7300
Caliche 1ho 8000 9000 220 11000
Tuff 200 2500 200 1koo
Zeolon(Zeolite) 0 690 270 50 6000 1koc
Montmorillonite 100 850 1100 6700 1300 3500
(SWy-1)wex . .
Hectorite (SHCa)*** 5500 : ._7200
Keolin(DGa-1) 60 1100 200 1500

*Heated 6 hrs in =ir

at 300°C before sorption measurement at room temperature.

**Dewey Lake Redbecs, an outcropping in the Los Medanos area, Carlsbad, New Mexico.

+u3amples from Source

Clay Mineral Repository, University of Missouri, Columbia, MO

At



Tatle IIT. Sorption at Different Competing Ton Concertrations
pH = 5.5, Cg = ~2x1078 M Bl (~0.1 uCi/ml)

Ky» nl/g
1% Brine B in
100¢ Brine B Deionized Water
Montmorillonite 500 1000
Hectorite 3400 . 2600
Zeolon 12 25000

backfill components (13) may be required for getters of fission
products in the presence of concentrated brines. Potential get-
ters for pertechnetate, lodide, and iodate anions heve been
reported (1L4,15,16}.

BACKFILL BARRIER PiRFORMANCE ESTIMATES

Estimated breakthrough times for migrating waste species in
backfill barriers free of cracks or channels were calculated.
Breakthrough was defined as the appearance of a migrating species
at ~1% of its initial concentration. A fixed bed model with i
sorption by linear equilibrium ion exchange was used as a first

empirical approximation. Calculation techniques given by Vermeulen

et al. (17) and Hefferich (18) were used for migration by convec-
tive transport., Relationships from Crank (19) were used feor mi-
gration predominantly by diffusion. Details of these calculatiors
are given elsewhere (9).

Values for Kq, the effective i;orosity Ey;-ah'd the interstitial
groundwater velocity vg were chosen to bracket the appropriate

ranges. A value of K4 = ~2000 ml/g has been shown to be achievable ’

for P.. in concentrated brine, and it is realistic for other grourd-
waters (20). Kgq = 200 ml/g is attainable for Sr in brine (13)end
Cs in dilute equeous solutions { 20. Values of ¢ in the range of
0.01 to 0.1 are conservative estimates for clays {21). At in-
terstitial groundwater velocities less than 0.1 ft/year, migration
{s predominantly by molecular &iffusion and essentia)ly independ-
ent of interstitial velocity. An upper tound of 1000 ft/year in-
ciudes most of the interstitial velocities predicted or measured
for generic or specific repository sites (20,21).

Calculated estimates for breakthrough times are given in
Table IV. They are in the range of 10% to 105 years for Pu (kg =
2000 m1/g) and other transuranics. For Kq = 200 ml/g, break-
through times are in the range of 193 to 10h years, sufficient
time for most of the fiss!{on products in high-level waste to have
decayed to very low concentrations. The significant effects of
interstitial groundwater velocity, K4, and € are also illustrated.
These estimates show that backfill barriers are potentially
effective contributions to the isoclation of radiocactive wastes
in the presence of concentrated brines and other groundwaters.

Ry



Table IV. Times to Breakthrough for a One Foot Thick Backfill
Barrier Having a Bulk Density of 2 g/em3

K Interstitial Calculated Time to
€ q’ Groundwater Velocity Breakthrough,
ml/g ft/year years "
0.1 2000 - 0.1 ~10%
1.0 a0 e
10.0 2 x 103
100.0 4 x 102
1000.0 - L x 10l .
0.01 2000 0.1 ~1oE -
i - 1.0 ~10 - -
-10.0  ~---e-- 2x 104 -
100.0 4 x 103 :
1000.0 L x 10 -
0.1 200 0.1 ~103 -
1.0 ~102 -
10.0 2 x 102 -
100.0 4 x 10%
1000.0 4 x 10°
0.01 200 0.1 ~10%
1.0 - 103
10.0 2 x 103
100.0 L x 10° P
1000.0 4 x 10t '
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