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LEACHABILITY AND FORMATION OF SURFACE LAYERS

Leachability is one of the most important properties of solidified nuclear
waste forms because it provides information on the performance and the subse-
quent safety and reliability that the waste products will possess. One of the
most important experimental findings in the leachability field has been the
discovery and subsequent detailed characterization of protective surface lay-
ers that form on waste glass during leaching. These layers can have a benefi-
cial effect on product performance while in storage by improving product dura-
bility with time. As a result of surface layer formation and the effects on
subsequent product leaching characteristics, new qualitative and quantitative
leaching models have recently been proposed.l

The leaching of the waste glass can be described as a 3-stage corrosion
process with the third stage involving formation of a protective surface
layer.! This layer is formed primarily from the nonradioactive components
of the waste. As these species are leached from the glass, they form insolu-
ble compounds at the gel layer which then form the precipitated surface layer.
For Savannah River composition 131/TDS waste glass (Table 1), the layer is
generally enriched in waste constituents such as Fe and Mn and depleted in
major frit components such as Si and Na2 (Table 1). The surface layers as
shown in Figure 1 adhere relatively well to the glass underneath and are usu-
ally several microns thick, The surface layer thickness decreases and appears
more adherent to the glass as the waste content of the glass increases. The
thinner surface layers of higher waste-loaded glasses correlate with improved

product durability or lower leach rates3 (Figure 1).

REPOSITORY SYSTEM TESTS

After burial in a repository, a new environment is introduced to the prod-
uct, and the waste form becomes only one element of a multibarrier isolation
system. This composite system includes the waste glass form as nucleus sur-

rounded by a casting canister (304L SS), a potential over-pack (possibly a



titanium-based alloy), potential backfill material (clay), and finally the
host repository rock. While there have been experimental studies directed at
sorption of radionuclides of interest with the various rock candidates, there
have been very few systematic waste form/system interaction experiments per-—
formed thus far. As a result, a series of scouting tests were performed to
evaluate the separate and synergistic effects that elements of the multibar-
rier isolation system may have on waste glass durability. These data will be
used in conjunction with other studies to define future system tests which can
best simulate the most important conditions of the repository and for more
detailed analyses. The Repository Systems Program at Savannah River consists
of the following elements: (a) static repository tests, (b) slow flow ground-
water tests, (c) dynamic leaching experiments, (d) long term leaching tests,
and (e) in situ experiments. The scouting tests performed in the static
repository program will be summarized and a new dynamic leaching concept will

be introduced.

STATIC REPOSITORY TESTS

Abbreviated MCC-1 static leaching tests were used in the static repository
program. The tests were conducted at 90°C for 7 days with deionized water as
well as repository groundwaters as leachants. The static repository program
consisted of three phases. Phase ! of the study evaluated the leachability of
SRP waste glass leached in the presence of salt, basalt, shale, granite, and
tuff at three different ratios of surface areas of sample to volume of
leachant (SA/V). These data were then compared to tests on similar glasses
leached in the absence of rock. The second phase of this program evaluated
the effects of five simulated groundwaters on the leachability of waste glass
both with and without host rock present and compared these results to glass
leached by deionized water. The groundwaters included many minor as well as
major constituents., The third and final phase of the program evaluated waste
glass leachability as a function of tests conducted in the presence of candi-
date canister and overpack metals, backfill mixtures, and five complete pack-
age systems. The sample matrices are given in Table 2 and the data are sum-

marized below:

Phase 1 - SA/V and Rock Series
The concentrations of six different elements of interest found in the de-

ionized water leachate after leaching the waste glass (with and without five



different rock types) are given in Table 3 as a function of three different

SA/V ratios. The corresponding "effective leachabilities" (i.e., leachability

based on species in solution and not including rock adsorbed species) were

then calculated. Following are conclusions drawn from these data:

e The leach rate decreases as SA/V increases for all samples based on mass
loss and extraction of nine different elements. This is a beneficial
effect for long term repository storage because of the relatively small
quantities of water that are anticipated.

e '"Effective leachability" generally decreases but only slightly for leaching
by deionized water in the presence of rocks (salt, basalt, shale, granite
and tuff).

e Leach rates can vary significantly for different elements.

e At a given SA/V ratio, leachability generally correlates well with final pH
of the solution. This suggests a non-destructive means for monitoring
leachability.

e Leaching in the presence of salt reduces leachability most appreciably,
especially at high SA/V ratios. The salt dissolves more readily than any
other rock and forms brine which is a less aggressive leachant than deion-
ized water.

e There is no significant difference in the leachability of waste glass when
leached in the presence of Carlsbad salt compared to Avery Island salt.

e Key elements found in surface layers such as Fe, Mn, and Mg show very low
leach rates for all systems and SA/V ratios studied. This indicates that
these elements are also retained in the leached surface layers in these
simulated, static repository tests. Therefore, glass leachability in

repositories would also be expected to improve with time.

Phase 2 - Groundwater Tests

Most of the leachability data that now exist are a result of short term
leaching tests using deionized water as the leachant. 1In a repository set-
ting, the most realistic potential leachants are the inherent groundwaters
found in the geology. The primary objective of phase 2 of this study was to
compare glass leached in the various groundwater compositions with glass
leached in deionized water. Furthermore, these data were then compared to
leachability results using a rock-equilibrated shale groundwater, "standard"
brine and basalt groundwaters used in MCC tests, and an actual shale ground-
water extracted from the SRP site. The silicon leachate concentrations are

given in Table 4. Following are conclusions from this study:



Glass leached in simulated groundwater generally results in a lower leach-
ability than glass leached in deionized water. (This observation is based
on silicon extraction after correcting for the initial silicon concentra-
tion in the leachant.) Hence, product performance involving groundwaters
in a repository should be better than the results from most laboratory
tests using deionized water as leachant.

For leaching of glass using simulated groundwaters in the presence of host
rock, the leachability is generally reduced further, although only slightly
in most cases.

The largest reductions in leachability were for brine solutions. The
largest source of experimental error was also for salt systems due to the
dissolving host rock.

The simulated shale groundwater was only slightly more aggressive than

the actual groundwater and the rock-equilibrated groundwater was the

most aggressive leachate used except for deionized water.

Leachabilities of glass using MCC groundwaters, which incorporate only
major elements of the groundwaters, are similar to more complete simulated
groundwater compositions., However, this comparison becomes less clear for
leaching in the presence of rocks, perhaps due to inherent variations in

rock compositions.

Phase 3 - Canister Metals, Backfills, and Complete System Tests

In phase 3 of the study, a salt repository was selected as an arbitrary

reference repository. Each of the potential elements of the multibarrier

isolation system was evaluated in the simulated salt environment, including

several canister or overpack metal candidates, three backfill mixtures, and

three additional "backfill" compositions. A reference "complete system" in-
P y

volving waste glass, a 3041 stainless steel primary canister metal, a Ticode 12

overpack metal, and a backfill mixture of sand, bentonite and charcoal was then

selected for further tests.

Each of these complete systems was then leached in

the presence of the five different rock geologies of salt, basalt, shale, gran-

ite, and tuff. As a result of recent studies performed by C. 0. Buckwalter at

Battelle Pacific Northwest Laboratory, a third metal candidate, lead, was also

evaluated in a long term leachability experiment.

These data are summarized in

Table 5, and following are conclusions from this study:

In system tests involving waste glass, canister material, overpack metal,
backfill, and five different rock types, the backfill constituent most

strongly influenced the release rate of species of interest.



e Backfill can be beneficial, marginal, or perhaps detrimental to the release
rate of species of interest depending on the choice of material.
® Waste glass release rates are significantly lowered in the presence of

lead.

DYNAMIC REPOSITORY TESTS

An important consideration for burial of waste glass forms in a repository-
environment is the potential effect of groundwater flowrates on glass durabil-
ity, 1In order to investigate this effect, a dynamic leaching test station has
recently been developed and placed into operation at Savannah River, The
station consists of a series of Teflon® (trademark of Du Pont) modular units
which can contain the various elements of the multibarrier isolation system.
All units are located in a large oven in which the atmosphere is controlled
and the temperature held constant to :2°C. A variety of potential leachants
including simulated groundwaters are being used in this system which can be
operated in a single pass or recirculating manner (Figure 2). Preliminary
analysis of this system shows that only small changes in leachability of waste
glass forms occurred even under very high flow rates. A more comprehensive

testing program 1S now in progress,
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Table 1. SIMULATED 131/TDS WASTE GLASS COMPOSITION

COMPONENT 131 FRIT (wt %) COMPONENT TDS WASTE (wt %)
Si0y 39.5 8104 1.2
Naj0 12.1 Nas0 0.9
By03 10.0 CsCl 1.0
Tiog 0.7 srcly 1.0
Liy0 3.9 Feophsg 4.1
Mg0 1.4 Mn0 5 4.1
Zr0g 0.3 Al,704 2.8
Lag03 0.3 NiO 1.7
Ca0 1.1
NaoSOy 0.2
COAIL 0.7
AW-500%* 3.0
* Linde AW-500 zeolite (calcium-aluminum-silicate).
TABLE 2. STATIC REPOSITORY TESTS SAMPLE MATRICES
ROCK TYPES
Ho0 Salt Basalt Granite Shale Tuff
Phase 1 - SA/V and Rock Tests
Blanks X X X X X X
SA/V = 0.5 em”! X X X X X X
0.1 em™! X X X X X X
0.03 cm™! X X X X X X
Phase 2 - CGroundwater (CW) Tests
Simulated GW X X X X X X
Simulated GW
(pH adi.) X X X X X X
Real GW X
Rock Fquil. GW X
MCC* Brine X
MCC* Silicate X
Phase 3 - System Tests
3041 SS X
Ticode 12 X
BF#1 (30% Sandia Bentonite,
20% Charcoal, 50% Sand) X
BF#2 (100% Sandia Bentonite) X
BF#3 (100% SRP Rentonite) X
I[F-95 (Primary Chabazite) X
Clinoptilolite (zeolite) X
A5] (synethic A-type
zeolite) X
Complete System (waste-,
glass, 304L SS
Ticode 12, BF#1) X X X X X

* MCC groundwaters defined by the Materials Characterization Center (MCC),



TABLE 3. PHASE 1 - LEACHATE CONCENTRATIONS (PPM)

GLASS + GLASS + GLASS + GLASS + GLASS +

ELFMENT SA/V GLASS¥* SALT** BASALT** GRANITE** SHALE** TUFF**
Si .5 cm1 57.34 20.78 45.93 56.50 42.46 45,08
.1 27.18 12.55 21.11 26.56 25.30 24.59
.03 11.68 10.82 8.55 11.30 11.76 10.03
Cs .5 2.17 1.50 b 1.69 .28 .38
.1 .87 .69 ND .51 ND ND
.03 ND .51 ND .21 ND ND
Sr .9 .02 .80 .02 .01 ND .03
.1 .05 ND .02 .05 ND .02
03 .20 ND 01 .18 04 N2
Fe .5 .08 .11 .06 .09 .15 .21
.1 ND .04 .24 ND ND ND
.03 ND ND .12 ND .01 .01
Mn .5 A3 .22 17 .11 .14 15
.1 .02 .11 .05 .02 .04 .03
.03 .02 .01 .0l ND .01 .01

* Concentrations measured in solution after leaching of glass alone in

deionized water.

** Concentrations represent corrected data obtained by leaching glass and

rock and then subtracting the results for leaching rock alone.

TABLE 4. PHASE 2 - Si LEACHATE CONCENTRATIONS (PPM)

NO ROCKS ROCKS
GLASS** AND
GLASS AND LEACHATE ROCK AND

LEACHANT LEACHATE LEACHATE  GLASS* AND ROCK LEACHATE  GLASS*
DI Hy0 22.5 <0.5 22.5 - (22.5)
SIM BASALT 25.7 5.8 19.9 23.79 8.7 15.1

GRANITE  16.9 1.98 14.9 15.05 3.3 11.8

SHALE 14.6 .31 14.3 18.45 2.8 15.7

TUFF 21.1 3.26 17.8 24.27 9.3 15.0

SALT 23.9 19.1 4.8 23.81 21.7 2.1
MCC SALT 27.1 22.0 5.1 30.58 24.6 6.0
MCC BASALT 39.4 28.2 11.2 37.34 30.7 6.7
REAL SHALF 11.2 1.61 9.6 14.56 2.8 11.8
ROCK EQUIL,

SHALF 24.29 2.8 21.5

*%

Glass concentrations represent leachate concentrations corrected for

initial S$i content of leachant and Si extracted from rocks.

In general,

Al were found

less than a total of 5 PPM each of Cs,
in solution after leaching.,

Fe, Mg, Mn and
Fxceptions were higher Mg

concentrations In test involving salt, basalt and shale and higher Sr

content

in the leachate for tests involving only shale.

These total

concentrations reflect elements from the initial groundwater leachant
and species extracted from both the glass as well as host rock.



TABLE 5. PHASE 3 - MEASURED CONCENTRATIONS IN PPM (UNCORR.)*

CANISTER FINAL

ROCK MATERIAL BACKFILL S1 Cs Sr pH

GILASS ALONE - - 27 .31 .969 .05 9.59

GLASS ALONE#** Pb - 0.64 007

SALT - - 15.15 .918 1.35 9.25

SALT 304L - 20,00 .822 .68 9.21
Ticode - 18.50 .756 .52 9.35

SALT - BF 1 39.5 .264 1.47 8.44
- RF 2 52.5 .094 3.33 8.43
- BF 3 24 .3 .390 2.76 8.24

SALT - 1E 95 36.6 043 4,17 7.43
- CLINO 53.2 .109 .95 6.55
- A-51 24.3 .361 .04 7.80

SALT 304L RF 1 30.00 .333 1.46 8.33
Ticode 12

A. I. SALT 304L RF 1 31.00 456 1.30 8.23
Ticode 12

BASALT 304L RF 1 62.3 037 18 9.22
Ticode 12

GRANITE 304L RF 1 72.7 .053 A7 9.31
Ticode 12

SHALFE 304L RF 1 112.0 045 40 9.23
Ticode 12

TUFF 3041 RF 1 86.N .069 .23 9.18
Ticode 12

* All tests conducted with 131/TDS-3A waste glass. Concentrations
represent total concentrations measured in solution, not corrected for
leaching from multibarrier elements such as backfill materials.

*% Modified MCC-1 test, 90°C 1 1-1/2 months, SA/V = 0.1 cm™l. All other
tests conducted under similar conditions except for 7 days in duration.
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FIGURE 1 Leached Glass Surface Layers
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