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EXECUTIVE SUMMARY

Assumed dome collapse must be mitigatad if in place disposal af
radicactive waste in single-shell tanks is to be a viable, envirconmentally
scund disposal alternative. It has been proposed to fiil the domes above
the waste with crushed basalt to prevent dome collapse and the possible
release of ajected radionuclides. Dissolution of crushed basalt in the
tanks' interstitial Tiquid was foreseen as a possible dome filling problem,

resulting in a decrease of dome filling material and an increase of sludge-
1ike clays.

Background issues were evaluated. It was found that basalt would
1ikely settle slowly through the sTudge to the bottom of the tanks, but this
would present no problem. Based on the soTubility data, it was recommended
that the minimum size of the basalt fragments be 1.0 cm in diameter.

Maximum basalt solubilities fn high-level tank interstitial solutions
were estimated from basait weathering in a surface environment, basalt
weathering in -a natural watershed, and available thermodynamic data.
Maximum expectaed solubility was estimated to be restricted to a thin
wedthering rind around any basait fragment. Thus, no significant solubility

effect can be expected as a result of dome filling. A solubility study is
proposed. to confirm thess estimates.
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INTRODUCTION

Basalt is the major rock type available in the Pasco Basin for filling
high-Tevel waste tanks. Oome filling would Timit the affects of possibis
dcme collapse, the only credible tank-accident scenario that could result in
a significant dose to the public (Murthy et al., 1982). To mitigate the
sossible effects of dome collapse, it is proposed to fiil the 241-TY (TY)
tanks with rock. Since the tanks contain interstitial liquid, disselution
of the basalt filling material, over the 500 yr the disposal system must
endura, may posa a radionuclide release probiem. The purpose of this evalu-
ation {s to determine if weathering of basalt in the TY Tank Farm intarsti-
tial solution, in 500 yr at the maximum temperatures of 1709 to 180°C, is
likaly to compromise the integrity of the proposed ~in situ disposal system.
Rasearch is suggested td verify this evaluation.

BACKGROUND CONSIDERATIONS

BASALT PROPERTIES

Basalt is formed in a basic, geolegic environment. The chemical envi-
ronment of the TY Tank Farm is Tikewise basic (Delegard and Barney, 1982).
In contrast, granite, the other end-member of geologic rock types, is acidic
(Grout, 1959) and is formed in an acidic geologic envirconment. Thus, infui-
tively, one would expect hasalt to be more stable (less soluble) than
granite in a high-level wasts tank chemical environment. Furthermore,
basait is formed at temperatures and pressurss nearer to those of surfaca
temperature and opressure than deep-seatsd granites and can therefore be
expected to be more stable.

QOther considerations, however, may suggest that granite tends to be
more stable than basalt. Basalt and granita compositions dirfer chemicaliy
{(Grout, 1959). In addition, basalt has ccoled faster than granits. Basalt
is therefore a finer-grained rock than granite. Smail particles are mors
soluble than larger particles of the same composition (Routson, 1970). More
importantly, basalt has cooled so rapidly that a major portion {(up to half)
of basalt is composad of a metastable glass (Nubergall et al., 1968).
Glasses can be considered either as an amorphous salid, or as a supercooied,
viscous liquid (Nubergall et al., 1968). Glasses have no melting points and
thus are amorphous (thay also nave no x-ray diffraction patterns). Likes a
Tiquid, glass assumes the shape of the container it is enclosed in (albeit
very slowiy). Glass windews in old European buildings are thickar at the
bottom than at the top due to this viscous flow. The solubility of glass in
water may be expected to be relatively nigh.

Among thesa considerations, the environmental and chemical conditions
probably outweigh the others. Basic basalt is probably more stable than
acidic granfite in the TY Tank Farm's interstitial solution. Furthermore,
all other rock types are probably of intermediate acidic-basic character and
of intermediate stability (Grout, 1959).
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A1l igneous rock types are formed at higher temperatures and pressures
than thosa of the earth's surface. Thus, they presently exist in a differ-
ent environment than the one in which they were formed. In this new envi-
ronment, the minerals in the rock tend to convert spontanecusly to other,
more stable minerals. The minerals in the rock can convert to stable
minerals by their components dissolving into solution, or by solid phase
conversions. Both conversion types may occur in the chemical environment of
the TY Tank Farm. However, the solid phase conversion 1is generally so slow
that in a time frame of 500 yr, it would Tlikely be quantatively insignifi-
cant. Thus, only solution-reprecipitation conversions will be considered in
this analysis.

BASALT-SLUDGE INTERACTIONS

In the proposed in situ disposal system, basalt fragments would usually
be placed upon a sludge, which may be underlain by a salt cake.* In the five
tanks containing only sludge, the basalt may be expected to settle slowly to
the bottom of the tank. The sludge is essentially a stiff-slurry of clay or
near clay-sized hydrous oxides, primarily of iron and aluminum. It has a
bulk density of approximately 1.6 g/cm3. In contrast, basalt has a density
of 2.9 (2.4 to 3.1) g/cm3 (BWIP Staff, 1978). With the density difference,
basalt will settle probabiy slowly to the bottom of the tank. The sludge
will tend to fil11 the interstitial space between the basalt fragments. The
upper surface of the sludge will rise; this rise will be a function of how
much pore space is prasent.

At eguilibrium (when fragments settle to the bottom of the tanks),
single-sized spherodial basalt fragments will tend toc closa vack. Close
packing will result in the ainimal pore fracticn that can bhe obtained in
this system, 0.26 (Moors, 1963). Irregularly shaped fragments, failure to
obtain equilibrium, and a range in fragment sizes will all tend to incresase
the pore fraction. Based ¢n a pors fraction of 0.26, Tahle L 1lists the
maximum height to which siudge can be expectad to rise in the 7Y Tank Farm
tanks. Basalt w#ill more reascnably settle to a porosity of 0.30 to 0.35.

It is difficult to determine how long it will take for basalt fragments
Lo reach or approach equilibrium; the quesiion is best trsatad empirically.
In any event, the time needed is probably a complex function of water con-
tent of the sludge. Equilibrium time may be long, relative to the time
required to fill the tank with basalt.

Thus, the basait fill may sattle consideraply aftsr dome stabiiization
i7 equilibrium time is not considered. If that occurrad, the tank would
still have the unfilled space in its dome. To compensate for this, the tank
could be initially, partially filled with basalt, time be allowed to lapse,
then the tank refilled.

"Salt cake is a solid. Only one of the TY Tank Farm tanks, 241-TY-102,
contains a significant amount of salt cake (McCann, 1982), and this tank
contains no sludge. Oetermining whether salt cake will support a column of
basalt is a structural, angineering problem to be treatad elsawhere.
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Maximum Depth to Which 241-TY Tank
Farm Sludge Will Rise if Tanks Ara Filled

With Basalt (Based on a minimum

porosity of 0.26).%

Current Maximum :
Tank . Distance
sTudge depth sludge rise

(241-) (Ft) (Ft) to dome
TY-101 3.7 14,2 24.3
Ty-102 0 0 -
TY-103 5.1 19.6 13.4
TY-104 1.3 5.0 34,
TY-105 7.0 26.9 13.1
TY-1G6 5.2 20 i9

*1 in. = 2750 gallons of high-level tank
waste.

Although determining the exact or approximate egquilibrium fime may be
impractical, the impact of dome collapse would probably be sufificiently
mitigated by fiiling the dome to within a few finches of the top. All of the
TY Tank Farm tanks contain interstitial liguid. The maximum dose to the
ganeral public from dome collapse would occur if a dome collapsed into an
air dry sludge (Murthy et ai., 1982). This scenario would be mitigatad te
scme degree by a wet sTudge, which would 1imit the amount of contaminated
"dust" expected to exit the dome. [f the sludge wers further coversd by
savaral feet of basalt fragments, it is improbabie that any sludge would
exit the dome opening. The rock-scil cover over the dome possibily would ce
disrupted, but any significant damage to the cover cculd be repairesd.

BASALT FRAGMENT SIZE

The best size of basalt fragments to use in dome filling must be detsr-
mined. In general, the smaller the size of the fragment, the grzater the
surface area and the greatar the solubility (Routson, 1970). Table 2 lists
the reiationship between particie size (fragment size) and surface area.
Surfacas area increases relatively slowly for coarse particles and rapidly
for small particles. Furthermora, the increase in surface arsa of particles
greater than 1.0 cm is essentially insignificant in an absolute sense, hav-
ing no appraciable effect on the solubitity (Routson, 1970). Thus, any
pasalt fragment size greater than 1.0 cm would be acceptable. The final
selection of a size should be basad on a cost analysis.
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ASSESSMENT

Three independent methods were used to evaluate the solubility =f
basalt fragments 2% 1709 to 1809C femperatures for a 3500-yr duration:
(1) by inferring solubility qualitatively from basalt weathering in a sur-
face environment corrected for temperature; (2) by estimation of basalt
solubility in natural watershed under known environmental conditions correc-
ted for temperature; and (3) by calculating solubility from thermo-
dynamically derived considerations., The concTusicns of thase thrae methods
are compared and a combined estimats of the importance of solubility given.
These three methods represent an increasingly scientific rigor for estimat-
ing solubility.

INFERRED BASALT SOLUBILITY

It has been observed that chemical weathering is a powerful agent in
the desiruction of some surface rock. Solubilization of ions from siticate
mineral surfaces frees ions for further £&ransport away from the mineral
being solubilized. Weak gaps are exposed, and the rock weathers further.
Dated masonry surfacas, statues, and reliefs have been observed to be affec-
ted (Winkler, 1973). As a relevant example, Cernohouc and Salc (1966)
attempted to quantify the weathering rate of basalt in a castle in Bohemia.
Figurs 1 shows an attempt toc generalize weathering as a function of time;
penetration of weathering was estimated to have occurrad to a depth of
approximateiy 3.5 mm in 500 yr. Probably less than 10% of the minerals in
the weathered basalt rind wers dissolived, or the weathared rock would Have
disintagrated. Even considering the effact of temeratura, l1imited total
dissolution can probably be expectad to occur in a 500-yr time frame. Since
none of the basalt actually disintegrated, and the partially weatherad
hasalt would probably support the dome, no significant dissolution has
occurred. Furthermore, this wedathering value is probably exaggerated due to
the low pH of the envircnment compared with the hich pH of & wasta tank.

WEATHERING IN NATURAL WATERSHEDS

Mineral weathering was evaluated in an arid watershed containing mixed
basaltic, felsic parent material at Hanford (Routson et al., 1877). The
dissolution of maphic minerals, including basalt-derived pyroxene, plagio-
ciase, and biotita, was found to control the chemical compasition of a
spring draining the watsrshed. [t should be noted that basaltic minerals
controiled the release of chemical compeonents sven though a significant per-
centage of basalt is composed of glass (Garrels, 1967). Taple 3 {indicates
the relative molar contribution each mineral contributed to the spring water
composition. Unfortunataly, sinca the Hanford Study did not include a water
balance, the amount of basalt dissolved cannot be calculated. However,
basalt dissolution can be estimated by assuming that water discharged from a
drainage is proportional to precipitation. Another similar study was made
in approximately the same size watershed with approximately the same slope
(Bricker et al., .1968). Based on this discharge assumption, the weight of
basalt dissolved in 500 years is 1.3 x 106 g, which is equal to 8 x 10-8% of
the weatherable basalt (upper 6 in. of soil). Even this minute percentage
is high, due to the difference in acidity in the two envirconments.

g5
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FIGURE 1. Basalt Weathering as a Function of Time (Cernchouc and
Salc, 1966).

TABLE 3. Control of a Hanford Spring's Water
Ceompaosition by Maphic Mineral Dissolution
(Routson et al., 1877).

. Si0s | Na* | Ca*Z | Mg*2 | K™ | HCO3

M 1 2 3
inera ol e @ e
Pyroxense 82 g 0 85 8] 41
Plagioclase 5 100 100 -15 0 43
Biotite 12 0 0 29 | 100 16
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SOLUBILITY BASED ON THERMODYNAMIC DATA

Both equilibrium and kinetic thermodynamic data are available for esti-
mating the solubility of basalt. Stability relationships in the system
K20-Nap0-A1p03-5109-Hz0 can be depicted graphically as a funciion of the
parametars log K*/HF, Tog Na*/H™ and Tog H4Si03-(Si03). Only the standard
free energy of formation (AF) of the stabie minerals in the system are
required to construct graphs of the mineral relationships. Thesa AF  values
can be determined either from solubility data (Routsen, 1970) or from calor-
imetric data (Moore, 1963). Figure 2 is & three-dimensfonal graph of
minerals in the NaQ-K20-5102-A1203-H20 system. Figures 3 and 4 are graphs
for the K* and Na™ components of the system, respectively (Hess, 1968). -
Stahle silicate minerals in the system are listed in Table 4.

ACPS301-41

FIGURE 2. Stability Relationships of
Minerals in the Nap0-X,0-3i0 «A]ZO -H,0
System (KAOL = kaglinite, MO%T =*mdnt=
morillionite, PH - philiipsite, AN =
analcite, AB - albite) (Hess, 1966).
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FIGURE 3. Isoplethic Section at log Na/H, 8.5, in the Stability Rela-
tionship of the NaZO-KZO-ATZOS-SiOZ-HZO System (Hess, 1966).
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FIGURE 4. Isoplethic Section at log K/H, 4, in the Stability Relation-
ship of the NaZO-KZO-A1203-SiOZ-HZO System {Hess, 1966).
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TABLE 4. Stable Minerals in the Nap0-Kp0-
Si02-A1503-Hp0 System at 25°
(Hess, 196&}.

Mineral Comnosition
Gibbsite AT503-3H20 B
KaoTlinita HaA12S170g
Na-Feldspar NaA1S130g
K-Feldspar KA1S1i50g
K-Mica KA13513010 (OH)2
Phillipsite Kg.5Nag_5A1S 1308+ H20
Analcite NaA1$120g-Ho0
Na-Montmarillionite | Nag,33A12,33513.67010 (CH)2

By determining the activities of K*, Na¥, Si0p, and H* ions in the
system and plotting them in Figures 3 and 4, the most stable mineral can be
determined. Plotting the activities of the components in Table 5, the most
stable mineral in this system is the sodium zeolite analsite. Thus, the
minerals in basalt should dissolve to form analsite. However, the important
question is not if basalt will dissolve, but how fast.

TABLE 5. Approximate Ceompositicn
of Hanford High-Lavel Wastas
(Delegard and 8arney, 1982).

Solution Concentration (M)
NaOH 4

NaNO4 2

NaNQo 2

NaAlQz 0.5

NapC03 0.05
NapSQ4 0.01

NazP04 0.0l

NaF 0.0l
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To estimate the rate at which basalt will dissolve, kinetic data for
the reaction of basaltic minerals with aguecus solution (dissoluticn} must
be utilized. The empirical rate constant for the hydrolysis of K-feldspar
is approximately 10-10 moles of plagioclase/cm?/dayl/2 “(Helgeson, 1971).
The reaction rates of biotite, pyroxene, and plagioclase are probably
similar (Table 1 of Helgeson, 1971). Rates of mass transfer at super-
critical temperatures and pressures are approximately 300 times faster at
2009C than at 259C. Thus, the 2009C value would be approximately 3 x 10-8
motes/cmé/dayl/2.  If this reaction rate represents the nominal reaction
rate of basalt in 500 yr, 0.01 g of basalt would be dissolved in 500 yr if
particles have l.0-cm diameters. This would be 6 x 10-9% of the hasalt |
particle and would represant only a small reaction rind on the smallest
reccmmended basalt fragments.

CONCLUSION AND RECOMMENDATIONS

Only an insignificant amount of dissolution is to be expected on
l.0-cm~diameter basalt fragments in TY Tank Farm high-level wastes at maxi-
mum temperatures of 1709 to 180°C in 500 yr.

The foregoing analysis shows with some degree of certainty that the
dissolution of basalt in the TY Tank Farm high-level waste tanks is probably
negligible in 500 yr. If this level of assurance is inadequate for the. pro-
gram, a moderate Tevel of verification may be required. The envisioned
raesearch would be kinetic measursments of dissolution of basalt as a func-
tion of time in simulated TY Tank Farm waste at 180°C for approximazaly two
years. A consultant would be emplayed to aid in validly extrapolating the
data to 500 yr. Estimated costs are jtemized in Table 8.
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TABLE 6. Estimated Costs of

Basalt Solubility

Verification.

Expense item (XC§§§3)
Scientist (1.25 manyear) 70
Technician (1.0 manyear) 48
Consyltant 20
Traval 6
Analyses 25
Documentation (2) 5

174*
Capital equipment 25

*Costs are for 2 yr, ar about
half of the above costs per year.
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