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EXECUTIVE SUMMARY

Assumed dome collapse must be mitigated if in place disposal of
radioactive waste in single-shell tanks is to be a viable, environmentally
sound disposal alternative. It has been proposed to fill the domes above
the waste with crushed basalt to prevent dome collapse and the possible
release of ejected radionuclides. Dissolution of crushed basalt in the
tanks' interstitial liquid was foreseen as a possible dome filling problem,
resulting in a decrease of dome filling material and an increase of sludge-
like clays.

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

Maximum basalt solubilities in high-level. tank interstitial solutions
were estimated from basalt weathering in a surface environment, basalt
weathering in -a natural watershed, and available thermodynamic data.
Maximum exoected solubil.ity was estimated to be restricted to a thin
weathering rind around any basalt fragment. Thus, no significant solubility
effect can be expected as a result of dome filling. A solubility study is
proposed. to confirm these estimates.
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INTRODUCTION

Basalt is the major rock type available in the Pasco Basin for filling
high-level waste tanks. Dome filling would limit the effects of possible
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
-jossible effects of dome collapse, it is proposed to fill the 241-TY (TY)
tanks with rock. Since the tanks contain interstitial liquid, dissolution
of the basalt filling material, over the 500 yr the disposal system must
endure, may pose a radionuclide release problem. The purpose of this evalu-
ation is to determine if weathering of basalt in the TY Tank Farm intersti-
t`,al solution, in 500 yr at the maximum temperatures of 1700 to 180oC, is
likely to compromise the integrity of the proposed in situ disposal system.
Research is suggested to verify this evaluation.

BACKGROUND CONSIDERATIONS

4^^ BASALT PROPERTIES

Basalt is formed in a basic, geologic environment. The chemical envi-
ronment of the TY Tank Farm is likewise 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 environment. Thus, intui-
tively, one would expect basalt to be more stable (less soluble) than
granite in a high-level waste tank chemical environment. Furthermore,
basalt is formed at temperatures and pressures nearer to those of surface

..s temperature and pressure than deep-seated granites and can therefore be
expected to be more stable.

Other considerations, however, may suggest that granite tends to be
C) more stable than basalt. Basalt and granite compositions differ chemically

(Grout, 1959). In addition, basalt has cooled faster than granite. Basalt
c'' is therefore a finer-grained rock than granite. Small particles are more

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 composed of a metastable glass (Nubergall et al., 1968).
Glasses can be considered either as an amorphous solid, or as a supercooled,
viscous liquid (Nubergall at al., 1968). Glasses have no melting points and
thus are amorphous (they also have no x-ray diffraction patterns). Like a
liquid, glass assumes the shape of the container it is enclosed in (albeit
very slowly). Glass windows in old European buildings are thicker at the
bottom than at the top due to this viscous flow. The solubility of glass in
water may be expected to be relatively high.

Among these considerations, the environmental and chemical conditions
probably outweigh the others. Basic basalt is probably more stable than
acidic granite 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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All Igneous rock types are formed at higher temperatures and pressures
than those 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 spontaneously 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 is generally so slow
that in a time frame of 500 yr, it would likely 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

I.^ 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

9'"? of 2.9 (2.4 to 3.1) g/cm3 (BWIP Staff, 1978). With the density diPference,
basalt will settle probably slowly to the bottom of the tank. The sludge
will tend to fill 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 present.

...w,.
At equilibrium (when fragments settle to the bottom of the tanks),

single-sized spherodial basalt fragments will tend to close oack. Close
packing will result in the minimal pare fraction that can be obtained in

--- this system, 0.26 (Moore, 1965). Irregularly shaped fragments, failure to
obtain equilibrium, and a range in fragment sizes will all tend to increase
the pore fraction. Based on a pore fraction of 0.26, Table 1 lists the
maximum height to which sludge can be expected to rise in the TY Tank Farm
tanks. Basalt will more reasonably settle to a porosity of 0.30 to 0.35.

It is difficult to determine how long it will take for basalt fragments
to reach or approach equilibrium; the question is best treated emnirically.
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 basalt fill may settle considerably after dome stabilization
if equilibrium time is not considered. If that occurred, 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.

SSalt 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. Determining whether salt cake will support a column of
basalt is a structural, engineering problem to be treated elsewhere.
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TABLE 1. Maximum Depth to Which 241-TY Tank
Farm Sludge Will Rise if Tanks Are Filled

With Basalt ( Based on a minimum
porosity of 0.26).*

C:^.

C^a

Tan k
Current

sludge depth
(ft)

Maximum
sludge rise

(ft)
^osdomee

TY-101 3.7 14.2 24.8

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-106 5.2 20 19

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

Although determining the exact or approximate equilibrium time may be
e^•- impractical, the impact of dome collapse would probably be sufficiently

mitigated by filling the dome to within a few inches of the top. All of the
TY Tank Farm tanks contain interstitial liquid. The maximum dose to the
general public from dome collapse would occur if a dome collapsed into an
air dry sludge (Murthy at al., 1982). This scenario .vould be mitigated to
some degree by a wet sludge, which would limit the amount of contaminated
"dust" expected to exit the dome. If the sludge were Further covered by
severai feet of basalt fragments, it is improbable that any sludge would
exit the dome opening. The rock-soil cover over the dome possibly would oe
disrupted, but any significant damage to the cover could be repaired.

^
BASALT FRAGMENT SIZE

The best size of basalt fraaments to use in dome filling must be deter-
mined. In general, the smaller the size of the fragment, the greater the
surface area and the greater the solubility (Routson, 1970). Table 2 lists
the relationship between particle size (Fragment size) and surface area.
Surface area increases relatively slowly for coarse particles and rapidly
For small particles. Furthermore, the increase in surface area of particles
greater than 1.0 cm is essentially insignificant in an absolute sense, hav-
ing no appreciable effect on the solubility (Routson, 1970). Thus, any
basalt fragment size greater than 1.0 cm would be acceptable. The final
selection of a size should be based on a cost analysis.
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TABLE 2. The Relation of Surface to Particle Size (Qaver, 1961).

Uinnieter of sphere

-----------

lexturnl name

------------ -

Vnlume per par-

ticlc (6n0

------------

Numher of partlcles

I^ cmO)

--- ` -

Total surface
("I)' x number of particles)

---

I cm Gravel
6

n(l)' 1

-

3.14 an2 (0.49 in.2)

^^IMi^^ Coarse sand 6 n 10 I

7

1 x 10' 31.42 cm' (4.87 in.2)

0.05 cm
(0.5 aun or 500p) ^ Medium sand

'
6" oo) 8 x lo' 62.83 em' (9.74 in.')

0.01 cm
(0.1 nwn or 1001j)

Very fine sand ^ 6°(L00 Y
x 106 14.16 cmz (48.67 in.

0.005 cm
(0.05 mm or 50p)

Coarse silt n('
6 1000/

8 x 10" 628.32 cm' (97.3q in.2)

0.002 cni Silt ^
1

" )
125 x 106 1 520 8 cm^ (1 69 ft°)(0.02 mm or 20p) I 10006 , . .

0.0005 cm
(0 005 mm or 5)

fine silt ^ 1
n`(^Nf0) 8 x l0y 6,283.2 cm° (6.76.ft2)

.

0.0002 cm
0.002 nm, or 2,( I) t Clay t)

'1 n ^6 IO700 ( 125 x I09 15,708

0.0001 cm
(0.001 nvn or

tN) Clay ^ 1"( 1 I^6 1006 ' 1 x 10 "• 31,416

0.00005 cm
(0.0005 min or 500 mp) C1ay

1
6°.

5
00, 00 y 8 x]0, 62,832

0.00002 cm
0 02 00 Colloidal clay 1 n( 2 )^6 X-0

125 x 10^' L57,000.00 nan or 2 nip)

0.00001 cm
(0.0001 nun or 100 mp)

Colloidal clay ! 1 n 1 ^6 C1-00, 600 , 1 x 10 " 3I4,160

0.000005 cm.
(0.00005 nm, or 50 m{,)

Co1loiJal clay 6 n ^0
Y

„8 x IO fi20,320

cmz (16.9 ft')

cm' (33.8 ft')

cm' (67.6 ft')

cm2 (169 ftz)

cm' (338 ftY)

cm' (676 ftz)

m
s

O
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ASSESSMENT

Three independent methods were used to evaluate the solubility if
basalt fragments at 1700 to 1800C temperatures for a 500-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 conclusions of these three methods
are compared and a combined estimate 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 destruction of some surface rock. Solubilization of ions from silicate

C;^ mineral surfaces frees ions for further transport away from the mineral
being solubilized. Weak gaps are exposed, and the rock weathers further.

1p Oated masonry surfaces, 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.

Fp, Figure 1 shows an attempt to generalize weathering as a function of time;
penetration of weathering was estimated to have occurred to a depth of
approximafely 3.5 mm in 500 yr. Probably less than 10; of the minerals in
the weathered basalt rind were dissolved, or the weathered rock would have
disintegrated. Even considering the effect of temerature, limited total
dissolution can probably be expected to occur in a 500-yr time frame. Since

° none of the basalt actually disintegrated, and the partially weathered
basalt would probably suoport the dome, no significant dissolution has
occurred. Furthermore, this weathering value is probably exaggerated due to
the low pH of the environment compared with the high pH of a.vaste tank.

^ WEATHERING IN NATURAL WATERSHEDS

Mineral weathering was evaluated in an arid watershed containing mixed
basaltic, felsic parent material at Hanford (Routson et al., 1977). The
dissolution of maohic minerals, including basalt-derived pyroxene, plagio-
ciase, and biotite, was found to control the chemical composition of a
spring draining the watershed. It should be noted that basaltic minerals
controlled the release of chemical components even though a sianificant per-
centage of basalt is composed of glass (Garrels, 1967). Table 3 indicates
the relative molar contribution each mineral contributed to the spring water
comoosition. Unfortunately, since 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 environments.
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FIGURE 1. Basalt Weathering as a Function of Time (Cernohouc and
Salc, 1966).

TABLE 3. Control of a Hanford Spring's 'rlater
Composition by Maphic Mineral Dissolution

(Routson at al., 1977).

Mineral Si0
2

Na

I

Ca+z Mg+2

I
K' HCO 3

(p) (%) (o) (ro) (A) (%)

Pyroxene 82 0 0 85 0 41

Plagioclase 6 100 100 15 0 43

Biotite 12 0 0 29 100 16

6
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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-Na20-A1203-Si02-H2O can be depicted graphically as a function of the

0
parameters log K+/H}, log Na+/H+ and log H4SiO°q-(SiO2). Only the standard
free energy of formation (AF) of the stable minerals in the system are
required to construct graphs of the mineral relationships. These AF values
can be determined either from solubility data (Routson, 1970) or from calor-
imetric data (Moore, 1965). Figure 2 is a three-dimensional graph of
minerals in the Na02-K20-Si02-Al203-H2O system. Figures 3 and 4 are graphs
for the K+ and Na+ comoonents of the system, respectively (Hess, 1966).
Stable silicate minerals in the system are listed in Table 4.

4N

9

^

0

PN lOG R H
/J(II

A
7

^^ea'^^^ / f^ • / ^ ^T ^a^^^' , ^6 ^ .' J,.• ' ,o

6 V.T ^ i^` ^•
9^r!^^

a . ^o •^ ^ H
y;p 1 6

7 J aCP8341.41

FIGURE 2. Stability Relationships of
Minerals in the Na20-K20-Si0z-A120 -H90
System.(KAOL = kaolinite, MORT = m^nt-
morillonite, PH - phillipsite, AN =
analcite, AS - albite) (Hess, 1966).

7
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TABLE 4. Stable Minerals in the Na20-K20-
Si02-A1203-H20 System at 25oC

(Hess, 1966).

c:.t

Mineral I Comoosition

Gibbsite A1203-3H20

Kaolinite H4A12Si20g

Na-Feldspar NaA1Si308

K-Feldspar KA1Si308

K-Mica KA13Si301C (OH)2

Phillipsite K0.5Na0.5A1Si308•H20

Analcite NaA1Si206•H20

Na-Montmorilionite Na0.33Al2.33Si3.67010 (CH)2

C:

By determining the activities of K+, Na+, Si02, 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 S. Approximate Composition
of Hanford High-Level 'Hastes
(Delegard and Barney, 1982).

Solution I Concentration (M)

NaOH 4

NaN03 2

NaNO2 2

NaA102 0.5

Na2CO3 0.05

Na2SO4 0.01

Na3PO4 0.01

NaF 0.01

9
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To estimate the rate at which basalt will dissolve, kinetic data for
the reaction of basaltic minerals with aqueous solution (dissolution) must
be utilized. The empirical rate constant for the hydrolysis of K-feldspar
is approximately 10-10 moles of plagioclase/cm2/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
2000C than at 250C. Thus, the 2000C value would be approximately 3 x 10-8
moles/cmZ/dayi/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 1.0-cm diameters. This would be 6 x 10-5% of the basalt
particle and would represent only a small reaction rind on the smallest
reccmmended basalt fragments.

CONCLUSION AND RECOMMENDATIONS

C,, Only an insignificant amount of dissolution is to be expected on
1.0-cm-diameter basalt fragments in TY Tank Farm high-level wastes at maxi-
mum temperatures of 1700 to 1800C 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 level of verification may be required. The envisioned
research would be kinetic measurements of dissolution of basalt as a func-
tion of time in simulated TY Tank Farm waste at 1800C for approximately two
years. A consultant would be employed to aid in validly extrapolating the

.^. data to 500 yr. Estimated costs are itemized in Table o.

C'?

C^
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TABLE 6. Estimated Costs of
Basalt Solubility

Verification.

c, .

c:.s

^`.

^

Expense item Cost3
(x $10 )

Scientist (1.25 manyear) 70

Technician (1.0 manyear) 48

Consultant 20

Travel 6

Analyses 25

Documentation (2) 5

174*

Capital equipment 25

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

11



RHO-HS-EV-20

BIBLIOGRAPHY

Saver, L. D. (1961), Soil Physics , John Wiley and Sons Inc., New York 489 p.

Bricker, 0. P., A. E. Godfrey, and E. T. Cleaves (1968), "Mineral Water
Interaction During the Chemical Weathering of Silicates," In: R. F.
Gould (ed.) Adv. Chem. Ser. 73, 128.

8WIP Staff (1978), Basalt Waste Isolation Proaram. Annual Report - Fiscal
Year 1978 , RHO-8WI-78-100, Rockwell Hanford Operations, Richland,
Washington.

Cernohouc, J. and I. Saic (1966) "Use of Sandstone Wanes and Weathered
Basaltic Crust in Absolute Chronology," Nature 212, 806.

Delegard, C. H. and G. S. Barney (1982), Effects of Hanford High-level Waste
€W} Comoonents on Sorotion of Cobalt, Strontium. Pleotunium, Plutonium and

Americium on Hanford Sediments. RHO-RE-ST-1 L, Rockwell Hanford Opera-
G± tions, Richland, Washington.

Garrels, R. M. (1967), "Genesis of Some Ground Waters From Igneous Rocks,"
In: P. H. Ableson (Ed.), Researches in Geochemistry , Springer-Verlag
Inc., New York.

Grout, F. F. (1959), A Handbook of Rocks , 0. Van Nostrand Co. Inc.,
Princeton, New Jersey, 300 p.

Helgeson, H. C. (1971), "Kinetics of Mass Transfer Among Silicates and
Aqueous Solution," Geochim et Comochim Acta 35, 421.

Helgeson, H. C., R. M. Garrels, and F. T. Mackenzie (1969), "Evaluation of
Irreversible Reactions in Geochemical Processes Involving Minerals and
Aqueous Solutions - II. Applications," Geochim et Ccmochim Acta 33,
455.

Hess, P. C. (1966), "Phase Equilibria of Some Minerals in the K20-Na20-
A1203-Si02-H20 System at 25°C and 1 atmosphere," Amer. J. Sci. 264 ,
289.

McCann, D. C. (1982), Waste Status Summary , RHO-RE-SR-14, Rockwell Hanford
Operations, Richland, Washington.

Murthy, K. S., L. A. Stouts, B. A. Napier, A. E. Reisenauer, S. M. Nealey,
and D. K. Landstron (1982), Review Draft Reoort on Assessment of
Sinale-Shell Tank Residual Liauid Issues , PNL-XXXX, Pacific Northwest
Laboratory, Richland, Washington. Draft

Moore, W. J. (1965), Physical Chemistrv , Prentice-Hall Inc., Englewood
Cliffs, New Jersey, 844 p.

12



RHO-HS-EV-20

Nubergall, W. H., F. C. Schmidt, H. F. Holtzclaw, Jr., and J. C. Bailar, Jr.
(1968), College Chemistry , D. C. Heath and Co., Lexington,
Massachusetts, 760 p.

Routson, R. C. (1970), Illite Solubility , Ph.D. dissertation, Washington
State University, Pullman, Washington.

Routson R. C., R. E. Wildung, and T. R. Garland (1977), "Mineral Weathering
in an Arid Watershed Containing Soil Developed from Mixed Basaltic-
Acidic Parent Materials," Soil Sci. 124, 303.

Winkler, E. M. (1973), Stone: Prooerties. Durability in Man's Environment ,
Springer-Verlag, New York, 230 p.

,,..

G

1 F

13



^ ^A'j`^^ 0IVA
.-.


	1.TIF
	2.TIF
	3.TIF
	4.TIF
	5.TIF
	6.TIF
	7.TIF
	8.TIF
	9.TIF
	10.TIF
	11.TIF
	12.TIF
	13.TIF
	14.TIF
	15.TIF
	16.TIF
	17.TIF
	18.TIF
	19.TIF
	20.TIF
	21.TIF
	22.TIF
	23.TIF
	24.TIF
	25.TIF
	26.TIF

