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Rsearch on the Geochemical Behaviors of TRU Nuclides*

Hiroshi Tasaka** and VYousuke Kawata**

Abstract

Geologic disporsal system is considerd based on the geochemical studies,

The necessary background and framework are developed for the use of a geochemical
model to the impacts of host rock geochemistry and waste package components on

the maximum dissolved concentrations and potential mobility of radionuclides
released from a waste package to groundwater, In addition, a reference set of
geochemical reactions, with associated assumptions, is developed for tuff (host
rock), bentonite(backfill), cast iron(container) and borosilicate glass(solidified
waste)., The input parameter reguired for geochemical modeling include temperature
pressure and water chemistry, as well as selected hydrologic, thermal and mineral-
ogical characterizations, The effects of variations of key chemical constituents
of groundwater on the speciation and solubility of dissolved constituents are
determined by sensitivity analyses using the geochemical model -MINTEQ-,
Variations in both pH and alkalinity result in modest changes in U speciation but
cause insignificant change in Pu. However, the thermodynamic data for Pu needs to
be reviewed and selected expermental determinations must be made before definitive
conclusions can be drawn,

Tﬁe reaction of groundwater with a bentonitic backfill are examined., The
calculated dissolution of a montmorillonite from the backfill and the precipitation
of hematite and calcite result in a marked decrease in Eh and increase in pH,
Unevaluated distributioncoefficients are used to illustrated the importance of
adsorption coefficients are used to concentrations of U and Pu, Variations in pH
and the quantity of adsorbent material have a major impact on the quantities of
these two actinides calculated to be adsorbed by the backfill from water contain-
ing actinides dissolved from the glassy waste,

Thus a geochemical model is proved its effectiveness for an assessment of

artificial barrier system,

* Work performed by Mitsubishi Metal Corporation under contract with
Power Reactor and Nuclear Fuel Development corporation
** Mitsubishi Metal Corporation, Nuclear Energy Division
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Volcanic Glass
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Montmorillonite (Belle Fourche)

(H,Na, K) 0. 25Mgo. 2eFe (M) o.23A1:. seSis.030,0 + 10H:0
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Wairakite
Ca2*+ 2A1(0H) 4~ + 4H.Si04+® =CaAl.Si,0,: )

Chalcedony and Christobalite

HeSi04=9Si0,+ 2H.0 7
Hematite
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Redox Potentials

Fe (I1) =Fe (M) + e~ _ 9
RT Fe (1)

Eh® = Eh° + « In
NP Fe (1]
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Metallic Iron Corrosion
Pe (0 (solid ) —Fe () * +2¢ 10
Fe (0) +H,0 —Fe () * +0%° +1H, 10a
Fe (0) +4H,0—Fe () Fe () .0, +8H" +8e" 10b

Electron Consuming

S (IV) 042 +8e +8H* =S (-IJ 2~ +4H.0 11
8ii* +8e” =4H. (gas ) ) 11a
Hematite

2Fe [(IIT ) °*+H.0 =6Fe (IIl ) .08 (s ) +6H* 12
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Glassy Waste
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Microcrystalline Silica
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Redox Reactions
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- disolution of

U and Pu
average ®-1,2,
ground @ ® ®-1
water inret outret
tuffecious
host rock
/// \ glassy or cemente waste
iron or copper container
montmorilonite backfill materials
Reactions : @ U and Pu chemical speacies
@ chemical equilibrium of ground water
® reactions between water and buffer
@ reactions between water and container
reactions between water and solidified waste
U and Pu adsorption
Fig. 1 Discussed Geochemistry

Table 1 Groundwater Constituents to be Measured

Accuracy (% Rel, Std. Dev,)

Element or Chemical Component
/ athX Given Det Limit

Detection Limit

NH4, NOs, NO., O: 0.1 mg/2 5
S04, CI, HCO,+CO0s 0.1 mg/2 5
F 0.05 mg/¢ 5
PO, 0.01 mg/2 5
S (-1 0.005 mg/ ¢ 10
Na, K, Ca, Mg 0.1 mg/# 5
Fe (I), Fe (I}, Mn, Sr, Li 0.01 mg/% 5
Si 0.1 wmg/é 5
4l 0. 005 mg/ 2 5
Transition Metals and Ag 0.005 mg/ 2 5
Specific Conductivity +15 umuwmhos 10
Eh +15 mv 10
pH 0.1 units 5



Table 2

gibbsite
boemite
diaspore
chalcedony
cristobalite
ferrihydrite
geothite
hematite
Na-jarosite
K-jarosite
maghemite
magnetite
quartz
Sif, (A, G1)
analcime(analcite)
phillipsite
illite
halloysite
kaolinite
leonhardite
low-albite
prehnite
leucite
analbite
laumentite
wairakite
lepidochrorite
Na-nontronite
K -nontronite
Ca-nontronite
Mg-nontronite
beidellite
Ca-montmorillonite
MgFRel-chlorite
MgFe2-chlorite
Felgl-chlorite
FeMg2-chlorite
allophane F
allophane A
BF-montmorillonite
AB-montmorillonite
magadiite
strontianite

Solid Phases(Minerals) Caliculated Saturation Index
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Average
Maximum
Minimum

Average
Maximum
Minimum

Table 3 Groundwater Analyses on NTS

phH Eh Temp E.C.* Ca
7.3 251 36.3 312 10. 4
8.3 402 37.8 379 19. 7
6.9 -40  35.2 278 1.6

(unit) (aV) () (£ mho)

Fe Mn Al Si B F
.05 .07 04 2405 0.04 2.
.08 .43 07 31.8 — 4,
.01 .005 .02 19.6 — 0.

Table 4 Composition of Glassy Waste (after Slate et al,

Constituent *?

Si0.
P.0s
Na.{
K.0
Cal
MgD
Fezna
Al,0,
Us0s
Pul,

*1 Some constituents listed by Slate et al,

*2 Mole Ratio

(Weight %) (Density)/(Gram Formula

Mg Na K Li Sr

0. 45 61 2.5 11.07 3.01

1. 76 93 5.3 82. 8.

.01 37 1.2 0.06 0.017

Cl S04 HCOs NOs 0.
2 7.1 22.2 143 6.7 4.9
7 10.0 44.9 182 18. 7 6.4
6 5.5 15. 7 108 0.6 1.8
(mg/ 2)

* BE.C.= electric conductivity
under-lined term were executed sensitive analysis

Gram Formura Weight

60. 03
141. 94
61. 98
94. 20
56. 08

40. 31
159. 69
101. 96
842. 08
274.0

computed as follows :

Weight ¥*' Mole

36.0 L.

2.0
10. 27
2.13
.32
.68
.0
.0
.99
.05

(1981) have

e D

Weight)

Moles cm~® Sil,

where the density of glass is 3.1 gr/cm~3,

1981)

Ratio *?

00

045
.99

. 046
. 009
.028
. 0006
. 065
027
. 0003

been omitted,
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Table 7 Saturation Indicies in Ground Water and Backfill Water

‘ Ground Water Backfill Water
Solid Unmodiried Modified 100°C
..................................... gI*!
Gibbsite 0. 44 $** 0.07 - 0.45
Boehmite .78 .41 .53
Diaspore 2.31 2.02 1.72
Chalcedony . 36 . 36 ¥ .09
Cristobolite .40 .40 .02
Ferrihydrite 1. 76 - 7.99 - 9.17
Goethite © 6.54 - 3.21 ~ 2.64
Hematite 18. 14 - 1. 36 $ - 0.00
Na-Jarosite s .05 -29. 30 -31. 20
K-Jarosite 1. 80 -27. 45 -29.95
Maghemite 6.92 -12.58 -14. 94
Magnetite 18. 92 -10. 33 - 5,58
Quartz . 80 . 80 .33
Si0. (A, C1) - 14 - .14 - .39
Analcime 1. 16 ’ .79 1.73
Phillipsite 1. 47 1.10 - .43
[1lite 2.70 1. 84 2. 47
Halloysite 3.20 2. 46 1. 27
Kaolinite 6. 35 5.61 3.88
Leonardite 17. 83 16. 34 17.90
Low-Albite 2.10 1.73 2.30
Prehnite ¥ - .52 - 2.27 + 3. 54
Leucite - .18 - .56 .29
Analbite 1. 26 .88 1. 77
Laumonite 2.91 2.16 3.88
~Wairakite - 1.16 - 1.91 1. 34
Lepidocrocite 5.28 - 4,47 - 5.65
Na-nontronite 21.07 1. 44 s .67
K-nontronite 21.58 1.95 b .16
Ca-nontronite - 27.69 8. 06 5. 83
Mg-nontronite 27. 20 7.57 5. 58
Beidellite 3. 41 2. 54 1. 44
Ca-montmorillonite 3.43 2.56 1.94
MgFel-chlorite 4,21 - T7.06 - 5.18
MgPe2-chlorite * .87 - 7.65 - 5. 42
FeMgl-chlorite 33.25 ¥ 0.0 - 3.51
FeMg2-chlorite 26.97 - .74 -~ 3.99
Allophane F t - .05 - .33 - .31
Allophane A - .93 - 1.20 - 4,16
BF-montmorillonite 6. 16 3.32 ¥ .00
AB-montmorillonite 5.38 1. 51 - 1.4
Magadiite - 2.23 -2.23 ¥ .64
Strontianite -1.18 -1.18 b3 .25

*! SI indicates Saturation Index,
*2 4 indicates equilibrium state,



Table 8 Uranium and Plutonium Solids Oversaturated or

in Equilibrium with Backfill Water

Uranium Plutonium
Solid Si+!? Solid SI*!
Uranite (UO,) ¥ 0.23 Pu0, (crystalline) 3,67
U404 5. 45 Pu(OH) ,(amorphic) -4.53
Us0, 6. 37
USil, ¥ .18
B-U0, (OH) . 1. 14
Schoepite 1.03
Na,U,0+ 2.94

SI= Saturation Index.
¥ sign indicates the solid is in equilibrium with the water,
positive values indicate oversaturation
and negative values indicate undersaturation,
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Table 10 Adsorption of Uranium and Plutonium from Unmodified Groundwater
over a Range of Constxtuent Values

Constituents Minimum ) Average " Maximum

------------------------ Percent of Total Uranium

10~

pH 2.8 x 10-° 4.4 x 101 1.8 X
Eh 3.0 X 10-* 4.4 x 10-* 4.4 X 10-*
COs 7.7 x 10~ 4.4 x 10~ 2.4 x 10-*
Ca 4.4 X 107 4.4 x 10-* 4.4 X 104
Si 4.4 x 10-* 4.4 x 10-* 4.4 x 10
Fe 4.4 x 10-* 4.4 X 10-¢ 4.4 x 10-*
------------------------ Percent of Total Plutonium*' -—--ooooeriiree
pH 2.0 x 10°'*® 1.3 x 10-2° 1.3 x 10-2*
Eh 7.9 x 10°'* 1.3 x 10-2° 7.2 x 107'®
C0s 1.2 x 10-2° 1.3 x 10-2° 1.2 x 10-2°
Ca 1.2 x 10-2° 1.3 x 10-2° 1.2 x 10-2°
Si 1.2 x 10-2° 1.3 x 10-2° 1.2 x 10-2°
Fe 1.2 x 10-2° 1.3 x 10-2° 1.2 x 10-2°

*! The dominate sorbing valences state is Pu (II) at minimum Eh,
Pu (IV]) at average Bh and Pu (VI) at maximum Eh,

Table 11 pH, Eh, Temp. Values Used and/or Calculated
for Various Waters

Water Initial Value Final Value

Ground Water

pl 7.34 7.34
Eh (mV) 251 251
Temp. (T) 36. 3 36. 3
Buffer Water :
pl 7.34 8.23
Eh (mV) 294 -16
Temp, (T) 100 100
Iron Canister
pH 8.23 8.23
Eh (mV) -16 -113
Temp. () 100 100
Copper Canister
pH 8.23 8.23
Bh (aV) -16 -29
Temp. (T) 100 100
Glassy Waste
pH 8.23 8.23
Eh (aV) -16 -16
Temp. (T) 100 100



