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To: TWD2.TWP7(TMA)
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Subject: References

Dear Tae:

Here is the references cited in my slides. Please note that the rate data
for Na-boltwoodite is guessed from uranophane data, since no kinetic study
has been done on Na-boltwoodite yet. If you have any future questions,
please feel free to let me know.

Best Regards!

Yueting
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Overview

* Obj ectives
- investigate long-term, in-situ dissolution of spent fuel and

release of radionuclides

* Approach
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Processes within Waste Packages

HYDROLOGICAL PROCESSES

Container

7
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Features of AREST-CT

* Developed at PNNL (Chen, McGrail, and Engel, 1995)

* General, user-defined reaction sets

* 1-D and 2-D domains

U Kinetic dissolution of solids

* Kinetic precipitation and dissolution of secondary phases
* Aqueous equilibrium reactions

* Gaseous-aqueous equilibria

* Advection, dispersion, and diffusion

* Non-isothermal or isothermal reactions

* Extended Debye-Huckle activity correction

* Nucleation threshold for precipitation of new solid

* Texture-dependent reactive surface
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Physical Configuration of AREST-CT Simulations

Incoming Water
Similar to EJ-13
v = 7.8 cm/year

-

AL

spent fuel 14%

steel + cladding 21 %
(inactive)

porosity 65%

T=70OC

specific surface area
9.5cm2/g

1.56 m
(diameter of WPs)
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Chemical Reactions

* U0 2 dissolution
U02 + 2 H+ + 0.5 0 2(g) = UO2+ + H 20

log k = 7.45 + 0.258 log[e CO2]+ 0.142 log[H+ ]-1550/ T (Gray, 1992)

* 4 secondary minerals (kinetic reactions)
- Schoepite, Uranophane, Soddyite, Na-boltwoodite
- Kinetic data from Casas (1994), Bruno (1995), and Perez (1997)

* 8 components: H, 0, C0 2, SiO2, Ca, Na, Cl, and U

* 16 aqueous equilibrium reactions

* 2 gaseous-aqueous equilibrium reactions
- fc02 = 0.0003 atm.

- fo2 = 0.209 atm.
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Simulation Results (Dissolution of U02)
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the dissolution rate of£U02does not change-much -
-- observation from drip tests:
"the reaction path have been constant .or that
the contrzbution from multiple reaction pathways has:
not v~ayried over t~ime" Fi:nn et al., 1997) ; :0 :

-*- U02 was totally dissolvedlafter01,000 1
years.
* observation from drip tests:
-"3 of the Tc99 inventory is released after:
3.7yearsom"(Finn et al, 1997)
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Simulation Results (Schoepite & Uranophane Formation)
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Schoepit* is the major secondary phase,
which controls U concentrationain aqueous - -
phase
* observation from drip tests:

":.0.X. de ydratedsc oep it ei isthe d om inant
alteration phase. f (D. Wronldewicz et al., 1992)

- Uranophane precipitates within the -0 fg

,top portion of the waste package
* observation of drip tests:
"XUranophane: is the most common phase

observed on the top surf ... 'but is
conspicuously absent from the sides and bottoms
of these samples" (D. Wronkiewicz et al., 1992)
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pH and U(total) at the Exit
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* U initially has a rapid pulse
release, followed by decrease
* Observation from drip tests:
"The initial increase was followed
by a transient decline.. "
The average Uconc. is 1.34 x 10-5

mol/kg.
(D. Wronkiewicz et al., 1992)
* pH drops from 8.1 to 7.6 at the
very beginning, followed by a
raise
* Observation from drip tests:
"Solution pH values decrease from
8.2for injected EJ-13 water, to
6. 90. 5 " (D. Wronkiewicz et al.,
1992)
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t I

1xi00 10x100
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100x100 Ix

Note: NO data manipulation was done to
match lab results. The above predictions
are done blindly.
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Summary (Step-I)
* A U0 2 dissolution and secondary phase precipitation model,

which is based on mechanistic dissolution/precipitation
models, has been built

* The model qualitatively reproduced drip-testing results and
observations at Pena Blanca

* Gray's dissolution rate equation is applicable to the
repository conditions

* Spent fuel disappears in 102 -103 years and forms secondary
phases in waste packages

* Discrepancy between lab observations and simulation results
- Na-boltwoodite vs. uranophane

* Na-boltwoodite, instead of uranophane, was observed in ANL's
high-drip tests

* reason: thermodynamic data of uranophane and Na-boltwoodite
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Np Release: Assumptions & Their Basis

* Spent fuel alters to secondary phases in 102 - 103 years
- ANL's drip tests show 3% SF altered in 3.7 years
- model calculation predicts SF has a lifetime of 102 - 103 years

* Assume no pure Np phases formed during SF alteration
- no Np phases were observed in lab experiments
- no Np phases were observed in natural analog

* Assume all Np remains in secondary phases, according
to inventory Np:U = 0.0005: 1

- U-O bond length (0.18 nm) is similar to Np-O bond length
(0.165-0.181) (Burns, et al., 1997)

- Np is observed in schoepite formed at ANL's drip tests (Buck et
al., 1997)
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N p Release: Assumptions & Their Basis(con't)

* Using schoepite as a surrogate of secondary phases
- Np release is congruent with schoepite dissolution

* schoepite-0.OOO5Np + 2HI- = UO 2 + + 0.0005 NpO2 + + 3H2 0
* Schoepite is replaced by uranophane, soddyite, and Na-

boltwoodite
* No change on Keq of schoepite due to Np doping

- conservative
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Simulation Conditions

* Same 1-D column, but with schoepite replaced SF

* Schoepite dissolution
- schoepite-0.OOO5Np + 2H+ = U022+ + 0.0005 NpO2 + + 3H2 0

* Precipitation/dissolution of uranophane, soddyite, and
Na-boltwoodite (Keq from Nguyen et al., 1992)

* 9 components & 29 aqueous equilibrium reactions

* 2 gaseous species and 2 gaseous-aqueous equilibria

- fCO2 = 0.0003 atm.

- fo2= 0.209 atm.

Civilian Radioactive Waste
Management System Briefing # 14 Yueting Chen 5129/98

Management & Operating
Contractor



Schoepite Replaced by Uranophane
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Np Concentration

Cas I:AllNp released from schoepite
dissolution go'es into water .I1

CaseII:Np released, from schoepite
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Comparison of Np Values
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Conclusions

* After spent fuel is consumed, the release rate of
radionuclides may be controlled by the dissolution rate
of secondary phases

* Due to the low dissolution rate of secondary phases, Np
concentration may be significantly below the solubility
limit

* Low Np concentration means low release
- natural reactor of Oklo, Gabon shows Np is "most retained;

some local redistribution" (J. Smellie, 1995)

* Current Np distribution for TSPA-VA may be too
conservative, which could be replaced with well-justified
realism

* We need more and better data
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