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Chemistry of transuranium elements in salt-base repository

M Borkowskil; D. Reed'; J. Lucchinil; M. Richmann' cH Khaingl A Swansonl; D. Ams'
I Los Alamos National Laboratory, Carlsbad, NM, United States.

The mobility and potential release of actinides into the accessible environment continues to be
the key performance assessment concern of nuclear repositories. Actinide, in particular
plutonium speciation under the wide range of conditions that can exist in the subsurface is
complex and depends strongly on the coupled effects of redox conditions, inorganic/organic
complexation, and the extent/nature of aggregation. Understanding the key factors that define
the potential for actinide migration is, in this context, an essential and critical part of making
and sustaining a licensing case for a nuclear repository. Herein we report on recent progress in
a concurrent modeling and experimental study to determine the speciation of plutonium,
uranium and americium in high ionic strength Na-CI-Mg brines. This is being done as part of
the ongoing recertification effort in the Waste Isolation Pilot Plant (WIPP).
The oxidation-state specific solubility of actinides were established in brine as function of
pCiis, brine composition and the presence and absence of organic chelating agents and
carbonate [1,2]. An oxidation-state invariant analog approach using Nd** and Th*" was used for
An®" and An*" respectively. These results show that organic ligands and hydrolysis are key
factors for An(Ill) solubility, hydrolysis at pCus+ above 8 is predominate for An(IV) and
carbonates are the key factor for U(VI) solubility. The effect of high ionic strength and brine
components measured in absence of carbonates leads to measurable increased in overall
solubility over analogous low ionic strength groundwater. Less is known about the
bioreduction of actinides by halo-tolerant microorganisms, but there is now evidence that
bioreduction does occur and is analogous, in many ways, to what occurs with soil bacteria.
Results of solubility studies that focus on Pitzer parameter corrections, new species (e.g. borate

complexation), and the thermodynamic parameters for modeling are discussed.
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a cornerstone of the DOE' s cleanup effort, is
designed to permanently dispose of defense-
generated transuranic radioactive waste left from
the research and production of nuclear weapons.
Waste disposal operations began at the WIPP
March 26, 1999. Transuranic waste consists of
clothing, tools rags, debrls and other dlsposable

items contamlnat with radioactive elements,
mostly plutonium.
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New Mexico WIPP is a permanent
disposal facility for
"tk |weste  transuranic (TRU) waste

solation

el Plﬁ‘g‘g)"‘ = | ocated in southeast New g
— Mexico

= Operated by U. S.
Department of Energy

- = Regulated by U
~ Environmental

Protection Agency .,

(EPA) and New MeX|co
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1957 Natlonal Academy of Sc:énces concludes that
the most promising disposal option for
radioactive waste is in salt deposits

1979 Congress authorizes WIPP (Public Law 96-164)

1983 Mining of WIPP’s first underground rooms is
completed

1989 Nuclear Regulatory Commission certifies the
TRUPACT-II shlpplng container

1992 WIP _and Withdrawal Act designates EPA as

-

wEPA

Environmental

1993 * ,
\ C

Protection
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WIPP's first waste shipment
March 26, 1999
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; 1999 Flrst sh|pment of waste arrives at WIPP from Los

Alamos National Laboratory

New Mexico Environment Department issues a
final hazardous waste permit for WIPP

2000 Nuclear Regulatory Commission certifies the RH-
(remote handled) 72B cask for shipping remote-
handled transuranic waste

2004 EPA approves DOE Characterization plans for
RH TRU waste dlsposal at WIPP
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» e ',_j_‘_ A 7'“ ]

2006 EPA recertifies

Depz
WIPP receives 5000th s npment
2007 WIPP receives first shlpment of RH
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2009 DOE submits second Recertification
to EPA

- DOE submits Permit Renewal to
NMED

2010 DOE receives determination of
mpleteness from EPA on
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* Contact-handled (CH)
— Large volume
— ~169,200 m3 capacity
— No shielding required
— Stacked on floor of waste
rooms

« Remote-handled (RH)
— Small volume
— ~7,000 m® capacity
— Contains short-lived gan
emitters
~ — Shielding required -
— Emplaced in horizonte
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clay column

D 5. Concrete plug
- 6 Asphalt column
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Amount (in kilograms) of Key Waste Package o
Components and Actinides Present in the WIPP
Isotope/Material Panel 1 Panel 2 Panel 3 Panel 4 V:::jl:((::::a)l
Radionuclide (in kg) :
Am-241 3463 9.21 7.65 3.58 136.5
Pu 2571.00 1405.00 441.10 341.60 9,727
Pu-239 2416.00 1306.00 404.80 311.10 9,210
U 22160.00 6844.00 1504.00 1723.00 642,000
U-238 22090.00 6802.00 1487.00 1704.00 638,000
Np-237 0.58 1.26 0.98 3 o1 10
Emplaced/Waste Materials (in kg)
Iron based alloys 3,327,871
Aluminum based -
| alloys > -
Other alloys 46,79
MgO — Eng. Barrier 4,482,0C { } 7
Cellulosics 706,141 477,213 548,280 833,066 10,175,00C
Plastic 522,688 876,399 890,640 | 1,065,04 10,188,000 |
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and 1000+ Years Later

At Time of Closure ...
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» Actinides are the key, essentlally only, contrlbutors to dose—to—man release
calculations

» Conservative assumptions that define actinide release are in place — this is
the basis of the license case and the 2004 and 2009 re-certifications of
WIPP

« DOE/CBFO supports ongoing research projects to further establish WIPP-
relevant chemistry and actinide chemistry
» Confirm the conservatism of current
assumptions |
» Improve the robustness of the model and add
more realism e vy o
____ * Address regulator/stakeholde

= |
B e

L

~» Maintain consistency of WIRE
~ models in relation to latest actinid
particularly in high ionic strength brine
solutions.
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UNCLASSIFIED

DRZ

Anoxic atmosphere

Halite with anhydrite interbeds

Lithostatic pressure

- 7150 atm

~28°C
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Various gasses will be generated by corrosion of steel (H,)
and microbial activity (CO,, N,, H,S, CH,).

Microbes will generate gasses using CPR materials via
denitrification, sulfate reduction and methanogenesis.

Pressure will be reduced by reactlon of 002 and HZS with
engineered barrler VA aO) and waste co L -

EPA assumption: orge
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MgQO is used as the engineered barrier

Sequesters CO, and buffers pH~9.0

controls CO, fugacity

Excess factor of Mg 0O is equal t
to all carbon a

X

y pH~9.0 reduce

-
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Steel corrosion will quickly remove O, and WIPP
conditions will be strongly reducing (H,, Fe?, Fe?*).

Actinides will be present at lower oxidation states: Pu'l,
Puv, Am" Np', NpY, UV and UV.

The lower oxidation states have also lower solubilities.

Metal reducing
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Very different appearances in iron reaction
products were noted depending on pH, brine
and initial iron phase

Plutonium was associated with the Fe phases

Green rust was often noted at the higher pH

XANES established the green rust to be an
Fe2/3 phase with a bromide center

This green rust phase was linked to Pu as
Pu(lV)

Reduction of Pu(VI) by Iron
0.00005 ~ and Iron Oxides
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The solubilities of uranium measured in
carbonate-free ERDA-6 and GWB were

: ahll
P

1E-4 T T T T T T . . .
= U(VI) Solubility in Carbonate-free Brine different over the investigated pC,, range.

For carbonate-free GWB brine and 7 <

= ®7 : o ewme | pCui=9.2, the slight increase in the

é 1 A Se middle of this pC,,, range may reflect the

§ S \? effect of borate complexation, as it was

5 f ) " found in our neodymium solubility

3 15.7; '. y " experiments.

= J‘\l\r_/J | For carbonate-free ERDA-6 brine the
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Metal Concentration, M
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1E-5
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s 1 rannl Lol s vl NIRRT
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Uranium Over-
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Metal Concentration, M
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—m—U(VI)
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log Ka

8.8

NaCl lonic Strength, M

4.0x107 - Low fonic Strength

oy
=
X
=
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Nd Concentration, M
N
2
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0.00 0.02 0.04 0.06 0.08
Free Borate Concentration, M

Tetraborate effect on Nd'' solubility
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—— Model Prediction
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Binary Pitzer Parameters

Species i Species j BY; By B% c?; Reference
Nd3* CI 0.612 54 0 -0.0184 Felmy 1990
Na* B,O;(OH),~ -0.056 -0.91 0 0 Felmy 19864
NdHB,O,%* CI -0.0352 174 0 -0.0131 Presentwork

A Used as an analog to the interaction of Na* with HB,O,~

H°/RT for Species or log B, for
Formation Reaction

NdHB,O.2* ~1365.508
Nd3* + HB,O,'- 5 NdHB,02* 4.99

Species or Formation Reaction




Organic Ligand Concentration, M

Inventory 2008
1.94 x 102
2.38 x 103
6.47 x 10>
173 %402

PABC 2004
Acetate 1.06 x 102
Citrate 8.06 x 104
EDTA 8.14 x 106
Oxalate 4.55 x 102

Brlne volume used for G

‘ .




1E:3 1E3
1 ]
GWB v after 3 months equil. GWB v after 3 months equil.
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Th(IV) Solubility in Carbonate-free Brine
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pCH+

The thorium solubility measured from
under- and over-saturation were similar in
both brines over the entire pC,,, range.
The average thorium concentration was
equal to 7 x 107 M. This value depended
on neither the pC,,, nor the composition
of the brine.

The solubility of Th(IVV) measured in our
systems were |n good agreement wnth the
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All organics were present simultaneously, pC,~9.3

Acetate Oxalate Citrate

EDTA

7.34x10-'M 3.02x10-2M

2.42x10-3M

3.62x10-3M

Initial organic

ligand concentr. 2.33%x10-3 - £.(0X10U= M

- Concer ;rations

cted in wipp 94107

Measurements have been done afte

9.25%x10-°M

f .2 [ 7’ 11U v
¥ § R - O 5] g

73

" . -
i F -
by o A e
e .
=
y
2y
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e o T
microbial

An(lll) Salado 1.2x107 3.1x10” 39X107 17X1O6
An(lll) Castile 1.3x108 1.7x107 2.9x107 1.5x10°
An(lV) Salado 1.3x10% 1.2x108 5.6x10® 5.6x103°
. }An(IV) Castile 4.1x10° 2.5x108 6.8x10® 6.8x10°
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* Regulatory requirements were primary
determinant for the development of the PA
structure

— The WIPP must be designed to provide reasonable
expectation that cumulative releases of radionuclides
to the accessible environment for 70,000 years after

disposal from all s:gnlﬁcant processes and events 1
shall be less t cifie
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WIPP is a successful effort in clean up of radioactive waste
generated under the US defense program.

In10 years of WIPP work about 130 000 containers have been
permanently disposed in salt-bed.

4 of 12 panels were filled with TRU waste and closed.

Safety is primary important for WIPP. No fatality or serious
accident was noted durmg mlnln , trans ort and waste dlsosal

Actinide Chemistry Repo VIPP in
acertification process ar |
standing of actinide¢

| WIPP is world leader in the transuranic waste di &_ sal
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The view of waste in a WIPP
Disposal Room. On
September 27, 2010 the
amount of 137,177 (409 RH)
containers are disposed in the
underground.

Al " This work was conducted _
under the Actinide Chemistry Repository Science Program B
and sponsored by Department of Energy Carlsbad Field Office.
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