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Overview

U Role and Need for Nuclear Repositories
0 Overall Concept
0 International Updates
0 US Approach and Current Status

IPP TRU Repository Concept

ase: Dissolved Actini




UNCLASSIFIED

clear Repository Update

pository Concepts
ational
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Repository Concepts: Strategic Elements

oncepts for the Geologic WIPP - Existing TRU Re
of Nuclear Waste s e
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Repository Updates: International Programs
Europe and Canada

tory projects in a few countries are advanced

application in 2011 for a site licence at Forsmark (in
a repository for spent fuel (in review)

ation in 2012 for a construction license
in Olkiluoto (approved by S
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ository Updates: International Programs — co
China, Korea and Japan
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Status of Repository Science in the US

Decision to de-commingle defense and commercial nuclear waste
(2015)
Task Force on EM Technology Development (Jan. 2015 report)
oncluded EM likely not able to complete remaining mission withc
e infusion of new technologies considering technical uncertaint

mended)
vard to WIPP recovery is under development (

Project is still “not an option”
or used fuel and H

y Is Salt an Ideal Disposal Medium for the

“The great advantage is that no water ¢
pass through salt. Fractures are self
healing....”

ere is a wide geographic distribution of
with many potential sites.

National Academy of Scienc

. Area underlain by bedded salt

@ Area of salt domes or salt anticlines
Salt at great depth ‘flows.” It will encapsulate
and isolate it from the surface for eons.




UNCLASSIFIED

Waste Isolation Pilot Plant (WIPP)

IPP is a permanent disposal — =
ility for TRU waste

ated in southeast New Mexico
certified in 1998, first shipment in

New Mexico
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—

Types of Waste

act-handled (CH)
Large volume
— ~169,200 m® capacity
o shielding required
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WIPP Underground Operations

Lo P_anel Status
shaft air = ;ilg\?e disposal
2150 feet Pl [IP _ B Mining underway

. air | Future mining

Exhaust
Shaft

Each salt pillar left in place
is about the same size as a
football field
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WIPP Status

PP, although currently not operating, is certified to operate and is in the
ess of being recertified (379 time) by the EPA.

ive Recertification Schedule:

Notice of Availability; Official opening of public comme
Stakeholder Meetings in Carlsbad and Albuquerque
EPA and DOE reach agreement on parameter cl
PABC-2014
PABC-2014 completed

akes completeness determi

11,894 shipments received

33,000 type B packages unloaded

91,000 cubic meters of TRU waste disposed
14,200,000 loaded miles

24 storage sites cleaned

* Through February 4, 2014
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Safety Incidents that Shut Down WIPP
Salt Truck Fire (February 5, 2014)

At approximately 11 AM, there was an underground fire in the WIPP when a 29 year:
d salt hauler vehicle caught fire near the salt shaft. All 86 people in the mine at the
e were able to exit safely but six were treated for smoke inhalation. This led to a

tdown of the WIPP to review/address safety issues raised by this incident.
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Safety Incidents that Shut Down WIPP
Actinide Release Incident (February 14, 2014)

approximately 11 PM, a CAM alarm signaled the presence of airborne
tamination in the WIPP underground. This was later found to be a release from a
gle container (LANL waste stream MIN-02) failure in WIPP room 7 in panel 7
wn on the bottom) that led to a measurable but small release of Pu/Am from the
P. This release event has been extensively investigated and the path forward to
e operations is being developed.
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WIPP Underground Contamination Survey
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Actinide Solubility and Speciation
In the WIPP

ox and Oxidation State
ple reduction of Pu by Fe
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Inide Research: Motivation and Applicat

specific goals
ongoing recertification (next is CRA-2014)

odel changes and updates under consi
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portance of Actinides and Oxidation Stat
Distribution in the WIPP

all Release: Pu~Am >> U > Th >>Np, Cm ar
fission products

1 State: 111 > IV >> VI >V

Oxidation State
111 v

Uranium

Plutonium

Americium

Actinide
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Plutonium Oxidation State in Brine
1990s Experiments

No reductant

0
0 100 200 300 400 500 600
Time, days
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onium Oxidation State Distribution in B
ACRSP Experiments (Current/ongoing

ction of Pu(VI) by Iron
and Iron Oxides

000008 Comparison of Fe Coupon V!
0.00007 L

0.00006
0.00005
= 0.00004
=
— 0.00003
=]

o
“— 0.00002
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/V1) Reduction by Lower-Valent Fe in B

inal Pu oxidation state is mostly Pu(l11) and Pu(IV) colloid
ased on TTA extraction, ~ no extractable Pu(1V)

-month Analyses ~ 6-year
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tonium (I11) Association with Iron Colloic

Plutonium (I11)

Black: 0.45p Filtration
Green: 0.22p Filtration Blise - 30K-filtered

Blue: 100 K Filtration r Reed = 0,22 pM-filtered
Red: 30 K Filtration

Fe(1)

|Fe Total] in M

-

i
P

70 75 80 85 900 05 100 105
pH of Simulated Brine
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ominance of Pu(ll11) under Anoxic Condit

Qualitative Redox Indicators for Iron Interactions with

Plutonium under Anoxic Conditions

3 Oxidation b [Felotar in c
Experiment Description State of Pu | mM (%Fe?* in EE.+IV:I3ena1$\l;|)red
Solid solution) -
DA-6 brine at pH ~9 ~87% Pu(III), 0
excess magnetite rest Pu(IV) 0.2
b’m:nat PH~8 | _1009% puarn) ND
H~ | _100% puciny | o
VA
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Summary: Pu Redox in the WIPP

cing conditions are
ated due to anoxic corrosion Pu(V/VI)
ds to Fe?* production

edominates in solid and
e for Pu-242 and the

12
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Mobile Actinide Concentration

he WIPP concept, colloidal species contribute to the sou
n in dissolved brine release (DBR) release scenarios
olloidal transport is not a significant issue
ucture and physical properties are not importa

Solubility

UNCLASSIFIED

oroach to Actinide Concentrations in the W

\ssess and track actinide inventory
Pu, Am, Cm, U, and Th are potentially important
m and Np is eliminated as a consideration
ailable chelating/complexing ligands

oxidation state distribution by expert opinic
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Inventory (Panels 1-4 and Projected)

Isotope/Material Panel 1 Panel 2 Panel 3 Panel 4 V::;’:gzza)l
34.63 9.21 7.65
2571.00 1405.00 441.10
2416.00 1306.00 404.80
22160.00 6844.00 1504.00
6802.00 1487.00

1.26 98
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Thorium Solubility Studies:
Experimental Approach
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n(1V): Solubility of Thorium in WIPP

Overs

g

o0

I
0

Thorium Concentration, M
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X XXX

X X X
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Intrinsic Colloids: Thorium Data

LANL/WIPP INE/Germany

Solubility from Under:
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ct of Filtration on Thorium Concentratic

~ no effect to 10 nm, 6 nm data
matches ultracentrifugation re

3kDa 10kDa 30kDa 100kDa
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Results of Th(IV) solubility measured
after 4 years of equilibration

Altmaier et a
NaCl ultra

16
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Summary of Observations:
Thorium Brine System

~Fast _—.

Dissolved _
species “ filterable
species

Solid Phase

UNCLASSIFIED

sumptions about Intrinsic/Mineral Colloi
~ 1995 (first license application)

e tendency to colloid formation is element-specific (e.g. all Pu
idation states have the same tendency to form colloids)

onium is the only element that will form intrinsic colloids
es where eliminated based on literature search)

olloid enhancement factor is defined as a ma
id concentration that is added to the

species that form mi
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trinsic Colloids in High lonic-Strength Bri
WIPP Experiments

ng-term Studies (4-6

ed brine systems

WIPP Simulated Brine Composition

fon or
property*

GWB
Brine
Composition”

GWB ERDA-6
after reaction with i after reaction with
ERDA-6 Brine
MgO (phase 5), ition¢ | MO (phase 5),
halite, ang | COMPosition halite, and
anhydrite® anhydrite®

B(OH),™
(see footnote f)

158 mM.

186 mM.

353M

47TM

1.02M

0330M

0467M

0550 M

14mM

177 mM
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Experimental Approach
Sequential Filtration

erm (multi-year) actinide
Ly experiments were re-
0 determine size

0.025

[Actinide or Analog]
o o
8

§

Green - Nd({lll}-EDTA
Black - Th(IV)}EDTA
Blue - U{VI)-Carbonate

g P Cartbonzte g

~120K rpm for 2 h Unfiltered
ultracentrifugation
| | | | | | |

8 10 12 14 16 18 20 22

Filtration Size (nm)
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uential Filtration Results for U(VI) in Br

—-CO,*-free GWB - u\:ersal. -pC,, 8.9 - 2678 days
—{+CO,-free ERDA-6 - oversat. - pC,,, 9.3 - 2678 days
—A—2mM CO,” GWB - oversat. - pC,,, 8.9 - 2422 days
—A—2mM CO,” ERDA6 - oversat. - pC,,, 8.6 - 2422 days
—%—CO,"-free GWB - undersat. - pC,,, 8.6 - 2022 days
—O—CO,-free ERDA-6 - undersat. - pC,,, 9.8 - 2022 days

Average 46.7% dissolved

3kDa 10kDa 30kDa 100 kDa
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ential Filtration Results for Nd3* in Bri

' Average 42% dissolved

~+-E8C1-2
—=-UE10C0-1
—&—G8C3-1
—=G9CO-1
——UGaCc2-2
—e-UGHCOo-2

Nd Concentration, M

10 100
Filter pore size, nm
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guential Filtration Results for Pu3*in Bri
Size distribution at various pH

ol 1vs GWB pH =7.7

ol 1 vs ERDA6 pH = 8.4
ol 1 vs ERDA6 pH =9.2
ol 1vs ERDA6 pH = 9.6

[Pu] vs. Filtration Size

1 1 1 1 1 1
25 5 10 20 220 450
Filtration Size (nm)
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quential Filtration Results for Pu3*in Bri
< 10 nm filtration fraction

Blue - 10 nm
Green-5nm
Red -2.5nm

1e-10 I I I I I I I
656 7.0 75 80 85 90 95 100 105

pH of the Simulated Brine
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icrobial Interactions lead to Multiple Effects o
Actinide Speciation that Affect Mobility

Bacteria release electrons during Both processes red
respiration, which are either taken up (IV,VIVI) to Pu(l
directly by Pu (IV, V/VI) or, electrons which leads to si
are taken up by Fe®*in the soil, and or hydroxide p
become the soluble Fe?*

UNCLASSIFIED

OMMUNITY STRUCTURE IN WIPP WASTE

Low diversity

All DNA sequences origi
from only one phylum,
Actinobacteria
Organisms in this
known to survive
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Biosorption - Microorganisms

7K Vet
hole seep, WIPP | ;t-" ’z.i
halites; strain R e “Pure” Halite vs. C
D CH+ 5'9, 0.9-4.3 Optimum Growth:  Archaea:

.5-2 um size rCH+= 8

Severe
lysing Archaea

Whole,
but non-
viable
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tration Results: Chromohalobacter sp.

Speciation scheme tha
©1=2 M Data accounts for Np-carbo
AT=4M Data species adsorptio

Calculated Neptunium (V) Binding Constants

Reaction
I=2M 1=4M

X+l

NpO,' + R-Ly* > R-LyNpO, 30100 3.04+0.1

NpO,” + R-L*" & R-L,NpO,* 371401 3.86+0.1

NpO, "+ R-L;*" > R-L;NpO,* 411200 49102
NpO2CO3 + R-Ls*™ e RALNp0,CO5*> 832401 871+0.1

5 NpO(CO3),” +R-Ly™" <> R-LNpO,(CO3),"™ 10.89+ 0.1 11.86 + 0.1

% neptunium (V) adsorbed

6 NpO»(COs);” +R-Ly*" > R-LyNpO(CO3),™* 11.864 0.1 12,73+ 0.1
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Biosorption of Np(V) Towards H.
noricense - Results

tion: Np(V) exists as
a i - Biosorption of Np(V): Comparison of archaea
RS =PECIES ( 2 and bacteria in 4N NaCl

pC,.~ 9 where
“omplexation

% Adsorption
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mmary of Biosorption Data at the Expect
IPP pC,,, (Normalized to biomass of 10 g

haea: ~ 10% sorption
eria: 70-85% sorption
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Summary of “Colloid” Results

ano-filtrable species are almost always observed, most are smalle

or halobacteria (typica

Oxidation-specific “Mobile”” Actinide
Concentrations

Calculated Oxidation-Specific Solubility of Actinides in Equilibrated WIPP Brine
(GWB — high Mg brine, ERDA-6 — NaCl brine) [Brush and Domski, 2013]

DT S g | | CRA-2009 | -p A 2014 PA

. Analog PABC
State, and Brine Used M)
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Conclusions and Observations

International programs are moving forward, but at a very slow and
omewhat sporadic pace.
1 the United States, the Salt repository concept, from the perspec
long-term safety case, remains a viable option for nuclear was
agement despite the current operational issues/concerns.
nt model/PA prediction (WIPP example) are built on re
isms. These conservatisms are being addressed in
esearch to fill existing data gaps.
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Thank you for your attention
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