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Technical Basis for Soil and
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TECHNICAL anpD

Elﬁﬁlﬁﬁ’EDERéﬁ”Em&E What is an endpoint framework?

REMEDIATION ENDPOINTS . .
T e R = Systematic understanding of a
S problem to provide understanding
and justification for decision

making

= Risk informed remediation

goals
= Permitted by regulations

= Protective of human health
and the environment

5, DEFARTMENT OF
N ERG | Environmental
Managamant
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Establish Technical Basis for Remediation

Technical Basis for Remedial Action

Site Data
Initial
Conceptual

Model
Source Terms

Systems-Based Assessment

7/ Assess Risk
 and Appropriate
Endpoint ¢

B (Remedy Selection) 4

Refined
Conceptual
Model

Remedial Resource

Investigation Use
Strategy

Regulatory and Policy Input
e Risk Evaluation
e Cost Evaluation
e Regulatory and Stakeholder Involvement

Systems-Based Monitoring

Refined
Conceptual
Model

Endpoint/Response
Complete

Performance
Evaluation and
Optimization

Remedial
Investigation
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Vadose Zone Characterization

Hanford BC_Cribs 30 Tomography: Flyaround with lsosurfaces
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Johnson et al. 2012 r Feraatnie ol Lo oo
Jansik et al. 2012. Vadose Zone J. (submitted)
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Mass Flux Assessment for Metals and Rads

Recharge

$34349

» Quantify source

B Where is the persistent
source?

B How strong is the source
(contaminant discharge rate)?

» Quantify contaminant
movement and flux to

groundwater
» Risk evaluated at multiple
levels Groundwater
B Human Health .
B Ecological Contaminant, C or M,

Truex et al. 2012. PNNL-21843

Carroll et al. 2012. J Contam. Hydrol.

Oostrom et al. 2012. GWMR (submitted)
Oostrom et al. 2010 GWMR

Brusseau et al. 2010 GWMR

Truex et al. 2009. GWMR 6
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Coupled Vadose Zone/Groundwater System

Infiltration Infiltration
Waste

Fine-grained
* Layer Japprsion *

. B —

Source L —

* aﬂd , * Lateral spre 9d and

accumulation ' in fine
Natural Attenuation grained sedi nents.

Capillary Break

Adapted from Dresel et al. 2011. Environ. Sci. Technol.

Contaminant Flux in Groundwater

N — I

Source Source Natural Attenuation
Flux Capacity

Contaminant Flux in Vadose Zone/
Groundwater Systems

B —

Source Source Natural Attenuation
Flux Capacity

Vadose Zone
Processes

Truex and Carroll. 2012. PNNL-21815
7
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Nature and Extent Character and Quantity
of Contamination of Waste Release

Initial
Conceptual Model

» Enables determining baseline ; wasated

Tier | Evaluation
H H H . . Framework
Active R o No | * s natural attenuation occurring?
risk and appropriate remedies Active Remedy
fate and transport(e.g., lateral
for deep vadose zone waste spreading, retention, retardation)
. \L Yes
Sltes Tier Il Evaluation
. Ll * What are the attenuation mechanisms and rates?
. F|tS W|th|n the R I/FS (OI‘ CMS) + Quantify fate and transport parameters
« Factors that limit water flux to groundwater
prOCGSS + Factors that slow contaminant movement
: y
B Integrates understanding of Tier 11l Evaluation
1 * What is the attenuation capacity and longevity?
na‘tu ral SyStem atten uatlon + Evaluate attenuated fate and transportto quantify
H H contaminant flux to groundwater (capacity)
CapaCIty for Contamlnant81 maSS + Evaluate potential changes over time (longevity)
flux and assessment of risk v Remody
Remediation Goals | | Refined Conceptual Model not
i for Groundwater and Baseline Risk Assessment | needed .| No Action
. PrOVIdeS a framework for remedy Protection (describes flux to groundwater and Decision
eval uatlon factors thatimpact this flux)
Remedy needed
Monitoring
« Verify attenuation (Tier IV)
» Long-term compliance
Goals met? Part of remedy Monitoring
+ Remedy performance
Remedy Complete EA or Targeted Active - Verify attenuation (Tier IV)
Remedy Evaluation + Long-term compliance

+ Enhance control of
contaminant flux to
groundwater

Goals met?

EA = Enhanced Attenuation ‘ Remedy Complete
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Vadose Zone Remedy Framework (cont’d.)

Water/contaminant input

Flux

» Flux Reduction Approaches

B Transport of contaminants in the vadose zone is
significantly attenuated by hydraulic processes and
dispersion in addition to potential geochemical Time
attenuation | |
B Design remediation approaches for
@ contaminant mass reduction

@ contaminant stabilization

@ hydraulic control

: : Wat
{  Contaminantoutpu
i (nonsorbing)

itput

Contaminaéntoutput
(sorbing) !

Flux

a b Time ¢ \ d
Contaminantoutput

Waste Disposal Pulse (transient) (kinetic control)

» Enhance Natural Processes
M [dentify enhancements to produsion ‘

. Input
attenuation processes that
Z Impact
reduce flux to groundwater ) hme Receptors
i e
h 8
) ey
Long-term water flux A M G
(linked to surface recharge)
Release e&—» Movement e » Impact
Radioactive ant\Chemical Contaminants Assessment
Initial and
long-term 9

moisture flux,
IN=0UT
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Scientific Opportunities for Monitoring at
Environmental Remediation Sites (SOMERS)

- Integrated SyStemS'_ba‘_Sed Scientific Opportunities for Monitoring at
approaches to monitoring Environmental Remediation Sites (SOMERS)
- Comp”ant’ d@fenSible, COSt- Integrated Systems-Based Approaches to Monitoring
effective monitoring approach e e
B Whole system approaches 1 B ;i" E '-
versus point-based monitoring " . ,.| : _|.'
B Uses multiple “lines of e

evidence”

B Aligns key objectives at each
phase of remediation

B Guides transition of
remediation phases with goal
of meeting end state

B [terative feedback to
conceptual site model

Office: of

UE DEFARTWERT OF
o EHERGY Environmental Managemant

10
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Quantifying Moisture Content

ERT Image of Desiccation Treatability Test Site

Injection well Extraction well
— —

» Locate contaminated zones and
guantify 3D moisture content, a primary
driver for contaminant migration toward
the water table.

» Image gas tracer migration through the )
vadose zone f
r_
Trac;er tveIOC|ty is controlled by moisture —— Eleated moisture
conten e o content
B Moisture content is calculated from electrode _ electrodes

tracer velocity

B Locate zones of elevated moisture
content = elevated contamination = |
elevated conductivity Test l_,

Column |
-

hange in conductivi
B 2o owmow o oaomo@ o wow
ot

Change in conductivity (Sim)

August 6, 2013 Plate current o
electrode gas injection

port
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» Waste chemistry impact on uranium

B Waste chemistry of disposal alters subsurface conditions and results in
uranium precipitation with minerals

B Gradual mineral dissolution can increase ionic strength and impact
(decrease) sorption

» Waste chemistry impact on 2°Tc
B Field-contaminated sediments show °°Tc in unidentified surface phases at
low pH (<4)
B Surface precipitates likely coated by aluminosilicate precipitates
B %°Tc remains immobilized even when oxidized
» Gas-phase remediation of 2°Tc
B Eliminates risk of mobilization during treatment
B Hydrogen sulfide and ammonia precipitates as stable compound

August 6, 2013 12
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Potential Future Development Activities Pacie o

Proudly Operated by Battelle Since 1965

» Technical basis for remediation

B Contaminant mass reduction
@® Refine pore water contaminant extraction

B Contaminant stabilization
® Develop uranium sequestration

B Hydraulic control
» Mass flux framework

» Systems-based closure monitoring
B Enhance geophysical characterization and monitoring (ERT)

August 6, 2013 13
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Integrated Approach to Environmental
Monitoring

» Relative to conventional
compliance monltor_lng_ Initial Conceptual Model
approaches, a monitoring
framework that

B Uses multiple lines of

evidence

B Provides insight to the Long-Term
important remedial/transport "\ Stewardship
processes

B Integrates with conceptual
site models and predictive

Long-Term
an alyses Monitoring

B Encompasses the
remediation phases of
design, implementation, and
performance assessment

B Informs endpoints

15



Contaminant Transport and Fate

Impacts of Waste Chemistry

» How does disposed waste
chemistry impact the fate and
transport of uranium in the
vadose zone?

B Acid releases carbonate and
phosphate from sediments
that precipitate some of the
uranium after the pH
increases.

B Base releases silica from
sediments that precipitates
some of the uranium at high
pH above about 9.5.

B Mineral Dissolution

® Neutralizes added acid or
base

® Can release background
uranium

® Can increase ionic strength
and decrease sorption

(Szecsody et al., 2013a, JCH)
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1000 time (h]
C} v CO3 vs Acid Buffering Capacity -
E measured data: .
= acid buffering (mmol/100 g) = ]
= 20.887 + 14.1*%C03 »
2 (r = 0.996) g
‘r!"
E100 Py
=y .
g M "
& S -
g < theoretical based on
= 10 2000 meq H+/100 g CaC03
E [Sumner, 2000]
0.1 1 10 100
fraction CO3 [%)

Agueous + Adsorbed

etate Extractable Nitric Acid Extractable
. b) 4M HNO:z :

3 c) 4M HNOz
c42 c4z
weated < L 1& untreated LT untreated
I untreate W imj. 75h imi
—@postU.Tsh ® preti20. 1000h _t,",?:ﬂf&"h"'um
ost U, tH20,1100h { '
—kgnat H20,1100h Pos " = postHi20,1100n
.
: Fy
|
01 02 03 1 2 1 2
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] ] ] Tc-99 in Hanford Sediments: Microprobe Elemental Map:
» Field-contaminated sediments pPhysical and Chemical Retention ¢ associated with Fe, Ti oxides
show Tc-99 in unidentified o B ot s q. I
7.700 ﬁ- - ,r,.fi_um_‘;.,.;c.amfli-mmr_ﬁ_ -
surface phases ol R e
) ﬁg.snal- I B R A unitioeRioes
» TcO, shows nearly no g o Il
sorption except at pH < 4 -
i i & «o [ I
- Unde_r.hlghly alkaline i
conditions -
B Biotite dissolution produces oo [ |
Su.ﬁ:ICIent Fez+ (aq) tO reduce 0 0.01 G.DEHmQE?uSCSAEd];:;t 006 007 008
TcO,
B Surface Tc-99 precipitates likely
coated by aluminosilicate Teos-Reduction In MaoR-reated
precipitates - also associated with Wy,
specific surface phases (Fe E:
oxides?) Ssl L __
B Surface Tc-99 remains w v Y
immobilized even when oxidized M Tememn
as Tc(lV)

(Jansik et al, 2013, in preparation

August 6, 2013 Szecsody et al., 2013b, Chemosphere, in preparation)




Gas Phase Remediation

Tc Immobilization

» Gas phase remediation
approaches eliminate risk of
mobilization during treatment

» H2S + NH3

B Alkaline conditions from
injection of NH; dissolve
aluminosilicates

B As sediment pH equilibrates
to natural conditions
minerals precipitate

B TcO, precipitates as stable
compound with no possibility
to re-oxidize and release

(Szecsody et al., 2013c in preparation)

August 6, 2013

most mobile
(aqueous)

least

mobile
(Ppt)
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pH in sequential H2S then NH3 gas treatment

—

Tc-99 fraction in phase

R L L O L

100% NHs

then 50% NHz
then 10% NHa
parallel gas treatment:

50% MHa + 50% HzS

I | |

I

pH
0

100% H=5

1 Y Y |

) S
+] 1 2 3 4 = & s B8 9
Gas Addition (fraction)

Tc-99 Mobility Change with Gas Treatment

1.0

| then
0.8 air
' H2S +
_ (4 wks) (4 wks) NH3
0.6
then
' air
0.4 (4 wks)
0.2
0.0 | '
M aqueous _|acetate pH 2.3
M ion exch. " oxalic acid

B acetate pH5 M8M HNO3, 95C
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