Organized in cooperation with

- ¢ K\
Pacific \%g@;l\? IAEA
N 4
Nor thwest W International Atomic Energy Agency
NATIONAL LABORATORY Atoms for Peace and Development

Utilizing
Geophysical
Methods in Remedial
Decision Making at
the Hanford Site

November 14,2023

Sarah Springer
CERCLA Integration Manager

2023 Global Summit

on Environmental Remediation
@REMPLEX

O
. 4

U.S. DEPARTMENT OF

ENERGY BSATTELLE

PNNL is operated by Battelle for the U.S. Department of Energy




Q 2023

Global

o oomie SOl and Groundwater Remedies

W hat information is necessary to select, implement and then monitor a
subsurface remedy?

« Source of contamination

« Nature and extent of contamination

* Properties and structure of subsurface media
 How each of the above changes with time

Geophysics can be used In conjunction with other data collection and

interpretation methodologies to “fill in the gaps™ and reduce uncertainty in all of
the above.
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Reverse Wells Pits, Trenches Underground Cribs, Ponds, P!ant Waste

Also known as injection & Landfills Storage Tanks Trenches & French Discharge

e, TV Solid and liquid wastes in There are 177 tanks at Hanford ~ DTains Some facillties at Hanford

m : mpwl ."'::; barrels or boxes were burled  storing radioactive mixed Cooling and waste water disposed of waste directly
LOSR ::hom di oo Y in pits, trenches, or unlined waste. Sixty-seven single- was directed to storage to the soil outside the

mp‘ir? ho o"roclly landfills. As the containers  shell tanks are known or cribs, ponds, trenches, or  facility.
iy Brask detn inants pactod to have leaked French drains (perforated

— =5 enter the soil. in the past. allowed liquid to be

ed into rock-lined
soil-covered trenches).

ste lanks shown are located in the Central Plateau (200 Areas).

Not to scale

1.3. These are existing or potential sources of groundwater contamination on the Hanford Site. Processing facilities and

Central Plateau: residual contamination in
the 250-350’ thick vadose zone may be

replenishing groundwater plumes for

hundreds of years.

Present and Future Threat to Groundwater
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2021 Groundwater Contaminants on the Central Plateau
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Figure ES-7. Groundwater Contaminant Plumes in the Central Plateau
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Broad categories commonly used at the Hanford Site:
« Ground Penetrating Radar
* Electromagnetics

Borehole-Based Geophysical Logging
e Seismic

Resistivity
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GPR and EM surveys have been
used at Hanford for identifying the
location and sometimes the
condition of

approximate depth-cquiv
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WAL \KELEX A

 Buried waste such as vertical
D A | e pipe units, caisons and other
o I 0 GER Pl 20 0 N0 0B G, solid wastes

of burial ground [300-MHz antenna, 108-NS window, depth scale 2.3 fi/in.]).
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Borehole-based geophysical logging is used to S

& | o
underst_a nd. nature and extent of e ——— C8706 Combination Plot
contamination: Man-Made
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Seismic data is used to fill in the
Interpretation between boreholes:

« Understand/predictthickness and
therefore transmissivity of the
unconfined aquifer

* |dentify features that may focus the
contamination
» Results have implications for cleanup
timeframes
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Resistivity Surveys
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Electrical Resistivity Tomography
(ERT) Is uniquely useful in some
areas of the Hanford Site

« Semi-arid environment paired
with high volume historical
discharges

= Slow recharge rates
* High-ionic strength of
discharges
= Nitrate a common contaminant

ERT can provide a 4D image of
nature and extent of
contamination
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Use of ERT to plan characterization
boreholes (B-Complex, U-8, etc.):

 ERT indicates “hot spots™ to locate
boreholes

« Soll samples from boreholes
characterize contaminants

* Less boreholes necessary to establish
nature and extent
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Understanding nature and extent of
contamination in the vadose zone Is

Important to the remedy decision process:

 Delineates three-dimensional area
requiring a remedy

* Provides a basis for the remedy
selection and design

= E.g.in-situtreatment, surface barrier

* |Indicates the impact to groundwater

 ERT can provide an understanding of
extent of contamination, but often other
lines of evidence are necessary to
understand the nature of the
contamination
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Cumulative Impact Evaluation

* Final and Interim groundwater

mmmmmm

Inventory |  menc Eroneorans
Model l

lllllllll

decisions Iin place on the Central Sol o el R L

Plateau

= present status of groundwater
contamination relatively well
understood

e Continuing and future flux to
groundwater less understood

uonN|oAg
ableyoay

Vadose Zone
Models (24
3D STOMP |

models)

Y10 Ma W09

Groundwater
Model
(Plateau to
River Model)

3I0MaWel;099)

e Solution: Cumulative Impact

Evaluation Modeling Toolsets Fonward Modeling ?ﬁ
Predictive Modeling

2018 3070

CIE is designed to simulate future contamination migration from multiple sources to and
within groundwater to support decision-making for the Central Plateau
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Important considerations at the
BC Cribs and Trenches Site:

* Relatively isolated from other
disposal waste sites, less
commingling

« Highly concentrated nitrate and
tc-99 waste streams discharged

* Close to the “exit point” for the
Central Plateau groundwater

Trenches

T

Cribs

PNNL-17821
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1.0E+00 o300

-="Lazso

Convert resistivity results to
contaminant concentration plume:

1.0E-01 o F 200

F 150

Technatium-98 Transfer Rate (Cilyr)
Technetium-99 Cumulative Transfer (Ci)

e Bulk conductivity - fluid
RIS el conductivity = porewater nitrate
00 2100 220 0 2k Cmm 200 250 2900 3000 9100 concentration = porewa‘[er tc-99
o T et s e concentration
a)
134600+
Nature and Extent Peak Arrival to Amount of
R Estimation Method Groundwater mass/activity
f’ remaining
o Forward Modeling 2125-2145 20-23%
- ERT-based vadose zone 2140 67%
plume
572000 S7TI00 573200 x(s;rg,‘-ob' sTi0 573800 ECF-Hanford-21-0136, Rev 1
, P SEme
;"N\ (Cilim® ywar)); 1.0E-12 1.0E-09 10605 1.0E-03

All modeling methods show arrival first under BC Cribs
Indicating that ERT measurements roughly agree with the Soil Inventory Model
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135600

CIE forward modeling shows earlier arrival of
uranium in groundwater than the monitoring
well data indicates.

However, there Is not a direct relationship to
1w derive uranium concentrations from bulk
Crib conductivity
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Resistivity data collected at U-8 crib
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Figure 2-4. Forty-Eight Injection Wells and Nineteen Monitoring Wells Drilled for Stage B

Use of ERT to monitor the implementation of the

selected remedy

 Real-time ERT can be another line of evidence
ensuring the successful application of fluids in

the subsurface
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A A A N A A A Ly
COESs  CoEsy GG COEED Coe53  C963 9690 Co66d CO85E  CE6B:  Ci6ld 9660 COEE  CI6R:  CU6H0  COM6D

Sept. 14, 17:27

Segt. 15, 0

w‘ (v,

A A A

A A A A 3
C565) COIS4  CRRR  C5060 CS6:8  CRSB4  CRIGF  CS0M0 2 CS6M  CRER  CRIRR  THOS0

Sept. 17, 05:26 pt. 18, 05:26| Sept, 18, 17:26

A A A
C3658 CoEad  CBies  C5660 CS6  COtAd  CRORs 5080

Sept. 19, 05:26

A
Coest  Ciein Coeno  Cosed = <
Log 10 Conductivity Difference (S/m)

0.00 0.25 0.50

[] miecting wz

LVZ and PRZ
| Seioen Longihs NN PRZ

CHAOWNCORN

Source: Modified from Figure 19 in PNNL-28619, Szage B Uranium Sequestration Amendment Delivery Monitoring Using
Time-Lapse Electrical Resistivity Tomography.

ERT Cluster 3

An outcome of the time-lapse ERT results in an in-

situ treatment:

Demonstrates areas where injected solutions move
anisotropically through the subsurface, which may
not have been observable otherwise
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« Geophysical methods are a useful tool in the remedy decision and
Implementation process, but they are not universally applicable

« Geophysical methods should be used in conjunction with other lines of
evidence to interpret sources, nature and extent of subsurface contamination

* The characteristics of the Hanford Site and the unique nature of the
contamination requiring remediation provide good opportunities for using a
variety of different data collection and interpretation approaches.
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