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CPCco  presentation Outline

Cleanup Company

Contaminants remain in the deep vadose zone of the Central Plateau,
acting as continuing sources to the comingled groundwater plumes.
Characterization of the nature and extent and subsequent remediation of
continuing sources is a challenge.

Outline:

* Our current understanding of continuing sources
* Characterization

* Modeling

 Remediation options and challenges
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CPCco  The Central Plateau Vadose Zone

Cleanup Company

942m
915m

Vadose zone is 45-100m thick
composed of Miocene-Pleistocene aged
sand, silt and gravel.
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Sources of vadose zone contamination:
« Liquid waste sites like cribs,
trenches, ponds and ditches
 Reverse wells and French drains
 Tank leaks
« Burial grounds
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Figure 2-8. North-South Section View of 200 West Area
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Central Plateau
Cleanup Company

Groundwater

Mobile contaminants of interest:

B Complex
U, Tc-99, I-129, Nitrate CN  ~ 150k Farm

U, Tc-99, I-129, Nitrate

T Complex
Tc-99, 1-129, Nitrate Cr(VI), CN

Deep Vadose Zone
Contamination in Central Plateau

| |
S Complex BC Cribs and Trenches

U, Tc-99, I-129, Nitrate Cr(VI), MIBK 10-99
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U Cribs
U, Tc-99, I-129, Nitrate

Inner Area

A Complex
U, Tc-99, I-129, Nitrate

CHPRC2009_27_19

REMPLEX

CENTER FOR THE REMEDIATION
OF COMPLEX SITES

@PNNL

SEPA  =inTERA

United States
Environmental Protection
Agency

HANFORD

Continuing Sources to the Central Plateau

Evaluations of residual
contamination in the deep vadose
zone have focused on mobile
contaminants in these portions of
the Central Plateau

Categorizing a chemical or
radionuclide as a contaminant of
iInterest does not necessarily
mean it is a continuing source to
groundwater

Current continuing sources are
determined through groundwater
monitoring data, but it does not
address future sources to
groundwater
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CPCco  Characterizing Deep Vadose Contamination

Cleanup Company
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CPCco  Characterizing Deep Vadose Contamination

Cleanup Company

Mat U

Borehole characterization Wt | [ S0 sown
. . . GR: Cs—13?| Total GR Mat K Woisture - vol [CR VI SOIL|Tc-33 SOIL| F SOIL :
reSUItS nltrate and ﬂuorlde 0.10 10000|0_00 4500_00| 60 o n_nnl 50{0.00 10000|0-00 50{0.00 70000| Barehole Lo Core Lithology
detected in subsurface, no ; } . %
uranium or hexavalent HHE= % - 3 % .
chromium. HLEL é o] L R
DO these SiteS represent ii ;;;;I: L E/E{J UI é : z Cold Creek Unit:87
continuing sources to the %ﬁ 3% );7 N % —
groundwater? Can we predict ety e
the impact to groundwater { f 19 i = F 2 ==
; <] EE—¢ BAREE Highest F: 132 mg/kg

from borehole data alone? ; % IR { = P\L\:x:_:mwem

i g - % —— k g
And how do we map nature % é § c% = | LAEEE— Highest NO3: 1,260 mglkg
and extent of contamination in g | L
such a Complex Comingled C9503 No uranium detected above soil background
environment?
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CPCco  The Cumulative Impact Evaluation

Cleanup Company

Detailed

. . . Information Facets Results Model
The CIE is a set of modeling tools intended sourees T
INTEGRATED COMPUTATIONAL (as these

to evaluate the cumulative impact of FRAMEWORK P—

Tank Waste Model
. . . GoldSim+MATLAB Data Layer available)
multiple comingled contaminants on Central : cop ey |
{activity| massi form, V\;ater q‘uantity}

Plateau groundwater

Environmental Impact
Statements

Contaminant release to VZ

by [site, analyte, year]: P N

{activity| mass, water quantity} . \
Detailed Model

CERCLA Scoping Summaries Contaminant release to GW
& Work Plans by [location, analyte, time]: Releases from
{activity|mass} Source Operable

Kingdom-Geo Unit
nits,
VZ Geologic Data & Performa;nce
u . S Contaminant release to GW \7/
The CIE uses a forward-modeling e ———————

(Volumes, Locations, Times) {activity | mass}

approach for contaminant and effluent R B
discharges over time, so we can evaluate b Sosuroce,  — [ oasbase/cis applcatn
the effect of deep vadose contamination el g es
without having to speculate about the e rerenmerts — | [_oabss st
amount of residual contamination oot e ers —
remaining. s

GW Calibration Data

>

| _ _ Water Table Condition_ _ _
by (location, time): felevation}

MODFLOW

Groundwater hydraulics
by [time, cell]: {heads, velocities}

Groundwater hydraulics
by [time, cell]: {head, velocity}

by [location, analyte, time]: {activity|mg

£

Kingdom-Geo MT3DMS

GW Geologic Data & Groundwater concentration o
Interpretations by [time, analyte, cell]:
{concentration}
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CPCco

Central Plateau
Cleanup Company

Cumulative Impact Evaluation Modeling Approach
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Figure C-62. Plan view contours of Technetium-99 concentration simulated 50 years from the start of simulation assuming the best estimate initial
concentration.

Simulation of groundwater plumes over time
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CPCco  Cumulative Impact Evaluation Applications

Cleanup Company

* One of the tools in the CIE toolbox e ————
allows different remediation scenarios E
to be input, so that the change in
source flux to the groundwater can be | _:
evaluated over time. '

* This allows the CERCLA Operable
Units to evaluate a range of remedial

IFre-Hanfond Operational Revegelation: Long-term:

actions for protectiveness of the e sk g
groundwater.
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CPCco  QOptions for Remediating the Deep Vadose Zone

Cleanup Company

In-situ treatment of residual contamination:
= Sequestration via chemical injection (e.g. phosphate or ammonia injection)
= Dessication
= Grout Injection

Soil Flushing

Surface Barriers

Subsurface PRB at the water table interface

» Effectiveness, implementability and cost of DVZ technologies were evaluated in depth in DOE/RL-2017-58
Technology Evaluation and Treatability Studies Assessment for the Hanford Central Plateau Deep Vadose
Zone
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CPC.o Remediating the Deep Vadose Zone: Example of
aempcmery [N=-SitU Treatment in the 300 Area

Injection and infiltration of a polyphosphate

NW SE
2 5 ag e solution into the vadose zone to sequester
130 — o ) i ; -
& - T - by N
& @ & - i — @ ol ey . [ . .
: RIS I : 33 dual m that had b I h
120 5% 8 3 88 resiaual uraniu dl na een repienisning a
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[ prmrme il e T Mol r ety loMiggti g, Mgt T T
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2
90 — Ruis l g h d
; changed.
80 —
Very Low Permeability RIm 2
= =
07 £5
(=]
o + Uranium co-precipitaled and adsorbed
50 - Basalt Folyphosphate Blend e o Less uranium_
; - phate p leaches oul over lime
Jj’ gravel-dominated + Formation of lower solubiity
Scale: 1:5200 uranium minerals
Om 300m = o
— — ] == L #
o J Eo
Well . Py Q:\ £ 'EI' = —_—
5ol iy 5
Well Screen == a i
Map Le /
[ Hanford formation e i te]lla2] /£ _
: Ringold Formation member of Wooded —— Cross Section Line = Q = -: Time |
Island unit E (Rwie) Cross Section Lins Buffar o =l | |2 A
Ringold Formation member of Wooded [ stage A Enhanced Attenuation Area ﬂca.é g‘ o Ty,
Island lower mud unit (Rlm) || Stage B Enhanced Atlenuation Area 1 = l = "
[ Basat Wasts Sites : a. P e
Roads . Q-b o = —_—
Pericdically Rewetted Zone (PRZ) Sed Wsle Burlal Ground te.3 a e e Q’c:
) = -
— — — June 2018 Groundwater Table 5“"““‘-'"“ B Grount o2 7 1 (7 by .r_'J . " =3
~ — — December 2018 Groundwater Table B il 0 a_\eoi.'f’ p'm'c..,,p - SR v Uranium bearing minerals
Groundwater table elevations based on average values ¢ 200 0an L M ol 7 5 G B3
from well 398-1-12 (A5021)
Mota: 5x vertical exaggeration. Geologic solids model generated using Hanford South Geologic Framework Model surfaces. K i il N
e o2 o S Figure 1-10. Uranium Mobility Change with Polyphosphate Treatment

Figure 1-4. Cross Section of the General Geologic Features of the 300 Area Industrial Complex and

Stage A and B Enhanced Attenation Areas Reference: SGW-63113 300-FF-5 Operable Unit Enhanced
Attenuation Uranium Sequestration Completion Report
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cPc., Remediating the Deep Vadose Zone: Example of
cempcommey IN=-S1tU Treatment in the 300 Area
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Extensive monitoring  [c5mmms T T

shows effective #[

delivery of the
phosphate from the
48 injection wells.
Uranium
concentrations have
decreased in the f ,
groundwater, R
enhancing the
natural attenuation
of the U plume in the

300 Area . Figure 2-1. Stage B Injection Well Locations in Four Injection Zones
[l Injecting e Log 10 Conductivity Difference (5/m)
| Saah Longie W P2 000 025 050 075  1.00
Somce M i n?mﬂm,&@;swmlmm;,..wms;}.m.mum“ Reference: SGW-63113 300-FF-5 Operable Unit Enhanced
Tre- e Elecirical Resizthiny Tome, ' . . . .
Figure 4-30. Twice Daily Images of ERT Amendment Distribution in Cluster 1 Atten Uatlon U ranium Seq UeStrathn COm pletIOn Re pOf't
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CPCco

Central Plateau
Cleanup Company

Factors that contributed to the
success of in-situ sequestration
at 300 Area

» Close out sampling during waste l::“

. . . - Legend
site remediation provided & sow s o [ oo (D)
B ERT Cluster 1 Stage B EAA outlined in blue Distance in meters Azimuth 318
L

B ERT Cluster 2 Data > 108.5m elevatior 0 50 100 150
B ERT Cluster 3 included

evidence for where the residual
contamination remained In the
vadose zone

* The relative thinness of the
vadose zone reduces the volume
of injected solutions necessary to e e
sequester uranium Reference: ECF-300FFS-16-0087, Determination of Vadose Zone Uranium Concantration Distrbuiion Extanis and Davelopment

of a Three-Dimensional Geologic Framework Model for the 300-FF-5 Operable Unit, Hanjord Washington.

Figure 4-1. 3-D Plane View and Cross Section of EA Area with Excavation Footprint and Uranium Soil
Samples from Stages A and B Below 108.5 m Elevation
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CPCco  Conclusion

Cleanup Company

» Characterizing the nature and extent of comingled contaminants in a
vadose zone up to 100m thick is challenging and has uncertainties

* Modeling tools have been developed to evaluate the continuing
groundwater impacts from contamination in the vadose zone

* There are few options for remediation of contaminants in the deep
vadose zone in the Central Plateau
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Thank you
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