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Hanford Site Groundwater Overview
Extent of Groundwater Contamination

Central

Extent of
Plateau

Groundwater
Contaminants

* Approximately 80 square miles of groundwater contaminated above drinking

water standards
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Radioactive Contaminants

[ritium
lodine-129
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Remediation of groundwater plumes and protection
of the Columbia River
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Columbia River

2"d largest river in the Continental United States (120,000 CFS average
flow).

WA State Designation of Water Quality is “Class A Excellent” for the
Hanford Reach.

H-3, Sr-90, 1-129, U-234, U-238, Pu-239/240 are generally measured in
the Hanford Reach mainstream above minimum analytical detection
techniques; all well below DWS, all have Hanford and non-Hanford
sources.

In general, only H-3, 1-129 and occasionally U are measured at a
statistically higher concentration below Hanford as compared to above
Hanford in the mainstream of the river.

« Hanford is the largest source of H-3 and 1-129
« Largest source of U is from irrigation returns

Current potential impacts occur where receptors are exposed to
contaminated groundwater - contaminated groundwater “upwells” into
the river gravels and seeps from the shoreline springs during low river
stages in the riparian habitat. Mainstream of the river is not adversely
impacted.
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Key Radionuclides Released
to Columbia River From Past
Reactor Operation Discharge

1,400,000
e 110 M curies released to river
1.200.000 - 65% (80M) was Mn-56 Na-24
* 949% of radiation dose from 5
1.000.000 radionuclides noted below
E\ » Doses range from <1 to 130
$ 800,000 mrem/yr
[ -
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RADIONUCLIDES IN COLUMBIA RIVER
Source: State of Oregon Radiation Protection Services

COILLUMBIA RIVER AT THE DATILES DAM
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Figure 8. Average gross beta activity in surface water in pCi/liter at The Dalles Dam, 1965-
1993,
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Current Exposure at the Columbia River From Hanford-
Derived Contaminants to Humans and Other Biota Is

localized
= Hyporheic Zone - (B e
yporheic Zone | o ;
groundwater upwells into —"J—"*mm i
the gravel bed of the river st ot e
. . e L .L.,::'- _______ (L High River Stage _
= Riparian Zone - seeps =
containing a mixture of U R i
river water and Rl =

groundwater
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Approximately 16,000 meters of Columbia River
shoreline receive contaminated groundwater

P’ I
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ERDF  Us Ecology

[0 RiversiPonds
[ Basalt Above Water Table
A Extent of Migration Above DWS

/A Shereline Segment with
Potential Migration Above DWS

Segment 1 Length 1,675 m
Segment 2 Length 2,487
Segment 3 Length 883
Segment 4 Length 635
Segment 5 Length 1,187
Segment 6 Length 510
Segment 7 Length 534
Segment 8 Length 6,390
Segment 9 Length 1,572
Total DWS 15,873 m
Total Hanford River Length 79,280 m
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2006 GAO Audit

The conferees are concerned about DOE's
efforts to protect contaminants from reaching the
Columbia River. Technology used in several
remedies is not performing satisfactorily, and
there Is a lack of new technologies to address
contamination issues.

% Environmental Management
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Key Hanford Contaminants Relevant to
Congressional Concerns in CY 2006

= Contaminants Currently Entering the River

« Hexavalent Chromium in the 100 Area reactor sites & the “Horn” of
the river

- Strontium-90 at 100-N

e Uranium at the 300 Area

e Tritium from 200 East Area (PUREX)

e lodine-129 from 200 East Area (PUREX)

= Contaminants that may reach the River in the future from the
200 Area (Based on mobility, half-life & inventory)

e Technitium-99
 Uranium
e« Carbon Tetrachloride

@H’ Environmental Management
safety <+ performance <+ cleanup <
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Columbia River Protection Projects
Four Areas of Focus — FY 2006/2007

100-HR3 (100D Area) £
Chromium Aume Fall 2005 S
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Q> 1000 ugl
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[CJa > 20ugland < 50 ug/L

1. Test and Mend ISRM Barrier;
2. Find Chromium Source
-~ 3. Himinate Recharge

In Stu Redox f f
Manipulatig rii;!;@;“

4b. Test (and Deploy) Hoctro
Treatment System
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-
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CERCLA Operable Units Impacted by the Nine Projects Funded in
FY 2006 & Supplemented in FY 2007 by RL and DOE-HQ

100-NR-2
100-KR-4 rable Unit
E‘}Eerable Unit Strontlum—so 100-HR-3-D
romium
Co-Contaminants 8 ml:.?l:?nUnit
Et an1L ym-90 Co-Contaminant
chicroethene Nitrate

100-HR-3-H

Operable Unit
- Chromium

i A l

%00-2!;1
perable  ~ :
Uranium
Unit _~"900.UP-1 Technetium-99
./ Operable (10x MCL) L

Unit 300-FF-5

Operable Unit
Uranium
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FY 2006 Columbia River Protection Projects
Funded by $10M Directed Funding

Hexavalent Chromium in the 100-D & 100-K Areas

. Eﬂec_t Micron-size Iron into Deteriorating Portions of the In Situ Redox Manipulation (ISRM)
arrier

. Ei?al\d Test Electrocoagulation for Accelerated Cleanup of the Northeastern Plume in the 100-
rea

=  Accelerated Bioremediation (Biostimulation)
=  Geochemical/Mineralogical Study of Chromium in the Vadose Zone
Refine Location of the Chromium Source at the 100-D Area

Strontium-90 in the 100-N Area

=  Sequestration of Sr-90 Subsurface Contamination in the Hanford 100-N Area by Surface
Infiltration of an Apatite Solution

= 100-N Area Strontium-90 Treatability Demonstration Project: Phytoremediation along the
100-N Columbia River Riparian Zone

Uranium in the 300 Area

= 300 Area Uranium Plume Treatability Demonstration Project: Uranium Stabilization through
Polyphosphate Injection

Carbon Tetrachloride in the 200 Area

=  Carbon Tetrachloride and Chloroform Attenuation Parameter Studies: Heterogeneous
Hydrolytic Reactions

EM Environmental Management
safety <+ performance <+

cleanup closure www.em.doe.gov
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FY 2007 Columbia River Protection Projects
$2M Funded by EM-20 (DOE-HQ)

Hexavalent Chromium in the 100-D & 100-K Areas
* Additional source Investigation at 100-D
* 4 additional characterization wells funded by RL

« 12 wells to characterize chromium in the “Horn” between
100-D and 100-H - funded by RL

Strontium-90 in the 100-N Area
e Laboratory tests for biologic uptake
Uranium in the 300 Area

 Laboratory tests supporting vadose zone application of
polysulfide sequestration

EM Environmental Management
safety <+ performance <+ cleanup

% closure www.em.doe.gov
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WBS Element Integration
Soils and Groundwater Remediation Program

/N
WBS Elements /

/ D&D
Improved
\ Technical Sampling/ AN /

Assistance Characterizatign
Strategies

Waste Forms
& Disposal /
Enhanced Advanced

L Long-term Predictive
Monitoring Capabilities

VAN

Environmental
Management
Problems

Enhanced
Containment Remediation
Methods

Advanced
Remediation
Technologies

Columbia River
Projects
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ART Project (200- UP 01

Key constituents of concern are %
technetium-99, nitrate, chromium ‘\} oo

Three injection wells and four new

monitoring wells planned

Planned reagents molasses and

ferrous sulfate
5Yr Project $3.6M
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ART Project Objectives

Demonstrate effective distribution of reagents to the Ringold formation
gravels

Demonstrate that reducing biogeochemical conditions can be induced and
sustained for a treatment period (i.e., 18 months to 2 years)

Demonstrate that the concentration of key COCs in the groundwater can
achieve treatment goals in 2 years or less in the reactive zone:

Demonstrate that the precipitated technetium and chromium remain in
insoluble forms. Note: we expect a continued flux of these radionuclides
from upgradient.

Show that secondary water quality impacts of the EARP technology are
limited spatially downgradient of the reactive zone

@H’ Environmental Management
% closure
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Tank Farm Scope

149 Single-Shell Tanks (SST) and 28 Double-Shell Tanks (DST)

SSTs organized into 12 farms and 7 waste management areas
(WMA)

67 SSTs are known to or are assumed to have leaked (~1 million
gallons) (HNF-EP-0182)

Over last 9 years, the Tank Farm Vadose Zone Program has

characterized the largest plumes,

Implement surface water control measures
researched past knowledge,

developed new science and technology, and
estimated future impacts.

@H’ Environmental Management
cleanup <
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Advanced Science and Technology

= Science
- Understand cesium mobility
- Made progress on uranium mobility

= Technology

- Used Advanced Photon Source to
characterize radioactive samples

- Developed direct push probeholes to > 100
feet bgs

- Extended HRR/SGE to areas with large amounts of
Infrastructure and to areas with co-mingled plumes
from nearby cribs and trenches.

EM Environmental Management
safety <+ performance <+
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Tank T-106 Plume

MAP LEGEND
ceeeeenees Tanks

B ... Waste Cribs |

Resistivity
(ohm-m)
30

Low lonig
Concentrotion

17

7

High lonic
Concentration

Approximate barrier
footprint

Approximate Extent of
T-106 Leak

752, 2005, Field Invest‘i'%laéiggoe .
X-TY, Figure 3-12 wwi.em.doe.gov
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Technology Challenges for Hanford Soll
and Groundwater Remediation

' l“l (g

(]
OfEeD
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Groundwater and Vadose Zone
Challenges

= Develop Numerical Models of .....

Tracer Conc. (1/L) |
Groundwater and Vadose , ' | T
Zone Chemical Reaction and il
Transport o e
* Reactive transport models L5 B—
are needed to evaluate i ' P52 20— o5
detailed conceptual models s = s
and to provide input for ~ ETE T L,
records of decision for in situ A
remediation as well as e T
monitored natural DT
attenuation. I
o e —
%W Environmental Management
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Groundwater and Vadose Zone
Challenges

= Determine Groundwater Recharge Through the Vadose Zone

» Determine moisture flux through representative waste sites, including
vegetated and graveled surfaces, accounting for seasonal variations in
precipitation and heating.

Evaporation and

Transpiration Precipitation Evaporation
~160 160 50-100
& - Shrubs (80-290)
e oy, Grasses
N A Mwwhn;m“ﬁ“ﬁunwmw -B:r;'ftr-fa:ff'
é ":"-':""'-
Dsezl:h Coarse Soil
(sands/gravels)
E—— _—__
<0.1 0-10 v ¥
10-50
Em 50-100

4 T T EETTERTYEEEY TR T T YR ST T TR Y
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Groundwater and Vadose Zone
Challenges

= Develop Cost-Effective, In-Situ Remediation of Carbon
Tetrachloride in the Vadose Zone
* needed to meet an overall remediation goal of source reduction
and control of groundwater concentrations below regulatory
limits
= Develop and Test Cost-Effective, In Situ Remediation
Technologies for Radionuclides in the Deep Vadose
Zone

e primary radionuclides of concern include uranium, technetium-
99, plutonium, cesium, cobalt, and strontium-90.

@H’ Environmental Management
safety <+ performance <+ cleanup <
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Groundwater and Vadose Zone
Challenges

Develop improved, Cost-
Effective Methods for
Subsurface Access to
Support Characterization
and Remediation

e Subsurface access
challenges include deep
groundwater table, near-
surface objects such as
buildings or underground
tanks, and a vadose zone
consisting of
unconsolidated silty sand,
gravel, and cobbles

Enhanced Access Penetration System

I;u Environmental Management

safety <+ performance <+
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Groundwater and Vadose Zone
Challenges

| ImprO\éed Remote, In Situ Detection of groundwater constituents (e.g., Sr-
90, Crt)

Will be needed to support cost effective performance monitoring of plume
remediation and to support monitoring associated with long-term stewardship of
the plume.

= Cost-Effective, In Situ Remediation of Hexavalent Chromium in the Vadose
Zone

Will be required to remove or immobilize chromium contamination that is likely
occurs deep in the vadose zone

W HA3 B, v

100-D Area
Chromium Plumes aa® : DS Etricten et
I, iyt Vied
June 2007 |
Eatovsiguiabon Extriie Wel
f‘é i Elsctaocagulition igction el
. o
B Sowos irepigaton Vel
e . F, i Moroeing Vst
I’ TEFe Trmstert Vel
i it T
"' ':c-! :;—.J:' i S 200T|
W 1R Compiance Vi
H e Cron ke £
" b
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100-HR-3 (100-D Area)
Chramium Plurme Fall 2005

m Extraction ¥Well
¥ Injection Well !

[ Cr > 1000 ug/L
[ ] Cr= 100 ugfl and <1000 ugil

1 Cr=a0 ugil and < 100 ugiL
[ 1Cr=20 ugfll and < 50 ugll

In Situ Redox
hanipul atio

O5-55
m
WDE-5244

1. Test and Mend ISEM Barrier
2. Find Chromium Source

d. Eliminate Recharge

4a. Femediate Through Biostimulation
b Test (and Deploy) Electrucuagulﬂatiun
Treatment System

safety <+ performance <+ cleanup < closure
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Slide 36

VRV1 This figure should be updated to remove the reference to calcium polysulfide and the identified injection and extraction well locations.
If you want to indicate where the biostimulation treatability test will be conducted, the 4a location should be moved farther upgradient

(just downgradient of teh southern two #2 location indicators.
Vince Vermeul, 9/14/2006



Conceptual Sequestration Process

Polyphosphate addition may be engineered »
to control reaction rate, thereby targeting Pulyphnsphafe Addition

the horizontal region of sequestration.
Sorbed Uranium

I I Hanford Gravel /Sand

Fluctuating Waler Level

Ringold Overbank Mud

e ————
Lower Ringold Mud
Pj;u Environmental Management
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100-N Phytoremediation of °°Sr along the Columbia River
Riparian Zone

e Only Sr-90 in the near-river sediments will reach river
e  Currently as much as 1000X drinking water standard
* Phytoremediation as part of treatment train —Apatite and MNA

%Sr Contaminated Riparian Zone

Groundwater F
Columbia

Apatite injection
Barrier

Environmental Management
safety <+ performance <+ cleanup < closure www.em.doe.gov



Ol diUu o ALl UdUUILT Fal dllieLwel

Studies: Heterogeneous Hydrolytic

Peactinne

Large uncertainty in
abiotic degradation
rates (K,) limits the
ability to predict fate

Project will provide critical physical-
chemical data for CT and CF
hydrolysis reactions under
groundwater conditions (T, surfaces)

and transport and to
- CT CF
develop cost-effective Type of
remediation plans for | Hydrolysi
CT and CF plumes in S Hom | Het | Hom | Het
200 West Area
Neutral X* ¢ 2 ¢
*Currently funded by Hanford
Groundwater Project
Homogeneous (Hom)—Occurring in solution
phase only

\ Heterogeneous (Het) —Involves interface
between solution and solid phase

Neutral—Insensitive to pH (H,O is active agent)

I:I O |: n =
Base-catalyzed—Rate increases with pH (OH- is
active agent)
EV{ o bldiyjronmestal-APpenagemgnt

safety < performance <+ cleanup <

closure

e First determination of

K, (Het) for CT and CF

e Maximum increase for K,
from Het could be 8x for
1000 ppb CT

e Clarification of K,(Hom)
for CF

e Improved K_'s will
strengthen technical basis
for remediation decision

CCl, Hydrolysis [Jeffers et al. (1996) data] |

Half-life, years

1,=138yr — J 150

17°C

1 22000

0.0025 0.003 0.0035

1T, K

— Potential Impact

www.em.doe.gov



100 Area Hexavalent Chromium

100-0 Aren ; 5
C=rom i . b 100-H Ares
Pump & Traal ‘Cheormiun

Chramiim
In Sy
R

1006-M Area i [ | Columbia River
Eiromium. B - i Water Table Contour, 0.5m C.I.
Fump & Trasl 3 A/ Chromium, DWS 100 ugiL R
" [ A/ Strontium-90, DWS 8 pCill : —
& *  Well Monitored in 2000 - 2004 e .
] J Extraction Well ! ’ -

* Salmen Redd

T a3 a / e -
= ' Injection Well | /
i +  Aguifer Tube : ‘
-

LR TS

#5845

-
Graphic Produced by Groundwater
Performance Assessment Project (PNNL)

can pets0B Ofs July 18, 2005 amm'

* - *
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Progress - Hexavalent Chromium

= Inject Micron-size Fe into ISRM Batrrier
* Labtests & modeling completed at MSE
* More tests deemed necessary
e July 2007 field demo on hold

= Field Test EC
* 50 GPM system test complete
*  Technology successfully removes chromium
* Injection well plugging challenges
=  Accelerated Bioremediation
*  Wells drilled

* Molasses test in 2007; Vegetable Oil Test in
2008

=  Geochemical/Mineralogical Study of Cr in
the VZ

»  Samples collected; Leaching studies
underway, preliminary data on Cr aging
effects

= Refine Location of the Chromium Source at
the 100-D Area

*  Drilling of 7 wells complete

« Data indicates we are close to a significant VZ
source of Cr

Pj;u Environmental Management

* - *

safety < performance <+ cleanup

closure

In Situ Redox Manipulation
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Systems Approach to Address 100-N *°Sr

safety

Environmental Management

*
L

performance

Permeable reactive barrier to sequester Sr-90
Barrier enhanced with phytoremediation
MNA for most of the Sr-90 plume

. Only Sr-90 in the near-river sediments will reach river
. No safe alternative for removing the deep vadose zone Sr-90 source

Existing P&T system will be placed in cold standby until
March 2008 CERCLA Proposed Plan is submitted
Proposed Plan will evaluate alternatives & recommend
remedial action for ROD amendment

%Sr Contaminated Riparian Zone

Columbia
River

Apatite injection
Barrier

% cleanup < closure www.em.doe.gov




Progress - Strontium-90 in the 100-N Area

= Site-Funded initial 300 Ft barrier completed

« CY 2008 higher-concentration injection campaign(s) to add
robustness to the barrier

= Lab tests underway to support VZ application of
apatite barrier — favorable initial results

= Field tests at “cold” 100-K location underway to
determine biomass potential of coyote willows —
phytoremediation as a polishing step to the apatite
barrier

= Laboratory tests funded for food-web (insect) studies

EM Environmental Management
safety <+ performance <+

cleanup < closure www.em.doe.gov 43



300 Area Uranium Plume
Exceeding Current Drinking Water Standard 1994 & 2004

Shaded 300 Area Uranium, June 1994
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300 Area Groundwater Conceptual Model

300 Area Process Trenches -
Eastern Trench (Western not shown)
Backfilled in 1999

Soil removal during
ERA (1991) and later

Original
Trench
Dimensions backfilled (1999)
NN : Columbia
Contaminated b \ \ o
Vadose Zone \
N ; ¥4 High River Stage
\ ‘~i'.':_':':zf- . ; _ ‘I;la\rersad !;I:;{w
O 2 \ " ing Hi ive
o ! f £ ; s sut;IEeg 2
Uranium 00880 ormal ooy "l'
o A R Stege

AV

——» Groundwater Flow o b
i Py b i
e R s

2222002
\sbkkaﬁ-"*ﬂ\&\\\\i\‘nuﬁiﬁ e S S A S S A A ey

Vadose Zone becomes Saturated Zone of leaching br

during high river stages which higher than norma

remobilizes uranium contamination water table
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300 Area Uranium Plume Deployment of Polyphosphate

Polyphosphate addition may be engineered
to control reaction rate, thereby targeting

the horizontal region of sequestration.

Polyphosphate Addition

Sorbed Uranium

l I Hanford Gravel /Sand

Fluctuating Water Level

Lower Ringold Mud

= |njection of soluble polyphosphate
= Lateral plume treatment

= Uranyl phosphate mineral (autunite)
formation

mediate. sequestrati
% g’nwro mMen akoﬂlanagemem

safety <+ performance <+

cleanup

= Apatite formation
e Sorbent for uranium
e Conversion to autunite

=  Enhancement of MNA

closure www.em.doe.gov
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Other 300 Area GW Progress

= Limited Field Investigation
* LFI Report complete

* Includes preliminary remedial »/\e\a-@\/ A\ /_//"/\,(_///«"_"o)ﬂﬁ.f? o
technology evaluation '\-\\;@/”‘\ > = = W T na 2008,
 618-2 BG Pu transport ><\’\ >pﬁg‘/>\\ e . Voo
N 3 ) | 2 or [OCE{S S ; :):fn::l:\danimlinq“full
resolved o /;X;%\\\ X N/;.g§§-1-1 O R
» TCE characterization wells T N\Process "N e, A > itration
planned T’EQEEBS\,% o’-of<lﬂltration e [\ Plot g
] [ ’DZO %o, 03, f "‘ oo \ %g
= 300 Area Risk Assessment ; \ bction. TNEEGA )
. L7 Site~— L s ey %
Update complete \sc.,,%\ \\m\ PRoZ
= 300 Area Multi-Year Field IR e
Investigation funded by Office | “csoo f?;n/;;p;,’rgwa-gghm |_.
— | Injection__ |
of Science — U Geochemistry | ' 0 Seiaimei— L s [Bi e
= 300 Area Workshop August | ™™ e
29, 2007 (&)
% :.°. 399-1-3 #® 399-17
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300 Area TCE

SOUTHWEST NORTHEAST
Proposed Central 300 Area
Bore Hole 399 3-20
307 Trench 1 399-3-18
} }
Aquifer Tubes
AT-3-3-D and
AT-3-4-D
(1.5) (results for completed wells)  (1.4) = 0.9 (Sept. '06)
|
0.8 63 ? ? p
0.8 51 ;
—_— = Hanford Gravel Col_umbla
1.6 0.6 96 River
Z u
? ? ? ?
—_ < 630 Upper Ringold Sand u ' '
I ?7—7 /
u
¥ ‘ U
> < Ringold E Gravel ]
g S
/_ .
ngo;d L.owgr Mud Samples collected during drilling Hydraulic Conductivity (K)
(Aquitard) Trichloroethene ("0.8" pg/L) ——3» Higher K
Graphic prepared by PNNL Groundwater Performance Assessment Team u = Undetected —p- Lower K
[Now. 15,2006 300 VOC xsect-schematic-shr.pdf]
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Progress - Carbon Tetrachloride
In the 200 Area_

Lab test initiated

Collaboration with Dr.
Peter Jeffers (SUNY
Cortland)

Multi-Year experiment

Iﬁu Environmental Management

cleanup <

www.em.doe.gov
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Tank Farm Additions to Mike
Thompson’s NAS Talk

o W EM Environmental Management
' o safety <+ performance <+ cleanup < closure
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Tank Farm Scope

149 Single-Shell Tanks (SST) and 28 Double-Shell Tanks (DST)

SSTs organized into 12 farms and 7 waste management areas
(WMA)

67 SSTs are known to or are assumed to have leaked (~1 million
gallons) (HNF-EP-0182)

Over last 9 years, the Tank Farm Vadose Zone Program has

characterized the largest plumes,

Implement surface water control measures
researched past knowledge,

developed new science and technology, and
estimated future impacts.

@H’ Environmental Management
cleanup <
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Location Map

BY-Tank Farm
Canister 1948-49

Storage
Building

BX-Tank Farm B-Tank Farm
1946-47 1943-44

7

/200 Eas

+ “‘*—..;f

) t-‘rank Fam'1A'
194344

: :I tegrated Di | .
" aclity (OF)

Rattle snake hit. \
\
% Columbia River
Richland, VWashingten—— ‘,'
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Future Impacts from the SST PA
(DOE/ORP-2005-001)

Maximum Contaminant Level Exposure Scenarios”
Performance Beta-Photon| Tc-99 1-129 Cr AIIl-:F;?trg\évrays ILFé:aF(%j 'IO r:gilsi?’lial \Iilvef‘zgrgfnggg
Objective 4 mrem/yr | 900 pCi/L |1 pCi/L |0.10 mg/L 15 mrem 1 OE-4 to 1. OE-5 Metlhgd B
WMA Tank Residuals
S-SX <> <> <> <> <>
T <> <> <> <> <> <> <>
TX-TY > < < >
u <> <> <>
C <> <> <> <> <> <> <>
B-BX-BY > > > > > > >
A-AX > > > > > <>
WMA Past Releases
S-SX @ L @
T D D D
TX-TY D D <
U @ @ <> <>
C <> <>
B-BX-BY @ @ <> <>
A-AX @ @ <> <>

Below Performance Objective:
<> Greater than a factor of 10
S Less than a factor of 10

o Emaled frZE
|3 ° Evaltited fr h

S

ZOOOt 12032.
Yicgnigental Management

;.a-rru. ni2ace

Above Performance Objective:

% cleanup

Less than a factor of 10

closure

@ Greater than a factor of 10

www.em.doe.gov
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Typical Future Impacts as Function of
Time

W0 == = — — == = = = — — - ——8— Past Releases (Past Leaks)
Peak F : Early Rel
eak Factors: Early Releases, A Past Releases(UPR)

mobile contaminants, maximum ¢
Tank Residuals

recharge rate
— ©— Ancillary Equipment (Plugged and Capped Pipes)
0we - - - - - - - - - — —--=§7-=--  Ancillary Equipment (MUSTS)

Inflection Factors: Early releases,
and barrier degradation

Peak Factors: Early releases,

O o e e e i
i barrier degradation,

E longer discharge time

g B

c ‘AN r+----"-/-"-—---"-"-"-—-"“<—/—'"— — - — - — - — — = - — - = — = — —
3 i Peak Factors: Tank residuals,
§ |A mobile contaminants

10 [ ] YV ] | L~ L ] | ] | | |
2000 4000 6000 8000 10000 12000

Calendar Year
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@H’ Environmental Management
[ B

Characterization Efforts

10 Boreholes drilled in the most contaminated
plumes
Over 125 Direct Push Boreholes

High Resolution Resisitivity (HRR)
Measurements Done in 7 Farms (2 more In
progress)

Detailed Laboratory Analyses

Science using advanced DOE facilities designed
to address transport of Cs, U, ...

safety <+ performance <+ cleanup < closure www.em.doe.gov 56



Advanced Science and Technology

= Science
- Understand cesium mobility
- Made progress on uranium mobility

= Technology

- Used Advanced Photon Source to
characterize radioactive samples

- Developed direct push probeholes to > 100
feet bgs

- Extended HRR/SGE to areas with large amounts of
Infrastructure and to areas with co-mingled plumes
from nearby cribs and trenches.

EM Environmental Management
safety <+ performance <+

cleanup < closure www.em.doe.gov



Tank SX-108 Slant Borehole

*

cleanup < closure www.em.doe.gov
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Tank C-105 Borehole Results

C4297 (WMA C Characterization Borehole)

Lithology Stratigraphy  “*Technetium 238 ranium *SMolybdenum 137 Cesium 80Cobal
lev. 1
i * [ eicrms [a—eicrms Ta e icrms — [a ecea
20 3 [ ecEA
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(= g* "‘—1_‘_—‘_ A
%"E; - _:____.?.. [ Vo —
0 o e . A == i f:'
—— T 7 P ] ———r.'— —————— e Wl i —— 1y
o = 4 I  §
"§ 80 - =] R L A r s
wy
- 3 L L L
5 1001 9 : L :
> = s A r s ’
] ] . d 4 b
& = 1
E 120 ! :
= ] e i k 1 1
o T —
[ e —
S 140 1 = ; E
IE C y — p b
%
160 =4 L L [
b b b
g p b
: -0 1 3
180 3 e F F
3 } i 1
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Direct Push Unit

Piu Environmental Management

* - *
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C Farm Slant Probehole Results
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Resisitivty Layout in B/BX/BY
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Resistivity Results (S Farm)

@ Resistivity = 1-2 ohm-m
@ Resistivity = 2-5 ohm-m -

P

B - Buildings SX-101
O - Tanks SX-104
= - Fences
=== - Survey Lines b
. R | L1l
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Tank T-106 Plume

MAP LEGEND
ceeeeenees Tanks

B ... Waste Cribs |

Resistivity
(ohm-m)
30

Low lonig
Concentrotion

17

7

High lonic
Concentration

Approximate barrier
footprint

Approximate Extent of
T-106 Leak

752, 2005, Field Invest‘i'%laéiggoe .
X-TY, Figure 3-12 wwi.em.doe.gov
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Long Term R & D Needs

= Remediation
- Deep vadose zone (>100 feet bgs) treatability [Tc, U, I, Cr]
- Tools to convince public and regulators of long-term
performance

= Characterization

- In-situ vadose zone contaminant detector
Small, light-weight deep vadose zone sediment sample
collection device capability of >103 pCi/g Cs-137
Tank waste residual waste release studies
Contaminant mobility studies based on basic chemistry,
geology, physics, etc.
Large-scale inversion of geophysical measurements
Improved petrophysical measures to support resistivity
interpretation

EM Environmental Management
cleanup <

safety <+ performance <+ closure www.em.doe.gov
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