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Hanford IFC

Science Theme ~ Multiscale mass transfer processes influencing
sorbed contaminant migration
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Associated Practical Issues
r<iAccurate projection of dissipation times for groundwater

plumes of sorbing contaminants
» Sorbing solutes not equal
» Concentrations at different scales

r<MOptimal delivery of remediation reactants
» Access
» Kinetic formation and reaction
» Persistence

=«Practicality and effectiveness of remediation
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Hanford 300 Area in 1962

North Process Pond =T
= Sanitary Leach Trenches i)
= South Process Pond
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300 A Waste Streams

» Sodium aluminate (to ~1956)
e Dissolved Al cladding from rejected fuel assemblies
e 15% NaOH, Density of 1.5

» Effluents from REDOX and PUREX process development
(1944 — 1954)

e Nitric acid solutions containing uranyl nitrate

» N-reactor fuels fabrication wastes (1978 — 1986)
e Nitric acid solutions containing U and Cu

» Different grades of enriched U as well as natural and
depleted U

» Primary chemical inventory in NPP and SPP
e 37,000 — 65,000 kg of U; 265,000 kg of Cu




Locations of CERCLA
monitoring wells (open circles)
and wells instrumented for
automated hourly
measurements (purple dots)

« water levels
* temperature
« EC

The 300-FF-5 Operable Unit

|IFC site selection strongly
dependent on polyphosphate
plume trajectory

* Model projections performed

« Continuous monitoring
initiated around SPP to
improve the hydrologic
model
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Field Site Location in WMA 300-FF-5
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Primary Objectives

Quantify the role of mass transfer in controlling U(VI) distribution

under various geochemical, hydrologic, and remedial conditions
e \Vadose zone
e Saturated zone

Investigate in-situ microbiologic processes that couple with mass
transfer to control phosphate barrier performance and longevity

Create enduring field experimental data sets for model and field-
scale hypothesis evaluation

Test and improve existing models of multi-reaction chemistry and
multi-scale mass transfer by comparison to new, robust
experimental field data

Proactively transfer results to site for decision making and
remediation




Approaches

Robust 3-D geostatistical characterization of the experimental
domain

e Borehole samples and geophysics
e geo-, hydro-, chemo-, bio-, and U(VI)-facies
e Correlative transfer functions with key process-specific parameters

» Field experimental campaigns based on 3 hypothesis at an
integrated vadose zone-saturated zone site

Well field sufficient to sample heterogeneities
Infiltration experiments in vadose zone

Passive river stage experiments in capillary fringe
Injection experiments in saturated zone
Collaborative experiments with EM-20

» Modeling of different types
e Stochastic-deterministic
e STOMP, MODFLOW, and FLOTRAN by code originators
e STOMP as the integrative project code

» Leverage broad data base and other site activities

e ERSD

e EM-30, EM-20
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Geological Cross Section
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asonal Dynamics of 300 A Uranium Plume

300 Area Uranium, December 2005

.
300 Area Uranium, June 2006
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Vadose Zone Release Model
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FYO08 Activities

Oct Nov Jan Feb Mar Apr May Jun July Aug Sept

Website development | Website operation >
|

Permits and permissions

Experimental site-selection, set-up, and infrastructure

Design of well field and monitoring system | Well drilling |
|

| In-situ characterization

| Ex-situ characterization

| Field experiment infrastructure
|

| Evaluations and testing of new characterization methods
|

IFC- Data baae; Historic data, 5708, new data |(website linkage) new data
|

Interpretational stochastic data (UCB) | (modeling plan) implementation
|

Improvements in microscopic models and parameter (W/SFA, EM-40, ERSP)
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Site Management Status

» Received approval from DOE Richland Operations for use of the 300 Area
for the IFC May 2007

e Cultural and ecological reviews completed August 2007
e NEPA categorical exclusion granted September 2007

» Underground Injection Control permit submitted to Washington State
Department of Ecology (Ecology) February 2008

» Controlling documents completed and available on web site
(http://ifchanford.pnl.gov/documents)

o Field Site Management, Health and Safety, QA/QC, Communications Plans

» Processing requests for sample materials submitted by ERSP investigators

» Washington State Waste Discharge Permit ST4511 in place for injections

e Work with Ecology staff to ensure compliance of injections with permit (e.g. tracer
concentrations

7 Officeof (%
L Science o
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300 A IFC Infrastructure

» Site selection completed October 2007

» Drilling specifications document completed December 2007 and
provided to Fluor Hanford (FH)

e |FC wells located and staked

» Well drilling contract in Fluor Hanford Procurement
e Excavation permit issued, drill bids received, two finalists selected
e Drilling pad constructed
e Start date in late April

» Field office trailer and sample storage containers in place

» Power now being installed at field site

14
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Criteria for Site Selection

» Seasonal changes in [U] ~ 2; [UJmax > 50 ppb; no organic
contaminants

» Proximate to previous excavations for which significant laboratory and
characterization data exists

v

Maximal amount of fines in saturated zone

v

Near but out of the zone of influence of the EM-20 polyphosphate
injection experiment

v

Saturated zone thickness (Hanford formation) of 2-3 m

v

Relatively flat Hanford-Ringold contact to minimize vertical gradients

v

Located within coverage domain of existing groundwater monitoring
domain

» Site location (and experiment timing) to allow relatively slow and
predictable travel times

Office of
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Surface Geophysical Surveys

nvolved data collection using
range of instruments —hand ;
carried or in contact with surface |

» Quantitative spatial information
to characterize features
controlling transport

Sedimentary (and other) facies

Soil type (surface charge, CEC)

Pore size distribution
Hydraulic characteristics
» Quantitative temporal

information to characterize flow
and transport processes

e Pore-water conductance

e Temperature
7 Officeof M
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C Experimental Site- South Process Pond
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Shaded Relief of Hanford Ringold Contact
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Seasonal Changes in Groundwater
Flow Vectors

1-1,1-23,1-12 - July 1-1,1-23,1-12 - August
1-1,1-23,1-12 - September 1-1,1-23,1-12 - October
1-1,1-23,1-12 - November 1-1,1-23,1-12 - December
—_ -
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Layout of Hanford 300 Area IFC Well Array

------- Outline of former S. Process'Pond
(<] 18, 60-ft deep, 4-in ID ERT/monitoring wells
116120 | e 7, 60-ft deep, 4-in ID ERT/characterization/monitoring wells
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Surveyed and Staked IFC Well-Field
Awaiting Drilling
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IFC Wells

rilling, Sampling, and Well-Completion
Information for 35 New

New IFC Wells

Type # Wells Preferred Total Borehole Screen Screen Proposed Sampling Total # Total # Comments
Drrill Depth Diameter Interval samples/well samples
Method (ft) (ft)

ERT- 18 cab le tool 58 8" 4"PVC  31-56 Grab samples every 2 ft 29 grab samples* 464 grab sandpack below 10'
instumented /gw or sonic samples™ depth ; one well to be
monitoring  without used as satura ted -
core collection zone injection well
ERT- 7 sonic 58 8" 4"PVC 3156 4 holes continuous core in 12 split spoons or 84 split spoons  continuous core (Min
instrumented /gw 0.5 ftlexanlners within5  -ft 58, 1 -ftlexan or406, 1 -ft 4" OD); sandpack
monitoring  with long, min. 4 -in ID split spoon;  liners; lexan liners; below 10" depth
core collection

3 holes colectedin2  -ftlong 29, 2 -ft core 203, 2 -t core

sections of lexan , samples samples

approximately the same

diameter as the core barrel

OD, at surface (i.e. grab

samples )
3-well cluster 3 cable tool 37, 8" 4"PVC 30-35, Grabsamples every 2 ft 66 grab 198 grab ERT on deep (56 ft)
(multi -level) gw clusters  orsonic 46, 42 44, samples/cluster*  samples™ well only (sandpack
monitoring 57 53 -55 below 10' depth)
Deep 1 sonic ~180 8" 4"PVC 60-140 ~60 ft of core colected in Upto12,5 -ft Continuous screen
charac teriz ation; lexan liners, from five splt -spoon to test groundwater
gw monitoring intervals (30 -35,50 -70° 95- segments; 60  across redox

100, 122" -132ft, and 170 ft grab samples boundaries in

to TOB) ; grab samples every Ringold Formation

2 ft between core runs
Total wels 35 *collected  at surface by emptying core bar rel into 5 gal. buckets or capped lexan

liners  (if collected by the sonic method use 2

the same diameter as the core barrel OD)

-ft long sections of lexan, approximately

U.S. DEPARTMENT OF ENERGY
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uilt Diagram for ERT-Instrumented,
Groundwater-Monitoring Wells (25%)
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399-2-5 (C5708)
Permeability
Flev. Depen Lithology Strati h Completion
s m M 7z, S1G tl'allgrap y
Surface elev.= 377.1 R (114,95 m) 0= —t .
> Bentonite chips
Backfill Aot
I
P S s o 8in
no borehole
% Hanford
07.3m* =PV Criser
4-in.
. 3
104.3 m* \v/ —=
*High/low water levels based ) PVC screen
on 399-3-12 hydrograph Formation 4-in.
100 504
=
& —\'— —|=———sandpack
|
|
ERT clevtrodden, cables and other downhole
o sensoes installed in aenulus from $6 i depth 10 strface
o * one of 25 wells to be
bl used as injection well
Unit E
g
1004
- Ll
o Borehole
80 Lithology
45 <
Gravel (G)
o | Sand (S)
|
I e pn
~| Silt(Z)
i h Lower =) i
1504 | Mud
) Unit o0
inferred from A
nearby boreholes = AUt
L o [~ Planned core-
60 180 preservation interval
Columbia (for 7 of 25
River holes only)
Basalt
200 '
FRLabak
T -
P Office of

Science
U.S. DEPARTMENT OF ENERGY

Environmental
Remediation
Sciences



w 'Office of
> “dScience
U.S. DEPARTMENT OF ENERGY

Environmental
Remediation
Sciences

South Process Pond — Pit #2

South Process Pond - Pit#2

Prepared by:

Bruce Bjornstad
Applied Geology
and Geochemistry

S.pondzcomp
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uilt Diagram for Multi-Level, Groundwater
Monitoring Well Clusters (3X3)
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Elevation (m)
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Schematic of ERT / Monitoring Wells

P Electrodes spaced at 60 cm (2 ft)

» Electrode length approx 10 cm (4 in)

» Electrode material 316 stainless steel

P Single wire connections to electrodes

» Wires run on outside of PVC well pipe
» Thermistors placed between electrodes
» Wire wrap PVC from 106-98 m elevation
» Tube capped at bottom

» Well head ~0.6 m (2 ft) above ground

» Central connector/DAQ box at top of
wellhead

P Heat dissipation unit (HDU), time-
domain reflectrometry (TDR) probe and
porous cup solution sampler at multiple
depths on 5 wells around infiltration site

27



g Instrument Calibration and Well Assembly
as Begun to Support ApriI-May Installation

requirements, and documentation.

» All monitoring equipment has been received. Testing
and assembly underway for ~1 month.

» Thermistor and ERT electrode string, and their in-
well locations require pre-assembly for rapid field
deployment.

Thermistor calibration

Templates established
for each well type —>»
defining spacings and
locations for thermistors
and ERT electrodes

| 6?' Office of
Science
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Stallation of Thermistors and ERT Electrodes
on Well String



Field Electrode Measurements
and Aqueous Sampling

Data Logging Flow Cell

Adaptive, Redundant, accessible

Selected-Well : ) )
Flow: Cell measurements during experimentation
Measurements  ~J===""" CoNSECUtiVe e
: , Well-by-Well
Field Laboratory Continuous | EC, T, pH, s
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Electrode Readings . __ 02, ORP
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Overpack / ( e ) - J\ Sampling
Electrode j—= — ) e /" Valve
Signa% Continuaus i Switchin
Bl / Overpack i e g
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P U
In-Well | -
\ilectrode | : Aqueous
H 1
Well Array \ Signal - ' Samples
A : ' Cations, Anions,
- (3] DIC, U,
1 X ! Specific Isotopes,
i P i ) efc..
A ek ! =~
"""" '.'. ',.. Q_—Y rr\ -__-_///Pumped
R >< / Groundwater
5-5'2'&"».: = iy 1| Electrode Array Samples
“w kg el EC, T, pH, Br
ol o Well Screen
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Well Instrumentation
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Issues of Vertical Resolution in
Groundwater/Plume Monitoring

» Vertically resolved GW sampling difficult because of travel times and
water volumes involved

» Given regulations and sediment properties, individual wells

completed over distinct depth intervals are required for ML sampling.

Three of these are included in the IFC well field.

» Degree/impacts of vertical heterogeneity (K, properties, etc.) will be
assessed in characterization activities by seasonal

e EBF measurements (all wells)
e MLS geochemical sampling (~6 wells or more if necessary) (poster)
e Cold/warm river heat tracer studies (poster)

» Large water quality variations monitored by ERT

31



evel Sampler (MLS) for Depth-Discrete
Groundwater Sampling

The MLS for 4” wells
uses tiers of diffusion
cells to collect depth-
discrete water samples
every 2”

Baffles “seal” well bore
every 127

8 h required for
equilibration

Sorbents and other
materials can be added

P Tl
ol .
%

Z« Office of -
'S. DE

Science

u.s PARTMENT OF ENERGY




MLS Results for Hyporeic Zone Near 100D

River Bottom - L o -
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Defining Heterogeneities in Hydrologic
Properties and Flow

Tracer Experiment Using Ambient-Temperature River Water
Warm Water Vertical Thermistor Arrays
Injection Resolution ~0.5 m Quantitate Mixing at 0.1 C
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The Hanford IFC Experimental Domain

Exploration well

Primary injection well C5708 (green)

Infiltration source

3-level monitoring cluster

Characterization well that is
sampled with continuous coring

Plume trajectories reflect

é
Monitoring well that is sampled in x <—— seasonal gradient changes

core-barrel ﬁ

» A geostatistical model that correlates U concentratlon, reactivity, facies properties, and
permeability will be established from geophysical logging and direct measurements.

» Injection experiments of ~1.0 x 10° gallon will be performed in the 6 m saturated zone
under different seasonal gradients.

» Passive experiments will exploit natural gradients
» Continual water level monitoring at 12 locations to provide necessary hydrologic linkages.

35
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IFC Experiments

U(VI) concentration dynamics within the groundwater plume

e Scale—dependent mass transfer involved in forward (adsorption), backward
gdesorptlon), and steady-state (isotopic exchange) reaction processes in
low paths with different trajectories and residence times

= Injection experiments with varying HCO; and U(VI) concentrations, and U(VI)
isotopic ratios

= Passive experiments follow vadose zone pulses, or inland riverwater —
groundwater gradients
» U(VI) fluxes from the vadose zone

e Scale-dependent mass transfer, geochemical kinetics
(adsorption/desorption) and water pathway effects on U(VI) fluxes to
groundwater

m Infiltration experiments with varying water application rates, volumes, and
composition (pH, HCO;, Na/Cargl

= Passive experiments to explore rising and falling water table effects on U(VI)
solubilization and release from lower vadose zone

» Optimized and sustained remediation strategies

e Evaluate role of mass transfer and microbiological _?rocesses on different
forms of phosphate used to precipitate and immobilize U
= Injection experiments with polyphosphate, Ca-citrate/PO,%, organic P with

3
. In collaboration with EM-22 and team

A7 Officeof (=
o Science s
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haracterization ~ At Least a 2 Yr Effort

Objective is a 3-D hydrogeostatistical model of domain
and identification of critical scales

» Tiered approach through first 4 injection experiments
e Described through plan
e Maximize useful knowledge gain
e Support a field-scale reactive transport model

» Based on experimental and interpretational need
e Obvious beginnings; augmented as knowledge expands
e Focused on formation, facies, and pore scales

Types

» Physical, hydrologic, geochemical, microbiologic
e In-situ (borehole, aquifer)
e Ex-situ (laboratory)

37




sis for Characterization — A Field Scale
Reactive Transport Model

U Transport Experiments

Groundwater +U X—>Yy—>2Zz River
hydrology -U X—=y—z hydrology
AAC x—y—z

aC M agf 9°C aC
0+ (1-0)p, S —oD "Ly =12, .. N
ot - Ot 0x X
aqik _ k k . _ L —
ps ot _akps(Si _Qi)’ 1_1’2,""N’k_1’21"'M
>SOH + UO,?* + H,0 = >SOUO,OH + 2H*
>SOH + UO,?* + CO4% = >SOUO,HCO, q = -KVH
Geochemistry Hydrology
[Uliotal Pe(q) Pur(a) AC(q) PSD(K) PVD(K) K(v) H i
L L L/F F L L/F L/F F F

P = reaction parameter, L = laboratory, F = field, AC = aqueous chemistry, PSD = particle size
distribution, PVD = porosity, K = hydraulic conductivity, H = head, i = infiltration
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Initial Characterization (Tier 1)

» \adose zone characterization interval (13°-25")
e 5 sampling points/well location for Tier 1 lab properties (~30 samples)
e 15 samples for 6/K relationships

» Saturated zone characterization interval (25°-56")

6 sampling points/well location for Tier 1 lab properties (~174 samples)
Electromagnetic borehole flowmeter (EBF) measurements every 30 cm
Limited constant rate injection tests (~8 wells)

8 h passive MLS deployments in 6-8 wells (@ 2 seasons)

Non-reactive tracer experiments (salt, temperature)

» Tier 1 lab properties

U;, Pe, Py, psd, pvd, K., Kg

sat’

7 Officeof 7%
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eak-Acid Extractable U(VI) from C5708

Formation Notes Depth (ft) U(ug/qg)

BF 4.5-7 3.4
HF vadose zone injection depth 15-17 1.03
20-22 1.24

23.5-26 3.09

smear zone 28-31.5 5.17

water table T 32-33 3.29

upper screen L 33.8-36.8 0.99

middle screen 40.8-42.8 0.93

45-47 0.64

lower screen | 49.5-51.5 0.56

RF C.W. upper screen 55-56 1.43
C.W. lower screen 73-75 0.58

74-76 0.57

7 Officeof (&
5 Science &

U.S. DEPARTMENT OF ENERGY




& » Officeof
Science
U.S. DEPARTMENT OF ENERGY

Adsorption Isotherms on Uncontaminated

LFI Cores

0 A Vadose Zone and Aquifer Materials from

Adsorption Isotherm Measurements on 300 A Subsurface

Spiked w/ U(VI), 0.076 to 2.19 ug/mL, 96 hrs, 0.0036um

Uranium pmol/g (solid)

Uranium pmol/L (sample)

Sediments (<2mm), 2:1 ratio, SGW2-Calcite Groundwater : solid

—4—(C4999-12E, Ringold

C5001-69C, HI

C5002-87D, HI

——(C5002-91D, HI

—A—C4999-12C, HF
—e—C5001-74B, HF
—a—-C5001-76C, HF
—A—C5001-78A, HF
—¥—C5001-79A, HF
—4—C5002-92D, HF,
—»—C5002-93E, HF
——C5002-94E, HF,

C5001-67B, HF,

vadose

. vadose

C5001-71E, HF,

vadose

. vadose
C5002-90C, HF,

vadose

, vadose
, aquifer
, aquifer
, aquifer
, aquifer
, aquifer

aquifer

, aquifer

aquifer

* K4 for whole sediment = K (2 mm)/10
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Characterization Strategies

Geophysical measurements to classify facies

_8i’ TC 4” well Combination
drilling logging completion logging
% A o
backfill p:: f;,"_z ~3m o e
vadose | ‘ ~3m
smear v ~2m v A
Various
correlations of
groundwater ~6m lab megsureq i l 3D
properties with model
40K Porosity geophysical
measurements
~600 Field Samples Laboratory Measurements

core
samples

. . . 50-400 samples /
« standard
» derived dso ds,
rab » specialized
sa%nples

40K K

V<" Officeof
,_C,( Science (=N

U.5. DEPARTMENT OF ENERGY
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Well Logs and Correlations

Gamma logs
e Spectral gamma (K-40) and total gamma correlate with fines (silt+clay, grain size.). Used to
estimate hydraulic properties. Ratios of K-U-T may correlate with mineralogy and lithology.

Neutron moisture logs
e Correlated with water content and texture in the vadose zone (not useable for saturated zone).
Used with pedo-transfer functions and scaling methods to estimate hydraulic properties and
textural zones.

» Lithodensity/Porosity logs
e Correlate with wet density, which depends on porosity or water content. If water content is
known, density can be used to estimate porosity. Variations in lithodensity below water table
correlate with porosity.

» Induction and Resistivity logs
e Borehole resistivity logs provide “point” measurements for vertical control and improved use of
cross-hole ERT measurements.

» Combination logs
e Easier to delineate facies with multiple logs.
e Contributions of fluids and solids to bulk resistivity can be determined if resistivity and
lithodensity/porosity logs are available.
e Combination of resistivity, neutron moisture, lithodensity/porosity measurements can allow for
unambiguous determination of porosity.

7 Officeof 7%
Science \&£=
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and Predicted (from gamma logs)
osity and Hydraulic Conductivity Profiles
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Evolving Project Data Base

» Uses Google Map API (v2) to provide lightweight GIS
access to data. Has aerial imagery of 300-FF-5 as optional
underlay.

» Allows rapid oversight and access to data

» Currently being coupled to back end (HEIS, water level data)
and new project—specific databases

» Primary data sets have been organized in relational
databases (borehole data, geophysics, and chemical
monitoring data).

» Prototype (but operational) interfaces exist allowing user to
access some data.

URL.: http://geophysics.inel.gov/IFC/ifcmap.htm 45
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Deep Characterization Borehole

» Approximately 150" in depth to sample water-saturated Ringold
Formation

» Major focus is microbiological characterization (aspectic
sampling)

» To be drilled and analyzed in collaboration with (shared support
from) evolving PNNL SFA focused on microenvironments and
transition zones

» Located along east margin of IFC experimental site

» Will allow passive biogeochemical and mass transfer studies
within Ringold transition zones

» Possible evaluation of diffusive mass transfer from the Ringold
as a U source
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As-Built Diagram for the Deep
Characterization Well
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Microbiological Characterization of IFC
Sediments

» |FC to support core collection, logging, and well installation. PNNL
SFA to support microbiologic characterization and study.

» Enable development of microbial component of IFC research

Objectives
» Determine biomass and phylogenetic diversity

» Metal reduction/oxidation behavior and chemoheterotrophic
catabolism

» Numbers and functional diversity of key organism groups that
influence U or Tc

» Functional potential of key microbial isolates to transform U and
Tc and involved mechanisms

» Basis for understanding biogeochemical processes across
transition zones that collect contaminants
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ransition Zones in the 300 A Unconfined
Aquifer
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Microbiologic Characterization of Deep
Borehole Sediments

» Microscopic
e Direct counts (w SYTO and PI) and active cells (TDR)

» Culture independent
e Phylogenetic diversity/richness
e Real time PCR for specific functional groups
e Phylo & functional gene arrays (Geochip)

» Culture dependent
e Liquid MPN's with various TEA's
e Filter based cultivation
e Isolation & characterization of representative cultures

» Activity analysis
e Targeted incubations w/ radiolabeled substrates

7 Officeof (%
Science &=
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Major IFC Research Objectives in FY 09

Complete and implement multi-investigator IFC modeling plan
Perform two temperature tracer studies

Complete MLS well characterization, and initiate passive
biogeochemical experimentation during periods of head change

Integrate geologic, geophysical, and hydrophysical characterization
measurements of various kinds into site geostatistical and hydrologic
models

Begin assembly of site U(VI) reaction model based on IFC, SFA,
ERSD, and RACS/EM40 research

Perform two U(VI) injection tracer experiments (+U, -U, high/low water)

Begin development of collaborative IFC/SFA microbiologic research
plan based on results from the HRDCB

Initiate publication program

52



>

aterials Available for ERSD Researchers

Historic, highly contaminated sediments from process ponds (small masses available)

Excavation samples from the vadose zone at two locations in the North Process Pond
(NPP) and two locations in the South Process Pond (SPP). Samples contain various
U(VI) speciation states, including adsorbed, precipitated, and surtace complexed
phases (variable sample masses are available).

Uncontaminated vadose zone and aquifer sediments from the EM-40 Limited Field
Investigation (LFI)

Low-level contaminated samples from SPP C5708

To be Collected in Jan - Feb

>

>

>

Becker-nammer grab samples from monitoring well installation in the Hanford
formation screened to < 2 cm (~ 100 samples saved for ERSD researchers)

4" continuous sonic core samples from 7 characterization boreholes in Hanford
sediment (~ 75-100' saved for ERSD researchers)

4" continuous sonic, aseptic core samples from one -150' characterization borehole
through the Hanford and Ringold formations (select sample aliquots and undisturbed
cores will be saved for ERSD researchers)

Other

>

An excavation will be opened below backfill (~15 ') to allow bulk sample collection and
in-situ structural analysis

Office of

- /‘/'/V =
-4
Science \&E=s
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Example Opportunities for Collaborative
Research

In-situ adsorption/desorption experiments of various types
Laboratory to field comparisons

Evaluation of geophysical methods and inversion techniques
Mass transfer processes of different types at different scales

Microbiology of linked groundwater-river systems of low to high
transmissivity

Geologic, hydrologic, geochemical, and biogeochemical modeling
of different types

Microbiology and geochemistry of phosphate amended systems
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EM-20 Polyphosphate Treatability Test in
the 300 A Uraium Plume
Objectives
e Evaluate the use of phosphate
amendments for immobilization of U
e Identify implementation challenges
e Evaluate feasibility of full-scale
e deployment

B Activities

e Bench-scale studies

= Amendment formulations finalized

= Phased treatment approach selected
e Site specific characterization

= |nstallation of well network

m Hydrogeologic characterization

= Hydraulic/tracer injection testing
e Polyphosphate injection design

m Development of local-scale flow and transport model

= linjection volumes, rates, and chemical mass requirements

e Polyphosphate injection test performed in June 07

Vermeul and collaborators (PNNL)
Mike Thompson (DOE-RL)

é;‘“ Office of
’ Science
U.S. DEPARTMENT OF ENERGY

55




General Findings

» Initial groundwater performance monitoring data show mixed results

e [nitial reduction in U concentrations to below MCL in most wells within a
radial distance of 75 ft

e Limited Ca/PO, sorption/mixing and U concentration rebound indicates
(apatite) mineral formation was limited

e Performance monitoring is ongoing

» Complex hydrogeologic conditions may limit technology
e Excessive groundwater velocities (50 ft/d or more)
e High permeability, coarse-grained formation
e Unfavorable geochemical conditions (elevated pH and carbonate)

e In situ technologies must be robust to account for field-scale
heterogeneities

7 Officeof 7%
Science \&£=
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Future Plans for EM-20 Treatability
Studies for the 300 A U(VI)-Plume

» Future research focus - development of a direct treatment
approach for source zone contamination (infiltration through

vadose zone)

» Schedule:
e FYO08 - Bench- and Intermediate-scale laboratory experiments

e FYO09 - Field-scale demonstration
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Collaborations

EM-40

Remediation and Closure Science Project (RACS, Freshley) - Conceptual and numeric reactive
transport models to support remediation

EM-20
Polyphosphate Treatability Studies (Vermeul) - Field scale remediation concept to reduce groundwater
U(VI)<MCL

ERSD

"Role of Microenvironments and Transition Zones in Subsurface Reactive Contaminant Transport ".
PNNL Scientific Focus Area (Bolton)

'('II\B/Iicroscsle Metabolic, Redox, and Abiotic Reactions in Hanford 300A Subsurface Sediments."
eyena

“Geophysical Characterization and Monitoring Strategies for Quantifying Hydrologic Transport
processes in the Hanford Hyporheic Corridor”. (Slater)

SBIR

"A New High-Resolution Method for the Characterization of Heterogeneous Subsurface Environments:
Providing Flow and Transport Parameters via the Integration of Multi-Scale HydroGeophysical Data."
(Bussod)
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of Borehole Logs- Spectral Gamma Data
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atch Kinetic Desorption Behavior from
Capillary Fringe Sediments

a) 11D |, D)39B
O  Measured 1.0 -
" i TS O
0.6 1/ &
0.4 -
5 0.2 - 6 6 o 4
0.0 . . 5 0.0 . . . .
0 500 1000 1500 g 0 100 200. 300 400 500
Time (hr) 2. Time (hr)
) Officeof

Science

U.S. DEPARTMENT OF ENERGY Qo




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


