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ranium Plume

Site Description

o Large liquid waste disposal [+

sites and burial grounds

e Discharges from fabrication
and research facilities

» Exposure routes
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contaminated groundwater
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Conceptual Model for Uranium
Transport to River Environment

Conceptual Model of
Uranium Remobilization
During High River Stages
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w Eastern Trench (Western not shown) E

Backfilled in 1999

$rr;.rg1i::l Soil removal during
Dimensions ERA (1991) and later
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Vadose Zone becomes Saturated Zone of leaching by
during high river stages which higher than normal
remobilizes uranium contamination water table

Figure Source: Lindberg 2002
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300 Area Uranium, June 2006

Treatability Test Site Location

300 Area Uranium, December 2006
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Treatment Concept:

Deployment of Phosphate Amendment for In-Situ
Immobilization of Uranium

» Injection of soluble polyphosphate amendment (and
calcium supplement)
» Uranyl phosphate mineral (autunite) formation
e Direct treatment
» Calcium phosphate mineral (apatite) formation
e Sorbent for uranium
e Long-term PO, source (apatite dissolution)
» Treatment focus

e Saturated zone (focus of this talk)
e Unsaturated/variably saturated zone (source treatment)
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olybhosphate Treatability Test

bjectives

e Evaluate the use of phosphate
amendments for immobilization U

e |dentify implementation challenges

e Evaluate feasibility of full-scale
deployment

» Activities

e Bench-scale studies
= Amendment formulations finalized
= Phased treatment approach selected
e Site specific characterization
= Installation of well network
= Hydrogeologic characterization
= Hydraulic/tracer injection testing
e Polyphosphate injection design
= Development of local-scale flow and transport model
m Determine injection volumes, rates, and chemical mass requirements

e Polyphosphate injection test performed in June 07
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_ Geologic Cross Section
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rea Polyphosphate Treatability
Test Tracer Injection Test

= || S

NaBr tracer test on Dec. 13, 2006

e Aquifer thickness ~ 15 ft 9 1
e Injection Volume: 143,000 gallons v L e
e 200 gpm for 11.9 hrs + ANk

ié =

» Inline tracer mixing with water
from Well 399-1-7 (620 ft DG)

» Br conc. measured in injection
stream and surrounding H N e

Shallow/Deep
~ Well Screen
Clusters

monitoring wells
e Samples analyzed on site with ISE
e Archive samples-> verification by IC

e Downhole ISE probes installed in all
monitoring wells o

for 392-1-23 r
®  Downgradient Well for 399-1-23 I
® 388--17A
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'ﬁeff (based on tracer arrival)= 0.19

Natural
GW flow

Well Layout

racer Test Results within Targeted
Treatment Volume
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based on physical property analysis
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Legend
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Well Name Distance to 50% tracer

80% tracer

90% tracer

Treatment Volume Estimation

ldealized PV, 4 ~ 42,000 gal

» Tracer arrival data normalized to 25 ft radius
based on volumetric ratio

»> [njection volume requirements:

100% tracer

399-1-23 (ft) Arrival (gal) Arrival (gal) Arrival (gal) Arrival (gal)

399-1-23
399-1-24
399-1-25
399-1-26
399-1-27
399-1-28
399-1-29
399-1-30
399-1-31
Average

Avg. @ high WT

0.0
14.5
14.1
20.1
24.1
24.3
29.1
14.6
19.7

77,425
25,093
34,175
46,659
45,640
11,785
28,941
38,531
48,292

125,072
50,185
62,136
95,438
104,973
17,677
61,099
73,797
92,492

148,895
62,731
86,990

125,130
23,569
77,177
87,415

109,561
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cer Results for Downgradient Wells
399 1-32 and 399-1-7

A Well 399-1-32 R=103 ft
o Downhole ISE Probe
® |C Data

103 ft downgradient

399-1-2,

C5000 (399-1

388-1
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o Well 399-1-7 Downhole ISE data | |
= IC Data i

® 399-1-17A

399-1-32 tracer drift data
e Arrival in ~ 2 days
«v =50 ft/d (15 m/d)
« K = 14,000 ft/d (4,300 m/d)
* Kiage = 20,000 ft/d (6,100 m/d)

399-1-7 tracer drift data

« First arrival after ~ 12 days 0 10 20 30 40 50 60 70 80
Elapsed Time (days)

620 ft downgradient
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« Tracer plume well dispersed

1 Waste Sites /

Well 399-1-23 l e 399-1-3 @ ©399-1.7
Monitoring Well for 389-1-23 N : = = —
Downgradient Well for 399-1-23 o %0 8 80 120
Other Monitoring Wells |

ational Laboratory
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Polyphosphate Injection Test

» Polyphosphate injection on June 11-15, 2007

e Design target - 90% arrival at 25 ft

e PV definition - 109,000 gal

e Inj. Vol. definition > PV *R; (R;[PO,] ~2.4, R;[Ca]~4.8)
» 3 phase approach: PolyPO, / CaCl / PolyPO,

e Amendment injection volumes (Kgal): 250 / 500 / 250

e 200 gpm injection Rate

» Polyphosphate Amendment Formulation:
e 50% Tripolyphosphate (Na;P;0,,)

e 25% Pyrophosphate (Na,P,0O-)
e 25 % Orthophosphate (NaH,PO,)

Paclfle Northwest National Laborato
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Injection Summary

1500
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Calcium Chloride
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Chloride Concentration

(mglL)

» Phase 1- 255,000 gallons polyphosphate
solution injected (4950 gallons concentrated
solution)

» Phase 2- 580,000 gallons CaCl solution
injected (4100 gallons concentrated solution)

» Phase 3- 245,000 gallons polyphosphate
solution injected (4900 gallons concentrated
solution)
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Legend

Injection Performance O] | e
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Uranium Performance P
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Summary

» Pilot-scale field test results
e Field-scale complexities/implementation challenges identified

® [nitial groundwater performance monitoring data show
mixed results

e Initial 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 calcium-phosphate mineral formation may be small
relative to design target

e Performance monitoring is ongoing
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Summary (cont.)

» Preliminary data indicate complex hydrogeologic conditions
may not be well suited to saturated zone application of the
technology

e excessive groundwater velocities (50 ft/d or more)
e high permeability, coarse-grained formation

e unfavorably geochemical conditions (e.g., relatively high pH and
carbonate concentration)

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

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