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Information regarding the semiselective leach testing can be found in PNNL-14022, 300 Area Uranium
Leach and Adsorption Project, and PNNL-21733, Use of Polvphosphate to Decrease Uranium Leaching
in Hanford 300 Area Smear Zone Sediment. Additional details regarding the flow-through labile uranium
leach testing using the extraction approach described by Kohler et al., 2004, “Methods for Estimating
Adsorbed Uranium(VI) and Dist1  ution Coefficients of Contaminated Sediments,” and mineral-phase
analysis by scanning electron microscope/energy dispersive x-ray spectroscopy can be found in the
Post-ROD SI (SGW-56993).

2 Site Characteristics and Field A« vities

2. Gec y

The main geologic formations present in the 300 Area Industrial Complex are the loose eolian deposits,
Hanford formation, and Ringold Formation. Of most concern to this project is the Hanford formation,
which dominates e vadose zone, PRZ, and upper aquifer in this area. The Hanford formation is
classified into three separate lithofacies: gravel domin  d, sand dominated, and interbedded sand and silt
dominated (DOE/RL-2002-39, Standardized Stratigraphic Nomenclature for Post-Ringold-Formation
Sediments Within the Central Pasco Basin). Most prominent in the study area is the gravel-dominated
lithofacies of the Hanfo  formation, consisting predominantly oi”  gular mafic gravels and sands.
Rip-up clasts of the semiconsolidated, fine-grained Ringold Formation are found in the Hanford
formation. These rip-up clasts either consist of caliche or compacted mud, which was deposited during
Ringold Formation-time flooding (PNNL-14834, Sampling and Hydrogeology of The Vadose Zone
Beneath the 300 Area Process Ponds). Fine-grained silt to coarse sand from the Ringold Formation is also
found to be incorporate throughout the Hanford formation gravels (WHC-EP-0500, Geology and
Hydrology of the 300 Area and Vicinity, Hanford Site, South-Central Washington).

The vadose zone averages 10 m (33 ft) of thickness around the 300 Area Industrial Complex but can vary
wi the Co  ia River. Rising groundwater elevations due to higher river stages saturate deeper
portions of the vadose zone, while lower river stages result in dewatering of the deeper portions of the
vadose zone as groundwater elevations drop. The fluctuating groundwater elevations due to seasonal
changes in the Columbia River create the PRZ (DOE/RL-2014-13, Integrated Remedial Design Report/
Remedial Action Work Plan for the 300 Area (300-FF-1, 300-FF-2 & 300-FF-5 Operable Units).

2.1.1  Hydrogeology

Groundwater in the unconfined aquifer flows to the east and southeast and occurs in the highly permeable
gravel-dominated Hanford formation and the underlying sands and gravels of the Ringold Formation.

e Ringold Formation has a much lower permeability due to consolidated sediments throughout.
The Ringold Formation lower mud unit is a confining layer consisting of fine-grained sediments with a
very low permeability, preventing further downward migration of contamination (DOE/RL-2( 1-13).
In the 300 Area Industrial Complex, the vadose zone, PRZ, and upper aquifer are all loci d within
unconsolidated  ds and gravels of the Hanford formation. Groundwater flow velocities through the
aquifer in this formation are rapid, up to 18 m/d (59 ft/d). The groundwater flow direction changes in
response to changes 1 the river stage. Depending upon operations of Priest Rapids Dam, upriver from the
Hanford Site, the PRZ in the 300 Area ranges from 0.32 to 2.2 m (1 to 7 ft) in thickness. Paleochannels
carved into Ringold Formation sediments are filled with Hanford formation gravels and act as preferential
pathways for groundwater flow and intrusion of river water during periods of high river stage
(Section 4.4.4.3 of DOE/RL-2010-99, Remedial Investigation/Feasibility Study for the 300-FF-],
300-FF-2, and 300-FF-5 Operable Units).
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3.2.1  Uranium Using Semiselective Cl nical Extraction

Attempts were made to determine the mineralogical phases with which uranium is associated in the
sediment by performing chemical extractions with reagents that are selective for specific phases.

This semiselective extraction technique (Tessier et al., 1979, “Sequential xtraction Procedure for the
Speciation of Particulate Trace Metals,” with modification) was used to determine the percentage of
uranium associated with carbonate solid-bearing compounds, amorphous oxides (of iron, aluminum,

s ca, and manganese), organic matter, and crystalline oxides and hydroxides. The semiselective chemical
extraction techni 1e is described in detail in PNNL-14022. The extractant solution is also analyzed for
calcium, aluminum, iron, and manganese.

Semiselective sequential extractions were conducted at PNNL for a given soil sample in the
following sequence:

e Extraction using weak acetic acid (1 mol/L sodium acetate with final pH of 5) at a solid to solu n
ratio of 1 g/2 mL. The target uranium phase for this extraction is surface-adsorbed uranium and
uranium associated with carbonate minerals.

e Extraction using ¢ rong acetic acid (concentrated glacial acetic acid, pH 2.3, with 5-day contact
time). The target phase for the extraction is the strongly bound (surface complexed) uranium.

e Extraction using oxalate solution (0.1 mol/L ammonium oxalate, 0.1 mol/L oxalic acid, and contact
time of | hour). The target phases for this extraction are the amorphous iron, aluminum, manganese,
and silica oxides.

e Fin extraction using nitric acid (8 mol/L nitric acid at 95°C for 2 hours). " e target phase for this
extraction includes clays and crysta ne oxides of iron, aluminum, manganese, and uranium oxides.

3.2.2 Labile Uranium Using Sodium Bicarbonate/Carbonate Extraction

The readily leachable uranium fraction (referred here as labile uranium) is estimated using the extraction
approach described by Kohler et al. (2004). It uses a sodium bicarbonate (1.44 x 10 M) and sodium
carbonate (2.8 x 10° M) extraction solution, at pH of 9.45 for 1 week, with periodic measurements of
total dissolved uranium until a steady-state concentration is attained. This test is desi; 2d to estimate the

ibile uranium that is weakly adsorbed to the sediment surfaces and readily undergoes the
sorption-desorption process.

3.2.3 Uranit -Bearin Mineral Phase

The predominant uranium-bearing mineral-phase identification was undertaken on selected sediment
samples using Cryogenic time-resolved laser-induced U(V1) fluorescence spectroscopy. More details on
technique are presented in Appendix A.
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the post-ROD field investigation resulted in total uranium values consistently close to background levels,
eliminating this location from the revised Stage A EA area.

4.4 Refinement of 3-D Model

Leapfrog® Hydro was used to interpolate the 3-D uranium soil concentration distribution within the
subsurface of the 300 Area Industrial Complex. Input data consisted of spatially referenced soil
concentrations, with sample dates ranging from 1991 through 2015. Soil ¢ entrations of uranium-238
in pCi/g to pg/g were compiled from the Hanford Environmental Inf  ation System (HEIS), which are
based on the following primary reports for the 300 Area:

e DOE/RL-92-32, Expedited Response Action Assessment for 316-5 Process Trenches
e BHI-01164, 300 Area Process Trenches Verification Package (Appendix D)
e Peterson, 2010, Uranium in Sediment from FS-2 Test Pit, 618-1 Burial Ground Excavation

e PNNL-I 7793,‘ Uranium Contamination in the 300 Area: Emergent Data and Their Impact on the
Source Term Conceptual Model (Tables 5.11, 5.22, and 5.47)

e PM _-16435, Limited Field Investigation Report for Uranium Contamination in the 300-FF-5
Operable Unit at the 300 Area, Hanford Site, Washington (Table D.2)

e PNNL-22032, Uranium in Hanford Site 300 Area: Extraction Data on Borehole Sediments

New data from samples collected during drilling of three new boreholes in late 2014 and early 2015
(C8933, 399-1-67, and 399-1-68) and data from Peterson (2010) in the form of a letter report were also
used. All soil concentrations for uranium were reported by analyzing grain size of <2 mm (by removing
the gravel fraction).

Data downloaded from HEIS were selectively filtered by removing samples marked as duplicates and
overburden/staging pile area measurements. Measurements from soil that was subsequently excavated
after the measurements w : selectively removed from the dataset. Some of the HEIS data did not come
with depth-discrete measurements. Depths were assigned at S and 7.5 m (15 and 25 ft) for measurements
classified as  allow and deep, respectively. For samples collected at t|  surface, the depth was set at

0.3 m (1 ft). Where a sampling depth1  ze was given, the sampling depth was taken as the midpoint of

t  -ange. Additionally, soil sample results based on one lab method (described in = IS as

UISO_Plate AEA) were used for consistency and comparability of data. This method detects the isotopes
of uranium using alpha spectroscopy. All data for soils that were below the ¢  ctable limit were set to
zero. The newest data from Boreholes C8933, 399-1-67, and 399-1-68 were received as total uranium soil
concentration (ug/g). The soil concentration results for the uranium-238 isotope were used in the
calculations for uranium modeling since almost all (99.3 percent) naturally occurring uranium is
composed of uranium-238 (IUPAC, 1998, Isotopic Compositions of the Elements 1997).

Before entering the uranium concentration data into Leapfrog Hydro for plume interpolation, a base
geologic model of suprabasalt sediments underlying the 300 Area Industrial Complex was constructed.
Geologic model development used current datasets from the existing geologic framework model
representing the entire Hanford Site south of Gable Mountain and Gable Butte (ECF-Hanford-13-0029,
Development of the Hanford South Geologic Framework Model, Hanford Site Washington) and
interpretations of recently received borehole geologic logs from the area (PNNL-22032).

® | eapfrog is a registered trademark of ARANZ Geo Limited, Christchurch, New Zealand.
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PNNL-21733, 2012, Use of Polyphosphate to Decrease Uranium Leaching in Hanford 300 Area Smear
able at:

PNNL-22032, 2012, Uranium in Hanford Site 300 Area: Extraction Data on Borehole Sediments, Pacific

SGW-48478, 2012, Interpretation and Integration of Seismic Data in the Gable Gap, Rev. 1,
ailable at:

SGW-56993, 2014, Sampling Instruction for the 300-FF-5 Operable Unit Supplemental Post ROD Field
Investigation, Rev. 0, U.S. Department of Energy, Richland Operations Office, Richland,
Washington.

SGW-58589, 2015, Borehole Summary Report for the Installation of 2 Wells and Drilling of 1 Borehole
in the 300-FF-5 Operable Unit, Rev. 0, U.S. Department of Energy, Richland Operations
Office, Richl  d, Washington.

SGW-58736, 2015, 300-FF-5 Enhanced Attenuation Area Stage A Location Selection, Rev. 0, Technical
Memorandum, CH2M HILL Plateau Remediation Company, Richland, Washington.

SW-846, 2007, Test Methods for Evaluating Solid Waste: Physical/Chemical Methods, Third Edition;
Final Update I'V-B, as amended, Office of Solid Waste and Eme ncy Response,
[T S Environmental Protection Agencv. Washinston. D.C. Available at:

Tessier, A., P.G.C. Campbell, and M. Bisson, 1979, “Sequential Extraction Procedure for the Speciation
of Particulate Trace Metals,” Analytical Chemistry 51(7):844-850.

WHC-EP-0500, 1991, Geology and Hydrology of the 300 Area and Vicinity, Hanford Site, South-Central

wvailable at:
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Sediment Spectroscopy Analysis

Cryogenic time-resolved laser induced U( V1) fluorescence spectroscopic (T1 IFS) measurements of the uranium-bearing sediment samples were
performec  near liquid helium temperature (LHeT, 6 +2 °K) using methods described previously (Wang, Zachara et al. 2004; Wang, Zachara et
al. 2005). Inbr sediment solids were placed inside a 2 mm x 4 mm x 25 mm fused quartz cuvette, sealed with a silicone stopper, further
wrapped with parafilm and attached to the cold-finger of a Cryo Industries model RC-152 cryogenicy  «<station and co  d with helium vapors to

lower the sample temperature. For spectral:  lifetime measurements, the samples are excited at 415 nm using a Spectra-Physics Nd:YAG laser
pumped Lasertechnik-GWU MOPO laser. The emitted light was collected at 85° to the excita m, dispersed through an Acton SpectroPro
300i double monochromator spectrograph, and detected with a thermoelectrically cooled Prin struments PIMAX intensified CCD camera

that was triggered by the delayed output of the laser pulse and controlled by the WinSpec data acquisition software. The photofluorescence decay
curves were constructed by plotting the spectral intensity of a series of time-delayed .orescence spectra as a function of the corresponding delay
time. The emission spectra and decay data were analyzed using comn  ial software, IGOR®, from Wavematrix, Inc.
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The following analyses were performed on the following samples included in this report:

Metals Special Extract by ICP-OES

Moisture Content

pH of Waters By Electrode

U Spec  Extractby “P-MS

U from Flow through column leach tests by ICP-MS
Geologic Description ’
Spectroscopy

A6







Sample No.
B30527
B30528
B30530
B30531
B30532
B30533
B30536
B30537
B30538
B30539
B30541
B30542
B30543
B30544
B30546
B30547
B30548
B30549
B30551
B309Cé6
B309C7
B309C8
B309D0
B30555
B30558
B30559
B30560
B30561
B30563
B30566
B30568
B30569
B30570
B30571
B30573
B30574
B: 5
B30576
B30579
B30580
B30581
B30582
B30584
B30587
B30589
B30590
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SAMPLES ANALYZED IN THIS REPORT

Laboratory 1D
1501C 47
1501009-48
1501009-49
1501009-50
1501009-51
1501009-52
1501009-53
1501009-54
1501009-55
1501009-56
1501009-57
1501009-58
1501009-59
1501009-60
1501009-61
1501009-62
1501009-63
1501009-64
1501009-65
1501009-66
1501009-67
1501009-68
1501009-69
1501009-70
1501009-71
1501009-72
1501009-73
1501009-74
1501009-75
1501009-76
1501009-77
1501009-78
1501009-79
1501009-80
1501009-81
1501009-82
1501009-83
1501009-84
1501009-85
1501009-86
1501009-87
1501009-88
1501009-89
1501009-90
1501009-91
1501009-92

Matrix
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SC
SOIL
St
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
St
SOIL
SOIL

A-8

Date Collected

1/14/15
1/14/15
1/14/15
1/14/15
1/14/15
1/14/15
1/14/15
1/14/15
1/14/15
1/14/15
1/14/15
1/14/15
1/14/15
1/14/15
1/14/15
1/14/15
1/14/15
1/14/15
1/14/15
1/14/15
1/14/15
1/14/15
1/14/15
1/8/15
1/8/15
1/8/15
1/8/15
8/15
8/15
1/¢
1/¢
1/¢
1/8/15
1/8/15
1/8/15
1/8/15
1/8/15
1/8/15
1/8/15
1/12/15
1/12/15
1/12/15
1/12/15
1/12/15
1/12/15
1/12/15

09:30
09:30
09:30
10:20
10:20
10:20
10:20
11:30
11:30
11:30
11:30
12:30
12:30
12:30
12:30
13:20
1
13:20
13:20
14:40
14:40
14:40
14:40
10:19
10:19
11:00
11:00
11:00
11:00
11:30
11:30
13:10
13:10
13:10
13:10
13:35
13:35
13:35
13:35
08:20
08:20
08:20
08:20
08:40
08:40
10:00

Date Received

1/15/15
1/15/15
1/15/15
1/15/15
1/15/15
1/15/15
1/15/15
1/15/15
1/15/15
1/15/15
1/15/15
1/15/15
1/15/15
1/15/15
1/15/15
1/15/15
1/15/15
/15
1/15/15
1/15/15
1/15/15
1/15/15
1/15/15
1/13/15
1/13/15
1/13/15
1/13/15
1/13/15
1/13/15
1/13/15
1/13/15
1/13/15
1/13/15
1/13/15
1/13/15
1/13/15
1/13/15
1/13/15
1/13/15
1/13/15
1/13/15
1/13/15
1/13/15
1/13/15
1/13/15
1/13/15

09:40
09:40
09:40
09:40
09:40
09:40
09:40
09:40
09:40
09:40
09:40
09:40
09:40
09:40
09:40
09:40
09:40
09:40
09:40
09:40
09:40
09:40
09:40
08:50
08:50
08:50

:50
08:50
08:50
08:50
08:50
08:50
08:50
08:50
08:50
08:50
08:50
08:50
08:50
08:50
08:50
08:50
08:50
08:50
08:50
08:50
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Wet Chemistry - Quality Control

Environmental Science Laboratory

Reporting Spike Source %REC RPD
Analyte Result Limit Units Level Result %REC Limite RPN Timit Notes
Batch ™00 1-1 Water Extrp~t (W ¥_Alk)
Blank (5B19003-BLK1) Prepared & Analyzed: 02/18/15 o
pH 5.05E0 N/A pH Units
Duplicate (5B19003-DUP1) Canrce: 1501009-AF Pre  :d & Analyzed: 02/18/15
pH 746tV N/A pH Units 7.50E0 0.535 35

A-42
















nN-58 )1 1.0

Appendix B

8736, Technical Men * dum (300-FF-!
ge A Location Selection), Rev. 0, publis|





































































