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Executive Summary 

     This report was revised in September 2008 to remove acid-extractable sodium data from Tables 4.8, 4.28,4.43, 
and 4.59.  The sodium data was removed due to potential contamination introduced during the acid extraction 
process.  The rest of the text remains unchanged from the original report issued in April 2004. 

     The overall goal of the Tank Farm Vadose Zone Project, led by CH2M HILL Hanford Group, Inc., is to define 
risks from past and future single-shell tank farm activities at Hanford.  To meet this goal, CH2M HILL Hanford 
Group, Inc. tasked scientists from Pacific Northwest National Laboratory to perform detailed analyses on vadose 
zone sediments from within Waste Management Area (WMA) T-TX-TY.  This report is the first of two reports 
written to present the results of these analyses.  Specifically, this report contains all the geologic, geochemical, 
and selected physical characterization data collected on vadose zone sediment recovered from boreholes C3830, 
C3831, and C3832 in the TX Tank Farm, and from borehole 299-W-10-27 installed northeast of the TY Tank 
Farm.  

     Sediments from borehole 299-W-10-27 were considered to be background uncontaminated sediments against 
which to compare contaminated sediments for the TX characterization effort.  This report also presents our 
interpretation of the data in the context of sediment types, the vertical extent of contamination, the migration 
potential of the contaminants, and the likely source of the contamination in the vadose zone and groundwater 
below the TX Tank Farm.  The information presented in this report supports the T-TX-TY Waste Management 
Area field investigation report

(a)
 in preparation by CH2M HILL Hanford Group, Inc.  

     Sediment samples from the boreholes were analyzed and characterized in the laboratory for the following 
parameters: moisture content, gamma-emitting radionuclides, one-to-one water extracts (which provide soil pH, 
electrical conductivity, cation, trace metal, and anion data), total carbon and inorganic carbon content, and 8 M 
nitric acid extracts (which provide a measure of the total leachable sediment content of contaminants).  Two key 
radiocontaminants, technetium-99 and uranium-238, along with other trace metals were determined in acid and 
water extracts by inductively coupled plasma mass spectrometry.  

     Overall, our analyses showed that common ion exchange is a key mechanism that influences the distribution of 
contaminants within that portion of the vadose zone affected by tank liquor.  Past characterization at WMA B-
BX-BY did not show significant indications of caustic alteration of the sediment mineralogy or porosity, but did 
show slightly elevated pH values between the depths of 79 and 141 feet (ft) below ground surface (bgs).  At 
WMA S-SX, some indication of mineral alteration was found directly below tank SX-108, and elevated pH zones 
were found in the vadose zone sediments at two boreholes near SX-108 and SX-109 tanks.  Unlike the vadose 
zone sediments at the SX and BX Tank Farms, we did not observe significant indications of caustic alteration of 
the sediment mineralogy or porosity, or significant zones of elevated pH values in samples from the three 
boreholes (C3830, C3831, and C3832) at WMA T-TX-TY.  

     Sediments from the three TX tank farm boreholes show that sodium-, nitrate-, and sulfate-dominated fluids are 
present below tanks TX-104, TX-105, and TX-107 and have formed three salt plumes.  The fluids are more dilute 
than tank fluids observed below tanks at the SX and BX Tank Farms.  Most of the chemical data for contaminants 
intercepted by boreholes C3831 and C3832 suggest that fluid leaked from Tank TX-107 and may have percolated 
deeper into the sediments and traveled southwest to C3832.   

(a) Field Investigation Report for Waste Management Areas T and TX-TY, by FJ Anderson (CH2M HILL 
Hanford Group, Inc., Richland, Washington), under preparation.  
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However, more uranium is present in the sediments and water extracts at C3832.  This confounds the 
hypothesis that TX-107 is the sole source of fluids that were intercepted by both boreholes.  Therefore, 
we hypothesize that a small-volume leak with elevated uranium also occurred from TX-104.  Borehole 
C3830 suggests another small-volume leak occurred from TX-105. 

 The conceptual model of the geology between core samples is based on our interpretation of the 
geophysical log and blow-count data.  Three primary stratigraphic units were encountered in each of the 
three boreholes: 1) backfill material, 2) the Hanford formation, and 3) the Cold Creek unit.  At C3830, we 
infer that there are four thin fine-grained layers in the Hanford formation H2 stratigraphic unit.  At 
C3831, we infer that there are at least eight fine-grained layers in the H2 unit.  Also at C3831, a clastic 
dike was observed within the Hanford formation H2 unit at about 60 ft bgs.  Contamination at this 
borehole starts at the depth where the clastic dike was intercepted, suggesting that the dike may represent 
a preferred pathway for fluids that leaked from Tank TX-107.  There are at least eight thin, fine-grained 
interbeds in the Hanford formation H2 unit at C3832.  These thin fine-grained lenses within sands of the 
Hanford formation H2 unit may impact the flow of leaked fluids and affect irregular and horizontal flow. 

 The boreholes could not penetrate below the calcium-carbonate-rich strata of the Cold Creek lower 
subunit (CCUl) (refusal was met at about 115 ft bgs at all three holes); therefore, we did not identify the 
maximum vertical penetration of the tank-related plumes.  However, the more elevated portions of the 
electrical conductivity (EC) profile at C3830 currently reside at the bottom of a fine-grained thin lens in 
the Hanford formation H2 unit at 87 ft bgs.  At C3831, we lack good sample coverage in the fine-grained 
CCUu subunit and the caliche unit to ascertain whether the salt plume has significantly descended into the 
Cold Creek unit sediments.  There is strong indication that at C3832 the saline plume has descended into 
the Cold Creek unit to the bottom of the borehole.  The EC, nitrate, and technetium-99 profiles versus 
depth do not identify the leading edge of the plume with any certainty.  The profiles do collectively 
suggest that the deepest penetration of tank-related fluids is found in C3832 and that the plume has 
reached the caliche material in the Cold Creek lower subunit at least to a depth of 116 ft bgs. 

 Despite the evidence that elevated EC values may be present in all three boreholes to their depth of 
refusal, the concentrations are not large.  For example, the maximum dilution-corrected EC at C3832 is 
6.27 milliSieverts per centimeter (mS/cm).  At C3830, the maximum is 12.5 mS/cm, and at C3831 the 
maximum is 43.3 mS/cm.  The leaks near the SX108-109 and BX-102 tanks had peak vadose zone 
porewater concentrations that were much more concentrated waste fluids: 524 to 1774 and 77 mS/cm, 
respectively. 

 The water potential data from 299-W10-27’s Hanford formation H2 unit, the unit where most of the 
contaminants reside in the TX boreholes, are consistent with a draining profile.  The inventories as a 
function of depth of potential contaminants of concern (nitrate, technetium-99, uranium, and chromium) 
are provided.  In addition, in situ desorption Kd (distribution coefficient or sorption partition coefficient) 
values for these potential contaminants are provided based on the difference between acid and water 
extracts of the contaminated sediments.  For conservative modeling purposes, we recommend using Kd

values of 0 milliliters/gram (mL/g) for nitrate and technetium-99, a value of 1 mL/g for uranium, and 
10 mL/g for chromium to represent the entire vadose zone profile from the bottoms of the tanks to the 
water table.  These conservative Kd values, along with the provided inventories in the vadose zone 
sediments obtained from the three boreholes, can be used in long-term risk projections that rely on 
estimates of water recharge and vadose zone and aquifer transport calculations.   
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 In summary, there is no current similarity between the present or past groundwater contamination and 
current porewater compositions from the contaminated borehole sediments.  Therefore, we cannot link the 
contaminants in the groundwater, currently or during the era of contaminant introduction into the vadose 
zone, to the porewaters currently in the borehole sediments, which are known to be derived from liquids 
that leaked from tank TX-107.  Thus, we cannot identify the TX tank leaks as the sole source of the 
contamination present in the groundwater in the past or currently. 
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Acronyms and Abbreviations 

ASA American Society of Agronomy 
ASTM American Society for Testing and Materials 
bgs below ground surface 
CCUu Cold Creek unit, upper subunit  
CCUl Cold Creek unit, lower subunit; also referred to as Cold Creek caliche subunit 
EC electrical conductivity 
EPA United States Environmental Protection Agency 
FIR Field Investigation Report 
g gram 
GEA gamma energy analysis 
GPS global positioning system 
H1 Hanford formation – H1 unit 
H2 Hanford formation – H2 unit 
HPGe High-Purity Germanium 
IC ion chromatography 
ICP inductively coupled plasma (also called inductively coupled plasma – optical emission 

spectroscopy
ICP-MS inductively coupled plasma mass spectrometer 
ICP-OES inductively coupled plasma – optical emission spectroscopy 
Kd distribution coefficient, or sorption partition coefficient, in units of mL/g 
KUT potassium, uranium, and thorium 
MPa megapascal 
mS millisiemen 
MSL mean sea level 
PNNL Pacific Northwest National Laboratory 
QA quality assurance 
QC quality control 
RCRA Resource Conservation and Recovery Act
REDOX Reduction Oxidation Process (the second fuel reprocessing process used at the Hanford Site 

to extract plutonium) 
Rtf Ringold Formation – Member of Taylor Flat 
Rwi Ringold Formation – Member of Wooded Island 
SEM scanning electron microscope 
TEM transmission electron microscopy 
UFA unsaturated flow apparatus (ultracentrifuge for squeezing porewater out of sediment) 
UV ultraviolet 
WMA Waste Management Area 
wt% weight percent 
XRD X-ray diffraction 
XRF X-ray fluorescence (a technique to measure total element mass in solids) 



xi

Contents

Executive Summary ............................................................................................................... iii 
Acknowledgments.................................................................................................................. v 
Acronyms and Abbreviations ................................................................................................ vii 

1.0 Introduction ...............................................................................................................................  1.1 

2.0 Geology .....................................................................................................................................  2.1
2.1 Regional Geologic Setting..............................................................................................  2.1

2.1.1 Ringold Formation .............................................................................................  2.3
2.1.2 Cold Creek Unit .................................................................................................  2.3
2.1.3 Hanford Formation.............................................................................................  2.3

2.2 Geologic Setting of the TX Tank Farm..........................................................................  2.6
2.2.1 Stratigraphy and Lithology ................................................................................  2.6 
2.2.2 Holocene Deposits...........................................................................................  2.6
2.2.3 Clastic Dikes ......................................................................................................  2.16

2.3 Summary of Recent Characterization Activities Within TX Tank Farm .......................  2.17
2.3.1 Hydrogeologic Characterization ........................................................................  2.17
2.3.2 Hydrogeology of Borehole 299-W10-27 (Background Well) ...........................  2.21
2.3.3 Borehole C3830 (TX-105) .................................................................................  2.29
2.3.4 Borehole C3831 (TX-107) .................................................................................  2.36
2.3.5 Hydrogeology of Borehole C3832 (TX-104).....................................................  2.45

2.4 Discussion of Increased Moisture Zones........................................................................  2.53 

3.0 Geochemical Methods and Materials ........................................................................................  3.1
3.1 Sample Inventory ...........................................................................................................  3.1
3.2 Approach ........................................................................................................................  3.1
3.3 Materials and Methods ...................................................................................................  3.2

3.3.1 Moisture Content................................................................................................  3.2
3.3.2 1:1 Sediment:Water Extracts .............................................................................  3.2
3.3.3 Radioanalytical Analysis....................................................................................  3.4
3.3.4 Carbon Content of Sediment..............................................................................  3.4
3.3.5 8 M Nitric Acid Extract .....................................................................................  3.5
3.3.6 Elemental Analysis ............................................................................................  3.5
3.3.7 Particle Size Distribution ...................................................................................  3.6
3.3.8 Particle Density ..................................................................................................  3.6
3.3.9 Water Potential (Suction) Measurements...........................................................  3.6 

4.0 Results and Discussion ..............................................................................................................  4.1
4.1 Vadose Zone Sediment from Borehole 299-W10-27 .....................................................  4.1

4.1.1 Moisture Content................................................................................................  4.1
4.1.2 1:1 Sediment:Water Extracts for Borehole 299-W10-27...................................  4.1
4.1.3 8 M Nitric Acid-Extractable Amounts of Selected Elements ............................  4.16
4.1.4 Bulk Chemical Composition of Sediment from 299-W10-27 ...........................  4.16



xii

4.1.5 Radionuclide Content in Vadose Zone Sediment from 299-W10-27 ................  4.17
4.1.6 Total Carbon, Calcium Carbonate, and Organic Carbon Content of  

Vadose Zone Sediment from Borehole 299-W10-27........................................  4.17
4.1.7 Particle Size Measurements on Vadose Zone Sediment ....................................  4.17
4.1.8 Matric Suction Potential Measurements ............................................................  4.33

4.2 Vadose Zone Sediment from Borehole C3830...............................................................  4.40
4.2.1 Moisture Content................................................................................................  4.40
4.2.2 1:1 Sediment:Water Extracts for Borehole C3830.............................................  4.42
4.2.3 Derivation of Vadose Zone Porewater Chemical Composition .........................  4.48
4.2.4 8 M Nitric Acid-Extractable Amounts of Selected Elements in C3830  

Sediments ..........................................................................................................  4.49
4.2.5 Radionuclide Content in Vadose Zone Sediment from C3830 ..........................  4.73
4.2.6 Total Carbon, Calcium Carbonate, and Organic Carbon Content of  

Vadose Zone Sediment from Borehole C3830..................................................  4.73
4.3 Vadose Zone Sediment from Borehole C3831...............................................................  4.76

4.3.1 Moisture Content................................................................................................  4.76
4.3.2 1:1 Sediment:Water Extracts for Borehole C3831.............................................  4.77
4.3.3 Derivation of Vadose Zone Porewater Chemical Composition .........................  4.93
4.3.4 8 M Nitric Acid-Extractable Amounts of Selected Elements in C3831  

Sediments ..........................................................................................................  4.93
4.3.5 Radionuclide Content in Vadose Zone Sediment from C3831 ..........................  4.109
4.3.6 Total Carbon, Calcium Carbonate, and Organic Carbon Content of  

Vadose Zone Sediment from Borehole C3831..................................................  4.109
4.4 Vadose Zone Sediment from Borehole C3832...............................................................  4.116

4.4.1 Moisture Content................................................................................................  4.116
4.4.2 1:1 Sediment:Water Extracts for Borehole C3832.............................................  4.116
4.4.3 Derivation of Vadose Zone Porewater Chemical Composition .........................  4.133
4.4.4 8 M Nitric Acid-Extractable Amounts of Selected Elements in C3832  

Sediments ..........................................................................................................  4.142
4.4.5 Radionuclide Content in Vadose Zone Sediment from C3832 ..........................  4.151
4.4.6 Total Carbon, Calcium Carbonate, and Organic Carbon Content of  

Vadose Zone Sediment from Borehole C3832..................................................  4.151 

5.0 Groundwater Status Below the TX Tank Farm .........................................................................  5.1
5.1 Aquifer Properties ..........................................................................................................  5.1
5.2 Existing Groundwater Contamination............................................................................  5.11

5.2.1 Extent of Contamination – Depth Distribution ..................................................  5.12
5.2.2 Geographical Distribution of Contaminants ......................................................  5.25

5.3 Comparison of Groundwater Vadose Zone Porewater Compositions at the  
TX Tank Farm................................................................................................................  5.33

6.0 Summary and Conclusions ........................................................................................................  6.1
6.1 Drilling and Sampling Summary at the TX Tank Farm .................................................  6.1
6.2 Conceptual Model for TX Tank Farm Geology .............................................................  6.2
6.3 Stratigraphy and Moisture Content ................................................................................  6.4
6.4 Vertical Extent of Contamination...................................................................................  6.5



xiii

6.5 Detailed Characterization to Elucidate Controlling Geochemical Processes .................  6.7
6.6 Estimates of Contaminant Inventory and Sorption-Desorption Values .........................  6.11
6.7 Other Geochemical Characterization Observations .......................................................  6.18
6.8 Description of TX-TY Upper Unconfined Aquifer........................................................  6.20
6.9 Existing Groundwater Contamination............................................................................  6.21
6.10 Complexities in Groundwater Data (Vertical and Temporal Variations).......................  6.23
6.11 Vadose Zone Porewater and Groundwater Chemical Ratio Comparisons.....................  6.24 

7.0 References .................................................................................................................................  7.1 

Appendix A.1–A.4  Core Photographs ..............................................................................................  A.1 
Appendix B.1–B.3  Geologic Description of Cores Obtained During Opening in Laboratory .........  B.1 



xiv

Figures 

2.1 Stratigraphic Cross Section of the Vadose Zone Within the Central Pasco Basin ...............  2.2
2.2 Thickness and Distribution of Cataclysmic Flood Deposits (i.e., Hanford Formation)  

Within the Central Pasco Basin ............................................................................................  2.5
2.3 Generalized, Composite Stratigraphy for the Late-Cenozoic Sediments Overlying the  

Columbia River Basalt Group at the TX Tank Farm  (Modified After Wood et al. 2001)...  2.7
2.4 Selected Borehole Location Map for the TX Tank Farm .....................................................  2.10
2.5 East-West Hydrogeologic Cross Section A-A’ Across the TX Tank Farm..........................  2.11
2.6 North-South Hydrogeologic Cross Section B-B’ Across the TX Tank Farm.......................  2.12
2.7 Sharp Contact Between the Upper and Lower Cold Creek Subunits in Borehole  

299-W10-27 ..........................................................................................................................  2.15
2.8 Sediment Textural Classification [Modified After Folk (1968) and Wentworth (1922)].....  2.20
2.9 Summary Hydrogeologic Log for Borehole 299-W10-27 ....................................................  2.26
2.10 Hanford Formation H2 Unit in Borehole 299-W10-27.........................................................  2.27
2.11 Lower Cold Creek Subunit (CCUl) in 299-W10-27 .............................................................  2.28
2.12 Summary Hydrogeologic Log for Borehole C3830..............................................................  2.31
2.13 Typical Backfill from Borehole C3830 ................................................................................  2.32
2.14 Fine to Medium Sand Recovered from the Hanford Formation H2 Unit in  

Borehole C3830 ....................................................................................................................  2.33
2.15 Interbedded Sand and Silty Sand Within the Hanford Formation H2 Unit ..........................  2.34
2.16 Contact Between Hanford Formation H2 and Cold Creek Units..........................................  2.35
2.17 Upper Cold Creek Unit (CCUu) in C3830 ............................................................................  2.35
2.18 Lower Cold Creek Unit (CCUl) in C3830 ............................................................................  2.36
2.19 Summary Hydrogeologic Log for Borehole C3831..............................................................  2.40
2.20 Rusted Metal Fragments from Backfill Material in C3831 ..................................................  2.41
2.21 Hanford Formation H2 Unit in C3831 - Core C3831-69A...................................................  2.42
2.22 Interbedded, Laminated Sand and Silt Near Base of the Hanford Formation H2 Unit 

Core 3831-97A .....................................................................................................................  2.43
2.23 Soft-Sediment Deformation Within the Hanford Formation H2 Unit ..................................  2.43
2.24 Upper Cold Creek Unit in C3831 - Core 3831-102A ...........................................................  2.44
2.25 Lower Cold Creek Unit Within C3831 - Core 3831-114A...................................................  2.45
2.26 Summary Hydrogeologic Log for Borehole C3832..............................................................  2.48
2.27 Backfill from C3832 - Core C3832-28A ..............................................................................  2.49
2.28 Fine-Grained Sediments at Base of Backfill Sequence - Core C3832-44A..........................  2.50
2.29 Hanford Formation H2 Unit in C3832 - Core C3832-83A...................................................  2.51
2.30 Upper Cold Creek Unit in C3832 - Core 3832-110B ...........................................................  2.52
2.31 Lower Cold Creek Unit Within C3832 - Core C3832-121A ................................................  2.53
2.32 Average Moisture Content (wt% water) from Different Stratigraphic Units in the  

Vicinity of the TX Tank Farm ..............................................................................................  2.54

4.1 pH and Electrical Conductivity Calculated (from sediment:water extracts) for  
Borehole 299-W10-27 ..........................................................................................................  4.4

4.2a Major Anions in 1:1 Sediment:Water Extracts from Borehole 299-W10-27 .......................  4.8
4.2b 1:1 Sediment:Water Extract Carbonate and Alkalinity (as Carbonate) Contents from  

Borehole 299-W10-27 ..........................................................................................................  4.9
4.2c 1:1 Sediment:Water Extract Small Organic Molecule Contents from Borehole  

299-W10-27 ..........................................................................................................................  4.10 
4.3 Cations in 1:1 Sediment:Water Extracts for Borehole 299-W10-27 ....................................  4.13



xv

4.4 Aluminum, Barium, Iron, Manganese, Silicon, and Zinc in 1:1 Sediment:Water  
Extracts from Borehole 299-W10-27....................................................................................  4.14

4.5 Trace Metals in 1:1 Sediment:Water Extracts Borehole 299-W10-27 .................................  4.15
4.6 Acid-Extractable Concentrations of Major Cations in Borehole 299-W10-27 Sediment.....  4.21
4.7 Acid-Extractable Concentrations of Aluminum, Barium, Iron, Manganese, Silicon 

and Zinc from Borehole 299-W10-27 Sediments .................................................................  4.22
4.8 Concentration of Uranium-238, Chromium, and Molybdenum in 299-W10-27 Borehole 

Sediment that is Acid-Extractable ........................................................................................  4.23
4.9 Comparison between Acid-and Water-Extractable Sulfate and Phosphate in Vadose

Zone Sediments from Borehole 299-W10-27.......................................................................  4.24
4.10 Particle Size Distribution of Hanford Formation H2 Unit Subsamples from  

Borehole 299-W10-27 ..........................................................................................................  4.34
4.11 Particle Size Distribution of Cold Creek Unit Subsamples from Borehole 299-W10-27.....  4.35
4.12 Particle Size Distribution of Ringold Formation Subsamples-Borehole 299-W10-27 .........  4.36
4.13 Matric Water Potential Measured by Filter Paper Technique on Core Samples from  

Borehole 299-W10-27 ..........................................................................................................  4.39
4.14 Borehole 3830 Sediment:Water Extract pH and Calculated Porewater Electrical  

Conductivity, Sodium, and Nitrate .......................................................................................  4.44
4.15 Borehole C3830 Water-Extractable Anions (μg/g dry sediment).........................................  4.47
4.16 Water-Extractable Cations in C3830 Vadose Zone Sediments (μg/g) .................................  4.54
4.17 Water-Extractable Metals in C3830 Vadose Sediments (μg/g dry sediment) ......................  4.55
4.18 Distribution of Mobile Metals in Water Extracts of C3830 Vadose Zone Sediments ..........  4.56
4.19 Derived Porewater Composition of Major Cations in C3830 Vadose Zone Sediments .......  4.61
4.20 Derived Porewater Anion Composition in C3830 Vadose Zone Sediments ........................  4.62
4.21 Derived Porewater Composition for Selected Metals in C3830 Vadose Zone Sediments ...  4.63
4.22 Derived Porewater Composition of Mobile Metals in C3830 Vadose Zone Sediments.......  4.64
4.23 Acid-Extractable Cations in C3830 Vadose Zone Sediments (μg/g dry sediment)..............  4.68
4.24 Acid-Extractable Metals in C3830 Vadose Zone Sediments (μg/g dry sediment) ...............  4.69
4.25 Acid-Extractable Trace Metals in C3830 Vadose Zone Sediments (units vary) ..................  4.70
4.26 Water- versus Acid-Extractable Sulfate and Phosphate in C3830 Vadose Zone  

Sediments..............................................................................................................................  4.71
4.27 Comparison of Lab Gamma Energy Analysis (GEA) and Field Log for Natural  

Gamma Emitters ...................................................................................................................  4.74
4.28 Lab and Field Data for Common Gamma Emitters in C3830 Vadose Zone Sediments.......  4.75
4.29 Borehole C3831 Sediment-to-Water Extract pH and Calculated Porewater EC,  

Sodium, and Nitrate ..............................................................................................................  4.81
4.30 C3831 Borehole Water-Extractable Anions (μg/g dry sediment).........................................  4.84
4.31 Water-Extractable Cations in Borehole C3831 Vadose Zone Sediments (μg/g) ..................  4.90
4.32 Water-Extractable Metals in Borehole C3831 Vadose Sediments (μg/g dry sediment).......  4.91
4.33 Distribution of Mobile Metals in Water Extracts of C3831 Vadose Zone Sediments ..........  4.92
4.34 Derived Porewater Composition of Major Cations in C3831 Vadose Zone Sediments .......  4.99
4.35 Derived Porewater Anion Composition in C3831 Vadose Zone Sediments ........................  4.100
4.36 Derived Porewater Composition for Selected Metals in C3831 Vadose Zone Sediments ...  4.101
4.37 Calculated Porewater Composition of Mobile Metals in C3831 Vadose Zone Sediments ..  4.102
4.38 Acid-Extractable Cations in C3831 Vadose Zone Sediments (μg/g dry sediment)..............  4.106
4.39 Acid-Extractable Metals in C3831 Vadose Zone Sediments (μg/g dry sediment) ...............  4.107
4.40 Acid-Extractable Trace Metals in C3831 Vadose Zone Sediments (units vary) ..................  4.108
4.41 Water versus Acid-Extractable Sulfate and Phosphate in C3831 Vadose Zone  

Sediments..............................................................................................................................  4.110
4.42 Comparison of Lab Gamma Energy Analysis (GEA) and Field Log for Natural  

Gamma Emitters ...................................................................................................................  4.111



xvi

4.43 Lab and Field Data for Common Gamma Emitters in C3831 Vadose Zone Sediments.......  4.112
4.44 Lab Data for Cobalt-60 Extracts of C3831 Vadose Zone Sediments ...................................  4.114
4.45 Borehole 3832 Sediment-to-Water Extract pH and Calculated Porewater EC, Sodium,  

and Nitrate.............................................................................................................................  4.120
4.46 C3832 Borehole Water-Extractable Anions (μg/g dry sediment).........................................  4.124
4.47 Water-Extractable Cations in Borehole C3832 Vadose Zone Sediments (μg/g) ..................  4.130
4.48 Water-Extractable Metals in C3832 Borehole Vadose Sediments (μg/g dry sediment).......  4.131
4.49 Distribution of Mobile Metals in Water Extracts of C3832 Vadose Zone Sediments ..........  4.132
4.50 Calculated Porewater Composition of Major Cations in C3832 Vadose Zone Sediments ...  4.138
4.51 Calculated Porewater Anion Composition in C3832 Vadose Zone Sediments ....................  4.139
4.52 Calculated Porewater Composition for Selected Metals in C3832 Vadose Zone  

Sediments..............................................................................................................................  4.140
4.53 Calculated Porewater Composition of Mobile Metals in C3832 Vadose Zone Sediments ..  4.141
4.54 Acid-Extractable Cations in C3832 Vadose Zone Sediments (μg/g dry sediment)..............  4.147
4.55 Acid-Extractable Metals in C3832 Vadose Zone Sediments (μg/g dry sediment) ...............  4.148
4.56 Acid-Extractable Trace Metals in C3832 Vadose Zone Sediments (units vary) ..................  4.149
4.57 Water- versus Acid-Extractable Phosphate in C3832 Vadose Zone Sediments ...................  4.150
4.58 Comparison of Lab Gamma Energy Analysis (GEA) and Field Log for Natural  

Gamma Emitters ...................................................................................................................  4.153
4.59 Lab and Field Data for Common Gamma Emitters in C3832 Vadose Zone Sediments.......  4.154

5.1 Well Location Map for WMA TX-TY .................................................................................  5.2
5.2 Discharge History for the 216-T Pond and the 216-U Pond.................................................  5.3
5.3 Hydrographs of Selected Wells in North 200 West Area .....................................................  5.4
5.4 Water Levels in Selected Wells Around the TX Tank Farm ................................................  5.5
5.5 Water Levels in Selected Wells Around the TY Tank Farm ................................................  5.5
5.6 March 2003 Water Table Map for the WMA TX-TY Area..................................................  5.6
5.7 Historical Water Level Data from Wells at WMA TX-TY ..................................................  5.11
5.8 Specific Conductance versus Depth in Well 299-W14-13 ...................................................  5.13
5.9 Technetium-99 Concentration in Wells 299-W14-12 and 299-W14-13 in WMA TX-TY ..  5.16
5.10 Nitrate Concentrations in Wells 299-W14-12 and 299-W14-13 at WMA TX-TY ..............  5.16
5.11 Tritium Concentrations in Wells 299-W14-12 and 299-W14-13 at WMA TX-TY .............  5.17
5.12 Chromium Concentrations in Wells 299-W14-12 and 299-W14-13 at WMA TX-TY ........  5.17
5.13 Chromium concentrations in Well Pair 299-W15-12 and 299-W15-765 .............................  5.18
5.14 Tc-99 and Cr (*10) Concentrations, and Tc-99/Cr (*1000) Ratios in Well 299-W14-13 ....  5.18
5.15 Contaminant Distributions in Samples Collected During Drilling of Well 299-W14-14.....  5.21
5.16 Nitrate Concentration in Groundwater versus Depth in Well 299-W15-44 During  

Drilling..................................................................................................................................  5.22
5.17 Results of Multi-Depth Sampling of Well 299-W14-13.......................................................  5.24
5.18 Chromium Plume Map at WMA TX-TY for the Fourth Quarter of Calendar Year 2002....  5.30
5.19 Technetium-99 Plume Map at WMA TX-TY for the Fourth Quarter of Calendar  

Year 2002..............................................................................................................................  5.31
5.20 Nitrate Plume Map at WMA TX-TY for the Fourth Quarter of Calendar Year 2002 ..........  5.32
5.21 Tritium Plume Map at WMA TX-TY for the Fourth Quarter of Calendar Year 2002 .........  5.35
5.22 Cobalt-60 and Strontium-90 Concentrations in Well 299-W14-2 ........................................  5.36
5.23 Cobalt-60 Concentrations in Well 299-W14-12 ...................................................................  5.37



xvii

Tables 

2.1 Stratigraphic Terminology for the Vadose Zone Beneath the TX Tank Farm......................  2.8
2.2 Four Borings Used for Recent Geochemical Characterization in the Vicinity of  

TX Tank Farm ......................................................................................................................  2.18
2.3 Core Samples Collected from 299-W10-27 for Paleomagnetic Analysis - May 16, 2001 ...  2.22
2.4 Splitspoon Samples Selected for Physical and Chemical Characterization  

from the Vadose Zone in 299-W10-27 .................................................................................  2.23
2.5 Gravimetric Moisture Content Measured in Core Samples.  Units are Wt% Water.............  2.24
2.6 Splitspoon Core Samples from C3830..................................................................................  2.30
2.7 Splitspoon Core Samples from C3831..................................................................................  2.38
2.8 Splitspoon Core Samples from C3832..................................................................................  2.47

4.1 Gravimetric Moisture Content of Core Samples Obtained Between 50 and 125 ft bgs 
in Borehole 299-W10-27 ......................................................................................................  4.2

4.2 pH and EC Values for 1:1 Sediment:Water Extracts from 299-W10-27..............................  4.3
4.3 Anion Composition of Water Extracts of 299-W10-27 Sediment  

(units μg/g dry sediment) ......................................................................................................  4.6
4.4 Small Molecular Weight  Organic Content of Water Extracts of 299-W10-27 Sediment  

(units μg/g dry sediment) ......................................................................................................  4.7
4.5 Water-Extractable Cations in Borehole 299-W10-27 Sediments (μg/g dry soil) .................  4.11
4.6 Other Water-Extractable Cations in Borehole 299-W10-27 Sediments (μg/g dry soil) .......  4.11
4.7 Water-Extractable Mobile Trace Contaminants in Borehole 299-W10-27 Sediments 

(μg per gram dry soil) ...........................................................................................................  4.12
4.8 Acid-Extractable Major Cations in Borehole 299-W10-27 Sediments  

(μg/g dry sediment)...............................................................................................................  4.18
4.9 Acid-Extractable Content for Major Constituents in Borehole 299-W10-27 Sediments 

(μg/g dry sediment)...............................................................................................................  4.19
4.10 Acid-Extractable Mobile Trace Metals in Borehole 299-W10-27 Sediments  

(μg per gram dry sediment) ..................................................................................................  4.20
4.11 Total Chemical Composition of Borehole 299-W10-27 Sediments  

(as Weight % Oxides) ...........................................................................................................  4.25
4.12 Trace Element Composition of Borehole 299-W10-27 Sediments  

(as μg per g dry sediment) ....................................................................................................  4.27
4.13 Total, Inorganic, and Organic Carbon Content of Vadose Zone Sediments from  

Borehole 299-W10-27 ..........................................................................................................  4.29
4.14 Wet Sieve Particle Size Results for Borehole 299-W10-27 Sediments ................................  4.30
4.15 Particle Size Data for Borehole 299-W10-27 Sediments Using Two Techniques ...............  4.31
4.16 Matric Potential as Measured by Filter Paper Method for Borehole 299-W10-27  

Core Sediments .....................................................................................................................  4.37
4.17 Moisture Content of Borehole C3830 Cores.........................................................................  4.40
4.18 pH and EC Data for Sediment:Water Extracts from Borehole 3830 ....................................  4.43
4.19 Water-Extractable Anions in Borehole C3830 Vadose Zone Sediments  

(μg/g dry sediment)...............................................................................................................  4.46
4.20 Water-Extractable Organics in C3830 Vadose Zone Sediments (μg/g ) ..............................  4.50
4.21 Water-Extractable Cations in C3830 Vadose Zone Sediments (μg/g dry sediment)............  4.51
4.22 Water-Extractable Concentrations of Other Metals in C3830 Vadose Zone Sediments  

(μg/g dry sediment)...............................................................................................................  4.52
4.23 Water-Extractable Concentrations of Mobile Metals in C3830 Vadose Sediments  

(μg/g dry sediment)...............................................................................................................  4.53



xviii

4.24 Calculated Porewater Cation Concentrations in C3830 Vadose Zone Sediments ................  4.57
4.25 Calculated Porewater Anion Concentrations in C3830 Vadose Zone Sediments.................  4.58
4.26 Calculated Porewater Concentrations of Selected Constituents in C3830 Vadose  

Zone Sediments.....................................................................................................................  4.59
4.27 Calculated Porewater Concentrations of Potentially Mobile Constituents in C3830  

Vadose Sediments.................................................................................................................  4.60
4.28 Acid-Extractable Cations from C3830 Vadose Zone Sediments ..........................................  4.65
4.29 Acid-Extractable Constituents in C3830 Vadose Zone Sediments.......................................  4.66
4.30 Acid-Extractable Trace Metals in C3830 Vadose Zone Sediments......................................  4.67
4.31 Carbon Contents of Vadose Zone Sediments in Borehole C3830 ........................................  4.76
4.32 Moisture Content of Borehole C3831 Cores.........................................................................  4.77
4.33 pH and EC Data for Sediment:Water Extracts from Borehole 3831 ....................................  4.80
4.34 Water-Extractable Anions in Borehole C3831 Vadose Zone Sediments..............................  4.83
4.35 Water-Extractable Organics in C3831 Vadose Zone Sediments ..........................................  4.86
4.36 Water-Extractable Cations in Borehole C3831 Vadose Zone Sediments .............................  4.87
4.37 Water-Extractable Concentrations of Other Metals in C3831 Vadose Zone Sediments ......  4.88
4.38 Water-Extractable Concentrations of Mobile Metals in C3831 Vadose Sediments .............  4.89
4.39 Calculated Porewater Cation Concentrations in C3831 Vadose Zone Sediments ................  4.95
4.40 Calculated Porewater Anion Concentrations in C3831 Vadose Zone Sediments.................  4.96
4.41 Calculated Porewater Concentrations of Selected Constituents in C3831 Vadose  

Zone Sediments.....................................................................................................................  4.97
4.42 Calculated Porewater Concentrations of Potentially Mobile Constituents in C3831  

Vadose Sediments.................................................................................................................  4.98
4.43 Acid-Extractable Cations from C3831 Vadose Zone Sediments ..........................................  4.103
4.44 Acid-Extractable Constituents in C3831 Vadose Zone Sediments.......................................  4.104
4.45 Acid-Extractable Trace Metals in C3831 Vadose Zone Sediments......................................  4.105
4.46 Cobalt-60 Content of Sediment and Extracts for Vadose Zone Sediments in  

Borehole C3831 ....................................................................................................................  4.113
4.47 Carbon Contents of Vadose Zone Sediments in Borehole C3831 ........................................  4.115
4.48 Moisture Content of Borehole C3832 Cores.........................................................................  4.117
4.49 pH and EC Data for Sediment-Water Extracts from Borehole 3832 ....................................  4.119
4.50 Water-Extractable Anions in Borehole C3832 Vadose Zone Sediments..............................  4.123
4.51 Water-Extractable Organics in C3832 Vadose Zone Sediments ..........................................  4.126
4.52 Water-Extractable Cations in C3832 Borehole Vadose Zone Sediments .............................  4.127
4.53 Water-Extractable Concentrations of Other Metals in C3832 Vadose Zone Sediments ......  4.128
4.54 Water-Extractable Concentrations of Mobile Metals in C3832 Vadose Sediments .............  4.129
4.55 Derived Porewater Cation Concentrations in C3832 Vadose Zone Sediments ....................  4.134
4.56 Calculated Porewater Anion Concentrations in C3832 Vadose Zone Sediments.................  4.135
4.57 Derived Porewater Concentrations of Selected Constituents in C3832 Vadose Zone

Sediments..............................................................................................................................  4.136
4.58 Calculated Porewater Concentrations of Potentially Mobile Constituents in C3832  

Vadose Sediments.................................................................................................................  4.137
4.59 Acid-Extractable Cations from C3832 Vadose Zone Sediments ..........................................  4.144
4.60 Acid-Extractable Constituents in C3832 Vadose Zone Sediments.......................................  4.145
4.61 Acid-Extractable Trace Metals in C3832 Vadose Zone Sediments......................................  4.146
4.62 Gamma Emitter Concentrations in Vadose Zone Sediments in Borehole C3832 (pCi/g) ....  4.152
4.63 Carbon Contents of Vadose Zone Sediments in Borehole C3832 ........................................  4.155

5.1 Groundwater Flow Characterization Results Based on Trend Surface Analyses .................  5.7
5.2 In-Well, Downward Vertical, Flow-Velocity Summary for Wells 299-W10-26 and  

299-W-14-13 at WMA TX-TY.............................................................................................  5.8



xix

5.3 Results from Tracer-Dilution and Tracer-Pumpback Tests in Wells at WMA TX-TY........  5.10
5.4 Hydraulic Properties from Slug and Constant Rate Pumping Tests and Calculated  

Darcy Velocities at New Wells at WMA TX-TY.................................................................  5.10
5.5 Initial and Final Specific Conductance Values from Four Routine Quarterly Sampling  

Events During Calendar Year 2003 at 299-W14-13.............................................................  5.13
5.6 Nitrate Concentration in Groundwater Collected During Drilling of New RCRA Wells ....  5.22
5.7 Average Concentration of Mobile Contaminants in Groundwater in the  

Vicinity of the TX-TY WMA for the Time Period August 2002 to August 2003................  5.26
5.8 Contaminant Concentration Ratios for Vadose Zone Porewater from Borehole C3831  

as a Function of Depth and From Tank TX-107 Fluids ........................................................  5.39
5.9 Contaminant Concentration Ratios for Groundwater Samples from Well 299-W14-12 ......  5.40
5.10 Contaminant Concentration Ratios for Vadose Zone Porewater from Borehole C3831  

as a Function of Depth and From Tank TX-107 Fluids ........................................................  5.41
5.11 Contaminant Concentration Ratios for Groundwater Samples from Well 299-W14-12 ......  5.42

6.1 Stratigraphic Units and Contacts (ft bgs)..............................................................................  6.3
6.2 Maximum Pore Water Concentrations in Sediments from Hanford and Cold Creek  

Units......................................................................................................................................  6.9
6.3 Inventory Estimates for Potential Contaminants of Concern in Borehole C3830  

Sediments..............................................................................................................................  6.13
6.4 Inventory Estimates for Potential Contaminants of Concern in Borehole C3831  

Sediments..............................................................................................................................  6.14
6.5 Inventory Estimates for Potential Contaminants of Concern in Borehole C3832  

Sediments..............................................................................................................................  6.15
6.6 Desorption Kd Values (mL/g) for Potential Contaminants of Concern ................................  6.16



1.0 Introduction 

 The overall goals of the of the Tank Farm Vadose Zone Project, led by CH2M HILL Hanford Group, 
Inc., are 1) to define risks from past and future single-shell tank farm activities, 2) to identify and evaluate 
the efficacy of interim measures, and 3) to aid, via collection of geotechnical information and data, the 
future decisions that must be made by the Department of Energy (DOE) regarding the near-term 
operations, future waste retrieval, and final closure activities for the single-shell tank Waste Management 
Areas (WMA).  For a more complete discussion of the goals of the Tank Farm Vadose Zone Project, see 
the overall work plan, Phase 1 RCRA Facility Investigation/Corrective Measures Study Work Plan for the 
Single-Shell Tank Waste Management Areas (DOE 1999).  Specific details on the rationale for activities 
performed at WMA T-TX-TY are found in Crumpler (2002).  To meet these goals, CH2M HILL Hanford 
Group, Inc. tasked scientists from Pacific Northwest National Laboratory (PNNL) to perform detailed 
analyses of vadose zone sediment, both uncontaminated and contaminated, in the vicinity of 
WMA T-TX-TY.

 Specifically, this report contains all the geologic, geochemical, and selected physical characterization 
data collected on vadose zone sediment recovered from two sources:  1) a new RCRA monitoring well, 
299-W10-27, located just outside the WMA fenceline to the east and in the northern quadrant of tank TY 
tank farm, and 2) three boreholes that extended from ground surface down to refusal in the Cold Creek 
unit caliche.  Drill locations for the boreholes were selected to evaluate possible leaks from tanks 241-
TX-105 (C3830), TX-107 (C3831), and TX-104 (C3832), respectively.  Location maps are presented in 
Section 2.  We have also provided our interpretation of the data in the context of determining the 
appropriate hydrogeologic model, the vertical extent of contamination, the migration potential of the 
contaminants that still reside in the vadose zone, and the correspondence of the contaminant distribution 
in the borehole sediment to groundwater plumes in the aquifer proximate and downgradient from the TX 
tank farm. 

 This report is the first of two reports written to present recent data collected on vadose zone 
sediments, both uncontaminated and contaminated, from within WMA T-TX-TY.  The second PNNL 
report will discuss the characterization of 1) uncontaminated sediment from a Resource Conservation and 
Recovery Act (RCRA) borehole (299-W11-39) that provides baseline against information from 
contaminated sediment, and 2) contaminated sediment obtained from two boreholes near tank T-106, a 
confirmed leaker (~115,000 gallons) in 1973.  The two documents contain preliminary interpretations to 
identify the distribution of key contaminants within the vadose zone and to determine what their future 
migration potential could be.  The two PNNL reports will be incorporated into Appendix B of the 
WMA T-TX-TY field investigation report (FIR) (scheduled for publication in 2005). 

 This document describes the characterization data collected and interpretations assembled by the 
Applied Geology and Geochemistry Group within the PNNL Environmental Technology Division.  Based 
on a review of all available historical information on tank farm operations and vadose zone gross and 
spectral gamma monitoring of dry wells around the TX tanks (see Crumpler 2002 and Wood et al. 2001), 
three areas of interests were identified.  The historical data analysis did not uncover any explicit 
documentation that there were fluid losses at the TX tank farm, which was quite active during the early 
1970s during the bismuth phosphate metals waste recovery activity, used to obtain uranium for reuse in  
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making fuel.  However, vadose zone monitoring data show a uranium plume between tanks TX-101 and 
TX-105 with the higher concentrations closer to tank TX-105.  Therefore, borehole C3830 was drilled to 
the southwest of Tank TX-105. 

 The second area of interest is the region between tanks TX-107 and TX-103 where historical vadose 
zone spectral gamma monitoring data indicate there is cobalt-60 and europium-152/154 in the vadose 
zone below the tanks.  There are about six drywells concentrated in the area between these two tanks but 
no paper trail was found as to why these holes were drilled.  These signs suggest that there was a loss of 
tank fluids from one of these tanks.  Further, tank TX-107 was used for transferring wastes to the 
T Evaporator and thus there were very large volumes of fluids moved through this tank.  For these 
reasons, borehole C3831 was drilled to the southwest of tank TX-107 in the region between tanks 
TX-107/103.  The third borehole, C3832, was placed to the southeast of tank TX-104 in the hopes that it 
would capture the migration of more mobile contaminants in the down dip direction from a tank leak at 
TX-107 and to evaluate whether there were separate and distinct leaks from TX-107 and TX-104.  If the 
mobile contaminant profile at C3832 differed significantly from the nature of the profile at C3831, two 
distinct leaks, one from TX-107 and one from TX-104, would be a more plausible explanation.  It is also 
possible that the two leaks might have commingled. 

 This report is divided into sections that describe the geology, geochemical characterization methods 
employed, geochemical results and contaminant migration potential, and correlation between the existing 
vadose zone porewater with current and past groundwater contamination characteristics, as well as 
summary and conclusions, references, and appendixes with additional geology details and sediment 
photographs. 

 English units are used in this report for descriptions and discussions of drilling activities and samples 
because that is the system of units used by drillers to measure and report depths and well construction 
details.  To convert feet to meters, multiply by 0.3048; to convert inches to centimeters, multiply by 2.54.  
The metric system is used in this report for all other purposes. 
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2.0 Geology

 The geology of the vadose zone underlying the 241-TX Tank Farm (TX Tank Farm) forms the 
framework through which contaminants that leaked from the single-shell tanks or their ancillary piping 
and junction boxes move, and is fundamental to the understanding of migration and distribution of the 
contamination in the vadose zone.  Of particular interest are the interrelationships between the coarser and 
finer-grained strata, and the degree of contrast in their physical and geochemical properties. 

 This section presents a discussion of the regional geologic setting and the geology of the TX Tank 
Farm, followed by a discussion of the geohydrologic characterization methods and background 
information on four recently completed boreholes sampled for physical and geochemical characterization. 

2.1 Regional Geologic Setting 

 The Hanford Site is located within the Columbia Plateau of southeastern Washington State.  This 
broad plain, situated between the Cascade Mountains to the west and the Rocky Mountains to the east, is 
underlain by a thick sequence of Miocene age tholeiitic basalt flows (the Columbia River Basalt Group).  
The Columbia River Basalt Group (composed of approximately 50 basalt flows) is more than 3,000-m 
thick and forms the bedrock beneath southeastern Washington.  Sedimentary interbeds are sandwiched 
between the basalt flows, particularly in the uppermost Saddle Mountains Basalt.  These interbeds along 
with the porous basalt flow tops and flow bottoms form confined aquifers that extend across the Pasco 
Basin (DOE 1988). 

 The basalt flows have been folded and faulted creating broad structural and topographic basins, 
separated by asymmetric anticlinal ridges.  Sediments of late Miocene, Pliocene, and Pleistocene age have 
accumulated up to 520-m thick in some of these basins.  The Hanford Site lies within one of the larger of 
these basins, the Pasco Basin.  This basin is partially bisected by the Umtanum-Gable Mountain anticline 
creating two subordinate synclinal basins.  The largest of these is the Cold Creek syncline, which is 
further subdivided into two basins, the Wye Barricade depression and the Cold Creek depression.  The 
Cold Creek depression underlies the principal waste management areas (200 East and 200 West Areas) of 
the Hanford Site, including the TX Tank Farm.   

 The generalized stratigraphy beneath the Hanford Site consists of, in ascending order, the Columbia 
River Basalt Group, the Ringold Formation, the Cold Creek unit (CCU) (formerly called the Plio-
Pleistocene unit), and the Hanford formation.  A geologic cross section showing the stratigraphic 
relationships of these units in the western Pasco Basin is presented in Figure 2.1.  Thin veneers of 
Holocene alluvium, colluvium, and/or eolian sediments discontinuously overlie these principal geologic 
units. The regional suprabasalt stratigraphy is described in more detail elsewhere (Lindsey 1995; 
DOE 1988; DOE 2002a). 
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2.1.1 Ringold Formation 

 The Ringold Formation records fluvial-lacustrine deposition associated with the ancestral Columbia 
River drainage system, following the last eruption of basalt at the Hanford Site about 10.5 million years 
(m.y.) ago (Tallman et al. 1981; DOE 1988; Lindsey et al. 1994a, Lindsey 1996).  Deformation of the 
Yakima folds, which began in the middle Miocene Epoch, concurrent with the Columbia River basalt 
volcanism, continued into Ringold Formation time so the centers of downwarped basins received more 
sediments than the margins.  The Ringold Formation is up to 185-m (600 ft) thick in the center of the 
basin and pinches out against the basin-bounding basalt ridges.

 The Ringold Formation consists of semi-indurated clay, silt, fine- to coarse-grained sand, and 
variably cemented granule to cobble gravel.  Ringold Formation sediments have been classified into five 
sediment facies associations:  1) fluvial gravel, 2) fluvial sand, 3) overbank deposits, 4) lacustrine 
deposits, and 5) alluvial fan deposits.  See Lindsey (1996) and Lindsey et al. (2001) for more detailed 
descriptions of these facies.   

2.1.2 Cold Creek Unit 

 After a period of post-Ringold Formation incision, the eroded surface of the Ringold Formation was 
locally weathered and/or covered with deposits of the Cold Creek unit (CCU).  These deposits consist of 
fluvial, eolian and/or colluvial deposits, often pedogenically altered (DOE 2002a).  The Cold Creek unit 
includes those deposits formerly referred to as the “Plio-Pleistocene unit” and “pre-Missoula Gravels,” as 
well as the “early Palouse soil” and “caliche layer” within the 200 West Area.  The new name, Cold 
Creek unit, was given to these deposits because recent studies suggest this unit is all of late Pliocene age.  
The Cold Creek unit is a more appropriate name choice since it is independent of age and geographically 
better describes the unit, which is generally confined to the boundaries of the Cold Creek syncline within 
the west central Pasco Basin (DOE 2002a). 

 Five different facies of the CCU have been differentiated based on grain size, sedimentary structure, 
sorting, roundness, fabric, and mineralogic composition (DOE 2002a).  These facies include: 1) fluvial-
overbank and/or eolian, 2) calcic paleosol, 3) mainstream alluvium, 4) colluvium, and 5) sidestream 
alluvium.   

2.1.3 Hanford Formation 

 The Hanford formation is an informal name used within the Pasco Basin to describe Pleistocene 
catacylsmic flood deposits (Tallman et al. 1979, 1981; DOE 1988, 2002a).  Ice Age floods originated 
from outbursts of glacial Lake Missoula, as well as other ice-dammed lakes (Baker and Bunker 1985), 
pluvial lake Bonneville (O’Connor 1993), or possible sub-glacial floods (Shaw et al. 1999) associated 
with the Cordilleran Ice Sheet.  The Hanford formation may include some minor fluvial, colluvial, and/or 
eolian deposits interbedded with flood deposits. 

 Recently, the possibility of converting the Hanford formation into a formalized stratigraphic unit was 
investigated (Bjornstad et al. 2002; DOE 2002a).  However, the consensus is that the Hanford formation 
cannot be formalized as a stratigraphic unit at this time, even though it is a mappable unit, for several 
reasons as specified in the International Stratigraphic Guide (Salvador 1994).  These include 1) the 
Hanford formation, as defined, is based on a common time period and depositional environment, which 
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are invalid formalization criteria; 2) the Hanford formation is very diverse lithologically (i.e., facies range 
from bouldery gravels to silts); geologic formations, as defined in the stratigraphic code, should have 
similar lithologic properties; and 3) there is lack of complete reference sections with which to define and 
characterize the Hanford formation.  For example, the range of internal variability within the Hanford 
formation often exceeds that between adjacent stratigraphic units (e.g., CCU and Ringold Formation). 
Therefore, for the present, the Hanford formation should continue to be used informally to describe 
cataclysmic flood deposits within the Pasco Basin. 

 As mentioned above, the Hanford formation consists predominantly of unconsolidated sediments that 
cover a wide range in grain size, from boulder-size gravel to sand, silty sand, and silt.  The sorting ranges 
from poorly sorted (for gravel facies) to well-sorted (for fine sand to silt facies).  Traditionally the 
Hanford formation has been subdivided into three lithofacies (gravel-, sand-, and silt-dominated), which 
grade into one another, both vertically and laterally (DOE 1988; Baker et al. 1991; Lindsey et al. 1994a).  
These lithofacies may interfinger with or grade from gravel-dominated to sand-dominated facies, or sand-
dominated to silt-dominated facies, but rarely from gravel-dominated to silt-dominated facies.   

 An interbedded sand- and silt-dominated facies (DOE 2002a) is stratigraphically equivalent to 
Touchet Beds, which were first formally recognized by R. F. Flint in 1938 (Flint 1938).  Beginning in the 
late 1980s, these deposits were called by a variety of other informal names, including slackwater facies 
(Moody 1987; Lindsey et al. 1992b; Connelly et al. 1992a; Last et al. 1989; Smith 1993), silt-dominated 
facies (Lindsey et al. 1992a, 1994b; Connelly et al. 1992b), silty facies (Lindsey et al. 1994a), and 
rhythmite facies (Baker et al. 1991).  Interbedded sand- and silt-dominated facies occur as sequences of 
rhythmic, graded beds that range from 0.1 to 1 m (0.3 to 3.3 ft) in thickness and are characterized by 
loose, horizontal- to ripple-laminated, coarse to medium sand, grading up into cohesive fine sand to silt.  
The silt-sized fractions consist predominantly of quartz, feldspar, and mica (Tallman et al. 1979). 

 Sand-dominated facies of the Hanford formation (Lindsey et al. 1992a, 1992b, 1994a, 1994b; 
Connelly et al. 1992a, 1992b) consist of relatively thick (� 1 m), predominantly horizontally laminated, 
loose, basalt-rich, fine- to coarse-grained sand, sometimes grading upward into a thinner sequence of 
ripple-laminated fine sand to silt.  The sand-dominated facies have also been referred to as the transitional 
sand facies (Reidel et al. 1992; Fecht and Weekes 1996) and the plane-laminated sand facies (Baker et al. 
1991).  Typically, sand-dominated facies average about 50% mafic rock fragments (i.e., basalt) and 50% 
quartz-feldspar (Tallman et al. 1979).  This composition gives the Hanford formation its characteristic 
“salt and pepper” appearance that is frequently noted in drillers’ and geologists’ logs.   

 The gravel-dominated facies have been variously named Pasco gravels (Brown 1970; Myers and 
Price 1979; Tallman et al. 1979, 1981; DOE 1984), Missoula flood gravels (Webster and Crosby 1982), 
coarse-grained main-channel facies (DOE 1988; Last et al. 1989), coarse-grained flood gravels 
(Moody 1987; Baker et al. 1991), and gravel-dominated facies (Lindsey et al. 1992a, 1992b, 1994b; 
Connelly et al. 1992a, 1992b).  The gravel-dominated facies of the Hanford formation consist of loose, 
massive, horizontal and large-scale, planar-tabular cross-bedded, poorly sorted mixtures of gravel, sand, 
and silt.  Gravel clasts in flood gravels generally consist of 50% to 75% subangular to subrounded basalt 
(DOE 2002a). 

 Below an elevation of approximately 300 m (1,000 ft) within the Pasco Basin, the Hanford formation 
unconformably overlies the Cold Creek unit and, where the CCU is eroded, lies directly on the Ringold 
Formation or Columbia River basalt.  Within the central Pasco Basin up to 100 m of flood deposits 
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accumulated along Priest Rapids, Cold Creek and Gable Mountain bars, which developed downstream of 
constrictions or obstructions in floodwater flow through the basin (Figure 2.2).  

Figure 2.2. Thickness and Distribution of Cataclysmic Flood Deposits (i.e., Hanford formation) 
Within the Central Pasco Basin. Cross section A-A’ is shown in Figure 2.1.
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2.2 Geologic Setting of the TX Tank Farm 

 The geology in the vicinity of the TX Tank Farm has been described in numerous reports (Price and 
Fecht 1976; Tallman et al. 1979; Last et al. 1989; Bjornstad 1990; Connelly et al. 1992a; DOE-GJO 1997; 
Lindsey et al. 2001; Wood et al. 2001).  A generalized stratigraphic column for the TX Tank Farm is 
presented in Figure 2.3. 

 More detailed descriptions of the vadose zone units, the focus of this report, are presented in 
Table 2.1.  The stratigraphic terminology for the post-Ringold-Formation units used in this report may be 
different than that used in previous reports but reflects the standardized stratigraphic nomenclature 
recommended by DOE (2002a).   

 The subsurface geology of the TX Tank Farm is interpreted from dozens of boreholes drilled in the 
area.  A total of 94 dry wells were constructed between 1952 and 1978 to monitor for leaks from the 
18 single-shell tanks of the TX Tank Farm (DOE-GJO 1997).  These shallow vadose-zone holes served as 
primary and secondary leak-detection devices.  In addition, 9 deeper groundwater monitoring wells are 
located around the perimeter of the TX Tank Farm.  The key boreholes used in this study are shown in 
Figure 2.4. 

2.2.1 Stratigraphy and Lithology 

 Stratigraphic terminology of the vadose zone used in this report is presented in Table 2.1.  The tank 
farm was excavated into the Pleistocene-age Hanford formation and Holocene eolian deposits that mantle 
the central portion of the Cold Creek flood bar.  The depth to groundwater in the vicinity of the TX Tank 
Farm is about 220 ft (67 m).  Stratigraphic units that make up the vadose-zone units beneath the tank farm 
include (in descending order) 1) recent deposits, 2) Hanford formation, 3) Cold Creek unit, and 4) 
Ringold Formation.   

 Two additional detailed cross sections are presented in Figures 2.5 and 2.6 for the TX Tank Farm.  
Additional information on the stratigraphic and facies relationships among the different stratigraphic units 
in the vicinity of the TX Tank Farm is presented in Wood et al. (2001) and Lindsey et al. (2001).   

2.2.2 Holocene Deposits 

 Holocene deposits within the TX Tank Farm consist of backfill material emplaced around the tanks.  
This backfill material is composed of mostly gravel-dominated H1 unit of the Hanford formation perhaps 
mixed with eolian materials, which blanketed the area with 1-2 m of windblown sand and silt prior to 
construction of TX Tank Farm.  Up to 52 ft of the Hanford formation H1 unit, perhaps extending down 
into the Hanford formation H2 unit, were removed during construction of the tank farm and stockpiled for 
placement later around and over the underground storage tanks.  The backfill has been described as 
poorly sorted gravelly sand to sandy gravel (Price and Fecht 1976; Caggiano and Goodwin 1991).  Fine-
grained sand and silt was occasionally placed at and toward the base of the backfill within the TX Tank 
Farm, apparently to improve traction for construction vehicles (DOE-GJO 1997). 
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Figure 2.3. Generalized, Composite Stratigraphy for the Late-Cenozoic Sediments Overlying the 
Columbia River Basalt Group at the TX Tank Farm (Modified After Wood et al. 
2001)
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Table 2.1. Stratigraphic Terminology for the Vadose Zone Beneath the TX Tank Farm 

Stratigraphic 
Symbol  Formation Facies / 

Subunit Description Genesis

Backfill NA Backfill 

Gravel-dominated sequence consisting of poorly to 
moderately sorted cobbles, pebbles, and coarse to 
medium sand with some silt derived from coarse-grained 
Hanford formation (H1 Unit) excavated around tanks 
(Price and Fecht 1976; Wood et al. 2001); occasional 
layers of sand to silty sand occur near the base of the 
backfill sequence.

Anthropogenic

H1

Unit H1 
(Gravel-
dominated 
facies 
association) 

Gravel-dominated flood sequence composed of mostly 
poorly sorted, basaltic, sandy gravel to silty sandy 
gravel.  Equivalent to the upper gravel sequence 
discussed by Last et al. (1989), the Qfg documented by 
Reidel and Fecht (1994), Hanford Gravel Unit A of 
Johnson et al. (1999), coarse-grained sequence (H1 unit) 
of Wood et al. (2001) and gravel facies of unit H1 of 
Lindsey et al. (2001), and gravel-dominated facies 
association of DOE (2002a).  The majority of this unit 
was excavated out and is missing from beneath TX Tank 
Farm.

Cataclysmic 
flood deposits 
(high-energy) 

H2

Hanford
formation

Unit H2 
(Sand-
dominated 
facies 
association) 

Sand-dominated flood sequence composed of mostly 
horizontal to tabular cross-bedded sand to gravelly sand.  
Some sand beds capped with thin layers of silty sand to 
sandy silt.  Equivalent to Hanford Sands of Johnson 
et al. (1999), Fine-Grained Sequence (H2 unit) of Wood 
et al. (2001) and unit H2 of Lindsey et al. (2001), the 
sandy sequence of Last et al. (1989) and Lindsey et al. 
(1992a), and to Qfs documented by Reidel and Fecht 
(1994), and sand-dominated facies association of DOE 
(2002a).

Cataclysmic 
flood deposits 
(moderate
energy) 

CCUu
Cold Creek 

unit
Upper
subunit

Silty sequence consisting of interstratified well-sorted 
silt and fine sand.  Uncemented but may be moderately 
to strongly calcareous from detrital CaCO3.  Equivalent 
to the “early Palouse soil” (Brown 1970; Tallman et al. 
1979; DOE 1988; and DOE-GJO 1997) and the Hanford 
Formation(?)/Plio-Pleistocene (?) deposits (H/PP) of 
Wood et al. (2001).  Also equivalent to the upper Plio-
Pleistocene unit in Lindsey et al. (2001) and the fine-
grained, laminated to massive [CCUf (lam-msv)] 
lithofacies of the Cold Creek unit DOE (2002a). 

Post-Ringold
Fm. eolian 
and/or overbank 
alluvial deposits 

CCUl
Lower
subunit

Calcic paleosol sequence, consisting of interbedded 
layers of pedogenically altered to unaltered gravel, sand, 
silt, and/or clay, cemented together with one or more 
layers of secondary CaCO3, originally referred to as 
“caliche” (Brown 1959). Since then the name has 
evolved from the Plio-Pleistocene unit (Bjornstad 1984; 
DOE 1988; DOE-GJO 1997; Slate 2000), the Plio-
Pleistocene calcrete facies (DOE 1988; Wood et al. 
2001), the lower Plio-Pleistocene unit (Lindsey et al. 
2001), and the coarse- to fine-grained, CaCO3-cemented
lithofacies [CCUc-f(calc)] of the Cold Creek unit (DOE 
2002a).

Calcic paleosols 
developed on 
eroded Ringold 
Fm. or post-
Ringold Fm. 
eolian and/or 
fluvial deposits 
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Table 2.1. (contd) 

Stratigraphic 
Symbol  Formation Facies / 

Subunit Description Genesis

Rtf

Member 
of Taylor 
Flat 

Fine-grained Ringold Formation sequence consisting 
of interstratified, well bedded fine to coarse sand to silt.  
Equivalent to the upper Ringold Formation unit (DOE 
1988).  This unit is not present beneath most of the TX 
Tank Farm. 

Ancestral 
Columbia River 
System fluvial 
channel, crevasse 
splay, and 
overbank deposits 

Rwi

Ringold
Formation Member 

of
Wooded
Island

Coarse-grained Ringold Formation sequence 
consisting of mostly moderately sorted, quartzitic sandy 
gravel to silty sandy gravel.  Equivalent to middle 
Ringold Formation unit (DOE 1988) and the Ringold 
Formation Unit E gravels (Wood et al. 2001; 
Lindsey et al. 2001).

Ancestral 
Columbia River 
System braided-
stream deposits 
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Figure 2.4. Selected Borehole Location Map for the TX Tank Farm.  Cross sections A-A’ and B-B’ 
are shown in Figures 2.5 and 2.6, respectively.
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2.2.2.1 Hanford Formation 

 The Hanford formation in the TX Tank Farm consists of two informal subunits: the H1 and H2 units.  
The H2 unit belongs to the sand-dominated facies association, while the H1 is gravel-dominated 
(DOE 2002a).  However, during excavation of the TX Tank Farm, most of the Hanford formation H1 unit 
was removed so that only the H2 unit occurs beneath backfill material emplaced around the tanks. 

2.2.2.1.1 Gravel-Dominated Sequence (H1 Unit). 

 The gravel-dominated Hanford formation H1 unit is generally not present in the TX Tank Farm, 
having been completely removed during tank-farm excavation.  However, much of the material used for 
backfill around the tanks consists of the Hanford formation H1 unit.  

2.2.2.1.2 Sand-Dominated Sequence (H2 Unit) 

 The H2 unit consists of predominantly sand-dominated facies of the Hanford formation.  Cementation 
is very minor or absent, and total calcium carbonate- (CaCO3) content is generally only a few weight 
percent (wt%) or less. 

 The Hanford formation H2 unit is continuous beneath the TX Tank Farm; the base is well-defined by 
a change from well-stratified fine-coarse-grained “salt and pepper”-like sands to silt-dominated facies of 
the upper CCU.  There is also usually an increase in total natural gamma activity and moisture along this 
contact.

2.2.2.2 Cold Creek Unit 

 The Cold Creek unit lies unconformably on the tilted and truncated Ringold Formation that formed 
following incision and downcutting by the ancestral Columbia River toward the end of the Pliocene 
Epoch about 2.5 to 3.4 m.y. ago.  Two distinctive subunits of the Cold Creek unit are present beneath the 
TX Tank Farm and most of the 200 West Area (DOE 2002a).  The lower subunit consists of a variably 
cemented calcic paleosol sequence, while the upper subunit consists of unconsolidated, fine-grained, 
fluvial-overbank and/or eolian facies sediments. 

2.2.2.2.1 Upper Cold Creek Subunit 

 The unconsolidated, silt-rich sediments of the upper Cold Creek unit consist of cohesive, compact, 
massive to laminated and stratified, fine-grained sand and silt.  This brown- to yellow-colored unit is also 
characterized as micaceous, very well sorted, and moderately to strongly calcareous, with relatively high 
natural background-gamma activity (DOE 2002a).  It is equivalent to the “early Palouse soil” (Brown 
1960; Tallman et al. 1979, 1981; Bjornstad 1984, 1990; DOE 1988, Last et al. 1989; Lindsey et al. 1992b, 
Delaney et al. 1991; DOE-GJO 1997) and the “Hanford Formation (?)/Plio-Pleistocene (?) deposits” of 
Wood et al. (2001), and most recently identified as the CCUf(lam-msv) facies of the Cold Creek unit by 
DOE (2002a).  Similar to the lower CCU, the upper CCU ranges from 10–15-ft thick and dips to the 
southwest beneath the TX Tank Farm (Wood et al. 2001). 

 While the upper CCU was originally interpreted as an eolian deposit, which was derived from the 
reworking of the underlying Ringold Formation and/or caliche (Brown 1960), more recent investigations 
indicate this facies may contain other fine-grained deposits besides eolian silt and fine sand (Lindsey et al. 
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1994b, 2000; Slate 1996).  For example, recent studies in the S-SX WMA (Lindsey et al. 2000; 
Serne et al. 2002a) indicate that the upper CCU is composed of mostly intercalated layers of fine sand and 
silt, with some weakly developed paleosols, which is more characteristic of overbank-type alluvial 
deposits than eolian deposits (Lindsey et al. 2000).  Regardless of its exact stratigraphic relationship and 
origin, the upper CCU is a distinctive lithostratigraphic unit has a significant influence on the moisture 
and contaminant distribution within the vadose zone. 

2.2.2.2.2 Lower Cold Creek Subunit 

 Diagnostic features of the lower CCU include 1) advanced induration with pedogenic calcium 
carbonate, 2) white color, 3) presence of pedogenic structures (e.g., root traces, animal burrows, or soil 
horizonation), as well as an erratic geophysical log (i.e., natural gamma and neutron moisture) response 
(DOE 1988; Bjornstad 1990; DOE 2002a).   

 The upper boundary is usually sharp and distinct in contrast to the lower boundary, which is 
commonly gradational and overprinted onto the underlying Ringold Formation within the west central 
Pasco Basin.  The upper CCU is easily distinguished from the lower CCU based on a contrast in color, 
degree of cementation (Figure 2.7), as well as natural-gamma activity.  Furthermore, while the upper 
CCU may be compact and cohesive, it is generally uncemented, in contrast to the underlying 
pedogenically altered lower CCU.  Even though the upper CCU may contain moderate to high 
concentrations of calcium carbonate, the carbonate is evenly disseminated as detrital grains.  The bulk of 
the detrital calcium carbonate in the upper CCU is likely derived from the disintegration and mechanical 
reworking/redeposition of the underlying lower CCU, where discrete calcium carbonate-rich zones 
developed diagenetically as a result of pedogenesis.  The top of the lower CCU is well defined by a 
coincident significant increase in calcium-carbonate content and decrease in mud content and sorting, 
accompanied by a sudden drop in total gamma activity (i.e., potassium-40 [K-40]) on borehole 
geophysical logs (Bjornstad 1990; DOE-GJO 1997). 
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Figure 2.7. Sharp Contact Between the Upper and Lower Cold Creek Subunits in Borehole 
299-W10-27.  The upper unit consists of unconsolidated, yellowish-brown, silt and fine 
sand (mS), in sharp contrast to the white, CaCO3-cemented lower unit. The top of this 
1-foot core is to the right.

 The lower CCU represents a highly weathered paleosurface that developed unconformably on top of 
the Ringold Formation (Brown 1959, 1960) following a period of downcutting and degradation within the 
central Pasco Basin.  Other names used to describe this facies have included “caliche” (Brown 1959) and 
“calcrete” (DOE 1988).  The lower CCU consist of basaltic to quartzitic gravels, sands, silt, and clay that 
are cemented with one or more layers of secondary, pedogenic calcium carbonate.  The concentration of 
calcium carbonate within the lower CCU is generally 20 to 30 wt% but can range from 5 to 70 wt%.  The 
overall thickness of the lower CCU beneath the TX Tank Farm is generally 10 to 20 ft and dips to the 
southwest about one degree (Wood et al. 2001). 

 Considerable variability may exist internally within the lower CCU because of natural heterogeneity 
inherent in soils and soil-forming processes, which vary under different physical, chemical, and biological 
conditions (e.g., moisture, grain size, aspect, mineralogy, bioturbation, and microbial activity).  An 
additional complicating factor is that the land surface during late Pliocene time was locally undergoing 
changes via fluvial and eolian activity, which resulted in variable rates of aggradation, degradation, and 
soil development (Bjornstad 1984, 1990; DOE 1988; Slate 1996, 2000; Wood et al. 2001).  The calcium-
carbonate overprint is superimposed onto a variety of rock types, including silt, quartz-feldpsar-rich sand 
and gravel, and locally derived basaltic sand and gravel (Slate 1996, 2000; Lindsey et al. 2000).  In the 
vicinity of the TX Tank Farm, multiple, calcic-rich zones may be separated by relatively noncalcareous, 
uncemented material indicating some rapid accumulations occurred periodically between periods of soil 
development. 
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2.2.2.3 Ringold Formation 

 Generally, only fluvial gravel and sand facies are represented in the Ringold Formation vadose zone 
beneath the TX Tank Farm.  A thick sequence of fluvial gravel facies occurs in the vadose zone beneath 
the TX Tank Farm; these belong to the Ringold Formation member of Wooded Island, Unit E.  Fluvial 
sands, which locally overlie Unit E adjacent to the TX Tank Farm, are considered part of Ringold 
Formation member of Taylor Flat (Lindsey et al. 2001).   

2.2.2.3.1 Member of Taylor Flat (Rtf)

 The Ringold Formation member of Taylor Flat within the T-TX-TY WMA (previously referred to as 
the upper Ringold Formation unit) consists of interstratified, well-bedded fine to coarse sand to silt 
belonging to a mixture of fluvial-sand and overbank facies associations.  Post-Ringold Formation erosion 
has locally stripped away this member, including all the area beneath TX Tank Farm.  In areas adjacent to 
the TX Tank Farm, up to 10 m (30 ft) of Rtf lies sandwiched between the Cold Creek unit and gravels of 
the Ringold Formation member of Wooded Island (Wood et al. 2001).  

 Weathering and soil development associated with the overlying Cold Creek unit is often overprinted 
onto the member of Taylor Flat and/or the member of Wooded Island, Unit E.  Because the degree of 
post-Ringold Formation pedogenesis decreases with depth, the contact with the overlying Cold Creek unit 
is gradational and generally defined by an upward decrease in natural-gamma activity, increase in calcium 
carbonate content, and/or decrease in mud content (indicative of more cementation). 

2.2.2.3.2 Member of Wooded Island (Rwi, Unit E) 

 Unit E consists predominantly of the fluvial-gravel facies association with occasional thin beds of the 
fluvial-sand and/or the overbank facies associations.  Unit E within the TX Tank Farm averages about 
85 m (275 ft) thick and the top of the unit dips very gently to the southwest (Wood et al. 2001), consistent 
with the top of basalt and underlying Ringold Formation units.  There exists about 10 ft (3 m) of 
structural relief on top of the Ringold Formation Unit E beneath the TX Tank Farm.  The water table lies 
within Unit E gravels at about 220-ft (67 m) depth, about half-way between basalt bedrock and the ground 
surface.

2.2.3 Clastic Dikes

 Clastic dikes are vertical to sub-vertical sedimentary structures that crosscut normal sedimentary 
layering that are common to ice-age flood deposits, especially in the sand- and silt-dominated facies of 
the Hanford formation (Black 1979; Fecht and Weekes 1996; Fecht et al. 1999).  Some clastic dikes were 
noted during excavation of the T-TX-TY Tank Farms (Price and Fecht 1976) and clastic dikes were 
previously reported for two boreholes (299-W15-134 and 299-W15-180) within the TX Tank Farm 
(Wood et al. 2001).  Of the four new boreholes documented here, two of boreholes intersected clastic 
dikes.  One of the boreholes (C3831) intersected a dike in the Hanford formation H2 unit; the other 
borehole (299-W10-27) appears to have intersected two dikes, one in the Hanford formation H2 unit and 
another in the Ringold Formation member of Taylor Flat.  These dikes are discussed further in subsequent 
sections of this report. 
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 Where clastic dikes intersect the ground surface and are not covered with younger deposits, a feature 
known as “patterned ground” can be observed (Fecht et al. 1999).  Well-developed “patterned ground” 
exists just south of the 200 West Area.  Within the 200 West Area and the T-TX-TY WMA, however, 
“patterned ground” is scarce due to the many man-made surface disturbances and/or because it is buried 
under a thin cover of recent eolian sand.  Clastic dikes occur in swarms and form four types of networks: 
1) regular-shaped polygonal-patterns, 2) irregular-shaped, polygonal-patterns, 3) pre-existing fissure 
fillings, and 4) random occurrences.  Clastic dikes in the T-TX-TY Tank Farm area probably occur 
randomly in the gravel-dominated facies of the Hanford formation (H1 unit) and as regular-shaped 
polygons in the finer-grained facies (H2 unit).  Regular polygonal networks resemble 4- to 8-sided 
polygons and typically range from 3 cm to 1 m in width, from 2 m to greater than 20 m in depth and from 
1.5 to 100 m along strike.  Smaller dikelets, sills, and small-scale faults and shears are commonly 
associated with master dikes that form the polygons.  

2.3 Summary of Recent Characterization Activities Within TX Tank Farm 

 Four boreholes were recently drilled and sampled within or near the TX Tank Farm (Table 2.2).  
Boreholes C3830, C3831, and C3832 were drilled via the closed-end probe method within the TX Tank 
Farm for the specific purpose of collecting core samples for physical and chemical characterization as 
outlined in Crumpler (2002).  Core samples, 1.25-ft-long by 2.5-in.-diameter, were collected at 
predetermined intervals within these boreholes (Gardner et al 2002a, 2002b; Reynolds 2003).  Drill 
locations were selected to evaluate possible leaks from tanks 241-TX-105 (C3830), TX-107 (C3831), and 
TX-104 (C3832), respectively.   

 In addition, almost continuous, 2.5-ft-long by 4-in.-diameter splitspoon core samples were collected
in well 299-W10-27 (C3125) from 50 to 132 ft bgs.  Well 299-W10-27 is a RCRA groundwater 
monitoring well about 200 m northeast of the TX Tank Farm (Figure 2.4).  Located outside of the tank 
farm, this well is considered generally free of contamination and was chosen as a background control for 
the other three boreholes suspected of having possible chemical and radiological contamination.  A 
geologic and hydrologic summary, based on the information collected from these boreholes, is presented 
below.

2.3.1 Hydrogeologic Characterization  

 Field hydrogeologic characterization for the four new boreholes in Table 2.2 included geophysical 
logging and penetration resistance measured via hammer blow counts.  Additional hydrogeologic 
characterization was performed in the laboratory, including photography as well as geologic logging and 
gravimetric moisture measurements on the splitspoon core samples. 
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2.3.1.1 Geophysical Logging 

 Geophysical logging was performed by Duratek Federal Services on all four boreholes using high-
purity germanium (HPGe) spectral gamma and neutron-moisture tools (Lindsey et al. 2001; Gardner et al. 
2002a, 2002b; Reynolds 2003).  The neutron-moisture log is generally used to depict the relative moisture 
content within a 20-30-cm (8-12 in.) radius around the borehole.  However, the neutron-moisture logging 
tool was not calibrated for the casing conditions; therefore, absolute moisture values cannot be obtained 
directly from the neutron-moisture log.  Generally, where there is no radiological contamination, the total 
gamma count rate increases in finer-grained sediments with a corresponding increase in moisture content 
due the moisture-retaining properties of these sediments. 

 Processing of the spectral gamma log data allows the identification of gamma-emitting man-made 
radionuclides (if present) and the naturally occurring radionuclides potassium, uranium, and thorium 
(KUT) that are present in earth materials (Lindsey et al. 2001).  As expected, man-made radiological 
contaminants were detected in the three boreholes within the TX Tank Farm, while no man-made 
contaminants were detected outside the tank farm in borehole 299-W10-27.  More detailed descriptions of 
the logging tools and data analysis for 299-W10-27 are presented in Lindsey et al. (2001).  Additional 
information on the geophysical logging results on the three TX boreholes is presented below under the 
more detailed discussions for these holes, as well as in Gardner et al. (2002a, 2002b) and Reynolds 
(2003).

2.3.1.2 Sample Handling 

 Because there was no man-made contamination in 299-W10-27, sample handling was slightly 
different for this clean background borehole compared to the three boreholes sampled within the TX Tank 
Farm.  Two, 4-in.-diameter, 1-ft-long, lexan-lined core samples were recovered from each 2.5-ft 
splitspoon in 299-W10-27.  Upon recovery, any open spaces in the ends of the liners were stuffed with 
aluminum foil in the field and plastic end caps were secured with duct tape.  The outside of the liner was 
labeled with the borehole number, depth interval, and an “up” arrow.  Alternatively, potentially 
contaminated core samples from the three TX boreholes were collected in two, 2.5-in.-diameter, 0.5-ft 
long stainless-steel liners (Gardner et al. 2002a, 2002b; Reynolds 2003).  The liners were sealed with 
plastic end caps and the outsides labeled with chain-of-custody or borehole ID number, an “up” arrow, 
and the letter “A” or “B”.  The letter “A” was assigned to the deeper of the two cores in the core run. 

 Once received at the PNNL 3720 Building, the core samples were stored in a refrigerator to maintain 
the sample temperatures between 2 and 4�C.  Core samples from the clean 299-W10-27 borehole were 
opened, sampled, and described within a non-radiologically controlled PNNL laboratory (Lindsey et al. 
2001).  Because of the potential for radiological contamination, more precautions were taken processing 
the cores from within the tank farms.   

 Within a month of collection, the core samples from the boreholes were sequentially taken to a fume 
hood for sample processing.  Initially, the liner end caps were removed and the contents of the liner were 
placed in a plastic tray, one plastic tray per liner.  Material within the plastic tray was then subsampled for 
physical and geochemical analysis, photographed, and described geologically.  A complete set of core 
photographs for all four boreholes documented in this report are presented in Appendixes A.1 through 
A.4.  Sediment within the sample liners was extracted using either a hammer to tap out the contents of the 
liner or a specially constructed hydraulic “extruder.”  Efforts were made to keep the sample materials as 
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intact as possible.  In the coarser-grained facies however, the internal sedimentary structures could 
generally not be preserved because of the unconsolidated, friable nature of these materials. 

2.3.1.3 Subsampling and Geologic Description 

 Geologic description for the 299-W10-27 borehole was performed in May 2001 by Kevin Lindsey of 
Kennedy / Jenks Consultants, Inc.  Geologic descriptions and logs for this hole are presented in 
Lindsey et al. (2001).   

 Moisture samples were collected immediately upon extracting material from the core liner within the 
three TX Tank Farm boreholes.  An attempt was made to sample the finer-grained and/or wetter materials 
as well as any distinct hydrogeologic units, while at the same time trying to avoid slough and/or other 
unrepresentative portions.  The remaining sample was used for a brief visual geologic evaluation.
Geologic logs of the opened cores from the three boreholes (C3830, C3831, and C3832) are presented in 
Appendixes B.1, B.2, and B.3, respectively.   

 A visual geologic evaluation of cores from the TX Tank Farm boreholes was conducted in accordance 
with the following procedures: ASTM D2488 (ASTM 1993), PNL-DO-1 (PNL 1990a), and 
PNL-D9T81-99-GVL-1 (PNNL 1999).  Throughout the subsampling and geologic evaluation activities, 
the PNNL geologist made continual visual observations regarding the mineralogy, structure, grain-size 
distribution (and sorting), maximum particle size, grain-shape (e.g., roundness), color, moisture, 
consolidation, and reaction to dilute hydrochloric acid [HCl] (used to test for the presence of calcium 
carbonate).  Particular attention was given to visually estimate the percentage (by weight) of gravel, sand, 
and mud (silt+clay), and to visually classify the samples based on the modified Folk (1968)-Wentworth 
(1922) classification scheme historically used at the Hanford Site.  This sediment classification scheme 
uses a ternary diagram to categorize the sediment into one of 19 textural classes based on the relative 
proportions of gravel, sand, and mud (Figure 2.8).   
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Figure 2.8. Sediment Textural Classification [modified after Folk (1968) and Wentworth (1922)] 
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 The tops of some cores contained several inches or more of sloughed material in the core liners.  
Slough is recognizable by its loose, darker, more massive, and poorly sorted nature, and is always at the 
top of the core.  The sloughed material represents sediment that either fell back into the hole or was not 
completely removed between core runs.  Re-coring of sloughed materials was more common in coarser 
and looser sediments found in backfill and the Hanford formations; it was generally not a problem in the 
finer-grained and/or higher moisture intervals, which have a greater tendency to hold together between 
core runs.  Whenever possible, sampling of sloughed material was intentionally avoided during the 
collection of physical- and chemical-characterization samples in the laboratory. 

2.3.2 Hydrogeology of Borehole 299-W10-27 (Background Well) 

 Borehole 299-W10-27 (C3125) was drilled using the cable-tool method between January 22 and 
March 13, 2001.  The borehole is located approximately 650 ft (200 m) northeast of TX Tank Farm 
(Figure 2.4).  The total depth of the borehole is 268.7 ft (81.9 m) bgs; the hole terminated within the 
Ringold Formation Unit E gravels at 81 ft (25 m) below the groundwater table.   

 Near continuous core sampling was performed between 50 to 132 ft bgs (Lindsey et al. 2001), for a 
total of 33 splitspoon core runs.  Two, 1.0-ft-long plastic (i.e., lexan) core liners were collected for each 
2.5-ft-splitspoon run.  The extra 0.5 ft collected in the shoe of the splitspoon was used for geologic 
description in the field geologist’s log.  Generally, after performing a geologic description, the core 
material in the shoe was discarded.  Accounting for the loss of the 0.5-ft shoe samples and slough atop 
many of the cores, the total recovery for the 50 to 132 ft interval in 299-W10-27 is estimated at 89.8% 
(Lindsey et al. 2001).  Sampling above 50 ft was limited to core-barrel grab samples every 5 ft, while 
below 132 ft bgs grab samples were collected every 5 ft from the hard-tool drill cuttings.  An additional 
three splitspoon cores were collected between hard-tooled intervals from the saturated zone within 
Ringold Formation Unit E gravels.   

 Core logging was performed by K.A. Lindsey of Kennedy / Jenks Consultants, Inc. at PNNL’s 
3720 Building laboratory on May 16, 2001.  Core logs are presented in Lindsey et al. (2001 
[Appendix A]).  Geologic logging and sampling for gravimetric moisture occurred after each core 
segment was cut and split open, logged, and photographed.  During logging, PNNL staff also collected 
20 samples for paleomagnetic analysis (Table 2.3).  Core photos taken during logging of this hole are 
presented in Appendix A.1 of this report.  After geologic logging, moisture sampling, and photographing, 
the plastic-lined cores were resealed with duct tape and placed into cold storage for archival purposes.   

 Selected cores from 299-W10-27 were reopened 20 months later and nine subsamples were collected 
for physical and chemical characterization (Table 2.4).  
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Table 2.3. Core Samples Collected from 299-W10-27 for Paleomagnetic Analysis - May 16, 2001 

Depth
(ft bgs) 

Stratigraphic
Unit Sample Description 

50.8 H2 Medium sand, loose, well-sorted 

53.3 H2 Fine sand, compact, v. well-sorted, moist 

54.0 H2 Fine to medium sand, laminated 

58.0 H2 Medium to coarse sand, loose, well-sorted 

61.2 H2 Fine to medium sand, compact, moderately sorted 

64.0 H2 Fine to coarse sand, loose, moderately sorted 

68.3 H2 Fine to coarse sand, compact, moderately sorted 

70.7 H2 Silty fine sand, weak lamination, compact, dipping � 45o (clastic dike) 

74.0 H2 Fine to coarse sand, compact, moderately sorted 

78.0 H2 Fine to medium sand, moderately sorted, weakly laminated 

80.8 H2 Fine to medium sand, moderately sorted, weakly laminated 

83.0 H2 Silty fine to medium sand, compact, poorly sorted, laminated 

85.7 H2 Silty fine to medium sand, compact, poorly sorted, laminated 

88.3 H2 Silty v. fine sand, well laminated, well-sorted 

90.7 CCUu Fine sandy silt, compact, laminated, v. well-sorted 

93.3 CCUu Silty v. fine sand, weakly laminated, compact, v. well-sorted 

95.5 CCUu Silty v. fine sand, massive to weakly mottled, well-sorted 

97.8 CCUu Silty fine sand, massive, few CaCO3 nodules (just above caliche) 

105.6 CCUl Fine pebbly silty sand, massive, v. poorly sorted, crumbly, mottled 

108.1 CCUl Fine pebbly silty sand, massive, v. poorly sorted, crumbly, mottled 
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Table 2.4. Splitspoon Samples Selected for Physical and Chemical Characterization from the 
Vadose Zone in 299-W10-27.  One physical and chemical characterization sample was 
collected from each of the depths indicated.

Core Sample 
ID

Discrete 
Sample

Depth (ft) Lithology
Stratigraphic

Unit Comments 

C3125-52.5 53.3 Silty fine sand H2 

C3125-53.5 54.2 Silty fine-
medium sand H2

C3125-61 61.2 Silty fine-
coarse sand H2

C3125-87.5 88.2 Silty fine sand H2 

C3125-92.5 93.0 Silty fine sand CCUu

C3125-100 100.5 Sandy caliche CCUl

C3125-113.5 114.0 Fine-medium 
sand Rtf

C3125-117.5 118.5 Silt and sand Rtf Clastic dike within Rtf

C3125-130 130.2 Muddy sandy 
gravel Rwi

 Figure 2.9 presents a summary geologic log for borehole 299-W10-27 based on a compilation of field 
geologists’ logs, core log notes (Lindsey et al. 2001 [Appendix A]), geophysical logs (PNNL 2004), 
gravimetric moisture measurements, and core photographs (Appendix A.1 of this report).  Four primary 
stratigraphic units were encountered in this borehole: 1) recent backfill/eolian materials, 2) the Hanford 
formation, 3) the Cold Creek unit, and 4) the Ringold Formation.  A brief description of the sampled 
materials from each of these major stratigraphic units is presented below. 

 Based on the results of geophysical logging, no man-made contaminants were detected in borehole 
299-W10-27 (Lindsey et al. 2001).  Geophysical logging (Figure 2.9) shows a sharp increase in total 
gamma and neutron-moisture activity at a depth of 56 ft where the casing telescopes down from a double 
to a single string of temporary steel casing.  These casings were advanced during drilling of the hole and 
used to keep it open for geophysical logging and subsequent well installation.  At depth, the total gamma 
count rate increases again between 90-96 ft bgs within the silts and fine sands of the upper CCU before 
dropping very sharply at the contact with the lower CCU (i.e., top of the calcic paleosol sequence).

 Zones of elevated moisture occur within the CCU and Rtf units between 90-120 ft bgs in 299-W10-27 
(Figure 2.9).  Moisture ranged from as low as 2.2 wt% in pebbly sand facies of the Hanford formation 
H2 unit up to 23.7 wt% in fine-grained facies of the lower CCU (Table 2.5). 
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More specifically, highest moisture occurs 1) toward the top of the upper CCU between 90-95 ft, 2) along 
the contact between the upper and lower CCU at ~98 ft, 3) at the base of the lower CCU at ~110 ft, and 
4) within a fine-grained clastic dike at 120 ft. 

2.3.2.1 Recent Backfill/Eolian Materials 

 Less than 2 ft of sandy gravel surface-construction material covers the surface at 299-W10-27.  This 
material lies over about 3 ft of eolian silty sand that exists to a depth of 4.5 ft bgs.   

2.3.2.2 Hanford Formation 

 Pleistocene cataclysmic flood deposits of the Hanford formation underlie the recent sediments to a 
depth of 89.4 ft in borehole 299-W10-27.  Both units of the Hanford formation in the area (Wood et al. 
2001) are represented, including a coarse-grained, gravel-dominated sequence (H1 unit) and an 
underlying finer, sand-dominated sequence (H2 unit).  The H1 unit, which extends from 4.5 to 41.5 ft bgs, 
consists of mostly poorly sorted, clast-supported sandy gravel to silty sandy gravel.  The H2 unit, on the 
other hand, is predominantly medium- to coarse-grained sand to slightly pebbly sand, which extends to a 
depth of 89.4 ft bgs.  The term “salt and pepper” is often used to describe sands of the H2 unit on geologic 
logs due to the roughly equal amounts of dark- (basaltic) and light-colored (quartz and feldspar) grains.  
These beds show occasional weak horizontal laminations and are generally non-calcareous to weakly 
calcareous.  A few, relatively thin, low permeability, well-sorted, fine-grained layers of laminated fine to 
silty fine sand are interspersed within the H2 unit (Figure 2.10).   

 No samples were analyzed for physical and chemical characterization from the Hanford formation 
H1 unit since no splitspoon samples were collected from this unit.  Four characterization samples were 
obtained from the Hanford formation H2 unit, however (Table 2.4, see Figure 2.10 for example).  These 
were selected from finer-grained lenses within the H2 unit, since these typically contain more moisture 
(Bjornstad et al. 2003), and thus may have a higher probability for carrying contaminants.  The clastic 
dike showed relatively high moisture (~15 wt%) compared to adjacent strata (Figure 2.9). 

 A thin zone of steeply dipping (>45o) beds (Table 2.3) of silty fine sand, which occurs between 
70-71 ft, is suggestive of a clastic dike within the H2 unit in 299-W10-27.  A clastic dike at this depth was 
reported in association with sampling for paleomagnetism (Table 2.3). 
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Figure 2.9. Summary Hydrogeologic Log for Borehole 299-W10-27.  Zones of increased moisture 
are indicated as those with >15 wt% water in core samples and/or show as distinct spikes 
on neutron-moisture log.  Fine-grained layers are defined as those consisting 
predominantly of particles � 0.25 mm in diameter (i.e., fine sand and smaller).
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Figure 2.10. Hanford Formation H2 Unit in Borehole 299-W10-27.  A thin (0.2 ft) layer of 
well-laminated silty very fine sand (mS) lies between beds of medium- to coarse-grained 
“salt and pepper” sand (S).  One of the nine characterization samples from this borehole 
was collected from the silty sand layer at 54.2 ft.  The top of the core is to the right.  Notice 
the drilling-induced drag folding along the sides of the core.

2.3.2.3 Cold Creek Unit 

 The Cold Creek unit is subdivided into the upper and lower subunits within the TX Tank Farm as 
well as the greater 200 West Area (DOE 2002a).  The upper Cold Creek subunit consists of a brownish, 
well-sorted, unconsolidated fine-grained unit, which sharply overlies the lower subunit, characterized as a 
whitish calcic paleosol or sequence of paleosols.  A distinct contact occurs between these two highly 
contrasting units (Figure 2.7). 

2.3.2.3.1 Upper Cold Creek Subunit (CCUu)

 The upper CCU, 2.6-m (8.6 ft) thick, underlies the basalt-rich, “salt and pepper” sands of the Hanford 
formation in borehole 299-W10-27 between 27.2 m (89.4 ft) and 29.9 m (98 ft) bgs.  This unit consists of 
a brownish, laminated to massive, compacted and very well sorted, silty fine sand to fine sandy silt.  This 
unit is also relatively unconsolidated and moderately to strongly calcareous.  The uncemented nature of 
this unit suggests the calcium carbonate is probably of detrital origin instead of that forming 
pedogenically in situ, as did carbonate in the underlying lower Cold Creek unit.  Also characteristic of 
this unit is its relatively high natural-gamma activity and increased moisture on the neutron-moisture log, 
compared to adjacent units.  Core photographs (Appendix A.1) show the upper half of this unit to be 
mostly laminated, while the lower half is mostly massive.  The average moisture content (~ 12 wt%) for 
the upper CCU is significantly greater than that of the overlying Hanford formation (Table 2.5).   
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 A single sample was collected for laboratory characterization from near the top of the upper CCU at 
100.5 ft bgs (Table 2.4, Figure 2.9). 

2.3.2.3.2 Lower Cold Creek Subunit (CCUl)

 The lower Cold Creek unit, also referred to as “caliche,” “calcrete,” or “calcic paleosol” (Table 2.1), 
extends from 98 to 112 ft bgs in 299-W10-27.  Characteristics of the lower CCU are the abundance of 
white, secondary calcium carbonate cement, massive to mottled structures with evidence for bioturbation, 
and low to erratic natural-gamma activity on geophysical logs (DOE 1988; Bjornstad 1990; Wood et al. 
2001).  Two highly cemented calcic horizons are present within the 14-ft-thick calcic paleosol sequence 
in 299-W10-27 (Lindsey et al. 2001).  One highly cemented zone (Stage III-IV as described in 
DOE [2002a]) occurs from the top at 98 ft (Figure 2.7) to 112 ft bgs; the other lies at the base of lower 
Cold Creek unit between 109.3 to 111 ft bgs.  In between these two zones are more weakly developed 
Stage I-II calcic horizons (Figure 2.11). 

Figure 2.11. Lower Cold Creek Subunit (CCUl) in 299-W10-27.  Massive to mottled, poorly sorted, 
sand and silt [(g)mS] with white stringers and nodules of secondary, pedogenic, calcium 
carbonate.  The top of the core is to the right.

 A single sample, near the top of the lower CCU (100.5 ft bgs), was collected from the lower Cold 
Creek unit in 299-W10-27 for laboratory characterization (Table 2.4).  Moisture content within the upper 
CCU is relatively high, similar to the upper CCU, but is more variable (Table 2.5). 
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2.3.2.4 Ringold Formation 

 The Ringold Formation is present from about 112 ft bgs to the bottom of 299-W10-27 (268.7 ft bgs).  
Predominantly sand to pebbly sand makes up the upper 12 ft of the Ringold Formation, which is 
considered part of the Ringold Formation member of Taylor Flat (Rtf), or upper Ringold (Table 2.1).  The 
remaining 144 ft of 299-W10-27 is predominantly clast-supported sandy gravel to silty sandy gravel, 
considered part of the member of Wooded Island (Rwi), unit E (Lindsey et al. 2001). 

 Three characterization samples were collected from the Ringold Formation.  These included one each 
from the Rtf member (114.0 ft bgs), a clastic dike within the Rtf member (118.5 ft bgs), and the 
Rwi member (130.2 ft bgs) (Table 2.4, Figure 2.9).  Except for the clastic dike, moisture content within the 
Rtf member is relatively low, averaging about 4 wt% (Table 2.5). 

2.3.3 Borehole C3830 (TX-105) 

 Borehole C3830 was drilled and sampled using a driven-probe technique between August 20 and 
September 5, 2002 (Table 2.2).  The borehole is located approximately 40 ft (12.2 m) southwest of single-
shell tank 241-TX-105 (Figure 2.4).  The total depth of the borehole was 116.75 ft (35.6 m) bgs; the hole 
was terminated when refusal was encountered near the top of the caliche within the lower Cold Creek 
unit.  Borehole C3830 was decommissioned on September 19, 2002 by back-pulling the casing while 
filling the annulus with dry bentonite.  During decommissioning, four sets of in situ tensiometers were 
placed within the hole at depths of 96.25 ft, 49.95 ft, 7.45 ft, and 2.9 ft bgs.  The surface elevation of the 
boring was 675.9 ft (206 m) and geographic coordinates were N136167 and E566795 (Reynolds 2003). 

 During drilling, a total of 18, 1.25-ft long, 2.5-inch-diameter splitspoon core samples were collected 
intermittently starting at a depth of 15 ft bgs (Table 2.6, Figure 2.12).  Two, 0.5-ft-long stainless-steel 
core liners were collected during each core run.  A separate sample was collected in the laboratory from 
each of the two liners for physical and chemical characterization, making a total of 36 characterization 
samples collected from this hole.  In all, about 25 ft of core was obtained from C3830, or about 22% of 
the total length of the hole (Table 2.2).  No samples or drill cuttings were collected between the 18 core 
runs since the hole was advanced in a closed configuration using a solid, removable tip (Reynolds 2003). 

 All cores were extracted, sampled, photographed, and geologically logged on October 16, 2002 in a 
radiologically controlled PNNL laboratory.  Geologic logs of the material within the core liners were 
generated by geologists Victoria Johnson (Kennedy / Jenks Consultants, Inc.) and Bruce Bjornstad 
(PNNL); the core logs for these two geologists are presented in Reynolds (2003) and Appendix B.1 of 
this report, respectively.  Geologic logging occurred after the contents of each 0.5-ft stainless-steel core 
liner was emptied into an open plastic container, followed by photographing and subsampling for physical 
and chemical characterization.  Upon completion of these activities, the contents in the plastic containers 
were sealed shut and placed into cold storage for archival purposes.

 The hole was advanced using a solid probe such that no grab samples were collected between core 
runs; thus no near-continuous geologic field log is available for this hole unlike the background hole 
(299-W10-27).  Figure 2.12 presents a summary log for C3830 based on available geologic descriptions, 
core photographs, geophysical logs, laboratory derived gravimetric moisture and blow-count data.  The 
geology between core runs is inferred and interpreted based on the geophysical log and blow-count data.  
Four primary stratigraphic units were encountered by this borehole:  1) recent backfill material, 2) the 
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Hanford formation, 3) the Cold Creek unit, and 4) the Ringold Formation.  A brief description of the 
sampled materials from each of these major stratigraphic units is presented below. 

Table 2.6. Splitspoon Core Samples from C3830.  Two characterization samples, labeled “A” and 
“B” were collected from each of the cores for a total of 36 samples.

Core
Sample ID 

Top
Depth

(ft)

Bottom
Depth

(ft)
Mid

Depth (ft)

Sampled
Interval

Thickness (ft) Lithology
Stratigraphic

Unit Comments 

C3830-14.96 14.96 16.31 15.64 1.35 Sand backfill

C3830-27.91 27.91 29.25 28.58 1.34 Gravelly sand backfill

C3830-40.93 40.93 42.49 41.71 1.56 Gravelly sand backfill

C3830-46.2 46.20 47.50 46.85 1.30 Gravelly sand backfill

C3830-47.5 47.50 49.00 48.25 1.50 Slightly 
gravelly sand 

backfill

C3830-52.98 52.98 54.36 53.67 1.38 Sand H2

C3830-56.99 56.99 58.37 57.68 1.38 Sand H2

C3830-58.29 58.29 59.70 59.00 1.41 Sand to silty 
sand

H2 0.08 ft of 
overlap with 
sample above

C3830-66.06 66.06 67.46 66.76 1.40 Sand H2

C3830-71.95 71.95 73.30 72.63 1.35 Sand H2

C3830-76.98 76.98 78.35 77.67 1.37 Sand H2

C3830-80.91 80.91 82.21 81.56 1.30 Sand H2

C3830-86.11 86.11 87.41 86.76 1.30 Sand to silty 
sand

H2

C3830-98.97 98.97 100.36 99.67 1.39 Sand H2

C3830-100.32 100.32 101.72 101.02 1.40
Silty sand to 
sandy silt and 

silt
CCUu

0.04 ft of 
overlap with 
sample above

C3830-102.99 102.99 104.44 103.72 1.45 Sandy silt CCUu

C3830-107.89 107.89 109.19 108.54 1.30 Sandy silt CCUu

C3830-113.55 113.55 115.00 114.28 1.45 Calcareous, 
pebbly sand 

and mud 

CCUl Cemented 
caliche
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Figure 2.12. Summary Hydrogeologic Log for Borehole C3830. Zones of increased moisture are 
indicated as those with >15 wt% water in core samples and/or show as distinct spikes on 
neutron-moisture log.  Fine-grained layers are defined as those consisting predominantly 
of particles � 0.25 mm in diameter  (i.e., fine sand and smaller).
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2.3.3.1 Backfill

 The backfill extends from the ground surface to a depth of 15.8 m (52 ft) where it lies in contact with 
the Hanford formation (Figure 2.12).  This depth is consistent with a minimum depth of 45 ft required to 
completely bury tanks used at TX Tank Farm (Crumpler 2002).  A total of 10 physical/chemical 
characterization samples were collected in backfill material (Table 2.6).  Backfill material (Figure 2.13) 
consists of predominantly grayish brown, poorly to moderately sorted, massive, gravelly sand to slightly 
gravelly sand, which is unconsolidated and weakly to strongly calcareous (see Appendix B.1 for more 
detailed descriptions).  A sharp increase in total gamma activity in the upper few feet of this hole is 
associated with near-surface cesium-137 contamination at this location (Reynolds 2003).  This unit 
appears to be rather homogeneous and lacks lithologic variation suggested by relatively uniform 
geophysical logs and blow-count data (Figure 2.12).  Moisture content is also relatively low, averaging 
about 6 wt% (Table 2.5). 

Figure 2.13. Typical Backfill from Borehole C3830.  Core sample C3830-27.91A, described as a 
slightly moist, dark grayish brown, poorly sorted, pebbly, fine to coarse sand (gS), weakly 
to moderately calcareous.  The top of the 0.5-ft core is to the right.  Considerable 
pulverization of the sample occurred during drilling, as indicated by the abundance of 
angular gravel clasts.

2.3.3.2 Hanford Formation 

 Pleistocene cataclysmic flood deposits of the Hanford formation underlie backfill materials to a depth 
of 100.4 ft in borehole C3830.  Only the sand-dominated Hanford formation H2 unit is represented; all of 
the coarse-grained Hanford formation H1 unit was removed during tank-farm construction, to be used 
later as backfill around the tanks. 
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2.3.3.2.1 Hanford Formation H2 Unit 

 The Hanford formation H2 unit is present between 52.0 to 100.4 ft bgs.  The H2 unit consists of 
predominantly fine-to-coarse-grained, gray to brownish-gray “salt and pepper” sand (Figure 2.14).  
H2 unit strata show occasional weak horizontal laminations and are weakly to strongly calcareous.  
Dispersed within the Hanford formation H2 unit are at least two separate, relatively thin (� 0.5 ft), brown 
to yellow, compact, well-sorted, silty fine sand beds (Figure 2.15).  These occur at depths starting at 59.3 
and 86.8 ft bgs (Figure 2.12).  Other coincident peaks in total gamma and neutron moisture logs suggest 
additional fine-grained beds are probably present between cored intervals.  Zones with increased 
moisture, both within the sampled cores as well as those interpreted from the geophysical logs, are 
illustrated together on Figure 2.12.  There appears to be a significant increase in penetration resistance 
(i.e., blow counts) within portions of the Hanford formation H2 unit, relative to the overlying backfill 
material. 

Figure 2.14. Fine to Medium Sand Recovered from the Hanford Formation H2 Unit in Borehole 
C3830. Core C3830-76.98A, described as slightly moist, light gray, well-sorted, fine to 
medium sand (S), moderately calcareous.  The core separated along natural, 
well-developed laminations.  The top of the 0.5-ft core is to the right. 
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Figure 2.15. Interbedded Sand and Silty Sand Within the Hanford Formation H2 Unit.  Core
C3830-58.29A, described as two lenses of slightly moist, cohesive, brown, well-sorted and 
laminated silty fine sand (mS), interbedded with loose, grayish-brown, medium-grained 
sand (S).  The top of the 0.5-ft core is to the right.

A total of 18 characterization samples were obtained from the Hanford formation H2 unit (Table 2.5).  
Most of the samples are composed of medium- to coarse-grained sand while two of the samples are silty 
fine sand. 

2.3.3.3 Cold Creek Unit 

 The top of the CCU in C3830 lies at 100.4 ft bgs; the bottom of the hole terminates within the lower 
CCU.  A total of eight characterization samples were collected from the CCU, six from the upper and two 
from the lower Cold Creek subunits (Table 2.6).  The average moisture content (Table 2.5) is significantly 
greater in the CCU, compared to other stratigraphic units. 

2.3.3.3.1 Upper Cold Creek Unit (CCUu)

 The contact between the Cold Creek unit and the overlying Hanford formation H2 unit is at 
100.4 ft bgs (Figure 2.16).  The upper CCU is 10.6-ft thick. 
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Figure 2.16. Contact Between Hanford Formation H2 and Cold Creek Units.  Contact was 
encountered in the nose cone of the splitspoon sampler in core #3830-98.7.  The contact is 
well-defined based on the sudden textural, color, and moisture change at 100.4 ft bgs.  The 
Hanford formation H2 unit is described as slightly moist, laminated, moderately sorted, 
light brownish-gray, fine to coarse sand (S).  The underlying CCUu unit is described as 
moist, well-sorted, yellowish-brown, silty fine sand (mS).  The top of the core is to the 
right.

 Six samples of the upper CCU were collected for physical and chemical characterization at three 
different depths within the upper CCU (Table 2.6).  Sediments from this unit are compact and well-sorted 
silt to silty fine sand, which range from laminated to massive and moderately to strongly calcareous.  An 
example of one of the cores is shown in Figure 2.17. 

Figure 2.17. Upper Cold Creek Unit (CCUu) in C3830.  Core C3830-102.99A, described as moist, 
laminated to massive, compact, yellowish-brown, fine sandy silt (sM), moderately to 
strongly calcareous.  The top of the 0.5-ft core is to the right.

2.35



2.3.3.3.2 Lower Cold Creek Unit (CCUl)

 Only a single core was obtained from a caliche layer within the lower CCU (Figure 2.18).  The hole 
was abandoned at 115 ft depth after this core sample was collected.  Two characterization samples were 
collected, one from the lower “A” liner and another from the “B” liner. 

Figure 2.18. Lower Cold Creek Unit (CCUl) in C3830.  Core C3830-113.55A, described as slightly 
moist, mottled and cemented, pinkish-gray, very poorly sorted sand, silt, and clay, with a 
few small pebbles of angular basalt ([g]mS), and very strongly calcareous.  Material in 
this photo is highly fragmented because  it had to be manually broken apart to be removed 
from the core liner.  The top of the 0.5-ft core is to the right. 

2.3.4 Borehole C3831 (TX-107) 

 Borehole C3831 was drilled and sampled using a driven-probe technique between July 1 and 
August 7, 2002 (Gardner et al. 2002a).  The borehole is located approximately 40 ft (12 m) southwest of 
single-shell tank 241-TX-107 (Figure 2.4).  Total depth of the borehole was 115.37 ft (35.2 m) bgs; the 
hole terminated within the vadose zone about 100 ft (30 m) above the groundwater table.  During drilling, 
a total of 20, 1.25-ft long by 2.5-in.-diameter splitspoon core samples were collected intermittently 
starting at a depth of 15 ft bgs (Table 2.7, Figure 2.19).  Many of the samples were overdriven beyond the 
1.25-ft length of the splitspoon, which resulted in over-compaction of some samples.  In all, 26.74 ft of 
core was drilled in C3831, which accounts for about 23% of the total length of the hole.  No samples or 
drill cuttings were collected between the 20 core runs because the hole was advanced in a closed 
configuration using a solid, removable tip.  The surface elevation of the since abandoned borehole was 
674.63 ft above mean sea level and geographic coordinates were N136167.19 m and E566732.93 m 
(Gardner et al. 2002a).  Borehole C3831 was decommissioned on August 13-14, 2002 by back-pulling the 
casing while filling the annulus with dry bentonite (Gardner et al. 2002a).   
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 The same as the other boreholes documented in this report, each splitspoon contained two 0.5-ft-long 
stainless-steel core liners.  A separate subsample was collected from each of the two liners for physical 
and chemical characterization, making a total of 40 characterization samples collected within this 
borehole.  All but three of the 40 liners were completely full (Gardner et al. 2002a). 

 All cores were extracted, sampled, photographed, and geologically logged on August 14-15, 2002 in a 
radiologically controlled PNNL laboratory.  Geologic logs of the material within the core liners were 
generated by geologists Victoria Johnson (Kennedy / Jenks) and Bruce Bjornstad (PNNL); the core logs 
for these two geologists are presented in Gardner et al. (2002a) and Appendix B.2 of this report, 
respectively.  Geologic logging occurred after the contents of each 0.5-ft stainless-steel core liner was 
emptied into an open plastic container, followed by photographing and subsampling for physical and 
chemical characterization.  Upon completion of these activities the contents in the plastic containers were 
sealed shut and placed into cold storage for archival purposes.

 No radiological contamination was detected with field instrumentation during the driving and 
sampling of borehole C3831; however, HPGe spectral logging did detect cobalt-60 from 52 ft (near the 
base of the backfill and tanks) to total depth (Gardner et al. 2002a).  Because of contamination with 
radionuclides, the total gamma signal is significantly greater than natural background and therefore not 
useful for interpreting lithology, especially between 52-77 ft bgs (Figure 2.19). 
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Table 2.7. Splitspoon Core Samples from C3831.  Two characterization samples (labeled “A” 
and “B”) were collected from each of the cores for a total of 40 samples. 

Core 
Sample ID COC# 

Top 
Depth

(ft) 

Bottom 
Depth

(ft) 

Mid
Depth

(ft) 

Sampled 
Interval 

Thickness
(ft) 

Lithology Strati-
graphic

Unit Comments 

C3831-15 S02057-01 14.93 16.31 15.62 1.38 Silty sandy gravel backfill 

C3831-21 S02057-02 20.80 22.30 21.55 1.50 Silty sandy gravel backfill 

C3831-28 S02057-03 27.96 29.21 28.59 1.25 Silty sandy gravel backfill 

C3831-45 S02057-04 45.06 46.39 45.73 1.33 Silty sand to 
gravelly sand backfill 

C3831-51 S02057-05 51.01 52.36 51.69 1.35 

Silty gravelly 
sand to silty sandy 

gravel to silty 
sand

backfill/H2 
Contact between 
backfill and H2 at 
52.3 ft bgs 

C3831-52 S02057-06 52.16 53.51 52.84 1.35 Sand H2

C3831-59 S02057-07 59.04 60.24 59.64 1.20 Sand to silty sand H2 

C3831-60 S02057-08 60.08 61.50 60.79 1.42 
Sand, silt and clay 

(clastic dike) to 
sand

H2

Excess free water 
observed while 
sampling; 60Co 
contamination 
(Gardner et al. 
2002a); upper half 
of this core is a 
clastic dike; 0.16 
ft of overlap with 
sample above 

C3831-67 S02057-09 67.19 68.54 67.87 1.35 Sand to silty sand H2 

C3831-69 S02057-10 68.43 69.98 69.21 1.55 Sand to silty sand H2 

60Co 
contamination 
(Gardner et al. 
2002a); 0.11 ft of 
overlap with 
sample above 

C3831-74 S02057-11 74.04 75.30 74.67 1.26 Sand to silty sand H2 

C3831-77 S02057-12 76.73 77.98 77.36 1.25 Sand to silty sand H2 
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Table 2.7. (contd) 

Core 
Sample ID COC# 

Top 
Depth

(ft) 

Bottom 
Depth

(ft) 

Mid
Depth

(ft) 

Sampled 
Interval 

Thickness
(ft) Lithology 

Strati-
graphic

Unit Comments 

C3831-78 S02057-13 77.76 79.04 78.40 1.28 Sand to silty 
sand H2 0.22 ft of overlap 

with sample above 

C3831-85 S02057-14 85.05 86.30 85.68 1.25 
Sand to silty 
sand to sandy 

silt
H2

C3831-88 S02057-15 88.30 89.75 89.03 1.45 Sand H2

C3831-93 S02057-16 93.05 94.30 93.68 1.25 Sand H2

C3831-97 S02057-17 97.11 98.38 97.75 1.27 Sand to silty 
sand and silt H2

C3831-100 S02057-18 100.20 101.65 100.93 1.45 Sand to silty 
sand H2

C3831-102 S02057-19 101.63 102.98 102.31 1.35 Silty sand CCUu
0.02 ft of overlap 
with sample above 

C3831-114 S02057-20 114.12 115.37 114.75 1.25 
Slightly 
gravelly 

muddy sand 
CCUl

Borehole refuses to 
advance through 
cemented caliche 

 The hole was advanced via a solid probe so no grab samples were collected between core runs; thus 
no geologic field log is available for this hole.  Figure 2.19 presents a summary log for C3831 based on 
available geologic descriptions, core photographs, geophysical logs, laboratory measured gravimetric 
moisture, and blow-count data.  The geology between core runs is inferred and interpreted based on these 
data.  Four primary stratigraphic units were encountered by this borehole:  1) recent backfill materials, 
2) the Hanford formation, 3) the Cold Creek unit, and 4) the Ringold Formation.  A brief description of 
the sampled materials from each of these stratigraphic intervals is presented in Sections 2.3.4.1�2.3.4.3.2. 
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Figure 2.19. Summary Hydrogeologic Log for Borehole C3831.  Penetration resistance 
(i.e., blow-count) data is from Gardner et al. (2002a).  Zones of increased moisture are 
indicated as those with >15 wt% water in core samples and/or show as distinct spikes on 
neutron-moisture log. Fine-grained layers are defined as those consisting predominantly of 
particles � 0.25 mm in diameter (i.e., fine sand and smaller).
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2.3.4.1 Backfill

 The backfill extends from the ground surface to a depth of 15.9 m (52.3 ft) where it lies in contact 
with the Hanford formation (Figure 2.19).  This depth is consistent with a minimum depth of 45 ft 
required to completely bury tanks used at the TX Tank Farm (Crumpler 2002).  Five of the 20 splitspoons 
contained backfill materials.  The backfill material consisted of predominantly dark gray to brown, poorly 
to very poorly sorted, silty sandy gravel, which was unconsolidated and moderately calcareous.  A 
finer-grained layer of laminated silty sand, about one ft thick, occurred within the backfill at about 46 ft 
bgs (Figure 2.20).  Rust-coated fragments of metal (nails?) at the base of this layer prove a backfill origin. 

Figure 2.20. Rusted Metal Fragments from Backfill Material in C3831.  Metal fragments came from 
46 ft depth.  The top of the 0.5-ft core is to the right.

 The total gamma and neutron-moisture activity is generally low in the backfill materials.  Blow 
counts are also lower in the backfill, compared to the underlying Hanford formation (Figure 2.19).  
Because of subsurface contamination with radionuclides below the backfill, background gamma activity 
appears washed out through the backfill in Figure 2.19 and therefore not very useful for interpreting 
lithology.  
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2.3.4.2 Hanford Formation 

 About 50 ft of Pleistocene cataclysmic flood deposits of the Hanford formation underlie backfill 
materials in C3831.  Only the sand-dominated Hanford formation H2 is represented; all of the coarser-
grained Hanford formation H1 unit was removed during tank-farm construction and later used as backfill 
around the tanks.   

2.3.4.2.1 Hanford Formation H2 Unit

 The Hanford formation H2 unit is present between 52.3 to 102.2 ft bgs.  A total of 27 physical and 
chemical characterization samples were collected from within this unit (Table 2.7).  The Hanford 
formation H2 sediments consist of mostly fine to coarse sand, sometimes capped or interbedded with thin 
beds of silty fine sand to silt (Figures 2.21 and 2.22).  The fine to coarse sand beds are loose, massive to 
laminated, brownish-gray to olive-brown, moderately to well-sorted, and weakly to moderately 
calcareous.  Finer-grained beds are generally very well sorted, cohesive, massive to laminated, yellowish- 
to olive-brown, and moderately to strongly calcareous.   

Figure 2.21. Hanford Formation H2 Unit in C3831 - Core C3831-69A.  Mostly a slightly moist, 
loose, well-sorted, laminated, moderately calcareous, medium to coarse, “salt and 
pepper”-like, grayish-brown sand (S).  A few thin lenses of brownish, silty fine sand (mS) 
are interspersed.  The top of the 0.5-ft-long core is to the right.

 The base of the Hanford formation in C3831 contains a number of fine-grained layers of silty fine 
sand to silt interbedded with coarser sands (Figure 2.22).  Two types of soft-sediment deformation were 
observed within the Hanford formation H2 unit of C3831: 1) a clastic dike, and 2) load structures 
(Figure 2.23).  A single clastic dike was observed within the Hanford formation H2 unit at about 60 ft 
bgs.  The clastic dike is characterized by compact and cohesive, sub-vertically laminated, grayish brown 
sand to dark gray silt and clay. A few small pebbles are also present within the dike, which is moderately 
calcareous.  The clastic dike shows a higher moisture content compared to adjacent strata, probably as a  
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Figure 2.22. Interbedded, Laminated Sand and Silt Near Base of the Hanford Formation H2 Unit 
- Core 3831-97A.  Slightly moist, loose, fine to medium sand (S) is interbedded with more 
cohesive silty fine sand (mS) to silt (M) layers.

Figure 2.23. Soft-Sediment Deformation Within the Hanford Formation H2 Unit.  Left Photo: Core 
C3831-60B, 0.5-ft long.  Moist clastic dike, with alternating sub-vertical layers of sand, 
silt, and clay.  Right Photo: C3831-85B, 0.3-ft long.  Syndepositional loading and 
deformation occurred along the contact between slightly moist, fine to medium sand 
(above) and moist silt (below).  The tops of the cores are to the right. 

result of the presence of more fine-grained material, which tends to retain more moisture.  Discordant 
clastic dikes, which are common to the Hanford formation, probably formed during or soon after Ice-Age 
flood episodes (Fecht et al. 1999). 
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 “Ball and pillow” and flame structures (right photo in Figure 2.23) are a type of soft sediment 
deformation related to the differential loading of rapidly deposited sediment (Reineck and Singh, 1975).  
The mechanism involves rapid flood deposition onto a saturated and fine-grained substrate, which is 
unable to support the sudden added weight and loading of the overlying bed.  As a result, material from 
the underlying bed is squeezed upward and protrudes into the overlying bed, creating flame structures.  
Where the underlying fine-grained material became completly enveloped within the coarser overlying 
material, “ball and pillow” structures formed.   

2.3.4.3 Cold Creek Unit 

 The contact between the Cold Creek unit and the overlying Hanford formation H2 unit lies at about 
102.2 ft bgs (Figure 2.19).  Two samples each were collected for characterization from the upper and 
lower Cold Creek units, respectively.  

2.3.4.3.1 Upper Cold Creek Unit (CCUu)

 Sediments from this unit are compact and well-sorted silt to silty fine sand, which range from 
laminated to massive and moderately to strongly calcareous.  An image of one of the cores collected from 
the top of the upper CCU in C3831 is shown in Figure 2.24.  The upper CCU in C3831 is relatively thin 
(only 3.8 ft-thick) compared to other nearby boreholes.  As in most other holes through the upper CCU, 
the neutron moisture and total gamma activity are slightly elevated on geophysical logs (Figure 2.19). 

Figure 2.24. Upper Cold Creek Unit in C3831 - Core 3831-102A.  Described as slightly moist, 
weakly laminated, well-sorted, strongly calcareous, yellowish-brown, silty fine sand (mS).
The top of the 0.5-ft core is to the right. 
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2.3.4.3.2 Lower Cold Creek Unit (CCUl).

 The top of the lower CCU lies at a depth of about 106 ft, where there is a sudden increase in 
penetration resistance (Figure 2.19) and extends to the bottom of the hole at 115.37 ft.  The casing met 
refusal between 113.9 and 114.1 ft bgs.  The hard, cemented nature of the formation was corroborated by 
the permanent damage to the shoe, as observed upon removal of the casing (Gardner et al. 2002a).  Only a 
single core was obtained from the lower CCU; this came from the bottom of the borehole (Figure 2.25).   

Figure 2.25. Lower Cold Creek Unit Within C3831 - Core 3831-114A.  Described as slightly moist, 
poorly sorted, strongly to very strongly calcareous, moderately to strongly consolidated, 
yellowish brown, slightly gravelly silty sand ([g]zS), mottled with gray to brownish-gray, 
pedogenic, calcium-carbonate cemented caliche nodules and stringers.  Includes about 5% 
small, angular, matrix-supported basalt pebbles. The sample in the tray had to be broken 
up in order to be removed from the core liner.  The top of the 0.5-ft core is to the right.

2.3.5 Hydrogeology of Borehole C3832 (TX-104) 

 Borehole C3832 was drilled and sampled using a driven-probe technique between May 2 and 
June 3, 2002 (Gardner et al. 2002b).  The borehole is located about 20 ft (6 m) south-southeast of 
single-shell tank 241-TX-104 (Figure 2.4).  Total depth of the borehole was 115.89 ft (35.3 m) bgs; 
casing refusal (blow counts in excess of 120 blows per foot) occurred at 113.77 ft bgs (Gardner et al. 
2002b).  Soon afterwards, the hole was terminated about 100 ft (30 m) above the groundwater table.   

 During drilling, a total of 19, 1.25-ft-long by 2.5-in.-diameter splitspoon core samples were collected 
intermittently starting at a depth of about 16 ft bgs (Table 2.8, Figure 2.26).  Two, 0.5-ft-long 
stainless-steel core liners were collected during each core run.  One characterization sample was obtained 
from each 0.5-ft liner, for a total of 38 characterization samples.  In all, 27.09 ft of core was drilled, which 
accounts for about 23% of the total length of the hole (Table 2.2).  Most of the samples were driven 
beyond the 1.25-ft length of the splitspoon, suggesting most cores were over-compacted during drilling.  
While over-compaction can destroy the sedimentary structure and alter hydraulic properties (i.e., density 
and porosity), it does not adversely affect chemical or radiological analysis.  No samples or drill cuttings 
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were collected between the 19 core runs since the hole was advanced in a closed configuration using a 
solid, removable tip.  Borehole C3832 was decommissioned on June 12-13, 2002 by back-pulling the 
casing while filling the hole with dry bentonite.  The surface elevation of the abandoned borehole was 
676.57 ft above mean sea level and the geographic coordinates were N136137.32 m and E566717.68 m 
(Gardner et al. 2002b). 

 Core extraction, logging and sampling were performed later in a radiologically controlled PNNL 
laboratory between June 11-12, 2002.  A geologic log of the material within the core liners was compiled 
by geologists Victoria Johnson (Kennedy / Jenks Consultants, Inc.) and Bruce Bjornstad (PNNL); the 
core logs for these two geologists are presented in Gardner et al. (2002b) and, for Bjornstad, in 
Appendix B.3 of this report, respectively.  Geologic logging occurred after each 0.5-ft core segment was 
emptied into an open plastic container, followed by photographing and subsampling for physical and 
chemical characterization.  Upon completion of these activities, the contents in the plastic containers were 
sealed shut and placed into cold storage for archival purposes. 

 Between core runs, the hole was advanced using a closed-end probe so no grab samples were 
collected between core runs; thus no geologic field log is available for this hole.  Figure 2.26 presents a 
summary log for C3832 based on geologic descriptions, core photographs, laboratory-derived gravimetric 
moisture, blow counts, and geophysical logs.  The geology between core runs is inferred and interpreted 
based on the geophysical log and blow-count data.  Four primary stratigraphic units were encountered in 
this borehole: 1) recent backfill material, 2) the Hanford formation, 3) the Cold Creek unit, and 4) the 
Ringold Formation.  The description and photographs of the sampled materials from each of these major 
stratigraphic units is presented below. 
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Table 2.8. Splitspoon Core Samples from C3832.  Two characterization samples, labeled “A” 
and “B” were collected from each of the cores for a total of 38 samples. 

Core 
Sample 

ID COC# 

Top 
Depth

(ft) 

Bottom 
Depth

(ft) 

Mid
Depth

(ft) 

Sampled 
Interval 

Thickness
(ft) Lithology 

Strati-
graphic

Unit Comments 

C3832-15 S02046-02 16.21 17.61 16.91 1.40 Silty sandy 
gravel backfill 

C3832-28 S02046-03 28.09 29.49 28.79 1.40 Silty sandy 
gravel backfill 

C3832-37 S02046-04 36.09 37.49 36.79 1.40 Sandy gravel backfill

C3832-44 S02046-05 44.14 45.54 44.84 1.40 Silty sand backfill Free water present during 
sampling

C3832-52 S02046-06 51.18 52.28 51.73 1.10 Sand H2

C3832-53 S02046-07 53.08 54.43 53.76 1.35 Sand to silty 
sand H2

C3832-61 S02046-08 60.12 61.52 60.82 1.40 Sand H2

C3832-62 S02046-09 61.76 63.36 62.56 1.60 Silty sand to 
sand H2

C3832-69 S02046-10 69.01 70.31 69.66 1.30 Sand to silty 
sand H2

C3832-76 S02046-11 75.99 77.39 76.69 1.40 Sand to silty 
sand H2

C3832-79 S02046-12 78.29 80.31 79.30 2.02 Sand to silty 
sand/sandy silt H2

C3832-83 S02046-13 82.99 84.34 83.67 1.35 Sand to silty 
sand H2

60Co contamination along 
contact between sand/silt  

(Gardner et al. 2002c) 

C3832-87 S02046-14 86.99 88.41 87.70 1.42 Sand to silty 
sand H2

C3832-93 S02046-15 92.99 94.40 93.70 1.41 Sand to silty 
sand H2

C3832-96 S02046-16 95.64 97.04 96.34 1.40 Sand H2

C3832-104 S02046-17 103.94 105.36 104.65 1.42 Silty sand to silt CCUu

C3832-110 S02046-18 109.91 111.38 110.65 1.47
Silty sand to 
calcic pebbly 
muddy sand 

CCUu/CCUl

Contact between upper and 
lower Cold Creek unit  

at 110.4 ft 

C3832-114 S02046-19 113.77 115.20 114.49 1.43 Pebbly sandy 
mud CCUl

C3832-121 S02046-20 114.47 115.89 115.18 1.42 Pebbly sandy 
mud CCUl

0.73 ft of overlap with sample 
above
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Figure 2.26. Summary Hydrogeologic Log for Borehole C3832.  Penetration resistance 
(i.e., blow-count) data is from Gardner et al. (2002b).  Zones of increased moisture are 
indicated as those with >15 wt% water in core samples and/or show as distinct spikes on 
the  neutron-moisture log.  Fine-grained layers are defined as those consisting 
predominantly of particles � 0.25 mm in diameter (i.e., fine sand and smaller). 
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2.3.5.1 Backfill

 The backfill extends from the ground surface to a depth of 45 ft (13.7 m) where it lies in contact with 
the Hanford formation (Figure 2.26).  This depth is exactly the height of the tanks buried in the TX Tank 
Farm (Crumpler 2002).  Four of the 19 splitspoons contained backfill materials.  The backfill material 
consisted of mostly loose, dark gray to brown, very poorly sorted, sandy gravel to silty sandy gravel, 
which was slightly moist and weakly to moderately calcareous (Figure 2.27).  Several feet or more of wet 
to moist, cohesive, well-sorted, strongly calcareous, dark grayish-brown, silty fine sand is present at the 
base of the backfill sequence (Figure 2.28).  This material appears to be from a compacted zone at the 
bottom of the tank-farm excavation; free water was reported in this material during core sampling 
(Gardner et al. 2002b).  Fine-grained sand and silt was occasionally placed at and toward the base of the 
backfill within the TX Tank Farm, apparently to improve traction for construction vehicles 
(DOE-GJO 1997). 

 The total gamma and neutron-moisture activity is generally low in the backfill materials of C3832.  
Blow counts are also uniformly lower in the backfill, compared to the underlying Hanford formation 
(Figure 2.26).   

Figure 2.27. Backfill from C3832 - Core C3832-28A.  Described as slightly moist, loose, very poorly 
sorted, weakly to moderately calcareous, dark grayish-brown, silty sandy gravel (msG).  
The top of the 0.5-ft core is to the right.
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Figure 2.28. Fine-Grained Sediments at Base of Backfill Sequence - Core C3832-44A.  Described as 
a moist, consolidated, well-sorted, strongly calcareous, dark grayish-brown, felsic, silty 
fine to very fine sand (mS).  The top of the 0.5-ft core is to the right.

2.3.5.2 Hanford Formation 

 A total of 58 ft of Pleistocene cataclysmic flood deposits of the Hanford formation underlie backfill 
materials in C3832.  Only the sand-dominated Hanford formation H2 is represented; all of the coarser-
grained Hanford formation H1 unit was removed during tank-farm construction.   

2.3.5.2.1 Hanford Formation H2 Unit

 The Hanford formation H2 unit is present between 45 to 103 ft bgs.  A total of 22 physical and 
chemical characterization samples were collected from within this unit (Table 2.8).  The Hanford 
formation H2 sediments consist of mostly fine to coarse sand, sometimes capped or interbedded with thin 
beds of silty fine sand to silt (Figure 2.29).  The fine to coarse sand beds are loose, massive to laminated, 
brownish-gray to olive-brown, moderately to well-sorted, and weakly to moderately calcareous.  Finer 
grained beds are generally well-sorted, cohesive, massive to laminated, yellowish- to olive-brown, and 
moderately to strongly calcareous.  
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Figure 2.29. Hanford Formation H2 Unit in C3832 - Core C3832-83A.  Alternating layers of slightly 
moist, well laminated, moderately to well-sorted, loose, grayish-brown, medium sand (S), 
and moist, compact, strongly calcareous, light olive-brown, silty fine sand (mS).  The top of 
the 0.5-ft-long core is to the right. 

2.3.5.3 Cold Creek Unit 

 The contact between the Cold Creek unit and the overlying Hanford formation H2 unit lies at about 
103 ft bgs (Figure 2.26).  Three characterization samples were collected from the upper CCU while five 
came from the calcic paleosol sequence of the lower CCU (Table 2.8). 

2.3.5.3.1 Upper Cold Creek Subunit (CCUu)

 The upper CCU in C3832 is 7.4 ft-thick and consists of compacted and well-sorted, mottled to 
laminated, moderately to strongly calcareous, yellowish-brown to olive-brown, silt to silty fine sand 
(Figure 2.30).  The top of the upper CCU is defined by a dramatic decrease in grain size and an increase 
in the total gamma activity, as demonstrated in Figure 2.26.  The base of the upper CCU lies in sharp 
contact with the caliche of the underlying lower CCU.   
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Figure 2.30. Upper Cold Creek Unit in C3832 - Core 3832-110B.  Described as slightly moist, 
laminated, well-sorted, strongly calcareous, olive-brown, silty fine sand (mS).  Whitish 
CaCO3-cemented nodules to the left are associated with the underlying caliche of the lower 
CCU.  The top of the 0.5-ft core is to the right. 

2.3.5.3.2 Lower Cold Creek Unit (CCUl).

 The lower CCU extends from a depth of 100.4 ft to the bottom of hole at 115.89 ft bgs.  The 
uppermost few feet of the lower CCU are relatively soft compared to deeper depths where there is a sharp 
increase in penetration resistance (Figure 2.26).  The casing met refusal at 114.29 ft bgs.  The resistant 
bottom of the borehole consisted of mostly olive-colored clay and silt mottled with pedogenic calcium 
carbonate stringers and nodules (Figure 2.31). 
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Figure 2.31. Lower Cold Creek Unit Within C3832 - Core C3832-121A.  Described as slightly moist, 
very poorly sorted, mottled to massive, strongly to very strongly calcareous, strongly 
consolidated, olive, pebbly sandy mud (gsM), mottled with gray to brownish-gray, 
pedogenic, calcium-carbonate-cemented caliche nodules and stringers.  Includes about 
10% small pebbles.  The sample in the tray was broken apart during removal from the core 
liner.  The top of the 0.5-ft core is to the right. 

2.4 Discussion of Increased Moisture Zones 

 Zones of increased moisture in the vadose zone may be determined indirectly using the downhole, 
neutron moisture geophysical log and/or, when available, gravimetric moisture may be measured directly 
from core samples in the laboratory.  As discussed previously, borehole 299-W10-27 (Figure 2.9) was 
continuously cored and sampled between 50-125 ft bgs.  Lab moisture results in Figure 2.9 show a close 
correlation with the neutron moisture log.  Therefore, the neutron moisture log appears to accurately 
reflect the relative moisture content, and can confidently be used as a substitute to estimate relative 
moisture conditions when core samples are unavailable.   

 The moisture distribution for three boreholes C3830, C3831, and C3832 are shown in Figures 2.12, 
2.19, and 2.26, respectively.  Similarly, moisture distribution for the background well (299-W10-27) is 
shown in Figure 2.9.  Zones with relatively high moisture (>15 wt%) are illustrated via a light blue bar 
immediately to the right of the lithologic log in these diagrams. 

 Increased moisture appears to be associated with the boundary between sudden, large contrasts in 
grain size.  Commonly, a lower-permeability fine-grained silty layer may be present along the boundary, 
but is not required for a high-moisture zone to develop.  Depending on the flux rate, moisture may collect 
and move laterally 1) within finer-grained layers, 2) along interfaces between highly contrasting facies, or 
3) along primary sedimentary structures (Bjornstad et al. 2003).  Moisture may also move vertically along 
discordant clastic dikes.  During high flux rates moisture moves preferentially within the coarser units in 
contrast to fine-grained layers, which transmit relatively more moisture under a low flux rate. 
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 Generally <10 wt% moisture content is associated with backfill materials, except where fine-grained 
sand and/or silt occurs within backfill deposits, such as near the base of the backfill sequence in C3831 
(Figure 2.19) and C3832 (Figure 2.26).  Figure 2.32 shows a statistical analysis of moisture conditions at 
different stratigraphic levels for each of the four borings documented in this report.  Conclusions that can 
be drawn from this table include: 

There is relatively higher moisture for the Cold Creek unit in all holes, especially for the lower CCU (i.e., 
caliche), although it is variable. 

� Gravelly backfill materials have relatively little moisture, generally <10 wt%, except for fine-grained 
zones that occasionally occur at the base of this unit. 

� Average moisture content for the Hanford formation H2 unit in the background hole is significantly 
less than C3830, C3831, and C3832.  This may be attributed to either:   

1. sample bias.  Moisture samples from 299-W10-27 were collected at regular 1-ft intervals, 
whereas the C3830, C3831, and C3832 borehole intervals were pre-selected based on suspected 
contamination (i.e., high moisture), or   

2. higher natural recharge beneath the tank farms due to the removal of surface vegetation.  In 
exchange for vegetation, a cover of gravel was placed, which significantly reduces or eliminates 
near-surface transpiration of moisture back to the atmosphere. 

Figure 2.32. Average Moisture Content (wt% water) from Different Stratigraphic Units in the 
Vicinity of the TX Tank Farm.  Numbers in shaded boxes are the number of analyses; 
lines to the right of the boxes are one standard deviation from the mean. 
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3.0 Geochemical Methods and Materials 

 This section discusses the methods and philosophy used to determine which borehole samples would 
be characterized and the parameters that would be measured and analyzed in the laboratory.  It also 
describes the materials and methods used to conduct analyses of the physical, geochemical, and 
radioanalytical properties of the sediments, and the water potential (suction) measurements of the core 
liners in each sequential splitspoon sample from borehole 299-W10-27. 

3.1 Sample Inventory 

 Samples were identified using a project-specific prefix, in this case, C3125 (for the background 
borehole 299-W10-27), C3830 (for the borehole southwest of TX-105), C3831 (for the borehole 
southwest of TX-107), and C3832 (for the borehole south of TX-104), followed by a specific sample 
identification suffix such as -01, for each splitspoon.  As noted in Section 2.3, the cores contained two 
liners identified by the letters A and B, where the A Liner was always in the deeper position closest to the 
drive shoe (i.e., the protective end attached to the bottom of the drive casing). 

3.2 Approach

During a past investigation at WMA SX, a significant finding was that changes in sediment type and 
contaminant concentrations occurred within a distance of a few inches within a given liner.  It was 
concluded that a more methodical scoping approach would be necessary to provide the technical 
justification for selecting samples for detailed characterization as defined in the data quality objectives 
process (DOE 1999).  Subsequently, a method was developed that considered depth, geology 
(e.g., lithology, grain-size composition, and carbonate content, etc.), individual liner contaminant 
concentration (e.g., radionuclides, nitrate), moisture content, and overall sample quality.  Inexpensive 
analyses and certain key parameters (i.e., moisture content, gamma energy analysis) were performed on 
sediment from each liner.  More complicated and costly analyses were performed on sediment from 
selected depths. 

 The objective of the TX characterization was to quantify the extent of penetration of mobile 
contaminants into the vadose zone sediment.  Because of the potential for slough material in the upper 
liner, only the sediment from the A Liner was analyzed for most constituents except moisture and gamma 
energy.  Measurable or significant drag-down effects (i.e., the process of moving contaminants down 
through the sediment column via pushing the casing) for contaminants were not noted, perhaps because 
the borehole was installed by pile driving closed end casing with periodic sampling through the 
retractable nose cone, and the main contaminants (i.e., uranium-238 and technetium-99) are associated 
mainly with the porewater (technetium-99) or not exclusively concentrated on the sediment particles 
(uranium-238).  Because drag-down is dominated by highly contaminated sediment particles, the 
contaminants in these boreholes had less chance of concentrating on particles. 

 During the geologic examination, the liner contents were subsampled for moisture content, gamma-
emission radiocounting, 1:1 water extracts (which provide soil pH, electrical conductivity (EC), cation, 
and anion data), total carbon and inorganic carbon content, and 8 M nitric acid extracts (which provide a 
measure of the total leachable sediment content of contaminants).  The remaining sediment from each 
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liner was then sealed and placed in cold storage.  Later, additional aliquots of selected liners from clean 
borehole 299-W10-27 were removed to measure particle size distribution and total chemical composition. 

3.3 Materials and Methods 

 During subsampling of the selected core liner, every effort was made to minimize moisture loss and 
prevent cross contamination between samples.  Depending on the sample matrix, very coarse pebble and 
larger material (i.e., >32 millimeter [mm]) was avoided during subsampling.  Larger substrate was 
excluded to provide moisture contents representative of counting and 1:1 sediment:water extract samples.  
Therefore, the results from the subsample measurements may contain a possible bias toward higher 
concentrations for some analytes that would be preferentially associated with the smaller sized sediment 
fractions.  The sediment in the lower Cold Creek unit (silt-dominated facies) contained no large pebbles 
or cobbles. 

 Procedures ASTM D2488-93 (1993) and PNL-MA-567-DO-1 (PNL 1990a) were followed for visual 
descriptions and geologic description of all splitspoon samples.  The sediment classification scheme used 
for geologic identification of the sediment types is based on the modified Folk/Wentworth classification 
scheme described earlier (Section 2.3.1.3 and Figure 2.8).  However, the particle size distribution for 
samples from the background well was also performed where further separation of the mud into discrete 
silt and clay size fractions was performed. 

3.3.1 Moisture Content 

 Gravimetric water contents of the sediment samples from each liner were determined using PNNL 
procedure PNL-MA-567-DO-1 (PNL 1990a).  This procedure is based on the American Society for 
Testing and Materials procedure Test Method for Laboratory Determination of Water (Moisture) Content 
of Soil and Rock by Mass (ASTM D2216-98 [ASTM 1998]).  One representative subsample of at least 15 
to 70 grams (g) was taken from each liner.  Sediment samples were placed in tared containers, weighed, 
and dried in an oven at 105�C (221�F) until constant weight was achieved, which took at least 24 hours.  
The containers then were removed from the oven, sealed, cooled, and weighed.  At least two weighings, 
each after a 24-hour heating, were performed to ensure that all moisture was removed.  All weighings 
were performed using a calibrated balance.  A calibrated weight set was used to verify balance 
performance before weighing samples.  The gravimetric water content was computed as the percentage 
change in soil weight before and after oven drying. 

3.3.2 1:1 Sediment:Water Extracts 

 The water-soluble inorganic constituents were determined using a 1:1 sediment:deionized-water 
extract method.  This method was chosen because the sediment was too dry to easily extract vadose zone 
porewater.  The extracts were prepared by adding an exact weight of deionized water to approximately 60 
to 80 g of sediment subsampled from each liner.  The weight of deionized water needed was calculated 
based on the weight of the field-moist samples and their previously determined moisture contents.  The 
sum of the existing moisture (porewater) and the deionized water was fixed at the mass of the dry 
sediment.  The appropriate amount of deionized water was added to screw cap jars containing the 
sediment samples.  The jars were sealed and briefly shaken by hand, then placed on a mechanical orbital 
shaker for one hour.  The samples were allowed to settle until the supernatant liquid was fairly clear.  The 
supernatant was carefully decanted and separated into unfiltered aliquots for conductivity and pH 
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determinations, and filtered aliquots (passed through 0.45 μm membranes) for anion, cation, carbon, and 
radionuclide analyses.  More details can be found in Rhoades (1996) and within Methods of Soils Analysis 
- Part 3 (ASA 1996a). 

3.3.2.1 pH and Conductivity 

 Two approximately 3-mL aliquots of the unfiltered 1:1 sediment:water extract supernatant were used 
for pH and conductivity measurements.  The pHs for the extracts were measured with a solid-state pH 
electrode and a pH meter calibrated with buffers 4, 7, and 10.  Electrical conductivity was measured and 
compared to potassium chloride standards with a range of 0.001 M to 1.0 M. 

3.3.2.2 Anions and Small Organic Acids 

 The 1:1 sediment:water extracts were analyzed for anions using an ion chromatograph.  Fluoride, 
acetate, formate, chloride, nitrite, bromide, nitrate, carbonate, phosphate, sulfate, and oxalate were 
separated on a Dionex AS17 column with a gradient elution of 1 mM to 35 mM sodium hydroxide and 
measured using a conductivity detector.  This methodology is based on U.S. Environmental Protection 
Agency (EPA) Method 300.0A (EPA 1984) with the exception of using the gradient elution of sodium 
hydroxide.  Only small carbon chained organic acids elute with the inorganic anions using this procedure, 
and no attempts were made to measure other soluble organic components.  Water extract chromatograms 
were visually scanned to assure there were no unidentified peaks caused by other constituents.  No 
unexpected peaks were found in the water extracts from the background or contaminated sediments. 

3.3.2.3 Cations and Trace Metals 

 Major cation analysis was performed using an inductively coupled plasma-optical emission 
spectrometry (ICP-OES) unit using high-purity calibration standards to generate calibration curves and 
verify continuing calibration during the analysis run.  Dilutions of 100x, 50x, 10x, and 5x were made of 
each 1:1 water extract for analysis to investigate and correct for matrix interferences.  Details of this 
method are found in EPA Method 6010B (EPA 2000b).  The second instrument used to analyze trace 
metals, including technetium-99 and uranium-238, was an inductively coupled plasma-mass spectrometer 
(ICP-MS) using PNNL-AGG-415 method (PNNL 1998). This method is quite similar to EPA Method 
6020 (EPA 2000c). 

3.3.2.4 Alkalinity and Carbon 

 The alkalinity and inorganic/organic carbon content of several of the 1:1 sediment:water extracts were 
measured using standard titration with acid and a carbon analyzer, respectively.  The alkalinity procedure 
is equivalent to the U.S. Geological Survey (USGS) National Field Manual (USGS 2001) method.  
Inorganic and organic carbon in the water extracts were determined using a carbon analyzer and ASTM 
Method D4129-88 (ASTM 1988), Standard Test Method for Total and Organic Carbon in Water by High 
Temperature Oxidation and by Coulometric Detection.
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3.3.3 Radioanalytical Analysis 

3.3.3.1 Gamma Energy Analysis 

 Gamma energy analysis (GEA) was performed on sediment from either the A or the B core liners for 
the three TX boreholes.  For C3831, sediment from both the A and the B liners was counted.  All samples 
for gamma energy analysis were analyzed using 60%-efficient intrinsic germanium gamma detectors.  All 
germanium counters were efficiency calibrated for distinct geometries using mixed gamma standards 
traceable to the National Institute of Standards and Technology.  Field-moist samples were placed in 
150-cm3 counting containers and analyzed for 100 minutes in a fixed geometry.  All spectra were 
background-subtracted.  Spectral analysis was conducted using libraries containing most mixed fission 
products, activation products, and natural decay products.  Control samples were run throughout the 
analysis to ensure correct operation of the detectors.  The controls contained isotopes with photo peaks 
spanning the full detector range and were monitored for peak position, counting rate, and full-width 
half-maximum.  Details are found in Gamma Energy Analysis, Operation, and Instrument Verification 
using Genie2000™ Support Software (PNNL 1997). 

3.3.3.2 Total Beta and Total Alpha Measurements on Water and Acid Extracts 

 Gross alpha and beta measurement were made on both the water and acid extracts.  For each extract, 
an ~ 1-mL sample volume was placed in a 20-mL tared liquid scintillation and weighed.  Fifteen mL of 
scintillation cocktail were then added and the samples were mixed and counted on a Wallac Model 1415 
Liquid Scintillation Counter as prescribed in procedure AGG-RRL-002, Liquid Scintillation Counting 
and Instrument Verification Using the 1400 DSA™ Support Software (PNNL 2000).  Results were 
converted to picocuries (pCi) per gram of dry sediment by using the known solution-to-solid ratios used 
to extract aliquots of the sediment. 

3.3.4 Carbon Content of Sediment 

 The carbon content of borehole sediment samples was determined using ASTM Method D4129-88, 
Standard Methods for Total and Organic Carbon in Water by High Temperature Oxidation and by 
Coulometric Detection (ASTM 1988).  Total carbon in all samples was determined using a Coulometrics, 
Inc. Model 5051 Carbon Dioxide Coulometer with combustion at approximately 980�C (1796°F).  
Ultrapure oxygen was used to sweep the combustion products through a barium chromate catalyst tube 
for conversion to carbon dioxide.  Evolved carbon dioxide was quantified through coulometric titration 
following absorption in a solution containing ethanolamine.  Equipment output reported carbon content 
values in micrograms per sample.  Soil samples for determining total carbon content were placed into pre-
combusted, tared platinum combustion boats and weighed on a four-place analytical balance.  After the 
combustion boats were placed into the furnace introduction tube, a one-minute waiting period was 
allowed so that the ultrapure oxygen carrier gas could remove (i.e., sparge) any carbon dioxide introduced 
to the coulometric system from the atmosphere during sample placement.  After this system sparge, the 
sample was moved into the combustion furnace and the titration was begun.  Sample titration readings 
were performed at 3 minutes after combustion began and again once stability was reached, usually within 
the next 2 minutes.  The system background was determined by performing the entire process using an 
empty, pre-combusted platinum boat.  Adequate system performance was confirmed by analyzing for 
known quantities of a calcium carbonate standard. 
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 Inorganic carbon contents for borehole sediment samples were determined using a Coulometrics, Inc., 
Model 5051 Carbon Dioxide Coulometer.  Soil samples were weighed on a four-place analytical balance, 
and then placed into acid-treated glass tubes.  Following placement of sample tubes into the system, a 
one-minute waiting period allowed the ultrapure oxygen carrier gas to remove any carbon dioxide 
introduced to the system from the atmosphere.  Inorganic carbon was released through acid-assisted 
evolution (50% hydrochloric acid) with heating to 200�C (392�F).  Samples were completely covered by 
the acid to allow full reaction to occur.  Ultrapure oxygen gas swept the resultant carbon dioxide through 
the equipment to determine inorganic carbon content by coulometric titration.  Sample titration readings 
were performed 5 minutes following acid addition and again once stability was reached, usually within 
10 minutes.  Known quantities of calcium carbonate standards were analyzed to verify that the equipment 
was operating properly.  Background values were determined.  Inorganic carbon content was determined 
through calculations performed using the microgram per-sample output data and sample weights.  
Organic carbon was calculated by subtracting inorganic carbon from total carbon and using the 
remainder. 

3.3.5 8 M Nitric Acid Extract 

 Approximately 20 g of oven-dried sediment was contacted with 8 M nitric acid at a ratio of ~ 5 parts 
acid to one part sediment.  The slurries were heated to about 80�C (176�F) for several hours and then the 
fluid was separated by centrifugation and filtration through 0.2 μm membranes.  The acid extracts were 
analyzed for major cations and trace metals using ICP and ICP-MS techniques, respectively.  The acid 
digestion procedure is based on EPA SW-846 Method 3050B (EPA 2000a). 

3.3.6 Elemental Analysis 

 The elemental composition of the bulk sediment from nine liners from the clean borehole, 
299-W10-27, was determined by a commercial analytical laboratory using total fusion (using lithium 
metaborate/tetraborate) and inductively coupled plasma (ICP) and ICP-MS.  The commercial lab used 
was ACTLAB-Skyline in Tucson, Arizona.  Sample preparation involved grinding and mixing the sample 
in a Coors high-density alumina (Al2O3) mortar and pestle.  Fifty-six elements (i.e., beryllium, sodium 
through phosphorous, potassium through arsenic, rubidium through molybdenum, silver, indium through 
antimony, cesium through tungsten, thallium, lead , bismuth, thorium, and uranium) were analyzed on 
each sample.  Nine geologic material standards that represent a wide range of geologic materials were 
fused and run along with the unknown sediments.  Results for each element for the nine standards were 
reported along with the certified values from NIST, USGS, and other institutions that provide certified 
standards.  We were satisfied with the accuracy on reported results for the standards and also found that 
the total oxide composition of the sediments from 299-W10-27 summed to close to 100%, suggesting that 
the results were acceptable.   

 No elemental analyses were performed on the three contaminated borehole sediments because the 
commercial laboratory cannot test radioactive samples.  We also have found that bulk elemental analysis 
of moderately radionuclide-contaminated sediments, such as the three TX borehole samples, do not vary 
significantly from uncontaminated samples. 
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3.3.7 Particle Size Distribution 

 The wet sieving/hydrometer method was used to determine the particle size distribution of selected 
samples from the background borehole, 299-W10-27.  No particle size measurements were made on 
samples from C3830, C3831, and C3832.  The technique is described in ASA (1986a), Part 1, 
Method 15-5, “Hydrometer Method.”  It concentrates on quantifying the relative amounts of silt and clay.  
The silt and clay separates were saved for later mineralogical analyses.  Samples from the borehole that 
were used for the hydrometer method were never air- or oven-dried to minimize the effects of particle 
aggregation that can affect the separation of clay grains from the coarser material. 

3.3.8 Particle Density 

 The particle density of bulk grains from the background borehole are usually determined using 
pychnometers as described in ASA (1986b) Part 1, Method 14-3, “Pychnometer Method,” and oven-dried 
material.  The particle density is an input needed to determine the particle size when using the hydrometer 
method.  For the 299-W10-27 particle size analyses reported in this document, the quartz default value of 
2.65 g/cm3 was assumed and no direct particle density measurements were performed. 

3.3.9 Water Potential (Suction) Measurements 

 Suction measurements were made on the core liners in each splitspoon sampler from borehole 
299-W10-27 using the filter paper method PNL-MA-567-SFA-2 (PNL 1990b), which is essentially the 
same as ASTM (2002).  This method relies on three filter papers folded together into a small sandwich 
that rapidly equilibrates with the sediment sample.  The middle filter paper does not contact sediment that 
might stick to the paper and bias the mass measurements.  At equilibrium, the matric suction in the filter 
paper is the same as the matric suction of the sediment sample.  The dry filter paper sandwiches were 
placed in the liners while still filled with the sediment and remained there for three weeks to allow 
sufficient time for the matric suction in the sediment to equilibrate with the matric suction in the filter 
paper.  The mass of the wetted middle filter paper that has had no direct contact with the sediment was 
subsequently determined, and the suction of the sediment was determined from a calibration relationship 
between filter paper water content and matric suction.  The filter paper method provides a good estimate 
of water potentials over the range from -0.01 to -2 MPa (1 to 200 m [3.3 to 656 ft] suction head) 
(Deka et al. 1995).

 The relationships used for converting the water content of filter paper to matric suction for Whatman 
#42 filter paper have been determined by Deka et al. (1995) and can be expressed as: 

Sm =   10(5.144 - 6.699 w)/10 for w < 0.5 
Sm =   10(2.383 - 1.309 w)/10 for w > 0.5 

where
Sm is the matric suction (m) and
w is the gravimetric water content (g/g). 

 Fifty-one core liner samples from borehole 299-W10-27 were analyzed for soil matric suction.  The 
matric potential samples covered the borehole profile from 50 to 123.5 ft bgs (15.2 to 37.6 m). 

3.6
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4.0 Results and Discussion 

 This section presents the geochemical and physical characterization data collected on sediment from 
the background borehole 299-W10-27 and the three boreholes C3830 (near tank TX105), C3831 (near 
tank TX107), and C3832 (near tank TX104).  The results for 299-W10-27 are presented in Section 4.1, 
and those for C3830, C3831, and C3832 are given in Sections 4.2, 4.3, and 4.4, respectively.   

 The first activities emphasized tests that were inexpensive or that were key to determining the vertical 
distribution of mobile contaminants in the vadose zone sediments.  Information on the borehole sediments 
presented in this section includes moisture content and total and inorganic carbon content of the 
sediments, pH, and electrical conductivity (EC) of 1:1 sediment:water extracts, and measurements of 
major cations, anions, trace metals, and radionuclides in both the sediment and 1:1 sediment:water 
extracts.  A gamma energy analysis (GEA) of the sediments was also performed to search for any 
detectable man-made gamma emitting radionuclides.  The particle size and bulk chemical composition of 
selected sediment samples were measured in the second phase of characterization to aid in selecting 
contacts between major geologic units and to attempt to better define the background composition of the 
uncontaminated sediments with the intent of aiding in determining the vertical extent of mobile 
contaminants in the other boreholes. 

4.1 Vadose Zone Sediment from Borehole 299-W10-27 

4.1.1 Moisture Content 

 The moisture content of the sediment from the sleeves from the section of borehole 299-W10-27 that 
was continuously cored (50 to 132 ft bgs) is listed in Table 4.1 and presented as a graph in Section 2.0 
Geology (see Figure 2.9).  Figure 2.9 shows both the field volumetric moisture obtained via neutron 
logging and the gravimetric moisture content of small aliquots of sediment taken during the geologic 
description activities.  The moisture content profile correlates with the lithology described in Section 
2.3.2 and shown in Figure 2.9.  The first region with elevated moisture in the Hanford formation H2 unit 
is the thin mud lens at 52 to 54 ft bgs.  There is one other elevated moisture content spot in the Hanford 
formation H2 unit that appears to be a clastic dike at 70 ft bgs.  The rest of the Hanford formation H2 unit 
is rather dry, with a mean gravimetric moisture content of 3.9 wt%.  Both the Cold Creek upper (fine-
grained) and the lower (carbonate-rich) units are wetter than the Hanford formation unit and the Ringold 
Formation units that lie below the Cold Creek unit.  Both Cold Creek subunits have moisture contents that 
average between 11 and 12 wt%.  The wettest sediment is found at the bottom of the Cold Creek lower 
subunit at 110 ft bgs with 23.74 wt% water (Table 2.5).  As discussed in Section 2, there appears to be a 
deep clastic dike manifesting itself in the Ringold Formation – Member of Taylor Flat (Rtf) at 120 ft bgs 
with a moisture content of 12 wt%.  Excluding this wet sample, the Rtf unit has an average moisture 
content of 3.4 wt%. 

4.1.2 1:1 Sediment:Water Extracts for Borehole 299-W10-27 

 No subsampling of the background sediment from borehole 299-W10-27 – aside from moisture 
content determination – was performed immediately after core opening.  When cores were selected for 
geochemical characterization several months later, it was found that the samples had dried significantly.   
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Table 4.1. Gravimetric Moisture Content of Core Samples Obtained Between 50 and 125 ft bgs 
in Borehole 299-W10-27 

Depth
(ft bgs) 

Stratigraphic
Unit

MC
% Wt 

Depth
(ft bgs) 

Stratigraphic
Unit

MC
% Wt 

H1 no samples   83.5 H2 3.41
50 H2 2.23   85 H2 3.67
51 H2 2.75   86 H2 3.07

52.5 H2 14.80   87.5 H2 7.35
53.5 H2 9.61   88.5 H2 5.31
55 H2 2.52   90 CCUu 10.81 
56 H2 2.43   92.5 CCUu 8.66

57.5 H2 2.92   95 CCUu 14.66 
58.5 H2 2.44   96 CCUu 9.94
60 H2 3.27   97.5 CCUu 15.53 
61 H2 6.88   100 CCUl 7.25

62.5 H2 5.60   102.5 CCUl 10.27 
63.5 H2 2.83   105 CCUl 7.48
65 H2 4.58   106 CCUl 6.87
66 H2 4.61   107.5 CCUl 8.09

67.5 H2 5.05   110 CCUl 23.74 
68.5 H2 4.48   112.5 Rtf 3.40
70 H2 14.12a   113.5 Rtf 3.08
71 H2 3.52   115 Rtf 3.63

72.5 H2 3.78   116 Rtf 2.71
73.5 H2 4.67   117.5 Rtf 6.05
75 H2 4.57   120 Rtf 11.84(a)

77.5 H2 5.00   121 Rtf 2.37
78.5 H2 3.34   122.5 Rtf 3.66
80 H2 3.37   123.5 Rtf 1.95
81 H2 2.93     Rwi no samples 

82.5 H2 3.12     
Italics connote wet sediment. 
(a) Designates samples where clastic dikes appear to be intercepted. 
MC = moisture content.
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 Unlike past comparisons between background and contaminated sediments at the S-SX and 
B-BX-BY waste management areas (WMA), no attempt is made to estimate the chemical composition of 
uncontaminated vadose zone porewater from the 1:1 sediment:water extracts.  Instead, the data from the 
1:1 water extracts for the background borehole (299-W10-27) and the three boreholes around suspected 
leaking tanks in the TX Tank Farm were compared on a per gram of dry soil basis.  The following 
sections discuss the results of the analyses for the 1:1 sediment:water extracts on the background 
sediment. 

4.1.2.1 pH and Electrical Conductivity 

 The pH and EC for the water extracts are shown in Table 4.2 and Figure 4.1.  The pH is plotted as 
measured in the 1:1 sediment:water extracts but the EC is corrected for dilution and plotted as if it was 
actual porewater. 

 The pH profile shows the highest values [~7.5] at the bottom of the lower Cold Creek subunit 
(caliche) and in the gravel facies of the Ringold Formation-Member of Wooden Island (Rwi).  These two 
water extracts also show the highest values for EC.  The sample in the Rtf at 113 ft bgs shows the lowest 
pH and EC values.  During the SX Tank Farm characterization two uncontaminated boreholes, 
299-W22-48 and 299-W22-50, were cored and fully characterized.  The pH and EC data for 299-W10-27 
sediments agree more closely with the data for 299-W22-48 than 299-W22-50 (see Tables 5.15 and 5.38 
in Serne et al. 2002a).  The Rwi unit 1:1 sediment:water extract at 299-W10-27 (only one sample 
characterized) has a higher EC (0.227 mS/cm) than the uncontaminated samples characterized at the 
SX Tank Farm (EC ranges from 0.08 to 0.12 mS/cm).  This may suggest that there is more leachable salts 
in the Rwi unit further north in the T-TX-TY WMA. 

Table 4.2. pH and EC Values for 1:1 Sediment:Water Extracts from 299-W10-27 

Depth
(ft)

Stratigraphic
Unit pH 

Conductivity
mS/cm 

53.3 H2 7.18 0.156 
53.5 H2 7.08 0.137 
61 H2 7.16 0.149 

88.3 H2 7.27 0.165 

92.5 CCUu 7.33 0.154 

100 CCUl 7.47 0.184 

113.5 Rtf 6.82 0.066 

113.5(dup) Rtf 6.95 0.084 

117.5 Rtf 7.37 0.170 

130 Rwi 7.40 0.227 
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Figure 4.1. pH and Electrical Conductivity Calculated (from Sediment:Water Extracts) for 
Borehole 299-W10-27 
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4.1.2.2 Water Extract Composition or the 1:1 Sediment:Water Extract for 299-W10-27 

 The 1:1 sediment:water extract anion composition from 299-W10-27 samples, in units of μg per g of 
dry sediment, is shown in Table 4.3 and Figure 4.2a and Figure 4.2b.  We are assuming that the values 
represent background values that can be compared to values for water extracts from the three boreholes 
near TX tanks that were suspected as having leaked in the past.  Values in Table 4.3 that appear to be 
elevated compared to the others are shown in bold type and values that are low compared to the others are 
shown in italics.  Two samples show high water-leachable fluoride, the calcium-carbonate-rich CCUl

sediment at 100 ft bgs and the Rwi gravel at 130 ft bgs.  At the SX tank farm we also observed sediments 
enriched in calcium carbonate contained numerous other water-leachable solutes (see Serne et al. 2002a).  
The CCUl stratum is an old near-surface soil zone that translocated solutes during periods of active 
precipitation-evaporation.  Thus, this stratum would be expected to contain larger quantities of leachable 
salts.  We have no explanation as to why the Rwi gravel sample should contain high water-leachable 
fluoride.  This sample also contains high water-leachable chloride and sulfate compared to all the other 
sediment samples that were water-leached.  In general, the water extracts for both Cold Creek unit 
samples show slightly elevated concentrations of water-leachable carbonates, likely signifying the higher 
calcium carbonate contents in sediments in these two units.  Figure 4.2b shows two measurements of 
inorganic carbon (IC) in the 1:1 sediment:water extracts.  We find that the IC values reported as carbonate 
are biased high compared to the values measured by standard alkalinity titration.  None of the water 
extracts contain measurable amounts of phosphate, nitrite, or bromide.  

 Table 4.4 and Figure 4.2c show the water-leachable composition for small organic molecules.  In 
general, the Hanford formation sediments geologically have slightly lower water-leachable concentrations 
of formate, acetate, and oxalate than the Cold Creek unit and Ringold Formation sediments.  One possible 
cause for the differing concentrations of water-leachable organic molecules is the fact that the Hanford 
formation was deposited very rapidly and large volumes of sediment diluted any near surface organic 
matter that was present. 

 Table 4.5 shows the water-leachable concentrations of divalent and monovalent cations, in units of μg 
per gram of dry sediment for the background borehole 299-W10-27.  Table 4.6 shows the water-leachable 
concentrations of aluminum (Al), silicon (Si), iron (Fe), manganese (Mn), zinc (Zn), and phosphorous (P) 
and sulfur (S).  The latter two were converted to their respective anions, phosphate and sulfate, and the 
data are compared to the ion chromatograph measured anion data in Figure 4.2a.  The comparison is quite 
good.  The distributions of several of the major cations versus depth are shown in Figure 4.3.  The depth 
profiles for the divalent alkaline earth cations magnesium (Mg), barium (Ba), and strontium (Sr) show 
higher values leach from the carbonate-rich CCUl sediment.  This is to be expected as these cations form 
moderately soluble carbonates.  The Ringold Formation sediments from both the deeper Rtf and Rwi units 
show slightly elevated water-leachable divalent cations with the exception of calcium, suggesting that 
carbonate coatings on the grains or detrital carbonates are present in these older sediments.  The shallow 
Rtf sample shows the lowest water-leachable divalent and monovalent cations but the highest water-
leachable iron and manganese, suggesting that this sample may contain Fe- and Mn-oxide coatings 
instead of carbonates.  The fine-grained upper Cold Creek subunit at 92.5 ft bgs appears to contain some 
water-leachable phosphorous and the Rwi contains elevated levels of soluble sulfate, perhaps indicating 
the presence of gypsum.   
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Table 4.4. Small Molecular Weight  Organic Content of Water Extracts of 299-W10-27 
Sediment (units µg/g dry sediment) 

Depth (ft) 
Stratigraphic

Unit Formate Acetate Oxalate 

53.3 H2 0.12 0.29 0.54 
53.5 H2 <0.13(b) 0.43 0.60 
61 H2 <0.11 <0.16 0.53

88.3 H2 0.28 0.41 0.48 

92.5 CCUu 0.18 0.54 0.68 

100 CCUl 0.14 0.51 0.76 

113.5 Rtf 0.39 0.47 0.58 

113.5(dup) Rtf 0.48 0.68 0.55 

117.5 Rtf 0.80(a) 0.85 0.66

130 Rwi 0.42 0.61 0.94
(a) Bold values are higher than others for given constituent. 
(b) Italicized values are lower than others for a given constituent.

 Table 4.7 and Figures 4.4 and 4.5 show the water-leachable concentrations of some metals that are 
present in tank leak fluids and, in the case of Figure 4.5, metals that have been found to be relatively 
mobile under some tanks in the S-SX and B-BX-BY WMAs (see Serne et al. 2002b, 2002c, 2002d, 
2002e, 2002f for more discussion).  The lower Cold Creek subunit (CCUl) contains the highest 
water-leachable chromium (Cr) in this background borehole and the Rwi sample contains the highest 
concentration water-leachable molybdenum (Mo) (Figure 4.5).  The technetium-99 (Tc-99) data are all 
below or very near to our detection limit as expected for a background borehole (Table 4.7).  

 The values presented in Tables 4.2 through Table 4.7 will be compared to similar data for the three 
TX boreholes C3830, C3831, and C3832, to evaluate whether significantly higher values are found in any 
borehole that would suggest tank fluids had percolated into the vadose zone where the boreholes were 
pushed.
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Figure 4.2a. Major Anions in 1:1 Sediment:Water Extracts from Borehole 299-W10-27 
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Figure 4.2b. 1:1 Sediment:Water Extract Carbonate and Alkalinity (as Carbonate) Contents from 
Borehole 299-W10-27 (units µg per g dry sediment) 
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Figure 4.2c. 1:1 Sediment:Water Extract Small Organic Molecule Contents from Borehole 
299-W10-27 (units µg per g dry sediment) 
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Table 4.5. Water-Extractable Cations in Borehole 299-W10-27 Sediments (µg/g dry soil) 

Depth
(ft bgs) 

Stratigraphic
Unit Mg Ca Sr Ba Na K 

53.3 H2 3.11E+00 1.38E+01 6.11E-02 1.79E-02 7.29E+00 3.44E+00
53.5 H2 2.35E+00 1.09E+01 5.57E-02 2.48E-02 6.66E+00 2.85E+00
61 H2 2.80E+00 1.26E+01 6.28E-02 1.78E-02 7.25E+00 4.18E+00

88.3 H2 2.95E+00 1.34E+01 6.72E-02 2.60E-02 1.08E+01 3.78E+00

92.5 CCUu 2.88E+00 1.32E+01 6.55E-02 3.79E-02 9.34E+00 3.30E+00

100 CCUl 6.71E+00(a) 1.36E+01 1.06E-01 4.55E-02 9.19E+00 2.46E+00

113.5 Rtf 1.48E+00(b) 2.46E+00 2.51E-02 1.60E-02 4.32E+00 1.46E+00

113.5(dup) Rtf 2.36E+00 4.05E+00 3.95E-02 1.76E-02 5.01E+00 1.87E+00

117.5 Rtf 6.54E+00 1.25E+01 1.09E-01 3.22E-02 7.55E+00 2.51E+00

130 Rwi 4.26E+00 1.08E+01 1.06E-01 4.60E-02 2.53E+01 6.13E+00
(a) Bold values are higher than others for given constituent. 
(b) Italicized values are lower than others for a given constituent.

Table 4.6. Other Water-Extractable Cations in Borehole 299-W10-27 Sediments (µg/g dry soil) 

Depth
(ft bgs) 

Strati-
graphic

Unit Al Si Fe Mn Zn P as PO4 S as SO4

53.3 H2 (1.29E-02)(c) 1.11E+01 (9.62E-03) (8.13E-04) 2.91E-02 2.72E-01 1.48E+01 

53.5 H2 2.64E-02 1.13E+01 (1.93E-02) (5.82E-04) 2.89E-02 2.19E-01 1.22E+01 

61 H2 (1.97E-02) 1.31E+01 (1.56E-02) (6.16E-04) (2.09E-02) 2.05E-01 1.60E+01 

88.3 H2 (1.30E-02) 1.54E+01 (1.15E-02) (5.71E-04) 3.41E-02 2.22E-01 1.06E+01 

92.5 CCUu 2.69E-02 1.20E+01 (6.30E-03) <2.60E-03 3.58E-02 5.23E-01 9.38E+00

100 CCUl <1.27E-02(b) 2.53E+01(a) (5.42E-03) (5.72E-04) 3.07E-02 (1.15E-01) 8.13E+00 

113.5 Rtf 3.24E-02 1.95E+01 5.29E-02 (3.53E-03) (2.30E-02) (9.75E-02) 6.08E+00
113.5
(dup) Rtf 2.89E-02 1.92E+01 5.03E-02 (3.43E-03) 2.51E-02 (9.34E-02) 6.45E+00

117.5 Rtf (2.51E-03) 2.95E+01 (9.94E-03) (8.40E-04) 3.08E-02 (8.36E-02) 6.41E+00

130 Rwi 5.82E-02 1.44E+01 (3.12E-02) (2.98E-03) (2.33E-02) 3.27E-01 4.88E+01
(a) Bold values are higher than others for given constituent. 
(b) Italicized values are lower than others for a given constituent. 
(c) Parentheses signify values below level of quantitation but considered valid.
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Table 4.7. Water-Extractable Mobile Trace Contaminants in Borehole 299-W10-27 Sediments 
(µg per gram dry soil) 

Depth
(ft bgs) 

Stratigraphic
Unit Tc-99 U-238 Cr  

Mo
(ICP-MS)

Mo
(ICP)

53.3 H2 <4.39E+00 1.07E-03 8.19E-04 7.99E-03 9.15E-03 
53.5 H2 (2.58E-01) 4.98E-04 (4.65E-04) 3.35E-03 (4.30E-03) 
61 H2 <1.70E+00 6.41E-04 5.41E-04 4.32E-03 4.57E-03 

88.3 H2 <4.36E+00 1.46E-03 1.01E-03 4.37E-03 5.64E-03 

92.5 CCUu <1.77E+00 9.58E-04 1.60E-03(a) 8.62E-03 1.05E-02 

100 CCUl <1.72E+00 2.89E-03 (2.52E-04) 9.05E-04 <2.53E-03 

113.5 Rtf <1.69E+00 (4.39E-05)(b) (4.03E-04) 1.76E-03 (2.32E-03) 

113.5(dup) Rtf <1.70E+00 1.13E-04 (3.86E-04) 1.84E-03 (8.46E-04) 

117.5 Rtf (2.36E-01)(c) 1.60E-03 5.90E-04 9.49E-03 9.66E-03 

130 Rwi <1.69E+00 6.86E-04 (4.25E-04) 1.05E-02 1.15E-02 
(a) Bold values are higher than others for given constituent. 
(b) Italicized values are lower than others for a given constituent. 
(c) Parentheses signify values below level of quantitation but considered valid.
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4.1.3 8 M Nitric Acid-Extractable Amounts of Selected Elements 

 The amount of material that could be extracted from the vadose zone sediment into 8 M nitric acid is 
shown in Tables 4.8 through 4.10 and Figures 4.6 through 4.9.  The 8 M nitric acid extraction is a 
protocol used by the U.S. Environmental Protection Agency to estimate the maximum concentrations of 
regulated metals in contaminated sediment that would be biologically available.  Aliquots of 
uncontaminated sediment from borehole 299-W10-27 were subjected to the acid extraction to establish 
baseline values to compare with acid extracts of potentially contaminated sediments from the three 
boreholes, C3830, C3831, and C3832. 

 The acid extract data show high values for barium in the fine-grained CCUu subunit, and high values 
for calcium (Ca), strontium (Sr), manganese (Mn), sodium (Na), uranium (U) and sulfate (SO4

2-) in the 
two sediment types with high calcium-carbonate content, CCUl at 100 ft bgs and Rtf at 117 ft bgs.  The 
acid-extractable magnesium content of the Rtf sample at 117 ft bgs is also high.  All these high values 
suggest that these elements are associated with readily acid-soluble carbonates.  Similar results were 
found for background sediments near the SX tank farm (Serne et al. 2002a).  Conversely, the acid-
extractable chromium content of the caliche enriched sample at 100 ft bgs is low compared to the other 
sediments.  Chromium is also low but molybdenum and sulfur are relatively high in the acid extract from 
the gravelly Rwi unit sample at 130 ft bgs.  Acid-leachable potassium (K) is also low in this coarse sample 
as one might expect seeing as higher potassium is generally associated with certain clay and fine-grained 
materials. 

 A comparison of the water-leachable and acid-leachable contents of the uncontaminated sediments 
from borehole 299-W10-27 (see data shown in Tables 4.3 to 4.7 versus 4.8 to 4.10) shows that less than 
0.1% of the acid-extractable quantities of the following elements are water leachable: Al, Ba, Fe, Mn, Zn, 
Cr, and P as phosphate.  Less than 0.2% of the acid-extractable quantities of the following elements are 
water leachable: Ca, K, Mg, Sr, and U.  Less than 5% of the acid-extractable sodium and molybdenum are 
water soluble and less than 20% of the acid-extractable sulfur as sulfate is water extractable.  The sulfur 
in the sediments may be predominately present as slightly soluble gypsum and the phosphorous may be 
present predominantly as rather insoluble apatite-like minerals.  The comparison of water- to acid-soluble 
sulfur and phosphorous are shown in Figure 4.9. 

4.1.4 Bulk Chemical Composition of Sediment from 299-W10-27 

 Nine core samples were selected from this borehole and sent to a commercial analytical lab for bulk 
chemical composition analyses using fusion, followed by dissolution of the fused beads and analysis by 
ICP and ICP-MS.  The carbon content of the samples was determined with a carbon analyzer as discussed 
in Section 4.1.6.  The total chemical composition of the samples is shown in Table 4.11 and total trace 
element compositions are shown in Table 4.12.   

 As found for most Hanford Site sediments, the bulk chemistry is dominated by silicon and aluminum 
oxides, with calcium and iron being next in abundance.  Calcium from CaCO3 is evident in several of the 
samples (100 and 117.5 ft bgs).  There is also several percent of sodium, potassium, and magnesium 
present in all the sediments.  The relatively high iron-oxide contents in the Rtf and Rwi samples from 117.5 
and 130 ft bgs (see Table 4.11) likely are caused by ferric oxide coatings or cement.  Trace metals are 
often used to differentiate different lithologic units but the data in Table 4.12 only suggest that the 
fine-grained Cold Creek upper subunit is distinguishable from all other units by the presence of elevated 
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lanthanide series elements.  The other elements do not show striking differences in trace element 
concentrations with lithology.  

4.1.5 Radionuclide Content in Vadose Zone Sediment from 299-W10-27 

 The sediment cores from borehole 299-W10-27 did not contain any man-made gamma radioactivity.  
The radioanalytical analyses performed on the sediment included direct gamma energy analysis and 
technetium-99 and uranium-238 analysis of the 1:1 sediment:water extracts and the sediment:acid 
extracts.  The uranium and technetium water-extractable contents of the background sediments that were 
characterized are shown in Table 4.7 and the acid-extractable amounts are shown in Table 4.10.  Both 
data sets suggest no elevated amounts are present.  As mentioned above, the sediments with high 
concentrations of calcium-carbonate-equivalent carbonate contain slightly higher concentrations of acid-
leachable uranium, one part per million (ppm).  The gamma energy analysis data are not reported because 
there is nothing significant to report.   

4.1.6 Total Carbon, Calcium Carbonate, and Organic Carbon Content of Vadose Zone 
Sediment from Borehole 299-W10-27 

 Table 4.13 shows the total carbon, inorganic carbon, and organic carbon contents of the vadose zone 
sediment at selected depths.  The inorganic carbon was also converted to the equivalent calcium-
carbonate content.  The sediment in the Hanford formation H2 unit is relatively low in calcium carbonate 
(<2 wt%) and organic carbon.  The three shallow H2 unit samples show a fairly uniform distribution for 
inorganic carbon between 1.6 and 1.8% as calcium carbonate.  At depth, the H2 unit shows slightly more 
calcium carbonate.  The fine-grained CCUu sample contains ~2.6 wt% calcium carbonate. 

 The coarser-grained CCUl contains significant quantities (~25 wt%) of calcium carbonate and low 
organic carbon content.  The Rtf unit samples show highly variable calcium-carbonate contents as a 
function of depth.  The coarse-grained Rwi gravel has very little calcium carbonate and organic carbon.  
The calcium-carbonate content of the CCUl unit at 299-W10-27 is less than at 299-W22-48 (contained 38 
to 39 wt%) but larger than sediments at 299-W22-50, which contained only 2 to 8 wt% (Serne et al. 
2002a).

4.1.7 Particle Size Measurements on Vadose Zone Sediment 

 Both the hydrometer and wet sieving methods were used to determine the particle size distributions of 
the selected samples from borehole 299-W10-27.  Wet sieving results are shown in Table 4.14.  The four 
samples of the Hanford formation H2 unit that were chosen for particle-size characterization represent 
zones with atypically high contents of fines.  Samples for geochemical characterization were biased in 
favor of the fine-grained strata since these tend to contain more moisture and are more likely to have 
contaminants associated with them.  Therefore, the values in Table 4.14 should not be used as 
representative of the bulk of the Hanford H2 unit.  The Cold Creek upper subunit is predominantly silt.  In 
contrast, the Cold Creek lower subunit (caliche) is very poorly sorted and has a wide range of particle 
sizes from gravel to silt and clay, as has been described previously for sediments below the SX tank farm 
(Serne et al. 2002a, 2002b, 2002c, 2002d).  The two grain size samples from the Rtf unit show great 
variability as described in Section 2.3.2.4.  One is a well-sorted sand; the other, a well-sorted silt.  
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Figure 4.8. Concentration of Uranium-238, Chromium, and Molybdenum in 299-W10-27 
Borehole Sediment that is Acid-Extractable. (Technetium-99 and Ruthenium were 
not detected in clean sediments; thus, they are not plotted). 
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Figure 4.9. Comparison between Acid-and Water-Extractable Sulfate and Phosphate in Vadose 
Zone Sediments from Borehole 299-W10-27 
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Table 4.12.  Trace Element Composition of Borehole 299-W10-27 Sediments 
(as µg per g dry sediment) 

Depth (ft bgs) 53.3 53.5 61 88.3 92.5 100 113.5 113.5 DUP 117.5 130

Unit H2 H2 H2 H2 CCUu CCUl Rtf Rtf Rtf Rwi

Be 2 2 2 2 2 1 2 2 2 2 

Sc 11 10 12 10 10 15 8 8 9 22 

Ga 15 14 16 15 15 12 14 13 14 17 

Ge 1.6 1.2 1.5 1.3 1.4 1 1.4 1.2 1.6 0.9 

As 9 6 8 7 7 6 7 <5 10 <5 

Se NA(1) NA NA NA NA NA NA NA NA NA

Nb 11.5 8.8 10.1 11.3 12.6 9.4 7.7 7.7 9.1 11.9

Mo 3 <2 2 3 <2 <2 3 <2 4 0 

Ag <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5

In <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1

Sn 4 3 4 4 3 2 5 4 5 3 

Sb 1.2 0.8 0.9 0.8 1 0.4 1.3 0.9 1.6 0.4 

Cs 3.3 3 3.3 3.2 4.1 1 3.4 3.3 3.9 1.1 

La 33.1 27.5 26.9 32.5 38.1 26.3 22.1 23.4 27.7 24.9

Ce 61.8 53.9 51.9 62.1 74.4 49.3 45.3 45.2 53.2 49.9

Pr 6.9 5.82 6.18 6.98 8.6 5.49 5.03 5.02 6.11 5.77

Nd 27.8 22 24.9 28.1 33.3 22.2 18.9 19.6 24.4 23.4

Sm 5.35 4.33 4.74 5.23 6.07 4.64 3.74 3.87 4.61 5.17

Eu 1.27 1.08 1.18 1.14 1.31 1.25 0.967 0.980 1.04 1.70

Gd 3.98 3.23 3.98 3.97 5.33 3.54 3.04 3.18 3.66 4.60

Tb 0.75 0.54 0.72 0.74 0.88 0.62 0.53 0.55 0.66 0.80

Dy 4.38 3.27 4.00 4.16 4.94 3.86 3.18 3.30 3.85 4.96

Ho 0.83 0.65 0.78 0.80 0.97 0.74 0.65 0.63 0.79 1.00

Er 2.52 1.87 2.44 2.54 2.98 2.08 1.92 1.89 2.35 2.86

Tm 0.373 0.275 0.353 0.374 0.457 0.306 0.282 0.281 0.356 0.419

Yb 2.53 1.86 2.30 2.44 2.89 2.02 1.80 1.89 2.26 2.65

Lu 0.373 0.289 0.350 0.371 0.460 0.304 0.288 0.282 0.335 0.407
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Table 4.12  (contd) 

Depth (ft bgs) 53.3 53.5 61 88.3 92.5 100 113.5 113.5 DUP 117.5 130 

Unit H2 H2 H2 H2 CCUu CCUl Rtf Rtf Rtf Rwi

Hf 5.5 3.8 4.6 6.6 8.2 4.4 3.4 3.3 4.5 4.4 

Ta 0.96 0.71 0.78 0.94 1.03 0.70 0.59 0.64 0.77 0.79 

W 1.5 1.0 1.1 1.9 1.6 0.6 1.2 1.2 1.6 0.1 

Tl 0.48 0.46 0.42 0.46 0.32 0.19 0.49 0.29 0.51 0.26 

Pb 13 13 11 12 2 8 10 <5 13 0 

Bi 0.3 0.2 0.2 0.3 0.1 0.1 0.3 <0.1 0.4 <0.1 
(1) NA = Not analyzed. 
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 The sample from the Rwi unit is a poorly sorted mixture of gravel, sand, and mud. The hydrometer 
results and wet sieving results are combined in Figures 4.10 through Figure 4.12 as plots of cumulative 
percent finer than versus particle size in microns.  The data for the two particle size methods are shown in 
Table 4.15. 

 Within the Hanford formation H2 unit the samples from 53.3 and 88.3 ft bgs are more fine-grained 
than the samples from 53.5 and 61 ft bgs.  The median grain size of these H2 unit samples are ~150, 260, 
250, and 75 microns for the 53.3, 53.5, 61, and 88.3 ft bgs samples.  

 The sample from the Cold Creek upper subunit is well-sorted, based on the steep slope in Figure 4.11, 
and has a fine texture with the median grain size, ~57 microns.  The sample from the Cold Creek lower 
subunit is less sorted and has a median grain size of ~110 microns.  The two samples of Rtf have 
significantly different particle size distributions with the 113.5 ft bgs sample being medium sand (median 
particle size ~300 microns) but well-sorted, and the 117.5 ft bgs sample being rather mostly silt (median 
particle size ~ 45 microns) but less well sorted.  The Rwi sample is poorly sorted with a median grain size 
of ~200 microns. 

Table 4.14. Wet Sieve Particle Size Results for Borehole 299-W10-27 Sediments 

Weight Percent Depth
(ft bgs) 

Stratigraphic
Unit Gravel Sand Silt/Clay 

53.3 H2 0.61 83.94 15.45 
53.5 H2 0.39 88.58 11.03 
61 H2 4.16 73.86 21.98 

88.3 H2 0.14 52.28 47.58 

92.5 CCUu 0.00 27.11 72.89 

100 CCUl 10.5 68.44 21.07 

113.5 Rtf 0.00 88.78 11.22 

117.5 Rtf 0.91 11.77 87.32 

130 Rwi 15.68 48.23 36.09 
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4.1.8 Matric Suction Potential Measurements 

 Water potential measurements have been included in the Hanford Tank Farm Vadose Zone 
Characterization Program to document the energy state of porewaters in the tank farm sediments.  At the 
tank farms, vegetation is absent, surface soils are coarse-textured, and the potential for drainage 
(recharge) is high (Gee 1987; Gee et al. 1992).  However, actual drainage rates are generally unknown.  
Attempts are currently being made to status the soil water matrix potential and use the analysis to confirm 
the occurrence of recharge within the Hanford Site tank farms. 

 The status of soil water can be defined by either the amount of water in the soil (water content) or by 
the force that holds water to the soil matrix (i.e., the matric potential or suction) (Or and Wraith 2002).  In 
recent studies, Serne et al. (2002b, 2002d, 2002e, and 2002f) measured both water content 
(gravimetrically) and matric water potential (filter paper method, ASTM 2002) on core samples obtained 
from boreholes in the SX and B-BX tank farm environs.  The same measurements were made at borehole 
299-W10-27 near to the TX tank farm.  All cores from the Hanford formation H2 unit that were obtained 
were analyzed.  Unfortunately, at 299-W10-27 continuous coring was not performed all the way to the 
water table so that the entire profile of matric potential is not available.   

 Table 4.16 and Figure 4.13 show the matric potentials as a function of depth.  Also plotted in 
Figure 4.13 is the gravity head expressed in pressure units (MPa).  The gravity head is zero at the water 
table and increases linearly with height to the soil surface.  For the core samples available from 
299-W10-27, the water potentials are generally much less than the gravity potential from the shallowest 
core at 50 ft bgs down to the deepest core taken at 123.5 ft bgs all within the Hanford formation H2 unit.  
The last sample taken at 123.5 ft bgs appears to have a matric potential larger than the theoretical line but 
all other measurements are lower than the theoretical line.  The green line labeled “theoretical value” in 
Figure 4.13 is the theoretical line that represents the steady state unit gradient condition, which represents 
the profile for matric potential in a sediment profile that is neither draining nor drier than (actively 
evapotranspiring) equilibrium.  Matric potential values to the left of the unit gradient line suggest a 
draining profile.  The general trend for the data from 299-W10-27 is that the water potentials are 
consistent with a draining profile.   
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Figure 4.10. Particle Size Distribution of Hanford Formation H2 Unit Subsamples from 
Borehole 299-W10-27 



4.35

Figure 4.11. Particle Size Distribution of Cold Creek Unit Subsamples from Borehole 299-W10-27 
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Figure 4.12. Particle Size Distribution of Ringold Formation Subsamples from 
Borehole 299-W10-27 
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Figure 4.13. Matric Water Potential Measured by Filter Paper Technique on Core Samples from 
Borehole 299-W10-27 
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4.2 Vadose Zone Sediment from Borehole C3830 

 Borehole C3830 was pushed into the vadose zone sediment approximately 40 ft southwest of tank 
TX-105 to evaluate whether there is evidence to support designating tank TX-105 as having leaked in the 
past.  The borehole reached a depth of 116.8 ft bgs at which point it met refusal.   

4.2.1 Moisture Content 

 The moisture content of the 36 core liners as a function of depth and lithology are shown in 
Table 4.17 and Figure 2.12.  The backfill samples have a mean moisture content of 6.1% by weight with 
little variation.  The Hanford formation H2 samples have a mean moisture content of 5.7% by weight with 
more variation that tracks variations in particle size (finer-grained samples have slightly higher moisture 
contents).  The Cold Creek subunits have higher moisture with averages for the two subunits of 11.0% 
and 11.9% by weight.  Both show about the same variability as the H2 unit.  The average moisture 
content of the H2 unit samples measured in C3830 is about one percent by weight larger than the average 
for the same stratigraphic unit at the uncontaminated borehole 299-W10-27.  Whether this is significant 
and an indication of the various tank farm operations that encourage higher moisture infiltration cannot be 
determined because of the small sample population obtained.  The moisture content of the C3830 
borehole and 299-W10-27 Cold Creek unit sediments is about the same, and this does not suggest any 
excess tank fluids in the Cold Creek unit sediments at C3830. 

Table 4.17. Moisture Content of Borehole C3830 Cores 

Sample No. Depth
(ft bgs) 

Stratigraphic
Unit Lithology

Moisture
Content
% Wt 

C3830-14.96B 15.30 Bkfl 9.20% 

C3830-14.96A 15.98 Bkfl 
Sand

5.37% 

C3830-27.91B 28.25 Bkfl 6.74% 

C3830-27.91A 28.92 Bkfl 
Gravelly sand 

5.37% 

C3830-40.93B 41.32 Bkfl 6.97% 

C3830-40.93A 42.10 Bkfl 
Gravelly sand 

5.50% 

C3830-46.20B 46.53 Bkfl 5.71% 

C3830-46.20A 47.18 Bkfl 
Gravelly sand 

5.16% 

C3830-47.50B 47.88 Bkfl 5.71% 

C3830-47.50A 48.63 Bkfl 
Slightly gravelly 

sand 4.96% 

C3830-52.98B 53.33 H2 8.11% 

C3830-52.98B DUP 53.33 H2
Sand

6.94% 

C3830-52.98A 54.02 H2 3.70% 

C3830-52.98A DUP 54.02 H2
Sand

4.36% 
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Table 4.17.  (contd) 

Sample No. 
Depth
(ft bgs) 

Stratigraphic
Unit Lithology

Moisture
Content
% Wt 

C3830-56.99B 57.34 H2 Sand 3.31% 

C3830-56.99A 58.03 H2  3.41% 

C3830-58.29B 58.65 H2 Sand to silty sand 9.62% 

C3830-58.29A 59.35 H2  12.42% 

C3830-66.06B 66.41 H2 Sand 3.63% 

C3830-66.06A 67.11 H2  2.46% 

C3830-71.95B 72.29 H2 Sand 4.74% 

C3830-71.95A 72.63 H2  3.45% 

C3830-76.98B 77.33 H2 Sand 3.63% 

C3830-76.98A 78.01 H2  3.14% 

C3830-80.91B 81.24 H2 Sand 7.10% 

C3830-80.91A 81.89 H2  3.70% 

C3830-86.11B 86.44 H2 Sand to silty sand 5.53% 

C3830-86.11A 87.09 H2  11.18% 

C3830-98.97B 99.32 H2 9.19% 

C3830-98.97A 100.02 H2 
Sand

4.95% 

C3830-100.32B 100.67 CCUu 10.53% 

C3830-100.32A 101.37 CCUu 6.83% 

C3830-100.32A DUP 101.37 CCUu

Silty sand to 
sandy silt and silt 

7.08% 

C3830-102.99B 103.36 CCUu 14.72% 

C3830-102.99A 104.08 CCUu

Sandy silt 
12.59% 

C3830-107.89B 108.22 CCUu 11.57% 

C3830-107.89A 108.87 CCUu

Sandy silt 
9.80% 

C3830-113.55B 113.92 CCUl 9.98% 

C3830-113.55A 114.64 CCUl

Calcareous, 
pebbly sand and 

mud 13.91% 
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4.2.2 1:1 Sediment:Water Extracts for Borehole C3830 

 The A liners (the deeper of two liners) from the 18 cores were characterized by performing 1:1 
sediment:water extracts.  The following tables present the mass of a given constituent leached per gram of 
sediment as measured in the water extracts to allow direct comparison to the same data for the 
background sediments from borehole 299-W10-27.  Other figures show dilution-corrected values that 
represent concentrations in vadose zone porewater.  As discussed in several other Vadose Zone 
Characterization Project reports, the dilution-corrected 1:1 sediment:water extracts are a reasonable 
estimate of the actual vadose zone porewater (see Serne et al. 2002b, 2002c, 2002e, 2002f).   

4.2.2.1 pH and Electrical Conductivity 

 The 1:1 sediment:water extract pH and EC data are shown in Table 4.18.  Both the measured value 
and dilution-corrected EC values are shown.  Figure 4.14 shows the 1:1 sediment:water extract pH value 
and dilution-corrected EC as a function of depth and stratigraphy.  A comparison of the data in Table 4.18 
with the pH and EC of the 299-W10-27 extracts suggests that there is slightly elevated EC in the C3830 
borehole sediments from 59.4 ft bgs to the bottom of the borehole samples.  This suggests the presence of 
some higher than normal salinity fluids in the porewaters, such as tank liquors.  Although the dilution-
corrected porewater EC is above the background values, the highest values between 67 and 87 ft bgs are 
equivalent to a pore solution of 0.12 M KCl, the salt solution used to calibrate the conductivity probe.  
The leaks near the SX108-109 and BX-102 tanks had peak vadose zone porewater concentrations that 
were equivalent to much more concentrated waste fluids, 7 to 17 and 0.7 to 1 M KCl solutions, 
respectively.  The maximum dilution-corrected EC at C3830 is 12.5 mS/cm, slightly lower than the 
dilution-corrected EC at 299-E33-46 near tank B-110 that contained 15.1 mS/cm (Serne et al. 2002f). 

 The slightly elevated electrical conductivities are evident in Figure 4.14 from about 65 to 87 ft bgs.  
The figure also shows that there are elevated values for sodium and nitrate in this range.  The sodium 
peak value occurs at 65 ft bgs and the peak nitrate and EC value occurs at ~77 ft bgs. 
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Table 4.18. pH and EC Data for Sediment:Water Extracts from Borehole 3830 

Sample No. 
Depth
(ft bgs) 

Stratigraphic
Unit pH 

Conductivity
mS/cm 

Dilution-Corrected 
Conductivity

(mS/cm)

C3830-14.96A 15.98 Bkfl 7.93 0.171 3.19 
C3830-27.91A 28.92 Bkfl 8.39 0.166 3.09 
C3830-40.93A 42.10 Bkfl 8.02 0.163 3.01 
C3830-46.20A 47.18 Bkfl 8.15 0.158 3.14 
C3830-47.50A 48.63 Bkfl 8.09 0.218 4.40 
C3830-52.98A 54.02 H2 8.03 0.178 4.81 

C3830-52.98A DUP 54.02 H2 8.13 0.165 3.79
C3830-56.99A 58.03 H2 7.92 0.166 4.88 
C3830-58.29A 59.35 H2 7.97 0.218 1.76 
C3830-66.06A 67.11 H2 8.24 0.307 12.51 
C3830-71.95A 72.63 H2 7.93 0.259 7.51 
C3830-76.98A 78.01 H2 7.94 0.358 11.40 
C3830-80.91A 81.89 H2 7.97 0.205 5.74 
C3830-86.11A 87.09 H2 8.02 0.365 3.54 
C3830-98.97A 100.02 H2 7.93 0.246 4.97 

C3830-100.32A 101.37 CCUu 8.00 0.243 3.56 
C3830-100.32A DUP 101.37 CCUu 7.98 0.256 3.62 

C3830-102.99A 104.08 CCUu 7.96 0.253 2.66 
C3830-107.89A 108.87 CCUu 8.07 0.205 2.09 
C3830-113.55A 114.64 CCUl 8.00 0.332 2.39 
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Figure 4.14. Borehole 3830 Sediment:  Water Extract pH and Calculated Porewater Electrical 
Conductivity, Sodium, and Nitrate 
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4.2.2.2 Water Extract Composition or the 1:1 Sediment:Water Extract for C3830 

 The water extract values for the major cations and anions and several trace constituents are discussed 
in this section.  The anion data are tabulated in Tables 4.19 and 4.20 and Figure 4.15 in units of mass per 
gram of dry sediment.  The data for the water extracts of borehole C3830 for fluoride, phosphate, nitrite, 
and bromide do not differ significantly from the same data for the uncontaminated sediments from 
borehole 299-W10-27.  However, there are obvious signs of elevated chloride, nitrate, and sulfate in the 
water extracts of C3830 sediments.  The chloride values from 78 ft bgs to the deepest sample obtained at 
114.6 ft bgs are elevated by a factor of ~8 to 20 when compared to water extracts of uncontaminated 
sediment.  The nitrate water extract values for the C3830 borehole are elevated from 67 ft bgs to the 
deepest sample obtained.  The nitrate water extract values are 10 to 50 times larger than for the 
background sediments in similar uncontaminated lithologies in borehole 299-W10-27.  The sulfate water 
extracts from C3830 are elevated from about 59.4 ft bgs to the deepest sample obtained and the values 
exceed the background sediment values by a factor of 2 to 8.  There is one very large value for 
water-extractable carbonate in the Cold Creek upper subunit in the C3830 borehole sediments at 104 ft 
bgs.  As shown in Figure 4.15, a direct analysis of carbonate using the ion chromatograph does not show 
a similar very high value, however.  So we attribute the very large alkalinity value to analytical vagaries 
and conclude that dissolvable carbonates in the C3830 sediments are not significantly different than 
values in the background borehole 299-W10-27.  The agreement between measuring the water extracts 
for phosphate and sulfate directly with the ion chromatograph and indirectly by converting the ICP 
measurements for phosphorous and sulfur is very good.  Besides validating the ion chromatography data, 
we can state that the water-extractable sulfur and phosphorous species are in fact sulfate and phosphate.  

 The water-extractable small organic molecules in the C3830 borehole sediments are shown in 
Table 4.20.  The values are not significantly different than for the uncontaminated sediments from 
borehole 299-W10-27. 

 The water-extractable major cations in the C3830 borehole sediments are tabulated in Table 4.21 and 
the distribution with depth is shown in Figure 4.16.  The distribution of the divalent alkaline earth cations 
(Mg, Ca, and Sr but not Ba) and the monovalent cation potassium, show low water-extractable quantities 
between 54 and 58 ft bgs and the lowest values of all at 67 ft bgs.  The water-extractable mass of these 
cations at the 59.35 ft bgs sample is very similar to uncontaminated background sediments.  Conversely, 
the distribution of water-extractable sodium is higher than the mass that is water-leachable from 
uncontaminated sediments in the whole profile, excepting at the 59.35 ft depth.  These trends suggest that 
tank fluids that are high in sodium and nitrate did seep into the vadose zone near this borehole.  The 
sodium pushed the natural divalent cations and some of the natural potassium off the sediment cation 
exchange sites in the sediments between 54 and at least 67 ft bgs, excepting a zone near 59.35 ft bgs.  
There is a fine-grained lens near this depth that may have forced tank fluids to percolate horizontally 
around this zone.  We have observed the same cation distribution and ion exchange fronts where divalent 
cations and sometimes potassium are depleted in the shallow sediments and high levels of 
water-extractable sodium are present at both the SX and BX tank farms where tank fluids have been 
confirmed as being present (see Serne et al. 2002b, 2002c, 2002e, 2002f for details).  Right below the 
leading edge of the sodium plume one finds elevated levels of the divalent cations that were displaced.  
We observe the high levels of divalent cations in the samples between 78 and 87 ft bgs.  But there are also 
elevated masses of water-leachable calcium and strontium at 104.8 and 114.64 ft bgs, both in the Cold 
Creek unit. 
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 It is possible that some of the elevated divalent cations in these deeper samples reflect water-
leachable carbonate minerals.  The lowest values for water-leachable divalent cations occur at 67 ft bgs 
and this depth is also the position of the highest water-leachable sodium. 

 The water-extractable aluminum, silicon, iron, manganese, zinc, phosphorous, and sulfur in the 
C3830 borehole sediments are shown in Table 4.22 and Figure 4.17.  The phosphorous and sulfur data 
were converted to water-extractable phosphate and sulfate and plotted with the anion data in Figure 4.15.  
In general, the agreement between direct measurement of the two anions by ion chromatography and the 
converted ICP measurements is very good.  The water-soluble aluminum and iron data show elevated 
values between the depths of 54 and 67 to 72 ft bgs, excepting the sample at 59.35 ft bgs.  We speculate 
that these elevated values indicate some chemical reaction between alkaline tank fluids and native 
sediments that formed precipitates of aluminum and iron that are more water soluble than the native 
sediments.  There are also elevated water-leachable aluminum and iron in the upper Cold Creek subunit.  
The water-extractable S values between the depths of 67 ft bgs and the bottom of the borehole at 114.6 ft 
bgs also appear to be elevated in comparison with the S that is water extractable from background 
sediments in borehole 299-W10-27. 

 The water-extractable data for potentially mobile metals such as technetium-99, uranium-238, 
chromium, molybdenum and ruthenium (Ru) are shown in Table 4.23 and Figure 4.18.  There appears to 
be some technetium-99 present in the sediment in the zone between 67 and 87 ft bgs and perhaps as 
shallow as 59 ft bgs and as deep as 100 ft bgs.  There is only one indication of uranium-238 
contamination in the sample at 67 ft bgs.  This sample also shows the highest value found in borehole 
C3830 sediments for chromium.  The molybdenum and ruthenium data do not suggest any elevated 
values compared to uncontaminated sediments.  The technetium-99 data suggest that tank fluids may have 
percolated down through the entire Hanford formation H2 unit and then stopped on top of the fine-grained 
CCUu mud contact at 100.4 ft bgs. 

4.2.3 Derivation of Vadose Zone Porewater Chemical Composition  

 The 1:1 water extract data was recalculated to derive the porewater composition of the vadose zone 
sediments.  From knowledge of the moisture content of the sediment samples taken from the A liners of 
each core, we calculated the amount of deionized water that would be needed to make the water extract 
exactly one part water (total of native porewater and added deionized water) to one part by weight dry 
sediment.  The ratio of the total volume of water in the extract to the native mass of porewater is the 
dilution factor.  We assume that the deionized water acts solely as a diluent of the existing porewater and 
that the deionized water does not dissolve any of the solids in the sediments.  Thus by correcting for the 
dilution, we can estimate the actual chemical composition of the native porewater in the partially 
saturated vadose zone sediments.  The assumption that none of the solid is dissolved during the water 
extraction process is simplistic.  In comparisons of actual porewater that was obtained via 
ultracentrifugation of vadose zone sediments to the dilution-corrected calculated porewaters from both 
contaminated and uncontaminated sediments from the SX and B-BX Tank Farms (see Serne et al. 2002b, 
2002c, 2002d, 2002e, 2002f), we have found that for highly contaminated sediments that the comparison 
is quite good.  For slightly contaminated or uncontaminated sediments the dilution-corrected water extract 
data is biased high by a factor of 2 to 7 for many constituents such that the true porewater is less saline. 

 Tables 4.24 through 4.27 and Figures 4.19 through 4.22 show the derived porewater composition of 
key constituents as a function of depth and stratigraphy.  The most concentrated porewater — on a total 
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dissolved salts basis — is found at ~78 ft bgs and has a total concentration of 102 meq/L cations and 102 
meq/L anions.  The calculated most saline porewater composition consists of 42 meq/L Ca, 32 meq/L Na, 
18 meq/L Mg and 10 meq/L K.  The cation charge is compensated by the following mixture of anions:  
40 meq/L nitrate, 34 meq/L bicarbonate, 20 meq/L sulfate and 8 meq/L chloride.  This concentration is 
very dilute compared to the vadose zone porewaters found at the SX and BX tank farms where the total 
ionic strength of the porewaters were as high as 7,000 to 17,000 and 1,000 meq/L, respectively.  At the 
borehole emplaced near tank B-110 the most saline porewater was 150 to 160 meq/L.  

 There appears to be a thin lens of technetium-99 in the porewaters between the depths of 67 and 87 ft 
bgs that has maximum concentrations of 1 to 4 x 10+05 pCi/L.  On a per gram of dry sediment basis, these 
porewater concentrations are 3 to 11 pCi/g.  Because the water content of the H2 unit sediments is so 
small, when equated to porewater concentrations this small mass of technetium-99 reaches concentrations 
about 400 times larger than the drinking water standard in the thin zone where technetium-99 was found. 

 The calculated porewater uranium concentration for the sample at 67 ft bgs is 0.1 g/L and about 
1000 times larger than any other measurements.  As mentioned, this water extract also shows high values 
for technetium-99, chromium, silicon, aluminum, iron, and sulfate besides the uranium.  Thus we 
conclude that there is tank-related contamination concentrated at this location. 

4.2.4 8 M Nitric Acid-Extractable Amounts of Selected Elements in C3830 Sediments 

 The same cores that were characterized for water-extractable constituents were also characterized to 
see how much of various constituents could be leached with hot 8 M nitric acid.  A comparison between 
the quantities that were acid extractable with those that are water extractable often indicates the relative 
mobility of a given constituent and can sometimes differentiate man-disposed from naturally occurring 
constituents.  Finally, a comparison of the acid-extractable quantities in suspected contaminated 
sediments with acid-extractable amounts in uncontaminated sediments can be used to delineate the 
presence of less mobile contaminants. 

 The quantities of various constituents in the C3830 vadose zone sediments that were acid extractable 
are shown in Tables 4.28 through 4.30 and Figures 4.23 through 4.26.  Upon comparing the acid extract 
data for borehole C3830 with similar lithologies in the uncontaminated borehole 299-W10-27, most of the 
variation in mass leached per gram of sediment versus depth is found to be lithology-related.  That is, for 
most constituents there is no sign of elevated values of acid-leachable constituents in borehole C3830 
sediments with the exception of acid-extractable sulfur (assumed to represent sulfate) and technetium-99.  
The acid-extractable sulfate profile in borehole C3830 sediments averages about 4 to 7 times higher than 
in comparable uncontaminated sediments from borehole 299-W10-27.  The acid-extractable technetium-
99 profile in the C3830 borehole sediments is elevated from 42 ft bgs to 109 ft bgs by a factor of 4 over 
the distribution of acid-extractable technetium-99 in the background sediment, which was a measure of 
our detection limit.  The deepest sample obtained in borehole C3830 within the lower Cold Creek 
(caliche) subunit does not have this slight elevated acid-extractable technetium-99.  We are not sure how 
to interpret the acid-extractable data for technetium-99 in borehole C3830.  If the differences are real, it 
would appear that some technetium-99 is present in the backfill at 42 ft bgs, which is above the base of  



4.50

T
ab

le
 4

.2
0.

 
W

at
er

-E
xt

ra
ct

ab
le

 O
rg

an
ic

s i
n 

C
38

30
 V

ad
os

e 
Zo

ne
 S

ed
im

en
ts

 (µ
g/

g 
) 

D
ep

th
 (f

t b
gs

) 
St

ra
tig

ra
ph

ic
 U

ni
t 

Fo
rm

at
e

A
ce

ta
te

O
xa

la
te

15
.9

8 
B

kf
l 

<0
.1

1
<0

.1
6

0.
28

28
.9

2 
B

kf
l 

<0
.1

1
<0

.1
6

0.
34

42
.1

0 
B

kf
l 

<0
.1

1
0.

30
0.

33
47

.1
8 

B
kf

l 
<0

.1
2

0.
47

<0
.2

2
48

.6
3 

B
kf

l 
<0

.1
1

<0
.1

6
0.

72
54

.0
2 

H
2 

<0
.1

1
0.

34
0.

52
54

.0
2 

H
2 

<0
.1

1
0.

32
0.

30
58

.0
3 

H
2 

<0
.1

1
0.

21
<0

.2
1

59
.3

5 
H

2 
<0

.1
1

0.
22

0.
28

67
.1

1 
H

2 
<0

.1
1

0.
90

<0
.2

1
72

.6
3 

H
2 

<0
.1

1
0.

21
0.

45
78

.0
1 

H
2 

0.
11

<0
.1

6
<0

.2
1

81
.8

9 
H

2 
0.

12
<0

.1
7

0.
36

87
.0

9 
H

2 
<0

.1
2

<0
.1

7
<0

.2
3

10
0.

02
 

H
2 

<0
.1

1
<0

.1
6

<0
.2

1
10

1.
37

 
C

C
U

u
<0

.1
1

<0
.1

6
<0

.2
1

10
1.

37
 

C
C

U
u

<0
.1

1
<0

.1
6

<0
.2

1
10

4.
08

 
C

C
U

u
<0

.1
5

<0
.2

1
<0

.2
8

10
8.

87
 

C
C

U
u

0.
24

0.
36

0.
37

11
4.

64
 

C
C

U
l

0.
40

0.
75

0.
41



4.51

T
ab

le
 4

.2
1.

 
W

at
er

-E
xt

ra
ct

ab
le

 C
at

io
ns

 in
 C

38
30

 V
ad

os
e 

Zo
ne

 S
ed

im
en

ts
 (µ

g/
g 

dr
y 

se
di

m
en

t)
 

D
ep

th
 (f

t b
gs

) 
St

ra
tig

ra
ph

ic
 U

ni
t 

M
g 

C
a

Sr
B

a
N

a
K

15
.9

8 
B

kf
l 

1.
49

 
4.

90
 

2.
21

E-
02

 
1.

21
E-

02
 

24
.3

0 
7.

70
 

28
.9

2 
B

kf
l 

1.
56

 
6.

45
 

3.
39

E-
02

 
1.

84
E-

02
 

19
.8

6 
5.

49
 

42
.1

0 
B

kf
l 

1.
43

 
4.

03
 

2.
58

E-
02

 
2.

89
E-

02
 

31
.6

3 
5.

28
 

47
.1

8 
B

kf
l 

0.
68

 
3.

37
 

1.
92

E-
02

 
2.

13
E-

02
 

26
.0

7 
4.

39
 

48
.6

3 
B

kf
l 

1.
18

 
4.

98
 

2.
69

E-
02

 
1.

69
E-

02
 

33
.7

4 
6.

57
 

54
.0

2 
H

2 
0.

64
 

3.
01

 
1.

67
E-

02
 

2.
11

E-
02

 
30

.2
0 

4.
46

 
54

.0
2 

H
2 

0.
82

 
3.

96
 

2.
27

E-
02

 
2.

25
E-

02
 

24
.6

9 
4.

19
 

58
.0

3 
H

2 
1.

01
 

3.
69

 
2.

03
E-

02
 

1.
57

E-
02

 
24

.7
6 

4.
21

 
59

.3
5 

H
2 

3.
31

 
17

.7
2 

8.
08

E-
02

 
5.

59
E-

02
 

13
.0

6 
5.

29
 

67
.1

1 
H

2 
0.

32
 

1.
63

 
7.

69
E-

03
 

2.
03

E-
02

 
61

.4
3 

4.
34

 
72

.6
3 

H
2 

3.
82

 
14

.0
3 

7.
05

E-
02

 
3.

22
E-

02
 

21
.4

0 
8.

87
 

78
.0

1 
H

2 
6.

46
 

25
.0

9 
1.

26
E-

01
 

3.
70

E-
02

 
21

.4
0 

11
.3

1 
81

.8
9 

H
2 

4.
32

 
17

.0
1 

8.
70

E-
02

 
3.

09
E-

02
 

19
.0

3 
9.

17
 

87
.0

9 
H

2 
6.

30
 

27
.4

2 
1.

34
E-

01
 

2.
01

E-
02

 
26

.9
7 

10
.9

3 
10

0.
02

 
H

2 
3.

71
 

16
.9

3 
8.

28
E-

02
 

2.
08

E-
02

 
15

.1
4 

6.
06

 
10

1.
37

 
C

C
U

u 
3.

38
 

15
.5

7 
7.

28
E-

02
 

2.
15

E-
02

 
17

.0
6 

5.
04

 
10

1.
37

 
C

C
U

u 
3.

61
 

17
.1

8 
7.

99
E-

02
 

2.
49

E-
02

 
19

.1
8 

5.
35

 
10

4.
08

 
C

C
U

u 
4.

80
 

22
.0

4 
1.

11
E-

01
 

6.
78

E-
02

 
24

.0
8 

8.
26

 
10

8.
87

 
C

C
U

u 
3.

66
 

13
.6

5 
6.

89
E-

02
 

2.
72

E-
02

 
13

.3
3 

5.
24

 
11

4.
64

 
C

C
U

l 
11

.0
3 

22
.4

8 
1.

95
E-

01
 

5.
13

E-
02

 
17

.6
9 

5.
27

 



4.52

T
ab

le
 4

.2
2.

 
W

at
er

-E
xt

ra
ct

ab
le

 C
on

ce
nt

ra
tio

ns
 o

f O
th

er
 M

et
al

s i
n 

C
38

30
 V

ad
os

e 
Zo

ne
 S

ed
im

en
ts

 (µ
g/

g 
dr

y 
se

di
m

en
t)

 

D
ep

th
 (f

t b
gs

) 
St

ra
tig

ra
ph

ic
 U

ni
t 

A
l 

Si
Fe

M
n 

Zn
 

P 
as

 P
O

4 
S 

as
 S

O
4

15
.9

8 
B

kf
l 

3.
49

E-
02

 
12

.9
0 

4.
96

E-
02

 
(1

.8
1E

-0
3)

 
3.

72
E-

02
 

4.
25

E+
00

 
3.

24
 

28
.9

2 
B

kf
l 

(2
.2

0E
-0

2)
(a

)
13

.3
4 

(3
.6

0E
-0

2)
 

(1
.2

6E
-0

3)
 

4.
06

E-
02

 
2.

78
E-

01
 

9.
52

 
42

.1
0 

B
kf

l 
2.

70
E-

02
 

13
.7

3 
(3

.5
6E

-0
2)

 
(1

.0
7E

-0
3)

 
3.

28
E-

02
 

2.
49

E-
01

 
11

.9
4 

47
.1

8 
B

kf
l 

3.
52

E-
02

 
11

.6
4 

(3
.5

4E
-0

2)
 

(6
.8

2E
-0

4)
 

2.
99

E-
02

 
2.

75
E-

01
 

10
.8

1 
48

.6
3 

B
kf

l 
5.

09
E-

02
 

9.
86

 
6.

07
E-

02
 

(2
.4

8E
-0

3)
 

3.
52

E-
02

 
4.

95
E-

01
 

30
.9

6 
54

.0
2 

H
2 

8.
46

E-
02

 
7.

26
 

5.
31

E-
02

 
(1

.5
8E

-0
3)

 
4.

01
E-

02
 

(1
.8

4E
-0

1)
 

7.
16

 
54

.0
2 

H
2 

9.
23

E-
02

 
8.

50
 

8.
14

E-
02

 
(2

.0
9E

-0
3)

 
3.

56
E-

02
 

(1
.7

6E
-0

1)
 

8.
63

 
58

.0
3 

H
2 

8.
24

E-
02

 
8.

16
 

5.
67

E-
02

 
(1

.1
7E

-0
3)

 
3.

16
E-

02
 

(1
.8

3E
-0

1)
 

10
.9

8 
59

.3
5 

H
2 

3.
03

E-
02

 
7.

18
 

(4
.4

0E
-0

2)
 

(2
.1

8E
-0

2)
 

2.
87

E-
02

 
(9

.3
2E

-0
2)

 
20

.6
8 

67
.1

1 
H

2 
1.

16
E-

01
 

9.
17

 
5.

42
E-

02
 

(1
.1

4E
-0

3)
 

4.
32

E-
02

 
2.

60
E-

01
 

32
.4

7 
72

.6
3 

H
2 

5.
51

E-
02

 
7.

21
 

(1
.8

7E
-0

2)
 

3.
09

E-
03

 
5.

59
E-

02
 

(4
.6

4E
-0

2)
 

30
.4

4 
78

.0
1 

H
2 

3.
44

E-
02

 
7.

56
 

(2
.4

6E
-0

2)
 

(1
.5

4E
-0

3)
 

3.
96

E-
02

 
(5

.4
5E

-0
2)

 
41

.9
3 

81
.8

9 
H

2 
6.

02
E-

02
 

8.
55

 
(3

.0
5E

-0
2)

 
(1

.1
7E

-0
3)

 
3.

42
E-

02
 

(5
.2

0E
-0

2)
 

30
.1

3 
87

.0
9 

H
2 

(1
.6

5E
-0

2)
 

11
.1

9 
(3

.2
1E

-0
2)

 
(1

.1
8E

-0
3)

 
3.

80
E-

02
 

(1
.0

7E
-0

1)
 

60
.6

8 
10

0.
02

 
H

2 
(2

.1
8E

-0
2)

 
10

.4
7 

(2
.2

5E
-0

2)
 

(6
.8

9E
-0

4)
 

2.
83

E-
02

 
(4

.9
1E

-0
2)

 
26

.9
3 

10
1.

37
 

C
C

U
u 

2.
04

E-
01

 
11

.0
6 

2.
34

E-
01

 
(1

.6
1E

-0
3)

 
4.

18
E-

02
 

2.
06

E-
01

 
33

.9
1 

10
1.

37
 

C
C

U
u 

5.
28

E-
02

 
10

.5
4 

(3
.4

4E
-0

2)
 

(5
.3

0E
-0

4)
 

1.
05

E-
01

 
(1

.9
1E

-0
1)

 
36

.1
0 

10
4.

08
 

C
C

U
u 

(2
.1

0E
-0

2)
 

12
.6

1 
(2

.7
0E

-0
2)

 
N

D
(b

)
5.

14
E-

02
 

3.
39

E-
01

 
43

.4
0 

10
8.

87
 

C
C

U
u 

(1
.5

7E
-0

2)
 

6.
59

 
(1

.3
9E

-0
2)

 
(1

.7
7E

-0
3)

 
2.

96
E-

02
 

6.
26

E-
01

 
16

.1
3 

11
4.

64
 

C
C

U
l 

(1
.1

9E
-0

3)
 

27
.1

6 
8.

93
E-

02
 

(9
.6

4E
-0

4)
 

4.
82

E-
02

 
(3

.8
3E

-0
2)

 
56

.3
7 

(a
) 

Pa
re

nt
he

se
s s

ig
ni

fy
 v

al
ue

s b
el

ow
 le

ve
l o

f q
ua

nt
ita

tio
n 

bu
t c

on
si

de
re

d 
va

lid
. 

(b
) 

N
D

 =
 N

ot
 d

et
er

m
in

ed
. 



4.53

T
ab

le
 4

.2
3.

 
W

at
er

-E
xt

ra
ct

ab
le

 C
on

ce
nt

ra
tio

ns
 o

f M
ob

ile
 M

et
al

s i
n 

C
38

30
 V

ad
os

e 
Se

di
m

en
ts

 (µ
g/

g 
dr

y 
se

di
m

en
t)

D
ep

th
(f

t b
gs

) 
St

ra
tig

ra
ph

ic
U

ni
t

T
c-

99
a

U
-2

38
 

C
r 

M
o

(I
C

P-
M

S)
M

o
(I

C
P)

R
u

15
.9

8 
B

kf
l 

<4
.2

4E
+0

0(b
)

8.
05

E-
04

 
6.

79
E-

04
 

5.
76

E-
03

 
6.

88
E-

03
 

(6
.5

0E
-0

5)
 

28
.9

2 
B

kf
l 

<4
.2

4E
+0

0
1.

72
E-

03
 

(2
.9

4E
-0

4)
 

1.
20

E-
02

 
1.

53
E-

02
 

(5
.4

0E
-0

5)
 

42
.1

0 
B

kf
l 

<4
.3

1E
+0

0
7.

44
E-

03
 

1.
16

E-
03

 
9.

26
E-

03
 

1.
07

E-
02

 
(4

.3
7E

-0
5)

 
47

.1
8 

B
kf

l 
(3

.4
8E

-0
1)

(a
)

2.
09

E-
03

 
(3

.9
1E

-0
4)

 
5.

57
E-

03
 

8.
51

E-
03

 
(4

.2
1E

-0
5)

 
48

.6
3 

B
kf

l 
<4

.2
5E

+0
0

1.
58

E-
03

 
(4

.3
4E

-0
4)

 
8.

52
E-

03
 

9.
36

E-
03

 
(2

.4
0E

-0
5)

 
54

.0
2 

H
2 

<4
.2

4E
+0

0
1.

83
E-

03
 

5.
06

E-
04

 
1.

02
E-

02
 

1.
04

E-
02

 
(5

.5
5E

-0
5)

 
54

.0
2 

H
2 

<4
.2

4E
+0

0
1.

12
E-

03
 

2.
98

E-
03

 
1.

66
E-

02
 

1.
77

E-
02

 
(5

.1
0E

-0
5)

 
58

.0
3 

H
2 

<4
.2

5E
+0

0
4.

61
E-

04
 

5.
48

E-
04

 
1.

37
E-

02
 

1.
63

E-
02

 
(3

.9
1E

-0
5)

 
59

.3
5 

H
2 

(1
.7

0E
-0

1)
(c

)
1.

07
E-

03
 

(4
.3

7E
-0

4)
 

4.
94

E-
02

 
5.

49
E-

02
 

(4
.3

0E
-0

5)
 

67
.1

1 
H

2 
(2

.8
8E

+0
0)

 
2.

79
E+

00
 

8.
39

E-
03

 
1.

00
E-

02
 

1.
25

E-
02

 
(6

.3
0E

-0
5)

 
72

.6
3 

H
2 

(4
.0

8E
+0

0)
 

8.
21

E-
04

 
1.

27
E-

03
 

9.
37

E-
03

 
1.

35
E-

02
 

(4
.9

8E
-0

5)
 

78
.0

1 
H

2 
1.

14
E+

01
 

2.
09

E-
04

 
1.

55
E-

03
 

8.
81

E-
03

 
1.

20
E-

02
 

(9
.7

5E
-0

5)
 

81
.8

9 
H

2 
6.

19
E+

00
 

1.
49

E-
03

 
1.

05
E-

03
 

1.
21

E-
02

 
1.

46
E-

02
 

(6
.5

3E
-0

5)
 

87
.0

9 
H

2 
5.

60
E+

00
 

5.
77

E-
04

 
2.

02
E-

03
 

3.
59

E-
02

 
4.

30
E-

02
 

(5
.6

4E
-0

5)
 

10
0.

02
 

H
2 

(3
.3

9E
-0

1)
 

5.
67

E-
04

 
1.

86
E-

03
 

7.
50

E-
03

 
1.

07
E-

02
 

(3
.1

0E
-0

5)
 

10
1.

37
 

C
C

U
u

<4
.2

4E
+0

0
3.

12
E-

04
 

2.
45

E-
03

 
1.

14
E-

02
 

1.
52

E-
02

 
(3

.6
0E

-0
5)

 
10

1.
37

 
C

C
U

u
<4

.2
4E

+0
0

3.
52

E-
04

 
2.

62
E-

03
 

1.
28

E-
02

 
1.

79
E-

02
 

(2
.4

0E
-0

5)
 

10
4.

08
 

C
C

U
u

<5
.6

1E
+0

0
6.

26
E-

04
 

5.
49

E-
03

 
3.

16
E-

02
 

3.
73

E-
02

 
(3

.4
4E

-0
5)

 
10

8.
87

 
C

C
U

u
<4

.2
4E

+0
0

1.
35

E-
03

 
8.

52
E-

04
 

2.
08

E-
02

 
2.

44
E-

02
 

(2
.7

0E
-0

5)
 

11
4.

64
 

C
C

U
l

<4
.2

4E
+0

0
2.

89
E-

03
 

1.
28

E-
03

 
1.

97
E-

02
 

2.
45

E-
02

 
(3

.6
0E

-0
5)

 
(a

) 
Te

ch
ne

tiu
m

-9
9 

da
ta

 a
re

 in
 u

ni
ts

 o
f p

C
i/g

 w
hi

le
 a

ll 
ot

he
rs

 a
re

 μ
g/

g 
of

 d
ry

 se
di

m
en

t. 
(b

) 
V

al
ue

s i
n 

bo
ld

 a
re

 b
el

ow
 d

et
ec

tio
n 

lim
it 

an
d 

no
 a

tte
m

pt
 to

 o
pt

im
iz

e 
de

te
ct

io
n 

lim
it 

w
as

 p
er

fo
rm

ed
. 

(c
) 

Pa
re

nt
he

se
s s

ig
ni

fy
 v

al
ue

s b
el

ow
 le

ve
l o

f q
ua

nt
ita

tio
n 

bu
t c

on
si

de
re

d 
va

lid
. 



4.54

Fi
gu

re
 4

.1
6.

 
W

at
er

-E
xt

ra
ct

ab
le

 C
at

io
ns

 in
 C

38
30

 V
ad

os
e 

Zo
ne

 S
ed

im
en

ts
 (µ

g/
g)

 



4.55

Fi
gu

re
 4

.1
7.

 
W

at
er

-E
xt

ra
ct

ab
le

 M
et

al
s i

n 
C

38
30

 V
ad

os
e 

Se
di

m
en

ts
 (µ

g/
g 

dr
y 

se
di

m
en

t)
 



4.56

Fi
gu

re
 4

.1
8.

 
D

is
tr

ib
ut

io
n 

of
 M

ob
ile

 M
et

al
s i

n 
W

at
er

 E
xt

ra
ct

s o
f C

38
30

 V
ad

os
e 

Zo
ne

 S
ed

im
en

ts
 



4.57

T
ab

le
 4

.2
4.

 
C

al
cu

la
te

d 
Po

re
w

at
er

 C
at

io
n 

C
on

ce
nt

ra
tio

ns
 in

 C
38

30
 V

ad
os

e 
Zo

ne
 S

ed
im

en
ts

 

U
ni

ts
 

m
g/

L
 

m
g/

L
 

m
g/

L
 

µg
/L

 
m

g/
L

 
m

g/
L

 

D
ep

th
 (f

t b
gs

) 
St

ra
tig

ra
ph

ic
 U

ni
t 

M
g 

 
C

a
Sr

B
a

N
a

K

15
.9

8 
B

kf
l 

2.
78

E+
01

 
9.

14
E+

01
 

4.
12

E-
01

 
2.

26
E+

02
 

4.
53

E+
02

 
1.

44
E+

02
 

28
.9

2 
B

kf
l 

2.
90

E+
01

 
1.

20
E+

02
 

6.
31

E-
01

 
3.

42
E+

02
 

3.
70

E+
02

 
1.

02
E+

02
 

42
.1

0 
B

kf
l 

2.
60

E+
01

 
7.

32
E+

01
 

4.
70

E-
01

 
5.

24
E+

02
 

5.
75

E+
02

 
9.

59
E+

01
 

47
.1

8 
B

kf
l 

1.
31

E+
01

 
6.

53
E+

01
 

3.
72

E-
01

 
4.

13
E+

02
 

5.
05

E+
02

 
8.

52
E+

01
 

48
.6

3 
B

kf
l 

2.
37

E+
01

 
1.

00
E+

02
 

5.
43

E-
01

 
3.

41
E+

02
 

6.
80

E+
02

 
1.

32
E+

02
 

54
.0

2 
H

2 
1.

73
E+

01
 

8.
13

E+
01

 
4.

51
E-

01
 

5.
72

E+
02

 
8.

17
E+

02
 

1.
21

E+
02

 
54

.0
2 

H
2 

1.
89

E+
01

 
9.

09
E+

01
 

5.
21

E-
01

 
5.

17
E+

02
 

5.
67

E+
02

 
9.

62
E+

01
 

58
.0

3 
H

2 
2.

94
E+

01
 

1.
08

E+
02

 
5.

93
E-

01
 

4.
58

E+
02

 
7.

25
E+

02
 

1.
23

E+
02

 
59

.3
5 

H
2 

2.
67

E+
01

 
1.

43
E+

02
 

6.
51

E-
01

 
4.

50
E+

02
 

1.
05

E+
02

 
4.

26
E+

01
 

67
.1

1 
H

2 
1.

28
E+

01
 

6.
66

E+
01

 
3.

13
E-

01
 

8.
25

E+
02

 
2.

50
E+

03
 

1.
77

E+
02

 
72

.6
3 

H
2 

1.
11

E+
02

 
4.

07
E+

02
 

2.
04

E+
00

 
9.

34
E+

02
 

6.
20

E+
02

 
2.

57
E+

02
 

78
.0

1 
H

2 
2.

06
E+

02
 

7.
99

E+
02

 
4.

02
E+

00
 

1.
18

E+
03

 
6.

82
E+

02
 

3.
60

E+
02

 
81

.8
9 

H
2 

1.
17

E+
02

 
4.

60
E+

02
 

2.
35

E+
00

 
8.

36
E+

02
 

5.
14

E+
02

 
2.

48
E+

02
 

87
.0

9 
H

2 
5.

63
E+

01
 

2.
45

E+
02

 
1.

20
E+

00
 

1.
80

E+
02

 
2.

41
E+

02
 

9.
77

E+
01

 
10

0.
02

 
H

2 
7.

49
E+

01
 

3.
42

E+
02

 
1.

67
E+

00
 

4.
20

E+
02

 
3.

06
E+

02
 

1.
22

E+
02

 
10

1.
37

 
C

C
U

u 
4.

95
E+

01
 

2.
28

E+
02

 
1.

07
E+

00
 

3.
14

E+
02

 
2.

50
E+

02
 

7.
37

E+
01

 
10

1.
37

 
C

C
U

u 
5.

10
E+

01
 

2.
43

E+
02

 
1.

13
E+

00
 

3.
52

E+
02

 
2.

71
E+

02
 

7.
57

E+
01

 
10

4.
08

 
C

C
U

u 
3.

81
E+

01
 

1.
75

E+
02

 
8.

81
E-

01
 

5.
39

E+
02

 
1.

91
E+

02
 

6.
56

E+
01

 
10

8.
87

 
C

C
U

u 
3.

73
E+

01
 

1.
39

E+
02

 
7.

04
E-

01
 

2.
77

E+
02

 
1.

36
E+

02
 

5.
35

E+
01

 
11

4.
64

 
C

C
U

l 
7.

93
E+

01
 

1.
62

E+
02

 
1.

40
E+

00
 

3.
69

E+
02

 
1.

27
E+

02
 

3.
79

E+
01

 



4.58

T
ab

le
 4

.2
5.

 
C

al
cu

la
te

d 
Po

re
w

at
er

 A
ni

on
 C

on
ce

nt
ra

tio
ns

 in
 C

38
30

 V
ad

os
e 

Zo
ne

 S
ed

im
en

ts
 

U
ni

ts
m

g/
L

m
g/

L
m

g/
L

m
g/

L
m

g/
L

m
g/

L

D
ep

th
 (f

t b
gs

)S
tr

at
ig

ra
ph

ic
 U

ni
t

Fl
uo

ri
de

C
hl

or
id

e
N

itr
at

e
A

lk
 a

s C
O

3
Su

lfa
te

Ph
os

ph
at

e

15
.9

8
B

kf
l

8.
96

6.
41

91
.5

2
88

5.
94

38
.9

7
75

.1
8

28
.9

2
B

kf
l

14
.6

5
9.

06
29

.4
8

59
2.

86
13

4.
24

5.
26

42
.1

0
B

kf
l

17
.4

0
5.

80
21

.3
6

26
3.

12
17

4.
55

<4
.4

3(a
)

47
.1

8
B

kf
l

10
.9

0
12

.0
4

30
.4

5
83

1.
43

21
2.

63
4.

77
48

.6
3

B
kf

l
10

.8
9

31
.7

7
16

.1
4

10
16

.5
3

51
6.

32
8.

94
54

.0
2

H
2

10
.4

1
4.

58
15

.9
1

14
13

.4
5

13
8.

60
<6

.4
9

54
.0

2
H

2
10

.3
5

11
.8

0
43

.8
2

11
23

.2
8

14
4.

19
<5

.5
1

58
.0

3
H

2
12

.9
0

23
.4

5
86

.1
5

12
14

.1
4

27
0.

33
<7

.0
5

59
.3

5
H

2
3.

74
14

.0
8

11
.7

7
42

0.
89

17
0.

67
<1

.9
3

67
.1

1
H

2
17

.1
1

11
5.

37
11

50
.1

9
10

65
.0

9
11

55
.1

2
<9

.7
8

72
.6

3
H

2
9.

15
11

1.
91

12
13

.3
8

86
8.

55
72

4.
58

<6
.9

6
78

.0
1

H
2

10
.4

3
29

6.
38

26
79

.2
5

10
44

.4
3

11
03

.0
4

<7
.6

4
81

.8
9

H
2

12
.7

9
21

5.
65

16
80

.3
6

97
1.

71
85

3.
70

7.
36

87
.0

9
H

2
3.

41
10

4.
08

61
9.

53
37

3.
65

44
7.

48
2.

73
10

0.
02

H
2

8.
42

22
2.

97
56

5.
15

72
9.

96
46

1.
17

<4
.8

5
10

1.
37

C
C

U
u

4.
45

15
7.

43
33

4.
17

37
5.

54
42

1.
86

4.
18

10
1.

37
C

C
U

u
4.

19
16

1.
84

34
2.

22
28

8.
83

43
4.

87
<2

.3
6

10
4.

08
C

C
U

u
3.

68
13

4.
49

29
5.

83
16

48
.1

3
37

1.
84

2.
46

10
8.

87
C

C
U

u
1.

27
26

.9
2

20
6.

27
35

4.
02

13
6.

75
5.

77
11

4.
64

C
C

U
l

8.
54

21
.0

2
22

8.
21

33
8.

28
34

6.
38

1.
73

(a
) 

V
al

ue
s i

n 
bo

ld
 a

re
 b

el
ow

 in
st

ru
m

en
t d

et
ec

tio
n 

lim
it.

 



4.59

T
ab

le
 4

.2
6.

 
C

al
cu

la
te

d 
Po

re
w

at
er

 C
on

ce
nt

ra
tio

ns
 o

f S
el

ec
te

d 
C

on
st

itu
en

ts
 in

 C
38

30
 V

ad
os

e 
Zo

ne
 S

ed
im

en
ts

 

U
ni

ts
 

µg
/L

 
m

g/
L

µg
/L

 
µg

/L
 

µg
/L

m
g/

L
m

g/
L

D
ep

th
 (f

t b
gs

) 
St

ra
tig

ra
ph

ic
 U

ni
t 

A
l 

Si
Fe

M
n 

Zn
 

PO
4 (

IC
P)

 
SO

4 (
IC

P)
 

15
.9

8 
B

kf
l 

6.
50

E+
02

 
2.

40
E+

02
 

9.
24

E+
02

 
(3

.3
8E

+0
1)

 
6.

92
E+

02
 

7.
91

E+
01

6.
04

E+
01

28
.9

2 
B

kf
l 

(4
.1

0E
+0

2)
(a

) 
2.

48
E+

02
 

(6
.7

1E
+0

2)
 

(2
.3

5E
+0

1)
 

7.
56

E+
02

 
5.

18
E+

00
1.

77
E+

02
42

.1
0 

B
kf

l 
4.

90
E+

02
 

2.
50

E+
02

 
(6

.4
8E

+0
2)

 
(1

.9
4E

+0
1)

 
5.

95
E+

02
 

4.
52

E+
00

2.
17

E+
02

47
.1

8 
B

kf
l 

6.
83

E+
02

 
2.

26
E+

02
 

(6
.8

6E
+0

2)
 

(1
.3

2E
+0

1)
 

5.
80

E+
02

 
5.

34
E+

00
2.

10
E+

02
48

.6
3 

B
kf

l 
1.

02
E+

03
 

1.
99

E+
02

 
1.

22
E+

03
 

(4
.9

9E
+0

1)
 

7.
09

E+
02

 
9.

97
E+

00
6.

24
E+

02
54

.0
2 

H
2 

2.
29

E+
03

 
1.

96
E+

02
 

1.
44

E+
03

 
(4

.2
7E

+0
1)

 
1.

08
E+

03
 

4.
98

E+
00

1.
94

E+
02

54
.0

2 
H

2 
2.

12
E+

03
 

1.
95

E+
02

 
1.

87
E+

03
 

(4
.7

9E
+0

1)
 

8.
16

E+
02

 
4.

04
E+

00
1.

98
E+

02
58

.0
3 

H
2 

2.
41

E+
03

 
2.

39
E+

02
 

1.
66

E+
03

 
(3

.4
3E

+0
1)

 
9.

25
E+

02
 

5.
36

E+
00

3.
22

E+
02

59
.3

5 
H

2 
2.

44
E+

02
 

5.
78

E+
01

 
(3

.5
4E

+0
2)

 
(1

.7
5E

+0
2)

 
2.

31
E+

02
 

7.
50

E-
01

1.
67

E+
02

67
.1

1 
H

2 
4.

72
E+

03
 

3.
74

E+
02

 
2.

21
E+

03
 

(4
.6

3E
+0

1)
 

1.
76

E+
03

 
1.

06
E+

01
1.

32
E+

03
72

.6
3 

H
2 

1.
60

E+
03

 
2.

09
E+

02
 

(5
.4

3E
+0

2)
 

8.
96

E+
01

 
1.

62
E+

03
 

1.
34

E+
00

8.
83

E+
02

78
.0

1 
H

2 
1.

09
E+

03
 

2.
41

E+
02

 
(7

.8
3E

+0
2)

 
(4

.9
0E

+0
1)

 
1.

26
E+

03
 

1.
74

E+
00

1.
34

E+
03

81
.8

9 
H

2 
1.

63
E+

03
 

2.
31

E+
02

 
(8

.2
4E

+0
2)

 
(3

.1
6E

+0
1)

 
9.

23
E+

02
 

1.
41

E+
00

8.
16

E+
02

87
.0

9 
H

2 
(1

.4
8E

+0
2)

 
1.

00
E+

02
 

(2
.8

7E
+0

2)
 

(1
.0

5E
+0

1)
 

3.
40

E+
02

 
9.

57
E-

01
5.

43
E+

02
10

0.
02

 
H

2 
(4

.4
0E

+0
2)

 
2.

12
E+

02
 

(4
.5

5E
+0

2)
 

(1
.3

9E
+0

1)
 

5.
73

E+
02

 
9.

92
E-

01
5.

45
E+

02
10

1.
37

 
C

C
U

u 
2.

99
E+

03
 

1.
62

E+
02

 
3.

43
E+

03
 

(2
.3

5E
+0

1)
 

6.
11

E+
02

 
3.

01
E+

00
4.

97
E+

02
10

1.
37

 
C

C
U

u 
7.

46
E+

02
 

1.
49

E+
02

 
(4

.8
6E

+0
2)

 
(7

.4
9E

+0
0)

 
1.

49
E+

03
 

2.
70

E+
00

5.
11

E+
02

10
4.

08
 

C
C

U
u 

(1
.6

7E
+0

2)
 

1.
00

E+
02

 
(2

.1
4E

+0
2)

 
N

D
(b

)
4.

08
E+

02
 

2.
69

E+
00

3.
45

E+
02

10
8.

87
 

C
C

U
u 

(1
.6

0E
+0

2)
 

6.
72

E+
01

 
(1

.4
2E

+0
2)

 
(1

.8
1E

+0
1)

 
3.

02
E+

02
 

6.
38

E+
00

1.
65

E+
02

11
4.

64
 

C
C

U
l 

(8
.5

9E
+0

0)
 

1.
95

E+
02

 
6.

42
E+

02
 

(6
.9

3E
+0

0)
 

3.
46

E+
02

 
2.

75
E-

01
4.

06
E+

02
(a

) 
Pa

re
nt

he
se

s s
ig

ni
fy

 v
al

ue
s b

el
ow

 le
ve

l o
f q

ua
nt

ita
tio

n 
bu

t c
on

si
de

re
d 

va
lid

. 
(b

) 
N

D
 =

 N
ot

 d
et

er
m

in
ed

. 



4.60

T
ab

le
 4

.2
7.

 
C

al
cu

la
te

d 
Po

re
w

at
er

 C
on

ce
nt

ra
tio

ns
 o

f P
ot

en
tia

lly
 M

ob
ile

 C
on

st
itu

en
ts

 in
 C

38
30

 V
ad

os
e 

Se
di

m
en

ts
 

U
ni

ts
pC

i/L
 

µg
/L

 
µg

/L
 

µg
/L

 
µg

/L
 

µg
/L

 
D

ep
th

(f
t b

gs
) 

St
ra

tig
ra

ph
ic

U
ni

t
T

c-
99

(a
)

U
-2

38
C

r
(I

C
P-

M
S)

M
o

M
o

(I
C

P-
M

S)
R

u
15

.9
8 

B
kf

l 
<7

.9
0E

+0
4(b

)
1.

50
E+

01
 

1.
27

E+
01

 
1.

28
E+

02
 

1.
07

E+
02

 
(1

.2
1E

+0
0)

 
28

.9
2 

B
kf

l 
<7

.9
0E

+0
4

3.
20

E+
01

 
(5

.4
7E

+0
0)

 
2.

85
E+

02
 

2.
24

E+
02

 
(1

.0
1E

+0
0)

 
42

.1
0 

B
kf

l 
<7

.8
3E

+0
4

1.
35

E+
02

 
2.

10
E+

01
 

1.
94

E+
02

 
1.

68
E+

02
 

(7
.9

4E
-0

1)
 

47
.1

8 
B

kf
l 

(6
.7

4E
+0

3)
(c

) 
4.

06
E+

01
 

(7
.5

7E
+0

0)
 

1.
65

E+
02

 
1.

08
E+

02
 

(8
.1

5E
-0

1)
 

48
.6

3 
B

kf
l 

<8
.5

6E
+0

4
3.

19
E+

01
 

(8
.7

4E
+0

0)
 

1.
88

E+
02

 
1.

72
E+

02
 

(4
.8

4E
-0

1)
 

54
.0

2 
H

2 
<1

.1
5E

+0
5

4.
95

E+
01

 
1.

37
E+

01
 

2.
80

E+
02

 
2.

76
E+

02
 

(1
.5

0E
+0

0)
 

54
.0

2 
H

2 
<9

.7
3E

+0
4

2.
57

E+
01

 
6.

85
E+

01
 

4.
07

E+
02

 
3.

81
E+

02
 

(1
.1

7E
+0

0)
 

58
.0

3 
H

2 
<1

.2
5E

+0
5

1.
35

E+
01

 
1.

60
E+

01
 

4.
76

E+
02

 
4.

01
E+

02
 

(1
.1

5E
+0

0)
 

59
.3

5 
H

2 
(1

.3
7E

+0
3)

 
8.

62
E+

00
 

(3
.5

2E
+0

0)
 

4.
42

E+
02

 
3.

98
E+

02
 

(3
.4

6E
-0

1)
 

67
.1

1 
H

2 
(1

.1
7E

+0
5)

 
1.

13
E+

05
 

3.
42

E+
02

 
5.

09
E+

02
 

4.
09

E+
02

 
(2

.5
7E

+0
0)

 
72

.6
3 

H
2 

(1
.1

8E
+0

5)
 

2.
38

E+
01

 
3.

68
E+

01
 

3.
93

E+
02

 
2.

72
E+

02
 

(1
.4

4E
+0

0)
 

78
.0

1 
H

2 
3.

62
E+

05
 

6.
66

E+
00

 
4.

95
E+

01
 

3.
82

E+
02

 
2.

81
E+

02
 

(3
.1

1E
+0

0)
 

81
.8

9 
H

2 
1.

67
E+

05
 

4.
03

E+
01

 
2.

85
E+

01
 

3.
93

E+
02

 
3.

28
E+

02
 

(1
.7

6E
+0

0)
 

87
.0

9 
H

2 
5.

00
E+

04
 

5.
16

E+
00

 
1.

81
E+

01
 

3.
85

E+
02

 
3.

21
E+

02
 

(5
.0

5E
-0

1)
 

10
0.

02
 

H
2 

(6
.8

6E
+0

3)
 

1.
15

E+
01

 
3.

76
E+

01
 

2.
15

E+
02

 
1.

51
E+

02
 

(6
.2

7E
-0

1)
 

10
1.

37
 

C
C

U
u

<6
.2

1E
+0

4
4.

57
E+

00
 

3.
58

E+
01

 
2.

23
E+

02
 

1.
67

E+
02

 
(5

.2
7E

-0
1)

 
10

1.
37

 
C

C
U

u
<5

.9
9E

+0
4

4.
97

E+
00

 
3.

71
E+

01
 

2.
53

E+
02

 
1.

80
E+

02
 

(3
.3

9E
-0

1)
 

10
4.

08
 

C
C

U
u

<4
.4

6E
+0

4
4.

97
E+

00
 

4.
36

E+
01

 
2.

96
E+

02
 

2.
51

E+
02

 
(2

.7
3E

-0
1)

 
10

8.
87

 
C

C
U

u
<4

.3
3E

+0
4

1.
38

E+
01

 
8.

69
E+

00
 

2.
49

E+
02

 
2.

12
E+

02
 

(2
.7

6E
-0

1)
 

11
4.

64
 

C
C

U
l

<3
.0

5E
+0

4
2.

08
E+

01
 

9.
23

E+
00

 
1.

76
E+

02
 

1.
41

E+
02

 
(2

.5
9E

-0
1)

 
(a

) 
Te

ch
ne

tiu
m

-9
9 

da
ta

 a
re

 in
 u

ni
ts

 o
f p

C
i/g

 w
hi

le
 a

ll 
ot

he
rs

 a
re

 μ
g/

g 
of

 d
ry

 se
di

m
en

t. 
(b

) 
V

al
ue

s i
n 

bo
ld

 a
re

 b
el

ow
 d

et
ec

tio
n 

lim
it 

an
d 

no
 a

tte
m

pt
 to

 o
pt

im
iz

e 
de

te
ct

io
n 

lim
it 

w
as

 p
er

fo
rm

ed
. 

(c
) 

Pa
re

nt
he

se
s s

ig
ni

fy
 v

al
ue

s b
el

ow
 le

ve
l o

f q
ua

nt
ita

tio
n 

bu
t c

on
si

de
re

d 
va

lid
. 



4.61

Fi
gu

re
 4

.1
9.

 
D

er
iv

ed
 P

or
ew

at
er

 C
om

po
si

tio
n 

of
 M

aj
or

 C
at

io
ns

 in
 C

38
30

 V
ad

os
e 

Zo
ne

 S
ed

im
en

ts
 



4.62

Fi
gu

re
 4

.2
0.

 
D

er
iv

ed
 P

or
ew

at
er

 A
ni

on
 C

om
po

si
tio

n 
in

 C
38

30
 V

ad
os

e 
Zo

ne
 S

ed
im

en
ts

 



4.63

Fi
gu

re
 4

.2
1.

 
D

er
iv

ed
 P

or
ew

at
er

 C
om

po
si

tio
n 

fo
r 

Se
le

ct
ed

 M
et

al
s i

n 
C

38
30

 V
ad

os
e 

Zo
ne

 S
ed

im
en

ts
 



4.64

Fi
gu

re
 4

.2
2.

 
D

er
iv

ed
 P

or
ew

at
er

 C
om

po
si

tio
n 

of
 M

ob
ile

 M
et

al
s i

n 
C

38
30

 V
ad

os
e 

Zo
ne

 S
ed

im
en

ts
 



4.65

T
ab

le
 4

.2
8.

 
A

ci
d-

E
xt

ra
ct

ab
le

 C
at

io
ns

 fr
om

 C
38

30
 V

ad
os

e 
Zo

ne
 S

ed
im

en
ts

 (µ
g/

g 
dr

y 
se

di
m

en
t)

 

D
ep

th
(f

t b
gs

)
St

ra
tig

ra
ph

ic
U

ni
t

M
g

C
a

Sr
B

a
N

a
K

15
.9

8
B

kf
l

3.
06

E+
03

3.
15

E+
03

1.
99

E+
01

6.
33

E+
01

-
-

-
-

-
1.

35
E+

03
28

.9
2

B
kf

l
3.

10
E+

03
4.

95
E+

03
2.

06
E+

01
5.

56
E+

01
-

-
-

-
-

7.
94

E+
02

42
.1

0
B

kf
l

4.
02

E+
03

6.
17

E+
03

2.
27

E+
01

5.
55

E+
01

-
-

-
-

-
8.

80
E+

02
47

.1
8

B
kf

l
2.

94
E+

03
5.

21
E+

03
2.

15
E+

01
4.

92
E+

01
-

-
-

-
-

8.
24

E+
02

48
.6

3
B

kf
l

2.
63

E+
03

4.
64

E+
03

1.
79

E+
01

4.
56

E+
01

-
-

-
-

-
6.

87
E+

02
54

.0
2

H
2

4.
52

E+
03

7.
49

E+
03

3.
21

E+
01

5.
70

E+
01

-
-

-
-

-
1.

63
E+

03
54

.0
2

H
2

4.
13

E+
03

6.
77

E+
03

2.
62

E+
01

5.
33

E+
01

-
-

-
-

-
1.

33
E+

03
58

.0
3

H
2

4.
17

E+
03

6.
57

E+
03

2.
67

E+
01

6.
15

E+
01

-
-

-
-

-
1.

38
E+

03
59

.3
5

H
2

4.
68

E+
03

7.
67

E+
03

3.
16

E+
01

5.
59

E+
01

-
-

-
-

-
1.

80
E+

03
67

.1
1

H
2

4.
15

E+
03

6.
46

E+
03

2.
68

E+
01

5.
91

E+
01

-
-

-
-

-
1.

25
E+

03
72

.6
3

H
2

4.
12

E+
03

6.
38

E+
03

2.
65

E+
01

5.
18

E+
01

-
-

-
-

-
1.

19
E+

03
78

.0
1

H
2

4.
28

E+
03

6.
87

E+
03

2.
78

E+
01

4.
70

E+
01

-
-

-
-

-
1.

24
E+

03
81

.8
9

H
2

4.
44

E+
03

6.
44

E+
03

2.
83

E+
01

5.
34

E+
01

-
-

-
-

-
1.

53
E+

03
87

.0
9

H
2

5.
63

E+
03

9.
31

E+
03

3.
90

E+
01

5.
92

E+
01

-
-

-
-

-
2.

19
E+

03
10

0.
02

H
2

4.
91

E+
03

9.
77

E+
03

3.
39

E+
01

5.
50

E+
01

-
-

-
-

-
1.

68
E+

03
10

1.
37

C
C

U
u

4.
33

E+
03

7.
87

E+
03

2.
80

E+
01

6.
81

E+
01

-
-

-
-

-
1.

61
E+

03
10

1.
37

C
C

U
u

5.
19

E+
03

9.
61

E+
03

3.
35

E+
01

7.
71

E+
01

-
-

-
-

-
1.

93
E+

03
10

4.
08

C
C

U
u

5.
37

E+
03

1.
08

E+
04

3.
15

E+
01

8.
07

E+
01

-
-

-
-

-
1.

90
E+

03
10

8.
87

C
C

U
u

5.
97

E+
03

1.
29

E+
04

4.
28

E+
01

7.
00

E+
01

-
-

-
-

-
1.

89
E+

03
11

4.
64

C
C

U
l

1.
71

E+
04

1.
14

E+
05

2.
09

E+
02

7.
69

E+
01

-
-

-
-

-
9.

68
E+

02



4.66

T
ab

le
 4

.2
9.

 
A

ci
d-

E
xt

ra
ct

ab
le

 C
on

st
itu

en
ts

 in
 C

38
30

 V
ad

os
e 

Zo
ne

 S
ed

im
en

ts
 (µ

g/
g 

dr
y 

se
di

m
en

t)
 

D
ep

th
(f

t b
gs

)
St

ra
tig

ra
ph

ic
U

ni
t

A
l

Si
Fe

M
n

Zn
P 

as
 P

O
4

S 
as

 S
O

4

15
.9

8
B

kf
l

6.
06

E+
03

(1
.2

8E
+0

1)
(a

)
1.

32
E+

04
2.

57
E+

02
3.

70
E+

01
2.

12
E+

03
4.

11
E+

02
28

.9
2

B
kf

l
4.

21
E+

03
(1

.0
6E

+0
1)

1.
29

E+
04

1.
97

E+
02

2.
91

E+
01

2.
69

E+
03

6.
43

E+
02

42
.1

0
B

kf
l

4.
78

E+
03

(1
.1

0E
+0

1)
1.

40
E+

04
2.

42
E+

02
3.

10
E+

01
2.

48
E+

03
7.

95
E+

02
47

.1
8

B
kf

l
4.

61
E+

03
(1

.7
0E

+0
1)

1.
14

E+
04

1.
96

E+
02

2.
86

E+
01

1.
93

E+
03

6.
31

E+
02

48
.6

3
B

kf
l

3.
83

E+
03

(8
.6

5E
+0

0)
1.

03
E+

04
1.

55
E+

02
2.

51
E+

01
1.

88
E+

03
5.

67
E+

02
54

.0
2

H
2

6.
97

E+
03

(4
.7

0E
+0

1)
1.

24
E+

04
2.

53
E+

02
3.

82
E+

01
1.

33
E+

03
8.

23
E+

02
54

.0
2

H
2

5.
81

E+
03

(8
.5

2E
+0

1)
1.

08
E+

04
2.

32
E+

02
3.

31
E+

01
1.

24
E+

03
6.

99
E+

02
58

.0
3

H
2

5.
66

E+
03

(8
.6

2E
+0

1)
1.

03
E+

04
2.

50
E+

02
2.

92
E+

01
1.

33
E+

03
6.

75
E+

02
59

.3
5

H
2

7.
48

E+
03

(2
.5

6E
+0

1)
1.

24
E+

04
2.

57
E+

02
3.

69
E+

01
1.

98
E+

03
7.

27
E+

02
67

.1
1

H
2

5.
84

E+
03

(8
.0

5E
+0

1)
1.

09
E+

04
2.

34
E+

02
3.

50
E+

01
1.

35
E+

03
7.

43
E+

02
72

.6
3

H
2

5.
57

E+
03

(6
.1

9E
+0

1)
1.

06
E+

04
2.

25
E+

02
2.

82
E+

01
1.

39
E+

03
7.

11
E+

02
78

.0
1

H
2

5.
88

E+
03

(8
.5

9E
+0

1)
1.

09
E+

04
2.

31
E+

02
3.

86
E+

01
1.

42
E+

03
7.

19
E+

02
81

.8
9

H
2

6.
55

E+
03

(8
.0

1E
+0

1)
1.

15
E+

04
2.

50
E+

02
3.

22
E+

01
1.

30
E+

03
6.

75
E+

02
87

.0
9

H
2

8.
77

E+
03

(1
.3

1E
+0

1)
1.

32
E+

04
2.

98
E+

02
4.

50
E+

01
2.

12
E+

03
8.

91
E+

02
10

0.
02

H
2

7.
28

E+
03

(2
.4

7E
+0

1)
1.

36
E+

04
2.

70
E+

02
4.

27
E+

01
1.

63
E+

03
9.

79
E+

02
10

1.
37

C
C

U
u

6.
51

E+
03

(2
.4

7E
+0

1)
1.

07
E+

04
2.

50
E+

02
3.

42
E+

01
1.

40
E+

03
7.

87
E+

02
10

1.
37

C
C

U
u

8.
55

E+
03

(9
.1

2E
+0

0)
1.

36
E+

04
2.

93
E+

02
5.

01
E+

01
1.

68
E+

03
9.

47
E+

02
10

4.
08

C
C

U
u

8.
26

E+
03

(8
.7

2E
+0

0)
1.

22
E+

04
3.

00
E+

02
3.

89
E+

01
1.

69
E+

03
9.

99
E+

02
10

8.
87

C
C

U
u

8.
26

E+
03

(9
.5

4E
+0

0)
1.

34
E+

04
2.

61
E+

02
4.

27
E+

01
2.

43
E+

03
1.

15
E+

03
11

4.
64

C
C

U
l

5.
68

E+
03

(1
.2

9E
+0

1)
7.

24
E+

03
1.

15
E+

02
1.

96
E+

01
1.

04
E+

03
1.

05
E+

04

(a
) 

Pa
re

nt
he

se
s s

ig
ni

fy
 v

al
ue

s b
el

ow
 le

ve
l o

f q
ua

nt
ita

tio
n 

bu
t c

on
si

de
re

d 
va

lid
. 



4.67

T
ab

le
 4

.3
0.

 
A

ci
d-

E
xt

ra
ct

ab
le

 T
ra

ce
 M

et
al

s i
n 

C
38

30
 V

ad
os

e 
Zo

ne
 S

ed
im

en
ts

 

D
ep

th
 (f

t b
gs

) 
St

ra
tig

ra
ph

ic
 U

ni
t 

T
c-

99
(a

)
U

-2
38

 
C

r 
(I

C
P-

M
S)

C
r 

(I
C

P)
 

M
o 

(I
C

P-
M

S)
M

o 
(I

C
P)

 
R

u 
(I

C
P-

M
S)

15
.9

8 
B

kf
l 

(9
.4

8E
+0

0)
(b

) 
3.

84
E-

01
 

8.
10

E+
00

 
6.

61
E+

00
 

1.
95

E-
01

 
(8

.8
1E

-0
1)

 
<4

.4
7E

-0
3(c

)

28
.9

2 
B

kf
l 

(1
.0

9E
+0

0)
 

4.
37

E-
01

 
8.

70
E+

00
 

6.
59

E+
00

 
6.

64
E-

01
 

(1
.2

8E
+0

0)
 

<5
.8

4E
-0

3
42

.1
0 

B
kf

l 
(2

.9
1E

+0
2)

 
4.

61
E-

01
 

9.
29

E+
00

 
7.

17
E+

00
 

3.
26

E-
01

 
(1

.4
6E

+0
0)

 
<6

.9
3E

-0
3

47
.1

8 
B

kf
l 

(2
.4

8E
+0

2)
 

3.
91

E-
01

 
7.

63
E+

00
 

6.
06

E+
00

 
1.

82
E-

01
 

(7
.5

2E
-0

1)
 

<7
.1

4E
-0

3
48

.6
3 

B
kf

l 
(2

.2
9E

+0
2)

 
3.

89
E-

01
 

6.
65

E+
00

 
5.

14
E+

00
 

2.
65

E-
01

 
(9

.5
0E

-0
1)

 
<7

.1
3E

-0
3

54
.0

2 
H

2 
(2

.8
9E

+0
2)

 
5.

44
E-

01
 

1.
34

E+
01

 
1.

21
E+

01
 

3.
05

E-
01

 
1.

67
E+

00
 

<8
.3

8E
-0

3
54

.0
2 

H
2 

2.
52

E+
02

 
4.

49
E-

01
 

1.
16

E+
01

 
1.

00
E+

01
 

2.
12

E-
01

 
1.

49
E+

00
 

<7
.9

2E
-0

3
58

.0
3 

H
2 

2.
70

E+
02

 
3.

66
E-

01
 

1.
16

E+
01

 
1.

06
E+

01
 

1.
91

E-
01

 
(1

.2
9E

+0
0)

 
<8

.6
5E

-0
3

59
.3

5 
H

2 
(2

.7
1E

+0
2)

 
5.

92
E-

01
 

1.
55

E+
01

 
1.

35
E+

01
 

3.
59

E-
01

 
(1

.2
8E

+0
0)

 
<1

.0
3E

-0
2

67
.1

1 
H

2 
(1

.8
8E

+0
1)

 
1.

65
E+

01
 

1.
28

E+
01

 
1.

11
E+

01
 

1.
79

E-
01

 
(1

.1
7E

+0
0)

 
<6

.8
9E

-0
3

72
.6

3 
H

2 
(8

.0
7E

+0
0)

 
5.

70
E-

01
 

1.
13

E+
01

 
1.

11
E+

01
 

2.
67

E-
01

 
(1

.2
8E

+0
0)

 
<8

.1
5E

-0
3

78
.0

1 
H

2 
(1

.9
7E

+0
1)

 
5.

08
E-

01
 

1.
28

E+
01

 
1.

12
E+

01
 

2.
64

E-
01

 
1.

51
E+

00
 

<7
.4

5E
-0

3
81

.8
9 

H
2 

(9
.2

4E
+0

0)
 

7.
25

E-
01

 
1.

39
E+

01
 

1.
19

E+
01

 
3.

34
E-

01
 

1.
52

E+
00

 
<5

.8
3E

-0
3

87
.0

9 
H

2 
(7

.2
4E

+0
0)

 
5.

63
E-

01
 

1.
93

E+
01

 
1.

64
E+

01
 

2.
58

E-
01

 
1.

46
E+

00
 

<8
.8

4E
-0

3
10

0.
02

 
H

2 
(2

.4
2E

+0
2)

 
6.

81
E-

01
 

1.
48

E+
01

 
1.

24
E+

01
 

2.
25

E-
01

 
1.

57
E+

00
 

<8
.7

8E
-0

3
10

1.
37

 
C

C
U

u 
2.

39
E+

02
 

4.
24

E-
01

 
1.

21
E+

01
 

1.
05

E+
01

 
2.

06
E-

01
 

1.
33

E+
00

 
<6

.3
2E

-0
3

10
1.

37
 

C
C

U
u 

(2
.8

3E
+0

2)
 

6.
69

E-
01

 
1.

67
E+

01
 

1.
37

E+
01

 
2.

92
E-

01
 

1.
69

E+
00

 
<6

.6
7E

-0
3

10
4.

08
 

C
C

U
u 

2.
50

E+
02

 
5.

88
E-

01
 

1.
28

E+
01

 
1.

17
E+

01
 

1.
76

E-
01

 
1.

69
E+

00
 

<6
.8

9E
-0

3
10

8.
87

 
C

C
U

u 
(2

.7
1E

+0
2)

 
6.

68
E-

01
 

2.
15

E+
01

 
1.

71
E+

01
 

3.
93

E-
01

 
1.

71
E+

00
 

<9
.4

5E
-0

3
11

4.
64

 
C

C
U

l 
(1

.8
7E

+0
1)

 
1.

62
E+

00
 

6.
70

E+
00

 
6.

14
E+

00
 

3.
20

E-
01

 
3.

26
E+

00
 

1.
18

E-
01

 
(a

) 
Te

ch
ne

tiu
m

-9
9 

da
ta

 a
re

 in
 u

ni
ts

 o
f p

C
i/g

 w
hi

le
 a

ll 
ot

he
rs

 a
re

 μ
g/

g 
of

 d
ry

 se
di

m
en

t. 
(b

) 
Pa

re
nt

he
se

s s
ig

ni
fy

 v
al

ue
s b

el
ow

 le
ve

l o
f q

ua
nt

ita
tio

n 
bu

t c
on

si
de

re
d 

va
lid

. 
(c

) 
V

al
ue

s i
n 

bo
ld

 a
re

 b
el

ow
 d

et
ec

tio
n 

lim
it.

 



4.68

Fi
gu

re
 4

.2
3.

 
A

ci
d-

E
xt

ra
ct

ab
le

 C
at

io
ns

 in
 C

38
30

 V
ad

os
e 

Zo
ne

 S
ed

im
en

ts
 (µ

g/
g 

dr
y 

se
di

m
en

t)
 



4.69

Fi
gu

re
 4

.2
4.

 
A

ci
d-

E
xt

ra
ct

ab
le

 M
et

al
s i

n 
C

38
30

 V
ad

os
e 

Zo
ne

 S
ed

im
en

ts
 (µ

g/
g 

dr
y 

se
di

m
en

t)
 



4.70

Fi
gu

re
 4

.2
5.

 
A

ci
d-

E
xt

ra
ct

ab
le

 T
ra

ce
 M

et
al

s i
n 

C
38

30
 V

ad
os

e 
Zo

ne
 S

ed
im

en
ts

 (u
ni

ts
 v

ar
y)

 



4.71

Figure 4.26. Water- versus Acid-Extractable Sulfate and Phosphate in C3830 Vadose Zone 
Sediments
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the TX tanks.  This might reflect that tank fluids leaked from shallower positions than the tank bottoms.  
Alternatively, we may be seeing analytical vagaries in our ability to obtain the same detection limit for 
technetium-99 from sediment to sediment and month to month.  The quantities of technetium-99 that are 
acid extractable per gram of sediment and the quantities that are water soluble differ.  The acid extract 
data are variable and, as shown in Table 4.30, mostly qualified with parentheses that mean values below 
our level of quantification.  As found in sediments at borehole 299-E33-46 (see Serne et al. 2002f), 
measuring technetium-99 at low levels by acid extraction yields results that are not as reliable as water 
extraction data.  We thus place more confidence in the technetium-99 data shown in Table 4.23. 

 The comparison of the water to acid-extractable quantities of each constituent was performed by 
taking the data in Tables 4.21 to 4.23 and dividing by the data in Tables 4.28 through 4.30.  The data are 
not presented herein but show the same trends as found for the uncontaminated borehole (299-W10-27), 
wherein less than 0.1% of the acid-extractable quantities of the following elements are water leachable: 
Al, Ba, Fe, Mn, Cr, and P as phosphate.  Less than 0.5% of the acid-extractable quantities of the 
following elements are water leachable: Ca, K, Mg, Sr, Zn, and U.  Less than 20% of the acid-extractable 
sodium, sulfur, and molybdenum are water extractable excepting the following.  The only indication of 
tank contamination is the high water and acid-extractable uranium value for the sample at 67.11 ft bgs and 
the presence of technetium-99 in both acid and water extracts.  The percentage of the acid-extractable 
uranium that is also water extractable for the sediment at 67.11 ft bgs is 17% while all other water extracts 
for samples below the tank are less than 0.5%.  The water-extractable sodium percentage is also 17% of 
the sodium that is acid extractable for this sample.  At other tank farms we have found that water extracts 
of highly contaminated sediments release larger percentages of most constituents than uncontaminated 
sediments.  The water and acid-extractable uranium of the sample at 67.11 ft bgs are 2.8 and 16.5 μg of 
uranium per g of sediment.  These values are small compared to the values in contaminated sediments 
east of tank BX-102 from borehole 299-E33-45 that contained 300 to 1500 μg of uranium per g of 
sediment acid-extractable uranium. 

 The borehole C3830 sediment from the Cold Creek lower subunit (caliche) has elevated 
acid-extractable levels of uranium, magnesium, calcium, sodium and low levels of acid-extractable 
potassium in comparison to other samples and the caliche from the uncontaminated 299-W10-27 
borehole.  The likely cause for these differences is the higher level of evaporites present as indicated by 
the higher amount of calcium carbonate found in this subunit at C3830 than at 299-W10-27.  Caliche 
contains higher concentrations of acid-extractable uranium, magnesium, calcium, and sodium than other 
minerals and, when one caliche sample contains more calcium carbonate than another sample, higher 
amounts of these constituents are acid leachable.  The ratio of water- to acid-extractable constituents in 
the caliche does not indicate significant man-made contamination is present. 

 Figure 4.25 shows that our acid-extractable molybdenum results from ICP analyses is biased high 
likely from an unaccounted for spectral interference.  The molybdenum results from the ICP-MS are more 
accurate and detection limits are much lower.  Figure 4.26 shows that there is some sulfate present in the 
sediments that is not readily water extractable and the vast majority of the sediment phosphate content is 
not water extractable in comparison with the amounts that are acid extractable.  The same trend was 
observed for the uncontaminated sediments from borehole 299-W10-27.  Alternatively, some of the 
acid-extractable phosphorous may be present in a form other than phosphate such that when we convert 
the acid-extractable phosphorous number to phosphate (essentially multiply by 3), we are inflating the 
acid-extractable value. 
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4.2.5 Radionuclide Content in Vadose Zone Sediment from C3830 

 Aside from the technetium-99 data already presented and the uranium observed near 67 ft bgs, no 
radionuclides above a few tenths of a pCi/g were found in the core samples obtained from borehole 
C3830.  Further, aside from a small amount of surface cesium-137 contamination, the field logging 
results of the entire borehole did not find any gamma-emitting contamination.  Figures 4.27 and 4.28 
show the field logs and results for natural potassium-40 and uranium-238 and for common gamma 
emitters, respectively.  Where field-logging data were above detection limits, the log data are plotted also.  
The agreement between the field and lab-generated data for gamma emitters is excellent.  There are no 
man-made gamma emitters in the sediment profile above concentrations of a few tenths of a pCi/g, 
excepting the near surface contamination that has a few pCi/g cesium-137 in shallow backfill sediments. 

 Gross alpha and beta measurement were made on both the 1:1 sediment:water and sediment:acid 
extracts.  With knowledge of the mass of dry sediment to extraction fluid used, the data were converted to 
activity of gross beta and alpha leached per gram of dry sediment.  None of the water or acid extracts, of 
the 20 extracts (18 cores from selected depths and two duplicates), showed activities significantly greater 
than the detection limits for the procedures.  For the total beta analyses, our detection limits for the water 
extracts were 10 to 20 pCi/g dry sediment and 5 to 10 pCi/g dry sediment for the acid extracts.  For the 
total alpha analyses, the detection limit for both extracts was 3 to 5 pCi/g dry sediment.  Note that the 
efficiency of the total beta technique for the low energy techetium-99 is poor such that the total beta 
analyses can indicate no beta above 10 to 20 pCi/g, yet the ICP-MS measurements for the water and acid 
extracts show that there may be up to 200 pCi/g of technetium-99 present. 

4.2.6 Total Carbon, Calcium Carbonate, and Organic Carbon Content of Vadose Zone 
Sediment from Borehole C3830 

The total, inorganic and organic carbon contents of the C3830 sediments are reported in Table 4.31.  The 
only sample of lower Cold Creek subunit (caliche) obtained, at 114.6 ft bgs, contains significant amounts 
of calcium-carbonate equivalent material calculated to be 38.25% by weight.  We have found samples in 
200 West near the SX Tank Farm with almost 50% by weight calcium-carbonate equivalent.  The wide 
range in calcium-carbonate contents reflects the variability in weathering processes and time for paleosol 
horizon development.  The deepest sediment from the upper Cold Creek subunit also contains some 
elevated calcium-carbonate content.  As found in most vadose sediments from the Hanford Reservation 
there is very little (<0.1% by weight) organic carbon in the vadose zone sediments.  
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Figure 4.27. Comparison of Lab Gamma Energy Analysis (GEA) and Field Log for Natural 
Gamma Emitters 
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Figure 4.28. Lab and Field Data for Common Gamma Emitters in C3830 Vadose Zone Sediments 
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Table 4.31. Carbon Contents of Vadose Zone Sediments in Borehole C3830 

Stratigraphic
Unit

Depth
(ft bgs) 

Total
Carbon

%

Inorganic
Carbon

%

IC as 
CaCO3

%

Organic
Carbon

%
(by diff.) 

Bkfl 15.98 0.11 0.03 0.25 0.08 
Bkfl 28.92 0.13 0.08 0.68 0.05 
Bkfl 42.10 0.21 0.14 1.19 0.07 
Bkfl 47.18 0.18 0.13 1.12 0.05 
Bkfl 48.63 0.25 0.19 1.62 0.06 
H2 54.02 0.22 0.19 1.57 0.03 
H2 54.02 0.25 0.2 1.69 0.05 
H2 58.03 0.24 0.2 1.65 0.04 
H2 59.35 0.25 0.21 1.75 0.04 
H2 67.11 0.23 0.21 1.71 0.02 
H2 72.63 0.28 0.23 1.89 0.05 
H2 78.01 0.27 0.23 1.91 0.04 
H2 81.89 0.2 0.17 1.42 0.03 
H2 87.09 0.31 0.27 2.27 0.04 
H2 100.02 0.35 0.32 2.67 0.03 

CCUu 101.37 0.34 0.29 2.45 0.05 
CCUu 101.37 0.34 0.3 2.49 0.04 
CCUu 104.08 0.45 0.4 3.33 0.05 
CCUu 108.87 0.61 0.53 4.42 0.08 
CCUl 114.64 4.76 4.59 38.25 0.17 

4.3 Vadose Zone Sediment from Borehole C3831 

 Borehole C3831 was pushed into the vadose zone sediment approximately 40 ft southwest of tank 
TX-107 to evaluate whether there is evidence to support a past decision to designate tank TX-107 as 
having leaked.  The borehole reached a depth of 115.4 ft bgs at which point driving the probe met refusal. 

4.3.1 Moisture Content 

 The moisture content of the 36 cores liners as a function of depth and lithology are shown in 
Table 4.32 and Figure 2.19.  The backfill samples have a mean moisture content of 7.1% by weight with 
significant variation and a wet zone at the very bottom, at 52 ft bgs.  The moisture in the backfill at C3831 
is much more variable and on average one percent by weight wetter than the backfill sediments in 
borehole C3830 near tank TX-105.  The Hanford formation H2 unit samples from borehole C3831 have a 
mean moisture content of 8.7% by weight with variation that tracks variations in particle size 
(finer-grained samples have slightly higher moisture contents).  The Hanford formation H2 sediments in 
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borehole C3831 are on average 3% by weight wetter than the H2 sediments at borehole C3830.  At 
borehole C3831, the Cold Creek upper subunit has a rather low moisture content for a fine-grained 
sediment, 5.11% wt.  The Cold Creek lower subunit at C3831 has an average moisture content of 
11.7% wt, which is very similar to the moisture content observed for the caliche at borehole C3830.   

 The average moisture content of the H2 unit samples measured in borehole C3831 is about 4% by 
weight greater than the average for the same stratigraphic unit at the uncontaminated borehole 
299-W10-27 (Table 2.5).  One could speculate that this wetter Hanford H2 sediment is significant and an 
indication of the various tank farm operations that encourage higher moisture infiltration. 

4.3.2 1:1 Sediment:Water Extracts for Borehole C3831 

 Twenty A liner and two B liner (run in duplicate) cores were characterized after the geologic 
descriptions were completed.  In total, 24 separate sediment samples were characterized using the 
1:1 sediment:water procedure.  The following tables and figures present the mass of a given constituent 
leached per gram of sediment as measured in the water extracts to allow direct comparison to the same 
data for the background borehole sediments from borehole 299-W10-27 and from the other two 
boreholes.  Other figures show dilution-corrected values that represent concentrations in vadose zone 
porewater in borehole C3831.  As discussed in several other Vadose Zone Characterization Project 
reports, the dilution-corrected 1:1 sediment:water extracts are a reasonable estimate of the actual vadose 
zone porewater (see Serne et al. 2002b, 2002c, 2002d, 2002e, 2002f).

Table 4.32. Moisture Content of Borehole C3831 Cores 

Sample No. 
Depth
(ft bgs) Stratigraphic Unit Lithology

Moisture
Content
% Wt 

C3831 15B 15.28 5.34% 
C3831 15A 15.97 

backfill Silty sandy gravel 
3.05% 

C3831 21B 21.18 7.30% 
C3831 21A 21.93 

backfill Silty sandy gravel 
3.89% 

C3831 28B 28.28 5.17% 
C3831 28A 28.90 

backfill Silty sandy gravel 
4.82% 

C3831 45B 45.40 10.93% 
C3831 45A 46.06 

backfill Silty sand to gravelly sand 
8.33% 

C3831 51B 51.35 5.51% 
C3831 51A 52.03 

backfill Silty gravelly sand to silty 
sandy gravel to silty sand 16.54% 
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Table 4.32.  (contd) 

Sample No. 
Depth
(ft bgs) Stratigraphic Unit Lithology

Moisture
Content
% Wt 

C3831 52B 52.50 5.20% 
C3831 52A 53.18 

H2 Sand 
6.35% 

C3831 59B 59.34 8.43% 
C3831 59A 59.94 

H2 Sand to silty sand 
8.10% 

C3831 60B 60.44 13.00% 
C3831 60A 61.15 

H2 Sand, silt and clay (clastic 
dike) to sand 4.47% 

C3831 67B 67.53 5.93% 
C3831 67A  68.21 

H2 Sand to silty sand 
12.44% 

C3831 69B 68.82 11.30% 
C3831 69A 69.60 

H2 Sand to silty sand 
5.49% 

C3831 74B 74.36 5.87% 
C3831 74A 74.99 

H2 Sand to silty sand 
18.06% 

C3831 77B 77.05 5.98% 
C3831 77A 77.67 

H2 Sand to silty sand 
6.40% 

C3831 78B 78.08 10.28% 
C3831 78A 78.72 

H2 Sand to silty sand 
16.22% 

C3831 85B 85.37 17.53% 
C3831 85A 85.99 

H2 Sand to silty sand to sandy 
silt 14.66% 

C3831 88B 88.67 8.85% 
C3831 88A 89.39 

H2 Sand 
5.13% 

C3831 93B 93.37 5.20% 
C3831 93A 93.99 

H2 Sand 
5.79% 

C3831 97B 97.43 9.56% 
C3831 97A 98.07 

H2 Sand to silty sand and silt 
10.98% 

C3831 100B 100.57 10.89% 
C3831 100A 101.29 

H2 Sand to silty sand 
4.95% 

C3831 102B 101.97 4.94% 
C3831 102A 102.65 

CCUu Silty sand
5.28% 

C3831 114B 114.44 10.49% 

C3831 114A 115.06 
CCUl Slightly gravelly muddy sand 

12.94% 
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4.3.2.1 pH and Electrical Conductivity 

 The 1:1 sediment:water extract pH and EC data are shown in Table 4.33.  Both the measured value 
and dilution-corrected EC values are shown.  Figure 4.29 shows the 1:1 sediment:water extract pH value 
and dilution-corrected EC as a function of depth and stratigraphy.  A comparison of the data in Table 4.33 
with the pH and EC of the 299-W10-27 extracts suggests that there is slightly elevated pH in borehole 
C3831 between 61 and 70 ft bgs that is indicative of alkaline tank fluids interactions.  There is also 
evidence of elevated EC starting at 60 ft bgs all the way to the bottom of the borehole at C3831 when 
compared to the background sediment from 299-W10-27.  Somewhere between the two samples at 53.2 
and 59.9 ft bgs, the EC of the 1:1 water extract increases to between 10 and 13 times the background 
sediment values.  Between 67.5 and 78 ft bgs, the EC is about 5 times larger than background sediment 
extracts.  At ~86 ft bgs there is a second peak of high EC at about 11 times the background sediment 
extract.  Below 86 ft bgs to the bottom of the borehole at 115 ft bgs, the EC averages about 3 times higher 
than that in background sediments.  When compared to the EC at borehole C3830 (see Table 4.18), the 
extract EC values at C3831 are unequivocally higher and indicative of the presence of saline tank-related 
fluids.

 The highest dilution-corrected porewater EC value between 60-61 ft bgs is equivalent to a pore 
solution of 0.4 M KCl, the salt solution used to calibrate the conductivity cell.  As shown in Figure 4.29, 
the dissolved salts are high in sodium and nitrate.  The sodium and nitrate peak values both occur at 
61 ft bgs, which is the depth where the borehole intercepted a clastic dike.  One plausible cause for the 
abrupt appearance of high concentrations of sodium and nitrate at 61 ft bgs is that tank fluids moved 
preferentially along the clastic dike that was ruptured by the borehole drilling.  The leaks near the 
SX-108, SX-109, and BX-102 tanks had peak vadose zone porewater concentrations that were equivalent 
to much more concentrated waste fluids, 7 to 17 and 0.7 to 1 M KCl solutions, respectively.  The 
maximum dilution-corrected EC at borehole C3831 is 43.3 mS/cm, higher than the dilution-corrected EC 
at 299-E33-46 (near tank B-110) that contained 15.1 mS/cm and borehole C3830 porewater that 
contained 12.5 mS/cm. 
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Table 4.33. pH and EC Data for Sediment:Water Extracts from Borehole 3831 

Sample No. 
Depth
(ft bgs) 

Stratigraphic
Unit pH 

Conductivity
mS/cm 

Conductivity
(mS/cm) Dilution-

Corrected 
Porewater

C3831-14.93A 15.97 Bkfl 7.70 0.169 5.578 
C3831-20.8A 21.93 Bkfl 7.87 0.212 5.453 
C3831-28A 28.90 Bkfl 7.76 0.227 4.720 
C3831-45A 46.06 Bkfl 7.82 0.376 4.516 
C3831-51A 52.03 Bkfl 7.81 0.175 1.060 
C3831-52A 53.18 H2 7.80 0.264 4.159 
C3831-59A 59.94 H2 8.15 1.526 18.829 
C3831-60A 61.15 H2 8.96 1.932 43.259 
C3831-67B 67.53 H2 8.47 0.701 11.843 

C3831-67B Dup 67.53 H2 8.80 0.742 12.589 
C3831-67A 68.21 H2 8.20 0.502 4.035 
C3831-69A 69.60 H2 8.12 0.394 7.315 
C3831-74A 74.99 H2 7.91 0.902 4.994 
C3831-77A 77.67 H2 7.90 0.348 5.442 
C3831-78A 78.72 H2 8.33 0.781 4.814 
C3831-85A 85.99 H2 7.81 1.755 11.967 
C3831-88A 89.39 H2 7.92 0.349 6.810 
C3831-93A 93.99 H2 7.89 0.634 10.964 
C3831-97A 98.07 H2 7.87 0.584 5.320 

C3831-100A 101.29 H2 7.91 0.407 8.232 

C3831-102A 102.65 CCUu 7.95 0.506 9.660 

C3831-114B 114.44 CCUl 7.80 0.607 5.813 

C3831-114B Dup 114.44 CCUl 7.91 0.496 4.755 

C3831-114A 115.06 CCUl 7.65 0.712 5.501 
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Figure 4.29. Borehole C3831 Sediment-to-Water Extract pH and Calculated Porewater EC, 
Sodium, and Nitrate 
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4.3.2.2 Water Extract Composition or the 1:1 Sediment:Water Extract for Borehole C3831 

 The water extract values for the major cations and anions and several trace constituents are discussed 
in this section.  The anion data are tabulated in Tables 4.34 and 4.35 and Figure 4.30 in units of mass per 
gram of dry sediment.   

 The data for the water extracts of borehole C3831 for fluoride and bromide do not differ significantly 
from the same data for the uncontaminated sediments from borehole 299-W10-27 or borehole C3830.  
However, there are obvious signs of elevated chloride, nitrate, bicarbonate, sulfate, phosphate, and nitrite 
in some of the water extracts from borehole C3831 sediments when compared to the uncontaminated 
sediments and borehole C3830.  The chloride values in the C3831 sediments from 46, 60, and 61 ft bgs 
are 10 to 20 times larger than the background sediment.  The water-extractable chloride concentrations in 
borehole C3831 sediments from 68 ft bgs to the deepest sample obtained at 115 ft bgs are elevated by a 
factor of ~5 to 10 when compared to water extracts of uncontaminated sediment and by a factor of 2 
compared to the water extracts from borehole C3830.  The nitrate water extract values for borehole 
C3831 are elevated compared to the background sediments from 53 ft bgs to the deepest sample obtained.  
The nitrate water extract values are 20 to 300 times larger than for the background sediments between the 
depths of 53 and 86 ft bgs.  The nitrate concentrations in borehole C3831 are also ~5 to 10 times greater 
than those at similar depths in borehole C3830.  The sulfate water extracts from borehole C3831 are 
elevated from about 60 ft bgs to the deepest sample obtained and the values exceed the background 
sediment values by a factor of 3 to 10.  The water-extractable sulfate values for sediments from borehole 
C3831 are in general about twice as high as for borehole C3830.  There is one zone of large 
water-extractable bicarbonate in the H2 unit in the C3831 borehole sediments between 61 to 68 ft bgs.  
There is also high water-extractable phosphate and nitrite in the C3831 borehole sediments at 61.15 ft bgs 
and also slightly elevated values 60 to 70 ft bgs for phosphate and 60 to 86 ft bgs for nitrite.  The 
agreement between measuring the water extracts for phosphate and sulfate directly with the ion 
chromatograph and indirectly by converting the ICP measurements for phosphorous and sulfur are very 
good (see Figure 4.30).  Besides validating the ion chromatography data, we can state that the water-
extractable sulfur and phosphorous species exist as primarily sulfate and phosphate.  

 The water-extractable small organic molecules in the C3831 borehole sediments are shown in 
Table 4.35.  The values are not significantly different than for the uncontaminated sediments from 
borehole 299-W10-27 or the values at borehole C3830, excepting the sample at 61.15 ft bgs that shows a 
few ppm of soluble acetate and oxalate.  We do not know if these values are indicative of any tank fluid 
influence such as degradation products of some other man-introduced organics or natural variability.   

 The water-extractable major cations in the borehole C3831 sediments are tabulated in Table 4.36 and 
the distribution with depth is shown in Figure 4.31.  The distribution of the divalent alkaline earth cations 
(Mg, Ca, and Sr but not Ba) shows low water-extractable quantities between 61 and 70 ft bgs.  High 
divalent cation water extracts are found in a single sample (86 ft bgs).  Conversely, the distribution of 
water-extractable sodium is very high between the depths of 60 and 75 bgs.  The water-extractable 
sodium values in borehole C3831 sediments are higher than the values in the uncontaminated sediments 
from borehole 299-W10-27 over the whole borehole profile.  These trends suggest that tank fluids that are 
high in sodium and nitrate did seep into the vadose zone near this borehole, probably along a clastic dike.  
The sodium in the tank fluids pushed the natural divalent cations and some of the natural potassium off 
the sediment cation exchange sites in the sediments between 53 and at least 70 ft bgs.  We have observed 
the same cation distribution and ion exchange fronts – where divalent cations, and sometimes potassium  
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are depleted in the shallow sediments and high levels of water-extractable sodium are present – at both 
the SX and BX tank farms, where tank fluids have been confirmed as being present (for details, see 
Serne et al. 2002b, 2002c, 2002d, 2002e, 2002f).  Just below the leading edge of the sodium plume one 
finds elevated levels of divalent cations that were displaced (e.g., 86 ft in C3831).  We observe the highest 
levels of water-extractable divalent cations in a single sample depth (86 ft bgs).  At borehole C3831, the 
water-extractable magnesium, calcium, strontium, barium, potassium, and sodium in the sediments from 
75 ft bgs to the bottom of the borehole are greater than for the background sediment in borehole 
299-W10-27 by a factor of 3 to 5 and also borehole C3830 sediments by a factor of 2.  This likely is an 
indication of more concentrated leaked tank fluids being present in the C3831 sediments from 75 ft bgs to 
the bottom of the borehole. 

 The water-extractable aluminum, silicon, iron, manganese, and zinc in the C3831 borehole sediments 
are shown in Table 4.37 and Figure 4.32.  The water-soluble borehole C3831 aluminum, iron, and 
manganese data show elevated values between the depths of 60 and 67.5 to 68.2 ft bgs.  We speculate that 
these elevated values indicate some chemical reaction between alkaline tank fluids and native sediments 
that formed precipitates of aluminum, iron, and manganese that are more water soluble than solid phases 
present in native sediments.  In the zone between 60 and 68.2 ft bgs at borehole C3831 the 
water-extractable aluminum, iron, and manganese are 2 to 3 times larger than the same zone at 
borehole C3830. 

 The phosphorous and sulfur data were converted to water-extractable phosphate and sulfate and 
plotted with the anion data in Figure 4.30.  In general, the agreement between direct measurement of the 
two anions by ion chromatography and the converted ICP measurements is very good.  The 
water-extractable sulfur values in C3831 do not differ much from those at C3830 but both boreholes show 
elevated water-soluble sulfate in comparison to sulfur that is water extractable from background 
sediments.  The water-extractable phosphorous at borehole C3831 between the depths of 60 and 69.6 ft 
bgs is greater than at borehole C3830 and the background sediment by a factor of 2 to 5. 

 The water-extractable data for potentially mobile metals such as technetium-99, uranium-238, 
chromium, molybdenum, and ruthenium in borehole C3831 sediments are shown in Table 4.38 and 
Figure 4.33.  In borehole C3831 sediments, technetium-99 and elevated water-soluble ruthenium is 
present between 53 ft bgs and the bottom of the borehole at 115 ft bgs.  There is also elevated water-
soluble uranium-238, molybdenum, and chromium in borehole C3831 sediment between 61 and 70 ft bgs.  
The technetium-99 and ruthenium water extract data suggest that tank fluids may have percolated down 
through the entire Hanford H2 unit and Cold Creek unit to a depth at least as deep as the bottom of the 
borehole at 115 ft bgs.  However, the abrupt increases in ruthenium, technetium-99, and most other 
contaminants suggest that tank fluids descended preferentially along the clastic dike that was intercepted 
at ~60 ft bgs.  The maximum technetium-99 concentrations between 59.9 and 61.2 ft bgs are 80 to 
140 pCi/g.  Between 75 and 94 ft bgs, the technetium-99 varies between 40 and 70 pCi/g.  Between 98 
and 115 ft bgs at borehole C3831, the technetium-99 concentration is ~35 pCi/g.  The technetium-99 
values in borehole C3831 are at least 10 times larger than the values at borehole C3830. 

 The maximum water-soluble uranium concentration is 0.06 μg/g and the maximum water-soluble 
chromium concentration is 0.07 μg/g.  Both occur in the sediment between 61 and 70 ft bgs.  Above and 
below this zone both metals are present at concentrations at least 10 times smaller than in the more 
elevated but narrow zone between 61 and 70 ft bgs.  These water-soluble maxima are small compared to 
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those at 299-E33-45 (BX-102 uranium overfill [Serne et al. 2002e]) and the SX boreholes where 
water-soluble chromium from the REDOX process was quite large (Serne et al. 2002b, 2002c, 2002d). 

Table 4.35. Water-Extractable Organics in C3831 Vadose Zone Sediments (µg/g) 

Depth
(ft bgs) 

Stratigraphic
Unit Formate Acetate Oxalate 

15.97 Bkfl <0.114 0.62 0.44 
21.93 Bkfl 0.21 0.82 0.82 
28.90 Bkfl <0.113 <0.160 <0.214 
46.06 Bkfl <0.113 <0.160 <0.214 
52.03 Bkfl <0.113 <0.160 0.41 
53.18 H2 0.14 0.78 0.46 
59.94 H2 0.16 <0.160 <0.214 
61.15 H2 0.43 3.02 2.06 
67.53 H2 <0.113 <0.160 0.4 
67.53 H2 0.1 <0.161 0.75 
68.21 H2 <0.113 <0.160 0.24 
69.60 H2 <0.115 0.21 <0.218 
74.99 H2 <0.113 <0.160 <0.214 
77.67 H2 <0.113 <0.160 <0.214 
78.72 H2 <0.113 <0.160 0.33 
85.99 H2 <0.113 <0.160 <0.214 
89.39 H2 <0.113 <0.160 <0.214 
93.99 H2 <0.113 <0.160 0.23 
98.07 H2 <0.113 <0.160 <0.214 

101.29 H2 <0.113 <0.160 <0.214 

102.65 CCUu 0.13 0.53 0.29 

114.44 CCUl <0.113 <0.161 0.5 

114.44 CCUl 0.24 0.5 0.49 

115.06 CCUl <0.113 0.53 0.54 

Bolded values are higher than those in background sediments. 
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Table 4.36. Water-Extractable Cations in Borehole C3831 Vadose Zone Sediments 
(µg/g dry sediment) 

Depth
(ft bgs) 

Stratigraphic
Unit Mg Ca Sr Ba Na K 

15.97 Bkfl 2.40 6.87 3.14E-02 2.23E-02 21.48 5.56 
21.93 Bkfl 1.48 6.78 4.34E-02 1.90E-02 32.94 5.88 
28.90 Bkfl 1.94 5.81 3.24E-02 3.19E-02 36.71 6.45 
46.06 Bkfl 4.64 23.11 1.06E-01 3.54E-02 38.37 12.90 
52.03 Bkfl 0.50 2.63 1.30E-02 1.87E-02 32.57 3.84 
53.18 H2 1.47 7.00 4.12E-02 3.61E-02 40.94 6.44 
59.94 H2 0.87 2.95 2.02E-02 2.34E-02 296.51 12.09 
61.15 H2 0.08 1.04 5.87E-03 2.97E-02 430.12 8.43 
67.53 H2 0.15 0.98 6.46E-03 2.57E-02 161.29 7.72 
67.53 H2 0.13 0.77 5.20E-03 1.55E-02 193.85 8.83 
68.21 H2 0.27 1.85 1.02E-02 1.71E-02 104.37 5.48 
69.60 H2 0.18 1.25 6.77E-03 2.49E-02 86.93 4.13 
74.99 H2 10.81 40.14 2.33E-01 4.71E-02 101.43 19.98 
77.67 H2 5.47 19.13 1.18E-01 4.72E-02 42.39 12.31 
78.72 H2 13.19 48.45 2.58E-01 4.28E-02 56.80 17.06 
85.99 H2 41.37 173.67 8.86E-01 1.16E-01 58.54 29.63 
89.39 H2 6.08 24.00 1.33E-01 4.38E-02 24.99 9.83 
93.99 H2 10.72 43.16 2.23E-01 6.08E-02 43.13 12.96 
98.07 H2 10.19 43.68 2.41E-01 7.50E-02 39.59 13.76 

101.29 H2 7.01 31.00 1.70E-01 5.54E-02 25.01 9.62 

102.65 CCUu 9.32 38.82 1.99E-01 4.23E-02 29.59 12.12 

114.44 CCUl 21.64 48.51 3.68E-01 8.04E-02 29.54 9.50 

114.44 CCUl 20.52 48.32 3.69E-01 8.19E-02 29.74 9.07 

115.06 CCUl 25.40 55.47 4.27E-01 8.48E-02 31.06 10.18 



4.88

T
ab

le
 4

.3
7.

 
W

at
er

-E
xt

ra
ct

ab
le

 C
on

ce
nt

ra
tio

ns
 o

f O
th

er
 M

et
al

s i
n 

C
38

31
 V

ad
os

e 
Zo

ne
 S

ed
im

en
ts

 (µ
g/

g 
dr

y 
se

di
m

en
t)

 

D
ep

th
 (f

t b
gs

) 
St

ra
tig

ra
ph

ic
 U

ni
t 

A
l 

Si
Fe

M
n

Zn
 

P 
as

 P
O

4 
S 

as
 S

O
4

15
.9

7 
B

kf
l 

3.
52

E-
02

 
14

.7
3 

(2
.9

2E
-0

2)
 

(1
.6

4E
-0

3)
 

5.
06

E-
02

 
3.

18
E-

01
 

6.
27

 

21
.9

3 
B

kf
l 

6.
47

E-
02

 
12

.3
0 

6.
31

E-
02

 
3.

25
E-

03
 

4.
53

E-
02

 
(1

.8
8E

-0
1)

 
16

.2
9 

28
.9

0 
B

kf
l 

4.
39

E-
02

 
14

.2
7 

(1
.1

2E
-0

2)
 

(1
.5

8E
-0

3)
 

5.
83

E-
02

 
2.

64
E-

01
 

19
.0

1 

46
.0

6 
B

kf
l 

(1
.4

6E
-0

3)
 

28
.0

1 
(6

.9
9E

-0
3)

 
(1

.3
4E

-0
3)

 
7.

18
E-

02
 

(9
.1

2E
-0

2)
 

58
.7

7 

52
.0

3 
B

kf
l 

4.
82

E-
02

 
13

.8
0 

(3
.6

1E
-0

2)
 

(8
.6

0E
-0

4)
 

4.
72

E-
02

 
(4

.5
3E

-0
1)

 
5.

12
 

53
.1

8 
H

2 
4.

95
E-

02
 

10
.6

7 
(3

.5
6E

-0
2)

 
(1

.3
6E

-0
3)

 
9.

02
E-

02
 

(1
.8

2E
-0

1)
 

10
.3

1 

59
.9

4 
H

2 
1.

45
E-

01
 

8.
83

 
9.

78
E-

02
 

2.
10

E-
02

 
1.

03
E-

01
 

1.
19

E+
00

 
40

.8
2 

61
.1

5 
H

2 
2.

61
E-

01
 

13
.2

0 
1.

01
E-

01
 

8.
94

E-
02

 
1.

06
E-

01
 

1.
26

E+
01

 
41

.1
9 

67
.5

3 
H

2 
1.

96
E-

01
 

10
.2

6 
2.

74
E-

01
 

5.
45

E-
02

 
1.

08
E-

01
 

1.
54

E+
00

 
36

.0
1 

67
.5

3 
H

2 
2.

30
E-

01
 

10
.1

8 
1.

93
E-

01
 

3.
63

E-
02

 
1.

22
E-

01
 

2.
12

E+
00

 
41

.9
5 

68
.2

1 
H

2 
5.

37
E-

02
 

9.
91

 
1.

91
E-

01
 

2.
98

E-
02

 
8.

78
E-

02
 

9.
74

E-
01

 
30

.8
5 

69
.6

0 
H

2 
7.

32
E-

02
 

11
.1

9 
(2

.8
2E

-0
2)

 
4.

85
E-

03
 

5.
81

E-
02

 
6.

97
E-

01
 

22
.8

0 

74
.9

9 
H

2 
(1

.8
0E

-0
4)

 
10

.5
8 

(2
.1

1E
-0

2)
 

6.
38

E-
02

 
8.

05
E-

02
 

(1
.3

9E
-0

1)
 

61
.9

3 

77
.6

7 
H

2 
1.

13
E-

01
 

10
.6

5 
(2

.7
4E

-0
2)

 
5.

94
E-

03
 

4.
73

E-
02

 
(1

.4
8E

-0
1)

 
31

.6
7 

78
.7

2 
H

2 
2.

50
E-

02
 

11
.3

4 
(1

.8
0E

-0
2)

 
5.

61
E-

03
 

4.
27

E-
02

 
(1

.2
4E

-0
1)

 
58

.9
7 

85
.9

9 
H

2 
2.

50
E-

02
 

13
.0

6 
(1

.5
7E

-0
2)

 
3.

56
E-

03
 

8.
51

E-
02

 
2.

02
E-

01
 

90
.5

1 

89
.3

9 
H

2 
1.

81
E-

01
 

12
.7

3 
(2

.7
1E

-0
2)

 
(2

.1
9E

-0
3)

 
7.

05
E-

02
 

(1
.3

4E
-0

1)
 

28
.8

5 

93
.9

9 
H

2 
(7

.8
4E

-0
3)

 
12

.5
7 

(1
.4

1E
-0

2)
 

(1
.0

9E
-0

3)
 

9.
78

E-
02

 
(1

.2
2E

-0
1)

 
33

.0
4 

98
.0

7 
H

2 
(8

.4
9E

-0
3)

 
16

.8
8 

(7
.6

8E
-0

3)
 

(1
.2

5E
-0

2)
 

8.
44

E-
02

 
(1

.6
0E

-0
1)

 
47

.8
5 

10
1.

29
 

H
2 

(2
.3

0E
-0

2)
 

12
.9

0 
(1

.6
2E

-0
2)

 
(6

.2
0E

-0
4)

 
1.

01
E-

01
 

(1
.1

3E
-0

1)
 

29
.6

6 

10
2.

65
 

C
C

U
u 

(6
.7

2E
-0

3)
 

14
.1

3 
(1

.1
5E

-0
2)

 
(9

.6
1E

-0
4)

 
9.

07
E-

02
 

(1
.4

8E
-0

1)
 

34
.0

0 

11
4.

44
 

C
C

U
l 

2.
51

E-
02

 
30

.8
8 

(8
.1

7E
-0

3)
 

(1
.2

7E
-0

3)
 

6.
12

E-
02

 
(1

.2
3E

-0
1)

 
94

.9
3 

11
4.

44
 

C
C

U
l 

2.
51

E-
02

 
30

.0
0 

(6
.8

8E
-0

3)
 

(1
.0

2E
-0

3)
 

6.
55

E-
02

 
(1

.0
7E

-0
1)

 
93

.9
3 

11
5.

06
 

C
C

U
l 

2.
50

E-
02

 
31

.6
9 

(5
.3

6E
-0

3)
 

(1
.2

1E
-0

3)
 

1.
29

E-
01

 
(1

.2
7E

-0
1)

 
11

5.
87

 
(a

) 
Pa

re
nt

he
se

s s
ig

ni
fy

 v
al

ue
s b

el
ow

 le
ve

l o
f q

ua
nt

ita
tio

n 
bu

t c
on

si
de

re
d 

va
lid

. 



4.89

T
ab

le
 4

.3
8.

 
W

at
er

-E
xt

ra
ct

ab
le

 C
on

ce
nt

ra
tio

ns
 o

f M
ob

ile
 M

et
al

s i
n 

C
38

31
 V

ad
os

e 
Se

di
m

en
ts

 (µ
g/

g 
dr

y 
se

di
m

en
t)

D
e p

th
(f

t b
gs

) 
St

ra
tig

ra
ph

ic
 U

ni
t 

T
c-

99
(a

)
U

-2
38

C
r 

 
M

o 
(I

C
P-

M
S)

M
o

(I
C

P)
R

u
15

.9
7 

B
kf

l 
(6

.8
2E

-0
2)

 
2.

44
E-

03
 

3.
32

E-
04

 
5.

98
E-

03
 

8.
93

E-
03

 
8.

55
E-

05
 

21
.9

3 
B

kf
l 

(2
.2

1E
-0

1)
 

1.
35

E-
03

 
4.

47
E-

04
 

2.
25

E-
02

 
2.

36
E-

02
 

1.
23

E-
04

 
28

.9
0 

B
kf

l 
(5

.1
0E

-0
2)

 
3.

84
E-

03
 

8.
37

E-
04

 
2.

01
E-

02
 

2.
35

E-
02

 
5.

61
E-

05
 

46
.0

6 
B

kf
l 

(1
.7

0E
-0

1)
 

4.
14

E-
03

 
7.

08
E-

03
 

2.
15

E-
02

 
2.

59
E-

02
 

1.
70

E-
05

 
52

.0
3 

B
kf

l 
(5

.1
0E

-0
2)

 
2.

87
E-

03
 

5.
09

E-
04

 
5.

01
E-

03
 

5.
89

E-
03

 
1.

10
E-

05
 

53
.1

8 
H

2 
2.

94
E+

00
 

9.
46

E-
04

 
2.

80
E-

03
 

1.
58

E-
02

 
1.

96
E-

02
 

1.
53

E-
04

 
59

.9
4 

H
2 

7.
99

E+
01

 
3.

05
E-

03
 

1.
85

E-
02

 
7.

81
E-

02
 

8.
31

E-
02

 
6.

48
E-

03
 

61
.1

5 
H

2 
1.

37
E+

02
 

4.
02

E-
02

 
7.

23
E-

02
 

9.
29

E-
02

 
9.

98
E-

02
 

2.
42

E-
02

 
67

.5
3 

H
2 

1.
58

E+
01

 
3.

07
E-

02
 

6.
50

E-
02

 
1.

81
E-

01
 

1.
81

E-
01

 
4.

16
E-

03
 

67
.5

3 
H

2 
1.

81
E+

01
 

1.
62

E-
02

 
5.

67
E-

02
 

1.
50

E-
01

 
1.

63
E-

01
 

3.
70

E-
03

 
68

.2
1 

H
2 

8.
39

E+
00

 
5.

90
E-

02
 

6.
80

E-
02

 
7.

95
E-

01
 

8.
39

E-
01

 
1.

76
E-

02
 

69
.6

0 
H

2 
1.

08
E+

01
 

2.
31

E-
02

 
5.

37
E-

02
 

9.
58

E-
01

 
1.

01
E+

00
 

9.
21

E-
03

 
74

.9
9 

H
2 

5.
52

E+
01

 
1.

71
E-

03
 

4.
47

E-
03

 
3.

33
E-

02
 

3.
49

E-
02

 
6.

03
E-

03
 

77
.6

7 
H

2 
1.

98
E+

01
 

6.
62

E-
04

 
1.

36
E-

03
 

2.
24

E-
02

 
2.

38
E-

02
 

1.
57

E-
03

 
78

.7
2 

H
2 

4.
05

E+
01

 
1.

15
E-

03
 

2.
20

E-
03

 
5.

48
E-

02
 

6.
18

E-
02

 
4.

41
E-

03
 

85
.9

9 
H

2 
6.

61
E+

01
 

1.
93

E-
03

 
2.

22
E-

03
 

3.
57

E-
02

 
4.

85
E-

02
 

9.
95

E-
03

 
89

.3
9 

H
2 

1.
68

E+
01

 
7.

29
E-

04
 

9.
53

E-
04

 
1.

08
E-

02
 

1.
78

E-
02

 
1.

20
E-

03
 

93
.9

9 
H

2 
5.

46
E+

01
 

8.
67

E-
04

 
2.

49
E-

03
 

7.
59

E-
03

 
1.

39
E-

02
 

4.
92

E-
03

 
98

.0
7 

H
2 

2.
88

E+
01

 
1.

23
E-

03
 

2.
68

E-
03

 
2.

03
E-

02
 

2.
84

E-
02

 
2.

83
E-

03
 

10
1.

29
 

H
2 

1.
76

E+
01

 
7.

65
E-

04
 

1.
99

E-
03

 
1.

10
E-

02
 

1.
61

E-
02

 
1.

62
E-

03
 

10
2.

65
 

C
C

U
u 

3.
23

E+
01

 
1.

28
E-

03
 

2.
41

E-
03

 
1.

67
E-

02
 

2.
35

E-
02

 
2.

51
E-

03
 

11
4.

44
 

C
C

U
l 

3.
49

E+
01

 
2.

03
E-

03
 

1.
21

E-
03

 
9.

56
E-

03
 

1.
66

E-
02

 
2.

54
E-

03
 

11
4.

44
 

C
C

U
l 

3.
30

E+
01

 
1.

99
E-

03
 

1.
23

E-
03

 
9.

52
E-

03
 

1.
64

E-
02

 
2.

40
E-

03
 

11
5.

06
 

C
C

U
l 

3.
81

E+
01

 
2.

07
E-

03
 

1.
41

E-
03

 
1.

45
E-

02
 

2.
26

E-
02

 
3.

03
E-

03
 

(a
) 

Te
ch

ne
tiu

m
-9

9 
da

ta
 a

re
 in

 u
ni

ts
 o

f p
C

i/g
 w

hi
le

 o
th

er
s a

re
 μ

g/
g 

of
 d

ry
 se

di
m

en
t. 

(b
) 

Pa
re

nt
he

se
s s

ig
ni

fy
 v

al
ue

s b
el

ow
 le

ve
l o

f q
ua

nt
ita

tio
n 

bu
t c

on
si

de
re

d 
va

lid
. 



4.90

Fi
gu

re
 4

.3
1.

 
W

at
er

-E
xt

ra
ct

ab
le

 C
at

io
ns

 in
 B

or
eh

ol
e 

C
38

31
 V

ad
os

e 
Zo

ne
 S

ed
im

en
ts

 (µ
g/

g)
 



4.91

Fi
gu

re
 4

.3
2.

 
W

at
er

-E
xt

ra
ct

ab
le

 M
et

al
s i

n 
B

or
eh

ol
e 

C
38

31
 V

ad
os

e 
Se

di
m

en
ts

 (µ
g/

g 
dr

y 
se

di
m

en
t)

 



4.92

Fi
gu

re
 4

.3
3.

 
D

is
tr

ib
ut

io
n 

of
 M

ob
ile

 M
et

al
s i

n 
W

at
er

 E
xt

ra
ct

s o
f C

38
31

 V
ad

os
e 

Zo
ne

 S
ed

im
en

ts
 



4.93

4.3.3 Derivation of Vadose Zone Porewater Chemical Composition 

 The 1:1 water extract data was recalculated to estimate the composition of the vadose zone porewater.  
From knowledge of the moisture content of the sediment samples taken from the liners of each core we 
calculated the amount of deionized water that would be needed to make the water extract exactly one part 
water (total of native porewater and added deionized water) to one part by weight dry sediment.  The 
contaminated or uncontaminated sediments the dilution-corrected water extract data is biased high by a 
factor of 2 to 7 for many constituents such that the true porewater is less saline. 

 Tables 4.39 through 4.42 and Figures 4.34 through 4.37 show the calculated porewater composition 
of key constituents as a function of depth and stratigraphy.  The most concentrated porewater is found at a 
clastic dike at ~ 61 ft bgs and has a total concentration of 424 meq/L cations and anions.  The calculated 
most saline porewater composition consists of 418.5 meq/L Na, 1.2 meq/L Ca, 0.2 meq/L Mg, and 
4.7 meq/L K.  These cations are neutralized by the following mixture of anions: 202.4 meq/L nitrate, 
191.2 meq/L bicarbonate, 15.2 meq/L sulfate and 6.4meq/L chloride, 0.8 meq/L fluoride, and 8.4 meq/L 
phosphate.  This concentration is relatively dilute compared to the vadose zone porewaters found at the 
SX and BX tank farms (Serne et al. 2002b, 2002c, 2002d, 2002e) where the total ionic strength of the 
porewaters were as high as 7,000 to 17,000 and 1,000 meq/L, respectively.  At the borehole emplaced 
near tank B-110 the most saline porewater was 150 to 160 meq/L.  Thus the porewater maximum at 
borehole C3831 is ~ 3 and 4 times more concentrated than the vadose zone porewater at 299-E33-46 
(Serne et al. 2002f) and at borehole C3830, respectively. 

 At ~86 ft bgs, where the divalent cations that were stripped from the shallower sediments by sodium 
reside, there is a second smaller peak in porewater salt content with about 110 meq/L of cations and 
anions with the following chemical composition: the cation distribution is 17.4 meq/L Na, 59.2 meq/L Ca, 
23.2 meq/L Mg, and 5.2 meq/L K; the anion distribution is 93.2 meq/L nitrate, 9.4 meq/L sulfate, 
6.0 meq/L bicarbonate, 3.2 meq/L chloride, and 0.08 meq/L fluoride.   

 The technetium-99 in the porewaters between the depths of 53 to the bottom of the hole at 116 ft bgs 
ranges from 50,000 to 10+6 pCi/L.  On a per gram of dry sediment basis, these porewater concentrations 
are 40 to 140 pCi/g.  Because the water content of the H2 unit sediments is so small when equated to 
porewater concentrations, this small mass of technetium-99 reaches concentrations about 500 to 1000 
times larger than the drinking water standard. 

 The calculated porewater uranium, chromium, molybdenum, and ruthenium concentrations are 
significantly elevated between 61 and 70 ft bgs and range from 300 to 900, 600 to 1600, 1000 to 17,000 
and 60 to 2,000 μg/L, respectively.  Below these depths the porewater concentrations are 50 to 100 times 
lower.  The porewaters in borehole C3831 are definitely more contaminated than the porewaters in 
borehole C3830 sediments.   

4.3.4 8 M Nitric Acid-Extractable Amounts of Selected Elements in C3831 Sediments 

 The same cores that were characterized for water-extractable constituents were also characterized to 
see how much of various constituents could be leached with hot 8 M nitric acid.  A comparison between 
the quantities that were acid extractable with those that are water extractable often indicates the relative 
mobility of a given constituent and can sometimes differentiate man-disposed from naturally occurring 
constituents.  Finally, a comparison of the acid-extractable quantities in suspected contaminated 
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sediments with acid-extractable amounts in uncontaminated sediments can be used to delineate the 
presence of less mobile contaminants. 

 The quantities of various constituents in the C3831 vadose zone sediments that were acid extractable 
are shown in Tables 4.43 to 4.45 and Figures 4.38 through 4.40.  Upon comparing the acid extract data for 
borehole C3831 with similar strata in the uncontaminated borehole 299-W10-27, most of the variation in 
mass leached per gram of sediment versus depth in found to be lithology-related.  That is, for most 
constituents there are no signs of elevated values of acid-leachable constituents in borehole C3831 sedi-
ments excepting acid-extractable sulfur (assumed to represent sulfate), sodium (between the depths of 61 
and 67.5 ft bgs), molybdenum (between 67.5 and 70 ft bgs), and ruthenium and technetium-99 throughout 
most of the depth profile.  The acid-extractable sulfate profile in borehole C3831 sediments averages 
about 4 to 7 times higher than in comparable uncontaminated sediments from borehole 299-W10-27.  The 
acid-extractable sulfur (measured as sulfate) for boreholes C3830 and C3831 are similar.  Borehole 
C3831 shows high acid-leachable technetium-99 and ruthenium throughout the profile and larger acid-
extractable sodium and molybdenum in thin zones between 67.5 and 70 and 61 to 67.5 ft bgs, respectively 
than borehole C3830.  The acid-extractable technetium-99 ranges from 50 to 200 pCi/g from 60 ft bgs to 
the bottom of the borehole.  This range is slightly lower than the technetium-99 acid extracts at C3830. 

 As mentioned, the ratio of water-extractable to acid-extractable quantities of constituents can identify 
samples that may contain leaked fluids for Hanford waste disposals.  The comparison of water to acid 
extracts suggests that there are unnaturally high percentages of water-leachable uranium, chromium, and 
molybdenum between the depths of 61 and 70 ft bgs.  There are unnaturally high percentages of water-
leachable phosphate at the 61 ft bgs depth.  The water-extractable percentages versus acid-extractable 
divalent cations are high between 75 and 98 ft bgs, especially at 86 ft bgs suggesting the impacts of the 
sodium waste solution ion exchange reaction.  The water to acid-extractable sodium percentage is 
unnaturally high between the depths of 53 and 86 ft bgs, suggesting sodium-enriched fluids reside in the 
pores of the vadose zone sediments in this zone.  The presence of elevated water- and acid-extractable 
quantities of technetium-99 and ruthenium between 60 ft bgs and the bottom of the borehole at 115 ft bgs 
suggests the presence of Hanford Site waste fluids in the vadose zone at these depths in borehole C3831.

 The borehole C3831 sediment from the Cold Creek lower subunit (caliche) has elevated 
acid-extractable levels of uranium, magnesium, calcium, strontium, sodium, and potassium and lower 
acid-extactable silicon, manganese, and zinc in comparison to other samples.  The cause for these 
differences is the higher concentrations of pedogenic calcium carbonate found in this subunit at C3831 
than at 299-W10-27.  Caliche contains higher concentrations of acid-extractable uranium, magnesium, 
calcium, and sodium than other minerals and when one caliche sample contains more calcium carbonate 
than another sample higher amounts of these constituents are acid leachable. 

 Figure 4.40 shows that our acid-extractable molybdenum results from ICP analyses is biased high 
likely from an unaccounted for spectral interference.  The molybdenum results from the ICP-MS are more 
accurate and the detection limits are much lower.  Figure 4.41 shows that there is some sulfate present in 
the sediments that is not readily water extractable but the vast majority of the sediment phosphate content 
is not water extractable in comparison with the amounts that are acid extractable.  The same trend was 
observed for the uncontaminated sediments from borehole 299-W10-27 and samples from borehole 
C3830.  Alternatively, some of the acid-extractable phosphorous may be present in a form other than 
phosphate such that when we convert the acid-extractable phosphorous number to phosphate (essentially 
we multiply by 3), we are inflating the acid-extractable value. 
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4.3.5 Radionuclide Content in Vadose Zone Sediment from C3831 

 Aside from the technetium-99 and uranium data already presented, the lab-measured gamma emitters 
(see Figures 4.42 and 4.43) show natural potassium-40, natural uranium, very sporadic hits of cesium-137 
and a small elevated zone of cobalt-60 between the depths of 60 and 85 ft bgs and perhaps down to the 
bottom of the borehole.  The lab measurements of cobalt-60 show activities ranging from approximately 
one to a few tens of pCi/g while the continuous field log shows values of 40 to 60 pCi/g between 60 and 
75 ft bgs.  The field log also shows a small amount of surface cesium-137 contamination.  The agreement 
between the field and lab-generated data for gamma emitters is good.  Aside from the thin zone of 
cobalt-60 there are no man-made gamma emitters in the sediment profile above concentrations of a few 
tenths of a pCi/g excepting the near surface contamination of a few pCi/g cesium-137. 

 Water and acid extracts of the sediments containing cobalt-60 were performed.  The amounts of 
cobalt-60 that were extractable are compared with the total cobalt-60 measured by direct gamma energy 
analysis of the sediment in Table 4.46 and Figure 4.44.  In almost all cases the acid extract and direct 
measure of the cobalt-60 in the sediments are similar, as one would expect.  The water extract data show 
in general that some of the cobalt-60 did not extract into the water over the ~16-hour time period allotted.  
However, as will be discussed in Section 6.5, the in situ desorption Kd values that can be calculated from 
these data are quite small, <1 mL/g, suggesting that the cobalt-60 in borehole C3831 vadose zone 
sediments would be fairly mobile. 

 Gross alpha and beta measurement were made on both the 1:1 sediment:water and sediment:acid 
extracts following the procedure described in Section 3.3.3.2.  With knowledge of the mass of dry 
sediment to extraction fluid used, the data were converted to activity of gross beta and alpha leached per 
gram of dry sediment.  None of the water or acid extracts of the 24 extracts (22 cores from selected depths 
and two duplicates) showed any detectable alpha activities above the detection limit of 5 to 8 pCi/g.  Both 
the water and acid extracts contained measurable gross beta between 50 and 100 pCi/g in the sediment 
profile from 62 ft bgs to the bottom of the borehole.  In the thin zone from 59 to 61 ft bgs the gross beta is 
300 to 400 pCi/g in both the water or acid extracts.  These values likely reflect the presence of both 
technetium-99 and cobalt-60 contamination.  The technetium-99 is equally water or acid extractable.  The 
ICP-MS measurements for both the water and acid extracts show technetium-99 concentrations between 
40 and 140 pCi/g, but the water extract ICP-MS data are considered most accurate.  Thus we feel that the 
gross beta values (between 300 and 400 pCi/g) are biased high and that 200 pCi/g is more accurate for a 
gross beta value in borehole C3831 vadose zone sediments. 

4.3.6 Total Carbon, Calcium Carbonate, and Organic Carbon Content of Vadose Zone 
Sediment from Borehole C3831 

 The total, inorganic, and organic carbon contents of the C3831 sediments are reported in Table 4.47.  
The two samples of Cold Creek lower unit contain substantial amounts of caliche between 114.4 and 
115.1 ft bgs.  The last sample obtained before the probe met refusal has 34 wt% calcium-carbonate 
equivalent, essentially the same as the bottom sample obtained at borehole C3830.  As found in most 
vadose sediments from the Hanford Reservation, there is very little (<0.1% by weight) organic carbon in 
the borehole C3831vadose zone sediments.  The borehole C3831 backfill sample at 46.1 ft bgs also 
appears to have elevated inorganic carbon and some (0.4 wt%) organic carbon.  Aside from this backfill 
sample the borehole C3831 carbon values for total, inorganic, and organic are quite similar to those at 
borehole C3830.   
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Figure 4.41. Water versus Acid-Extractable Sulfate and Phosphate in C3831 Vadose Zone 
Sediments
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Figure 4.42. Comparison of Lab Gamma Energy Analysis (GEA) and Field Log  for Natural 
Gamma Emitters 
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Figure 4.43. Lab and Field Data for Common Gamma Emitters in C3831 Vadose Zone Sediments 
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Table 4.46. Cobalt-60 Content of Sediment and Extracts for Vadose Zone Sediments in 
Borehole C3831 

Co-60 pCi/g dry sedimentSample
No.

Depth
(ft bgs) Direct Gamma Energy Analysis Acid Extract Water Extract 

C3831 15B 15.28 <0.107       
C3831 15A 15.97    <3.313    
C3831 21B 21.18 <0.089       
C3831 21A 21.93    <2.185    
C3831 28B 28.28 <0.134       
C3831 28A 28.90    <2.541    
C3831 45B 45.40 <0.105       
C3831 45A 46.06    <3.653    
C3831 51B 51.35 <0.107       
C3831 51A 52.03    <3.324    
C3831 52B 52.50 <0.140       
C3831 52A 53.18    <2.660    
C3831 59B 59.34 1.521       
C3831 59A 59.94 40.120   10.418  11.075  
C3831 60B 60.44 9.356       
C3831 60A 61.15 26.713   31.288  12.115  
C3831 67B 67.53 28.124 20.230 18.618 27.398 24.499 7.690 6.269 
C3831 67A 68.21 38.557   48.508  11.090  
C3831 69B 68.82 26.562       
C3831 69A 69.60 50.877   44.751  4.956  
C3831 74B 74.36 15.064       
C3831 74A 74.99 7.337   10.519  3.803  
C3831 77B 77.05 3.569       
C3831 77A 77.67 3.693   <3.431  1.320  
C3831 78B 78.08 5.631       
C3831 78A 78.72 2.068   4.347  1.127  
C3831 85B 85.37 7.165       
C3831 85A 85.99 3.647   <5.210  3.655  
C3831 88B 88.67 0.731       
C3831 88A 89.39 0.452   <2.817  <0.903  
C3831 93B 93.37 3.267       
C3831 93A 93.99 2.708   4.189  1.141  
C3831 97B 97.43 2.363       
C3831 97A 98.07 1.005   <3.663  <1.98  
C3831 100B 100.57 1.152       
C3831 100A 101.29 1.408   <2.785  0.744  
C3831 102B 101.97 0.916       
C3831 102A 102.65 0.582   <3.121  0.540  
C3831 114B 114.44 0.875 0.694 0.579 <4.325 <3.178 <2.16 <0.934 
C3831 114A 115.06 0.570   <2.450  <1.550  
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Figure 4.44. Lab Data for Cobalt-60 Extracts of C3831 Vadose Zone Sediments 
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Table 4.47. Carbon Contents of Vadose Zone Sediments in Borehole C3831 

Depth
(ft bgs)

Stratigraphic
Unit

Total
Carbon

%

Inorganic
Carbon

%

IC as 
CaCO3

%

Organic
Carbon

%
15.97 Bkfl 0.11 0.07 0.59 0.04 
21.93 Bkfl 0.13 0.11 0.91 0.02 
28.90 Bkfl 0.13 0.14 1.13 0.01 
46.06 Bkfl 1.63 1.23 10.26 0.40 
52.03 Bkfl 0.23 0.18 1.46 0.05 
53.18 H2 0.25 0.19 1.58 0.06 
59.94 H2 0.23 0.19 1.58 0.04 
61.15 H2 0.22 0.14 1.20 0.08 
67.53 H2 0.25 0.20 1.63 0.05 
67.53 H2 0.23 0.20 1.65 0.03 
68.21 H2 0.25 0.18 1.51 0.07 
69.60 H2 0.28 0.24 1.99 0.04 
74.99 H2 0.26 0.21 1.71 0.05 
77.67 H2 0.22 0.18 1.52 0.04 
78.72 H2 0.25 0.21 1.73 0.04 
85.99 H2 0.35 0.32 2.71 0.03 
89.39 H2 0.24 0.20 1.63 0.04 
93.99 H2 0.23 0.20 1.64 0.03 
98.07 H2 0.30 0.24 2.00 0.06 

101.29 H2 0.26 0.22 1.87 0.04 
102.65 CCUu 0.44 0.36 3.01 0.08 

114.44* CCUl 2.14 1.95 16.26 0.19
114.44* CCUl 2.68 2.58 21.50 0.10
115.06 CCUl 4.34 4.10 34.17 0.23

Bold type represents samples with caliche present. 
* Indicates two subsamples were taken at the same depth and analyzed. 
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4.4 Vadose Zone Sediment from Borehole C3832 

 Borehole C3832 was pushed into the vadose zone sediment approximately 20 ft south-southeast of 
tank TX-104 to evaluate whether there is evidence to support designating tank TX-104 as having leaked 
in the past.  The borehole reached a depth of 115.9 ft bgs at which point driving the probe met refusal.   

4.4.1 Moisture Content 

 The moisture content of the 38 cores liners as a function of depth and lithology are shown in 
Table 4.48 and Figure 2.26.  The backfill samples have a mean moisture content of 7.1% by weight with 
significant variation and a wet zone at the very bottom at 45 ft bgs.  The moisture in the backfill at C3832 
is much more variable and, on average, one percent by weight wetter than the backfill sediments in 
borehole C3830 near tank TX-105, but is the same as the moisture content as borehole C3831 near tank 
TX-107 (Table 2.5).  The Hanford formation H2 samples from borehole C3832 have a mean moisture 
content of 9.2% by weight with variation that tracks variations in particle size (finer grained samples have 
slightly higher moisture contents).  The Hanford formation H2 sediments in borehole C3832 are on 
average 3.5% by weight wetter than the H2 sediments at borehole C3830 and 0.5% by weight wetter than 
the H2 sediments at borehole C3831.  At borehole C3832, the Cold Creek upper subunit is ~10% by 
weight, about typical for a fine-grained sediment in the vadose zone at Hanford.  The Cold Creek lower 
subunit (caliche) at C3832 has an average moisture content of ~11% wt, slightly less than the average for 
this unit at boreholes C3830 and C3831.   

 The average moisture content of the H2 unit samples measured in borehole C3832 is about 4.5% by 
weight greater than the average for the same stratigraphic unit at the uncontaminated borehole 
299-W10-27.  We speculate that this wetter Hanford H2 sediment is significant and an indication of the 
various tank farm operations (e.g., gravel cover) that encourage higher moisture infiltration. 

4.4.2 1:1 Sediment:Water Extracts for Borehole C3832 

 The A liners from the 19 and two B liners (run in duplicate) cores were characterized after the 
geologic descriptions by performing 1:1 water:sediment extracts.  In total, 23 separate sediment samples 
were characterized.  The following tables and figures present the mass of a given constituent leached per 
gram of sediment as measured in the water extracts to allow direct comparison to the same data for the 
background borehole sediments from borehole 299-W10-27 and the other two boreholes.  Other figures 
show dilution-corrected values that represent concentrations in vadose zone porewater in borehole C3832.
As discussed in several other Vadose Zone Characterization Project reports, the dilution-corrected 1:1 
water:sediment extracts are a reasonable derivation of the actual vadose zone porewater (see Serne et al. 
2002b, 2002c, 2002d, 2002e, 2002f).   
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Table 4.48. Moisture Content of Borehole C3832 Cores 

Sample No. Depth
(ft bgs) 

Stratigraphic
Unit Lithology Moisture

Content

 15B 16.56 4.10% 

 15A 17.26 
backfill Silty sandy gravel 

5.87% 

 28B 28.44 5.22% 

 28A 29.14 
backfill Silty sandy gravel 

4.47% 

 37B 36.44 5.07% 

 37A 37.14 
backfill Sandy gravel 

4.62% 

 44B 44.49 15.67% 

 44A 45.19 
backfill Silty sand 

10.96% 

 52B 51.46 6.77% 

 52A 52.01 
H2 Sand 

6.57% 

 53B 53.42 18.40% 

 53A 54.10 
H2 Sand to silty sand 

7.39% 

 61B 60.47 6.78% 

 61A 61.17 
H2 Sand 

3.75% 

 62B 62.16 10.87% 

 62A 62.96 
H2 Silty sand to sand 

5.19% 

 69B 69.34 5.76% 

 69A  69.99 
H2 Sand to silty sand 

14.74% 

 76B 76.34 10.14% 

76B Dup 76.34 11.00% 

 76A 77.04 

H2 Sand to silty sand 

15.47% 

 79B 78.80 11.04% 

79A 79.81 
H2 Sand to silty 

sand/sandy silt 10.02% 

 83B 83.33 9.57% 

 83A 84.01 
H2 Sand to silty sand 

12.33% 

 87B 87.35 7.79% 

 87A 88.06 
H2 Sand to silty sand 

5.21% 

 93B 93.35 8.56% 

 93A 94.05 
H2 Sand to silty sand 

5.25% 

 96B 95.99 11.74% 

 96A 96.69 
H2 Sand 

7.81% 
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Table 4.48.  (contd) 

Sample No. Depth
(ft bgs) 

Stratigraphic
Unit Lithology Moisture

Content

 104B 104.30 9.89% 

 104A 105.01 
CCUu Silty sand to silt 

9.28% 

 110B 110.28 10.81% 

110B Dup 110.28 
CCUu Silty sand 

11.03% 

 110A 111.02 CCUl
Calcic pebbly muddy 

sand 13.67% 

 114B 114.13 10.74% 

 114A 114.85 
CCUl Pebbly sandy mud 

9.21% 

 121B 114.83 9.98% 

 121A 115.54 
CCUl Pebbly sandy mud 

10.30% 

4.4.2.1 pH and Electrical Conductivity (EC) 

 The 1:1 sediment:water extract pH and EC data are shown in Table 4.49.  Both the extract and 
dilution-corrected EC values are shown.  Figure 4.45 shows the 1:1 sediment:water extract pH value and 
dilution-corrected EC as a function of depth and stratigraphy.  A comparison of the data in Table 4.49 
with the pH and EC of the 299-W10-27 extracts suggests evidence of slightly elevated EC starting at 63 
to 84 ft bgs, and then from 97 ft bgs all the way to the bottom of the borehole at 115.5 ft bgs.  In the 
shallower zone (63 to 83 ft bgs) at C3832, the EC of the 1:1 water extract increases to between 1.6 and 
2.6 times the background sediment.  Between 67.5 and 78 ft bgs, the EC is about 5 times larger than 
background sediment extracts.  In the Cold Creek unit the EC at borehole C3832 is 2 to 4 times higher 
than that in background sediments.  When compared to the EC at borehole C3830 (see Table 4.18) and 
borehole C3831 (see Table 4.33), the values at C3832 are lower in the H2 unit and slightly greater than 
those at C3830 in the Cold Creek units, and unequivocally lower than the EC values at borehole C3831 in 
both the H2 and CCUu units.  The EC values at borehole C3832 are indicative of the presence of slightly 
saline tank-related fluids.  The borehole C3832 water extract pH values are all below 8, suggesting that 
the tank fluids were either not strongly alkaline or that the volume of alkaline tank fluids was relatively 
small and readily neutralized in the sediments.  

 The highest values of dilution-corrected porewater EC in borehole C3832 occur in two zones, 
between 61to 63 ft bgs and 110.3 to the bottom of the hole at 115.5 ft bgs.  The dilution-corrected EC 
values for these two zones are equivalent to a pore solution of 0.042 and 0.051 M KCl, the salt solution 
used to calibrate the conductivity cell.  The leaks near the SX108-109 and BX-102 tanks had peak vadose 
zone porewater concentrations that were equivalent to much more concentrated waste fluids, 7 to 17 and 
0.7 to 1 M KCl solutions, respectively.  The maximum dilution-corrected EC at borehole C3832 in the H2 
unit is 4.54 mS/cm, lower than the dilution-corrected EC at borehole C3830 (12.5 mS/cm) and 
299-E33-46 near tank B-110 that contained 15.1 mS/cm.  The highest dilution-corrected EC at borehole 
C3832 occurs in the CCUl unit with a value of 6.27 mS/cm. 
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 As shown in Figure 4.45, the dissolved salts are locally high in sodium and nitrate.  The sodium peak 
value occurs at 63 ft bgs at a value of 0.04 M and the nitrate peak value is at the contact (110.4 ft bgs) 
between the upper Cold Creek mud subunit and the lower Cold Creek (caliche) subunit with a value of 
0.015 M. 

Table 4.49. pH and EC Data for Sediment-Water Extracts from Borehole 3832 

Sample No. 
Depth
(ft bgs) Stratigraphic Unit pH 

Conductivity
mS/cm 

Dilution-Corrected 
Porewater
(mS/cm)

15A 17.26 backfill 7.24 0.150 2.557 
28A 29.14 backfill 7.30 0.160 3.577 
37A 37.14 backfill 7.36 0.185 4.008 
44A 45.19 backfill 7.50 0.217 1.982 
52A 52.01 H2 7.42 0.167 2.547 
53A 54.10 H2 7.49 0.175 2.409 
61A 61.17 H2 7.48 0.161 4.304 
62A 62.96 H2 7.70 0.235 4.537 
69A 69.99 H2 7.69 0.232 1.576 
76B 76.34 H2 7.72 0.391 3.864 
76B Dup 76.34 H2 7.92 0.387 3.519 
76A 77.04 H2 7.52 0.384 2.484 
79A 79.81 H2 7.44 0.245 2.449 
83A 84.01 H2 7.37 0.246 1.994 
87A 88.06 H2 7.44 0.161 3.097 
93A 94.05 H2 7.52 0.173 3.491 
96A 96.69 H2 7.51 0.226 2.895 
104A 105.01 CCUu 7.46 0.289 3.346 
110B 110.28 7.55 0.478 4.422 
110B Dup 110.28 

CCUu
7.59 0.574 5.213 

110A 111.02 CCUl 7.48 0.671 4.920 
114A 114.85 CCUl 7.51 0.578 6.273 
121A 115.54 CCUl 7.64 0.555 5.389 
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Figure 4.45. Borehole 3832 Sediment-to-Water Extract pH and Calculated Porewater EC, 
Sodium, and Nitrate 
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4.4.2.2 Water Extract Composition or the 1:1 Sediment:Water Extract for Borehole C3832 

 The water extract values for the major cations and anions and several trace constituents are discussed 
in this section.  The anion data are tabulated in Tables 4.50 and 4.51 and Figure 4.46 in units of mass per 
gram of dry sediment.  The data for the water extracts of borehole C3832 for fluoride are elevated slightly 
in comparison to the background sediment at 299-W10-27 and borehole C3830 but almost a factor of 10 
lower than at borehole C3831.  The chloride concentrations in the borehole C3832 sediments are elevated 
in two zones, between 76 to 77 and 105 to 111 ft bgs, by a factor of 10 to 20 times larger than the 
background sediment.  The water-extractable chloride concentrations in C3832 are quite similar to the 
chloride in borehole C3830 sediments and both are significantly less than the water-extractable chloride 
in borehole C3831 sediments.  The nitrate water extract values for borehole C3832 are elevated compared 
to the background sediments from 76 ft bgs to the deepest sample obtained except the sample at 94 ft bgs.  
The nitrate water extract values are 20 to 30 times larger than for the background sediments at 77 ft bgs 
and between the depths of 105 and 111 ft bgs.  The nitrate concentrations in the borehole C3832 are the 
same as those at borehole C3830 in the H2 sediments down to 97 ft bgs, but higher than the C3830 
sediments below 97 ft bgs.  Both C3832 and C3830 sediments contain ~5 to 10 times less nitrate than 
those in borehole C3831.  The sulfate water extracts from borehole C3832 are elevated from about 76 ft 
bgs to the deepest sample obtained and the values exceed the background sediment values by a factor of 3 
to 10.  The water-extractable sulfate values for sediments from borehole C3832 are similar to those in 
borehole C3830 in the shallow H2 impacted zone but slightly larger in the sediments below 97 ft bgs than 
the water-extractable sulfate in borehole C3830.  Borehole C3831 water-extractable sulfate values are 
~ 2 times larger than those at the other two boreholes. 

 There is also above background water-extractable phosphate (at one depth 76.34 ft bgs) and nitrite (in 
two zones (77 to 84 ft bgs and 110.3 to the bottom of the borehole at 115.5 ft bgs) in borehole C3832.  
The agreement between measuring the water extracts for phosphate and sulfate directly with the ion 
chromatograph and indirectly by converting the ICP measurements for phosphorous and sulfur are very 
good (see Figure 4.46).  Besides validating the ion chromatography data, we can state that the water-
extractable sulfur and phosphorous species exist as sulfate and phosphate.  

 The water-extractable small organic molecules in the C3832 borehole sediments are shown in 
Table 4.51.  Several samples have values that appear to be slightly elevated over background sediments 
and for sediments at the other two boreholes, excepting one sample at 61.15 bgs at C3831.  The values in 
C3832 sediments that appear elevated are noted in bold type in Table 4.51.  None of the values are above 
10 ppm and we do not have enough data on water-extractable formate, acetate, or oxalate from Hanford 
Area sediments to form conclusions as to whether these values indicate that any organics were present in 
tank fluid and still persist today in the vadose zone.  Note that one of the sample 76 replicates has 
significantly greater organic concentrations than its mate.  Whether this signifies analytical vagaries or 
true sample heterogeneity is unknown.   

 The water-extractable major cations in the borehole C3832 sediments are tabulated in Table 4.52 and 
the distribution with depth is shown in Figure 4.47.  The distribution of the divalent alkaline earth cations 
(Mg, Ca, and Sr but not Ba) shows low water-extractable quantities between 63 and 97 ft bgs excepting 
the sample at 77 ft bgs.  High divalent cation water extracts are found below in the Cold Creek unit.  
Conversely, the distribution of water-extractable sodium is elevated between the depths of 63 and 77 bgs.  
The water-extractable sodium values in borehole C3832 sediments are higher than the values in the 
uncontaminated sediments from borehole 299-W10-27 over the whole borehole profile, even in the 
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backfill above the tank.  These trends suggest that tank fluids that contained sodium did seep into the 
vadose zone near this borehole.  The sodium displaced the natural divalent cations and some of the natural 
potassium off the sediment cation exchange sites in the sediments between 63 and at least 76 if not all the 
way to the bottom of the H2 unit at 102 ft bgs.  We have observed the same cation distribution and ion 
exchange fronts where divalent cations and sometimes potassium are depleted and high levels of 
water-extractable sodium are present in the shallow sediments at both the SX and BX tank farms, where 
tank fluids have been confirmed as being present (for details, see Serne et al. 2002b, 2002c, 2002d, 
2002e, 2002f).  Right below the leading edge of the sodium plume one finds elevated levels of divalent 
cations that were displaced.  We observe the highest levels of water-extractable divalent cations in the 
C3832 samples below the Hanford formation Cold Creek unit contact to the bottom of the borehole.  At 
borehole C3832, the water-extractable magnesium, calcium, strontium, potassium, and sodium in the 
sediments in both Cold Creek units (from 105 ft bgs to the bottom of the borehole) are larger than for the 
background sediment in borehole 299-W10-27 and also borehole C3830 sediments by a factor of 2 to 5.  
This likely is an indication that a larger volume of tank fluids passed through the C3832 sediments from 
75 ft bgs to the bottom of the borehole than passed through the vadose zone at borehole 3830.  There is no 
clear indication that tank fluids descended vertically from the tank bottom to 75 ft bgs at borehole C3832.  
The data for the available samples suggests that tank fluids migrated horizontally at ~ 75 ft into the 
sediments intercepted by borehole C3832 and then descended vertically. 

 It is odd that the water-extractable sodium values but not the water-extractable nitrate values are 
higher in the borehole C3830 and C3832 backfill sediments.  Generally, Hanford waste streams are 
elevated in both constituents.  The vadose zone sediment profiles for boreholes C3830 and C3832 may 
reflect that there were surface spills of waste that had the mobile nitrate pushed deeper by natural 
recharge.  There is evidence of some surface spillage at these two boreholes based on the cesium-137 
distribution measured by the field logging activities.  The sediment water extract profiles also suggest that 
there were some tank-related fluids introduced at depths near 55 to 65 ft bgs, somewhat below the depths 
of the tank bottoms. 
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 The water-extractable aluminum, silicon, iron, manganese, zinc, phosphorous, and sulfur in the 
C3832 borehole sediments are shown in Table 4.53 and Figure 4.48.  The phosphorous and sulfur data 
were converted to water-extractable phosphate and sulfate and plotted with the anion data in Figure 4.46.  
In general, the agreement between direct measurement of the two anions by ion chromatography and the 
converted ICP measurements of water-extractable phosphorous and sulfur are very good.  The borehole 
C3832 water-soluble aluminum data show elevated values between the depths of 63 and 76.3 ft bgs and 
the water-soluble iron is high at 70 ft bgs.  We speculate that these elevated values indicate some 
chemical reaction between tank fluids and native sediments that formed precipitates of aluminum and iron 
that are more water soluble than the natural aluminum and iron phases present in the native sediments.  In 
this zone at borehole C3832, the water-extractable aluminum is very similar to the values at borehole 
C3830 but both are significantly lower than the water-soluble aluminum concentrations at borehole 
C3831.  The water-extractable iron at 70 ft bgs in borehole C3832 is larger than at C3830 and both are 
lower than at borehole C3831.  The water-extractable zinc values at 76.34 ft bgs and from 105 ft bgs to 
the bottom of borehole C3832 appear to be larger than at borehole C3830 and about the same as at 
borehole C3831.  The water-extractable sulfur values in borehole C3832 in the 76 to 84 ft bgs zone do not 
differ much from those at borehole C3830 but both boreholes show elevated water-soluble sulfate in 
comparison to sulfur that is water extractable from background sediments.  At borehole C3832 the 
water-soluble sulfate from 97 ft bgs to the bottom of the borehole is larger than at boreholes C3830 and 
C3831.  This suggests that more sulfate-bearing waste leaked into the Cold Creek units at borehole C3832 
than at borehole C3830.  The water-extractable phosphorous at borehole C3832 between the depths of 63 
and 76.3 ft bgs is greater than at borehole C3830 and the background sediment by a factor of 5 and 10, 
respectively. 

 The water-extractable data for potentially mobile metals such as technetium-99, uranium-238, 
chromium, molybdenum, and ruthenium in borehole C3832 sediments are shown in Table 4.54 and 
Figure 4.49.  In borehole C3832 sediments, technetium-99 is present between 76.34 ft bgs and the bottom 
of the borehole at 115.54 ft bgs.  The concentrations are similar to those found at borehole C3830 and are 
in the range of 2 to 12 pCi/g.  The water-extractable technetium-99 data for borehole C3830 and C3832 
sediments below 70 ft bgs are about a factor five lower than for sediments at C3831.  In borehole C3831 
there is a thin zone along a clastic dike with 140 pCi/g water soluble technetium-99.  The technetium-99 
water extract data for boreholes C3831 and C3832 may have come from the same source, perhaps a leak 
from tank TX-107 that becomes diluted as the plume traveled towards borehole C3832.  The cobalt-60 
content of the sediments at these two boreholes (to be discussed below) also suggests that the vadose zone 
plume at boreholes C3831 and C3832 may be related. 

 There is also elevated water-soluble uranium-238 in borehole C3832 sediment between 75 and 
110.3 ft bgs, the contact between the Cold Creek mud and caliche units.  The water-soluble uranium 
concentrations are significantly larger in the C3832 sediments than the C3830 and C3831 sediments, 
excepting the one elevated sample at borehole C3830 at depth 67 ft bgs.  The water-extractable uranium 
concentrations in borehole C3831 and C3832 do not follow the same trends (C3832 data appearing 
diluted compared to C3831 data) as found for water-extractable technetium-99 and total cobalt-60.  

 The water-extractable molybdenum values for borehole C3832 below the tank bottom are 2 to 3 times 
larger than at borehole C3830 but only half the values at borehole C3831.  Water-leachable ruthenium 
values (mostly at the detection limit) are about a factor of 10 larger at borehole C3832 than at the other 
two boreholes.  The reported detection limit, however, is about 10 times less sensitive than the detection 
limit for data on the other two boreholes so we suspect that the instrument was not operating at its optimal 
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level.  Higher concentrations of water-extractable molybdenum and ruthenium data for borehole C3832 
are observed from the shallowest samples in the backfill to the bottom of the borehole.  We suspect 
artifacts in the ICP-MS performance on the day these samples were analyzed compromised the data as 
opposed to suggesting that surface contamination was pushed throughout the backfill to comingle 
coincidently with a true tank leak fluids that migrated all the way to the bottom of the borehole. 

 In summary, the maximum water-soluble technetium-99 concentrations at borehole C3832 occur in 
the lower Cold Creek subunits between 110 and 115 ft bgs at 10 to 12 pCi/g.  Shallower, between 76 and 
105 ft bgs, the technetium-99 varies between 2 to 7 pCi/g.  The maximum water-soluble uranium 
concentrations are in the Cold Creek subunit with a concentration of 3 μg/g.  The maximum water-soluble 
chromium concentration is 0.03 μg/g in the sediment between 77 and 84 ft bgs.  Above and below this 
zone, water-soluble chromium is present at concentrations at least 10 times less. 

Table 4.51. Water-Extractable Organics in C3832 Vadose Zone Sediments (µg/g ) 

Depth (ft bgs) Stratigraphic Unit Formate Acetate Oxalate
 15A 17.26 <0.113 0.32 0.42
 28A 29.14 0.16 0.49 0.47
 37A 37.14 <0.113 0.34 0.41
 44A 45.19 0.13 0.42 0.2
 52A 52.01 8.42 0.78 0.97
 53A 54.10 <0.115 0.45 0.28
 61A 61.17 0.09 0.38 0.14
 62A 62.96 0.08 2.3 0.3
 69A 69.99 <0.113 0.82 0.3
 76B 76.34 <0.113 <0.160 2.52

76B Dup 76.34 2.1 2.25 1.56
 76A 77.04 <0.113 0.77 0.44
79A 79.81 <0.113 0.44 <0.214
 83A 84.01 <0.113 0.9 <0.214
 87A 88.06 <0.113 0.53 <0.214
 93A 94.05 0.1 0.36 <0.227
 96A 96.69 <0.113 0.32 0.23

 104A 105.01 <0.121 <0.172 0.37
 110B 110.28 0.86 0.56 0.66

110B Dup 110.28 3.35 0.65 1
 110A 111.02 1.43 1.15 0.58
 114A 114.85 0.37 1.12 1.19
 121A 115.54 <0.113 0.32 1.62

Values in bold type are high relative to values extracted from background sediments. 
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4.4.3 Derivation of Vadose Zone Porewater Chemical Composition 

 The 1:1 water extract data was recalculated to derive an estimate of the porewater composition of the 
vadose zone porewater.  From knowledge of the moisture content of the sediment samples taken from the 
A liners of each core, we calculated the amount of deionized water that would be needed to make the 
water extract exactly one part water (total of native porewater and added deionized water) to one part by 
weight dry sediment.  The contaminated or uncontaminated sediment dilution-corrected water extract data 
is biased high by a factor of 2 to 7 for many constituents such that the true porewater is less saline. 

 Tables 4.55 through 4.58 and Figures 4.50 through 4.53 show the derived porewater composition of 
key constituents as a function of depth and stratigraphy.  There are two concentrated porewaters, one 
shallow at 63 ft bgs and one deep at ~115 ft bgs.  The shallow porewater has a total concentration of 
~ 42 meq/L of cations and anions consisting of 0.44 meq/L Mg, 1.1 meq/L Ca, 39.1 meq/L Na, 
1.4 meq/L K, 0.5 meq/L F, 0.4 meq/L Cl, 37.3 meq/L bicarbonate, 0.6 meq/L nitrate, and 0.3 meq/L 
phosphate.  The deeper saline porewater contains ~58 meq/L cations and anions consisting of 13.6 meq/L 
Mg, 30 meq/L Ca, 12.1 meq/L Na, 2.5 meq/L K, 0.5 meq/L F, 1.6 meq/L Cl, 11 meq/L bicarbonate, 
10 meq/L nitrate, and 36 meq/L sulfate. 

 These two calculated porewater concentrations are very dilute compared to the vadose zone 
porewaters found at the SX and BX tank farms where the total ionic strength of the porewaters were as 
high as 7,000 to 17,000 and1,000 meq/L, respectively (Serne et al. 2002c, 2002d, 2002e).  At the borehole 
emplaced near tank B-110 the most saline porewater was 150 to 160 meq/L.  Thus the porewater 
maximum at borehole C3831 is ~ 3 and 4 times more concentrated than the vadose zone porewater at 
299-E33-46 and at borehole C3830, respectively.  The porewater concentration ~10 ft below the tank 
bottom at borehole C3832 has about one-half the concentration as that at borehole C3830 and is ~ 10 
times more dilute than at borehole C3831.  Deeper in the C3832 borehole in the Cold Creek upper unit the 
porewater is more saline than at borehole C3830, suggesting that at borehole C3832 tank fluids migrated 
to deeper depths than at borehole C3830 and may have come from a more distant source than 
Tank TX-104. 

 Technetium-99 in the C3832 porewaters between the depths of 76.3 and the bottom of the borehole at 
115.5 ft bgs contains about 20,000 to 40,000 pCi/L in the H2 unit and 50,000 to 110,000 pCi/L in the 
Cold Creek units.  On a per gram of dry sediment basis, these porewater concentrations are 10 to 
12 pCi/g.  Because the water content of the vadose sediments is so small when equated to porewater 
concentrations, this small mass of technetium-99 reaches concentrations about 50 to 100 times larger than 
the drinking water standard.  The derived porewater uranium concentration for the H2 unit between 80 
and 97 ft bgs is ~12,000 μg/L and increases to 25,000 μg/L in the upper Cold Creek subunit (mud).  The 
chromium porewater concentrations between 77 and 84 ft bgs are 200 to 300 μg/L. 
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4.4.4 8 M Nitric Acid-Extractable Amounts of Selected Elements in C3832 Sediments 

 The same cores that were characterized for water-extractable constituents were also characterized to 
see how much of various constituents could be leached with hot 8 M nitric acid.  A comparison between 
the quantities that were acid extractable with those that are water extractable often indicates the relative 
mobility of a given constituent and can sometimes differentiate man-disposed from naturally occurring 
constituents.  Finally, a comparison of the acid-extractable quantities in suspected contaminated 
sediments with acid-extractable amounts in uncontaminated sediments can be used to delineate the 
presence of less mobile contaminants. 

 The quantities of various constituents in the C3832 vadose zone sediments that were acid extractable 
are shown in Tables 4.59 to 4.61 and Figures 4.54 through 4.56.  Upon comparing the acid extract data for 
borehole C3832 with similar lithologies in the uncontaminated borehole 299-W10-27, most of the 
variation in mass leached per gram of sediment versus depth in found to be lithology related.  That is, for 
most constituents there are no signs of elevated values of acid-leachable constituents in borehole C3832 
sediments excepting acid-extractable sodium in the backfill, and often in the H2 unit below the tank 
bottom.  At C3832, we did not observe any elevated acid-extractable sulfur (assumed to represent sulfate) 
as was found in borehole C3831 sediments.  Acid-extractable technetium-99 in borehole C3832 appears 
to be slightly above the background sediments but the same as in borehole C3831 and somewhat lower 
than acid-extractable technetium-99 in borehole C3830.  There are greater acid-extractable concentrations 
of uranium at borehole C3832 from 70 ft bgs all the way to the bottom of the borehole than at either of the 
other two boreholes.  Acid-extractable uranium concentrations vary from 1 to 30 μg/g over this interval.  
There also appears to be a zone elevated acid-extractable chromium in borehole C3832 between 70 and 
76 ft bgs with a concentration of 25 μg/g.  Values of acid-extractable chromium at the other two 
boreholes never exceed 15 μg/g.  The acid-extractable molybdenum at borehole C3832 is larger than at 
C3830 but similar to acid-extractable molybdenum at borehole C3831.  As mentioned below for alkaline 
earth cations, some of the differences in acid extract concentrations may reflect differences in the 
efficiency of the acid digestion. 

 The acid-extractable silicon at depths 61 to 63 ft bgs at borehole C3832 is elevated in comparison to 
background sediment and the other two boreholes suggesting some more soluble silicate phase may exist 
at this depth as a result of tank fluid (likely caustic) interaction with native sediments.  The 
acid-extractable phosphate in the backfill between 17 and 45 ft bgs appears elevated compared to the 
background sediment and other two boreholes.  This suggests that some phosphate-bearing waste fluid 
may have been spilled near the surface and percolated into the backfill; however, phosphate is generally 
not very mobile/soluble in Hanford sediments and porewaters.  Thus the elevated phosphate may be an 
analytical artifact or natural variability in the native sediments. 

 The acid-extractable magnesium, calcium, strontium, and barium at borehole C3832 is higher than at 
either of the other two boreholes but not the background sediment, suggesting that we may have some 
variation in efficiency of extraction by the technique.  (Perhaps efficiency is dependent on temperature 
and time of extraction.)  The acid-extractable sodium concentration profile at borehole C3832 is larger 
than at borehole C3830 but only one-half that at borehole C3831.  This indicates that C3831 waste was 
more concentrated than the fluids that leaked near borehole C3830 and C3832, as corroborated by the 
pore water compositions.  The clastic dike intercepted at borehole C3831 may have allowed tank fluids to 
“short-circuit” many of the sediment interactions, including dilution with native porewaters that would 
occur in more “homogeneously layered” porous media. 
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 Figure 4.57 shows that the vast majority of the sediment phosphate content is not water extractable in 
comparison with the amounts that are acid extractable.  The same trend was observed for the 
uncontaminated sediments from borehole 299-W10-27 and other two boreholes.  Alternatively, some of 
the acid-extractable phosphorous may be present in a form other than phosphate such that when we 
convert the acid-extractable phosphorous number to phosphate (essentially multiply by 3) we are inflating 
the acid-extractable value  

 As mentioned, the ratio of water-extractable to acid-extractable quantities of constituents can identify 
samples that may contain leaked fluids from Hanford waste disposals.  The comparison of water to acid 
extracts for borehole C3832 sediments suggests that there are unnaturally high percentages of 
water-leachable technetium-99 and uranium-238 between 76 and 115 and 61 to 110.3 ft bgs, respectively.  
There is also slightly high water-extractable sodium between 63 and 77 ft bgs.  The total mass of tank 
fluids that are present in C3832 borehole sediments and the percentages that are water leachable versus 
the concentrations that are acid leachable are lower than at borehole C3831.  The two data sets suggest 
that the tank-related fluids in borehole C3832 may in fact be the leading edge of fluids that leaked from 
tank TX-107 that were intercepted by borehole C3831.  It also appears that the vadose zone plume dips to 
the southwest between the two boreholes as does the stratigraphy (see discussion in Section 2). 
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Figure 4.57. Water- versus Acid-Extractable Phosphate in C3832 Vadose Zone Sediments 
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4.4.5 Radionuclide Content in Vadose Zone Sediment from C3832 

 Aside from the technetium-99 and uranium-238 data already presented, our gamma energy analyses 
of sediment from the B core liners found low concentrations of cobalt-60 and cesium-137 in the borehole 
C3832 sediments between the depths of 60 and 115 ft bgs (see Table 4.62).  Aside from a small amount 
of surface cesium-137 contamination, the field logging results of the entire borehole casing did not find 
any other gamma emitting fission product contamination.  Figures 4.58 and 4.59 show the laboratory 
results for natural potassium-40 and uranium-238 and the lab results for common gamma emitters, 
respectively.  Where field-logging data was above detection limits, the log data are plotted also.  The 
agreement between the field and lab generated data for gamma emitters is excellent.  There are no man-
made gamma emitters in the sediment profile above concentrations of a few tenths of a pCi/g excepting 
the uranium that is several pCi/g.  It is possible that the low concentrations of cobalt-60 (between 0.5 and 
1.2 pCi/g) found in the borehole C3832 sediments between 77 and 115 ft bgs are an extension of the tens 
of pCi/g values found in borehole C3831 sediments between the depths of 60 and 80 ft bgs.  As shown in 
Figure 2.6, the bottom of the H2 strata does dip towards the southwest, which is the position of borehole 
C3832 in juxtaposition with borehole C3831.  The uranium-238 concentrations in the sediment at 
borehole C3832 are greater than at borehole C3831, which suggests the plume at borehole C3832 is not 
an extension of the plume intercepted by borehole C3831. 

 Gross alpha and beta measurement were made on both the 1:1 sediment:water and sediment:acid 
extracts.  With knowledge of the mass of dry sediment to extraction fluid used the data were converted to 
activity of gross beta and alpha leached per gram of dry sediment.  None of the water or acid extracts of 
the 23 extracts (21 cores from selected depths and two duplicates) showed activities significantly greater 
than the detection limits for the procedures.  For total beta analyses our detection limits for the water 
extracts were 10 to 20 pCi/g dry sediment and 5 to 10 pCi/g gram dry sediment for the acid extracts.  For 
the total alpha analyses the detection limit for both extracts was 3 to 5 pCi/g dry sediment.  Note that the 
efficiency of the total beta technique for the low energy technetium-99 is poor such that the total beta 
analyses can indicate no beta above 10 to 20 pCi/g, yet the ICP-MS measurements for the water and acid 
extracts for technetium-99 show that there may be 5 to 10 and 10 to 50 pCi/g of technetium-99, 
respectively, in the borehole C3832 sediments.  We have more confidence in the accuracy of the water 
extract technetium-99 data. 

4.4.6 Total Carbon, Calcium Carbonate, and Organic Carbon Content of Vadose Zone 
Sediment from Borehole C3832 

 The total, inorganic and organic carbon contents of the C3832 sediments are reported in Table 4.63.  
The lower Cold Creek subunit (caliche) samples obtained between 111 and 115.54 ft bgs contain 
significant amounts of calcium-carbonate equivalent material with 38 to 46% by weight.  The deepest 
sediment from the upper Cold Creek subunit at 105 ft bgs and a Hanford H2 sample at 84 ft bgs also 
contains about 3% by weight calcium-carbonate content.  As found in most vadose sediments from the 
Hanford Reservation, there is very little (<0.1% by weight) organic carbon in the vadose zone sediments.  

 The caliche at borehole C3832 has the most calcium-carbonate equivalent solid of all three boreholes 
and the uncontaminated background sediment from 299-W10-27 based on available samples.  The 
calcium-carbonate content ranges from 20 to 34% at borehole C3830, 22% at 299-W10-27, 38% at 
borehole C3831, and 38 to 46% at borehole C3832.  Such variability is considered “normal” for paleosols 
at the Hanford Site. 
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Table 4.62. Gamma Emitter Concentrations in Vadose Zone Sediments in Borehole C3832 
(pCi/g)

Sample No. Depth
(ft bgs) 

Stratigraphic
Unit Co-60 Cs-137 U-238 

 15B 16.56 backfill <0.042 <0.047 1.12 
 28B 28.44 backfill <0.034 0.081 <0.915 
 37B 36.44 backfill <0.033 <0.040 3.71 
 44B 44.49 backfill <0.052 0.099 3.28 
 52B 51.46 H2 <0.037 0.061 1.65 
 53B 53.42 H2 <0.059 <0.067 3.16 
 61B 60.47 H2 <0.038 0.091 <1.30 
 62B 62.16 H2 0.037 <0.050 8.67 
 69B 69.34 H2 <0.049 <0.054 6.12 
 76B 76.34 H2 0.15 0.052 5.55 
 79B 78.80 H2 0.32 <0.017 2.90 
 83B 83.33 H2 0.78 <0.060 6.08 
 87B 87.35 H2 0.14 0.037 5.57 
 93B 93.35 H2 0.26 0.078 7.67 
 96B 95.99 H2 0.31 0.043 9.35 

 104B 104.30 CCUu 0.18 0.019 <1.33 
 110B 110.28 CCUu 0.22 <0.050 18.29 
 114B 114.13 CCUl 0.25 0.058 3.14 
 121B 114.83 CCUl 0.22 0.044 4.83 
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Figure 4.58. Comparison of Lab Gamma Energy Analysis (GEA) and Field Log for Natural 
Gamma Emitters 
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Figure 4.59. Lab and Field Data for Common Gamma Emitters in C3832 Vadose Zone Sediments 
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Table 4.63. Carbon Contents of Vadose Zone Sediments in Borehole C3832 

Sample
No.

Depth
(ft bgs) 

Stratigraphic
Unit

Total
Carbon

%

Inorganic
Carbon (IC)

%

IC as 
CaCO3

%

Organic
Carbon

% (by diff.)

15A 17.26 Backfill 0.17 0.06 0.51 0.11 
28A 29.14 Backfill 0.17 0.07 0.56 0.11 
37A 37.14 Backfill 0.15 0.06 0.54 0.08 
44A 45.19 Backfill 0.34 0.24 2.00 0.10 
52A 52.01 H2 0.26 0.21 1.71 0.05 
53A 54.10 H2 0.23 0.18 1.52 0.05 
61A 61.17 H2 0.21 0.16 1.33 0.05 
62A 62.96 H2 0.24 0.19 1.59 0.05 
69A 69.99 H2 0.25 0.21 1.78 0.03 
76A 77.04 H2 0.24 0.17 1.45 0.07 
79A 79.81 H2 0.28 0.22 1.87 0.05 
83A 84.01 H2 0.36 0.32 2.65 0.05 
87A 88.06 H2 0.16 0.13 1.07 0.03 
93A 94.05 H2 0.20 0.17 1.41 0.04 
96A 96.69 H2 0.29 0.24 1.98 0.05 

104A 105.01 CCUu 0.44 0.39 3.23 0.05 
110A 111.02 CCUl 4.95 4.69 39.10 0.26
114A 114.85 CCUl 5.74 5.48 45.64 0.26

121A 115.54 CCUl 4.63 4.52 37.66 0.11
Bold type represents samples with caliche present.
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5.0 Groundwater Status Below the TX Tank Farm 

 This section summarizes historical as well as recent groundwater data from the uppermost, 
unconfined aquifer in the vicinity of WMA TX-TY.  The data then are used to describe the nature and 
extent of contamination in the area.  The primary focus of this effort is to relate ambient groundwater 
contamination to releases from waste storage and disposal facilities within or near the Waste Management 
Area (WMA).  Accordingly, historical water levels and flow directions, and contaminant histories in key 
wells near the WMA are reviewed as background information to better understand the current 
groundwater contaminant distribution patterns and their relationship to possible waste management area 
sources.

 Selected ratios of mobile contaminants in 1) the vadose zone sediments sampled by the three 
boreholes, C3830, C3831, and C3832 (see Section 4), 2) the groundwater, and 3) specific single-shell 
tanks, cribs and trenches at the time of suspected leaks and disposal campaigns, respectively, are used to 
assess whether there are indications that the groundwater contamination is related to current vadose zone 
contamination below a specific facility or to chemistry in the tanks at the time of suspected leaks.
Figure 5.1 shows the location of all wells discussed in this section.  

5.1 Aquifer Properties 

 This section provides information on the properties of the uppermost, unconfined aquifer in the 
immediate region of WMA TX-TY.  Aquifer properties were determined from stratigraphic 
interpretations, current water level elevations, and aquifer testing.   

 Beneath the 200 West Area, the suprabasalt aquifer system contains the uppermost, unconfined 
aquifer and the underlying Ringold confined aquifer.  Deeper confined and semi-confined aquifer systems 
also exist beneath these sedimentary aquifers in the basalt flow tops, flow bottom zones, and sedimentary 
interbeds (DOE 1988).  Groundwater flow, both vertically and horizontally, in the suprabasalt aquifers is 
less constrained than in the deeper basalt aquifers.   

 The suprabasalt aquifers below the Hanford Reservation have been impacted by past practice, liquid 
waste disposal operations, and unplanned releases, in some instances from single-shell tank leaks.  In the 
area of WMA TX-TY, large volumes of waste water disposed to the ground between the 1940s and 1997 
created large artificial groundwater mounds, particularly beneath the 216-T pond system, north of WMA 
TX-TY, and beneath the 216-U pond, southwest of WMA TX-TY.  The disposed liquids contained many 
of the contaminants that now move through the upper unconfined aquifer.  Water mounding has declined 
significantly since the 1997 cessation of non-permitted liquid waste disposal. 

 The following discussion focuses on the uppermost, suprabasalt aquifer system within the Ringold 
and Hanford formations.  The suprabasalt aquifers are the uppermost regionally extensive aquifers 
beneath the WMA TX-TY.  Groundwater within this aquifer system is contained within the 
fluvial-lacustrine sediments of the Ringold Formation.   

 Only one well, 299-W11-13, near WMA TX-TY extends to the top of basalt and has recent water 
level data.  (Well 299-W11-13 is located about 275 m east of the 241-TY tank farm.)  Based on the 
March 2003 water table elevation, the suprabasalt aquifer system is approximately 73-m thick at this well. 
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Figure 5.1. Well Location Map for WMA TX-TY 
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 The base of the uppermost, unconfined aquifer generally is regarded as the basalt surface and, where 
this is the case, the entire suprabasalt aquifer is unconfined.  However, beneath WMA TX-TY (and 
beneath the entire 200 West Area), the silt and clay deposits of the Ringold Formation lower mud unit 
(hydrogeologic unit 8 of Williams et al. [2002]) form a confining layer that separates the suprabasalt 
aquifer into the uppermost, unconfined aquifer and the underlying, Ringold confined aquifer (Williams 
et al. 2002).  Thus, the uppermost, unconfined aquifer in the area of interest extends from the water table 
down to the top of the lower mud unit.  The unconfined aquifer is about 55-m thick at well 299-W14-14, 
east of WMA TX-TY, based on the August 2003 water level.  The unconfined aquifer consists of sandy 
gravels and gravelly sands of the Ringold Formation member of Wooded Island unit E (hydrogeologic 
unit 5 of Williams et al. 2002).  The Ringold confined aquifer is 18-m thick based on the 2003 data.  All 
wells in the WMA TX-TY monitoring networks are screened in hydrogeologic unit 5.  Currently, the 
water table at WMA TX-TY is 136 to 137 m above sea level.   

 Water levels in the uppermost, unconfined aquifer raised as much as 13.5 m (above the pre-Hanford 
natural water table) beneath WMA T and TX-TY because of artificial recharge from liquid waste disposal 
operations active since the mid-1940s.  The largest volumes of discharge were to the 216-T pond system 
and the 216-U-10 pond.  Figure 5.2 shows the liquid discharge history for the two ponds.  The 
216-T pond system is estimated to have received approximately 424 billion liters of effluent (Alexander 
et al. 1995) and the 216-U pond to have received about 158 billion liters of effluent (Last 1994).  The 
large-volume disposals to the ponds (and lesser volumes to cribs and ditches) artificially recharged the 
uppermost unconfined aquifer, creating large water-table mounds.  The increase in water-table elevation 
was most rapid from 1949 to 1956, and was somewhat stabilized between the late 1960s and the late 
1980s.  Water levels began to decline in the late 1980s beneath WMA T and TX-TY when wastewater 
discharges in the 200 West Area were reduced.  The decline in water levels may have implications for the 
groundwater monitoring network at WMA TX-TY, as discussed later.   

Liquid Discharges to West Area Ponds
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Figure 5.2. Discharge History for the 216-T Pond and the 216-U Pond.  Data for the 216-T Pond 
are from Alexander et. al 1995 and Data for the 216-U Pond are from Last 1994 



5.4

 Accompanying the changes in water level were changes in groundwater flow direction.  Pre-Hanford 
Site groundwater flow direction was toward the east (Kipp and Mudd 1974).  Figure 5.3 contains 
hydrographs that show that groundwater flow had changed toward the south in the area in the late 1940s 
and early 1950s.  This shift resulted from disposal of large volumes of liquid to the 216-T pond system.  
In 1956, groundwater flow direction changed again and started flowing towards the north due to the 
increasing influence of the groundwater mound under 216-U pond and a decreasing influence of the 
mound under 216-T pond.  Discharges to 216-T pond ended in 1976 but continued at 216-U pond until 
1984.  Consequently, the flow direction changed again in about 1996 when all non-permitted discharges 
to the ground ceased and the influence of the 216-U pond mound on the groundwater beneath the TX and 
TY tank farms diminished.  Around 1996, the groundwater flow direction began to return toward the east 
or southeast.   
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Figure 5.3. Hydrographs of Selected Wells in North 200 West Area.   
See Figure 5.1 for Locations of Wells 

 These large shifts in groundwater flow direction have large implications for contaminant distribution 
in the uppermost aquifer beneath WMA TX-TY.  In the late 1940s and early 1950s, contamination was 
spread south in the aquifer.  Then, in the late 1950s and until the mid-1990s, that same contamination 
returned to the north along with any new contamination that entered the aquifer after the 1950s.  Today, 
groundwater contamination beneath the WMA and the surrounding area is generally migrating east.  

 Figure 5.4 and 5.5 show hydrographs for monitoring wells around the TX and TY tank farms.  These 
hydrographs and the regional water table map (Figure 5.6) show that the groundwater flow direction 
beneath the TY tank farm and the northern and central parts of the TX tank farm is currently toward the 
southeast.  Groundwater flow beneath the southern part of the TX tank farm, which is strongly influenced 
by the 200-ZP-1 pump-and-treat system, is toward the south, or possibly the south-southwest.  
(The nearest 200-ZP-1 extraction wells to the TX tank farm are shown as open triangles on the water table 
map in Figure 5.6.)  
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Hydrographs
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Figure 5.4. Water Levels in Selected Wells Around the TX Tank Farm. 
See Figure 5.1 for Well Locations 
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Figure 5.5. Water Levels in Selected Wells Around the TY Tank Farm.  
See Figure 5.1 for Well Locations 
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Figure 5.6. March 2003 Water Table Map for the WMA TX-TY Area 

 Four trend-surface analyses of the water table have been done at WMA TX-TY in recent years 
(Table 5.1).  One trend-surface analysis of the water table was done at well 299-W10-26 east of the 
TY tank farm area using May 1999 water levels.  The analysis yielded a flow direction 72 degrees east of 
south (S 72° E) and a gradient of 0.00073 (Spane et al. 2001a).  The calculated flow direction is 
somewhat more southerly than the flow direction indicated by the latest water table map (Figure 5.6).   
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 The most northern analysis at the TX tank farm was done at well 29-W14-13 and gave the same flow 
direction (S 72� E) and hydraulic gradient (0.00073) as obtained for the analysis of well 299-W10-26 at 
TY tank farm.  (This is because the same data set, except for the subject well, was used in both analyses.)  
A flow direction of S 72o E at this well is in good agreement with the water table map.  

 Further south, along the downgradient side of the TX tank farm, groundwater flow direction changes 
from S 72o E at well 299-W14-13, to S 64o E to S 59o E at well 299-W-14-15 (Spane et al. 2001a, 2002).  
Still further south, at well 299-W14-14, a trend analysis indicates a flow direction of S 47o E (Spane et al. 
2003).  The flow directions from the trend surface analyses are in general agreement with the current 
water table map (Figure 5.6).  These data show that the groundwater flow direction becomes increasingly 
more southerly toward the south.  Groundwater beneath this part of the WMA is obviously influenced by 
the extraction wells of the 200-ZP-1 pump-and-treat system.  Figure 5.6 shows the location of the nearest 
extraction wells for this pump-and-treat to WMA TX-TY. 

Table 5.1. Groundwater Flow Characterization Results Based on Trend Surface Analyses.  
(Data are from Spane et al. 2001a, 2002, and 2003) 

Well
Measurement 

Date
Groundwater

Flow Direction 
Hydraulic
Gradient

Wells Used 
in Analysis 

TX Tank Farm 
299-W14-13 5/3/99 S 72� E 0.00073 299-W10-17 

299-W10-18 
299-W14-12 
299-W15-12 
299-W15-22 

299-W14-14 7/12/02 

7/22/02 

S 47� E

S 47� E

0.00114 

0.00109 

299-W14-13 
299-W14-15 
299-W14-16 
299-W14-17 

299-W14-15 7/30/01 

8/2/01

S 59� E

S 64 � E

0.00135 

0.00140 

299-W14-13 
299-W14-14 
299-W14-16 
299-W14-17 

TY Tank Farm 
299-W10-26 5/3/99 S 72� E 0.00073 299-W10-17 

299-W10-18 
299-W14-12 
299-W15-12 
299-W15-22 

 Borehole tracer dilution and tracer pumpback tests were conducted in one new RCRA monitoring 
well at TY tank farm (299-W10-26) and two new RCRA wells (299-W14-13 and 299-W14-14) at 
TX tank farm between fiscal years 1999 and 2002.  These tests permitted some inferences about flow rate 
as well as aquifer homogeneity.  The tests allowed direct observation of the effect of lateral groundwater



5.8

flow through the screened interval of the wells, and, thus, provided an indication of the variability of flow 
through the screened intervals.  Details of the test methods, computations, and the results are included in 
Spane et al. 2001a, 2001b, 2002, and 2003. 

 A significant finding of the tracer dilution test results is evidence for downward, vertical hydraulic 
gradients within the upper portion of the aquifer in wells 299-W10-26, 299-W14-13, and 299-W14-14.  
Vertical flow within these wells was first indicated by tracer-dilution studies in 1999 and later confirmed, 
also in 1999 (for two of the wells), by vertical tracer tests specifically designed to detect vertical flow 
within a borehole (Spane et al. 2001a, 2003).  Downward vertical flow in these two wells was 
subsequently confirmed by electromagnetic flow-meter surveys in 2000 (Waldrop and Pearson 2000).  
The electromagnetic flow-meter surveys found that the depth of maximum downward flow was at 4.9 m 
below the water table in well 299-W10-26 and at 5.6 m below the water table in well 299-W14-13.  
Hydrogeologic data from all three tests are shown in Table 5.2. 

Table 5.2. In-Well, Downward Vertical, Flow-Velocity Summary for Wells 299-W10-26 and 
299-W-14-13 at WMA TX-TY (Spane et al. 2001a; Spane et al. 2003) 

Tracer-Dilution Profile Vertical Tracer Test(a)
Electromagnetic Flow- 

Meter Survey 

Test Well Range
(m/min) 

Average
(m/min) 

Range
(m/min) 

Average
(m/min) 

Range
(m/min) 

Average
(m/min) 

TY Tank Farm 

299-W10-26 0.002 – 0.004 0.003 0.004 – 0.008 0.005 0.003 – 0.006 0.004 

TX Tank Farm 

299-W14-13 0.008 – 0.015 0.011 0.013 – 0.014 0.012 0.012 – 0.013 0.012 

299-W14-14 0.0054 – 0.0058 0.0056 ND ND ND ND
(a) In-well, vertical, flow-velocity range calculated using tracer peak arrival method for selected sensor depth, while the 

average was determined using the center-of-mass technique. 
ND = Not Determined 

 All three wells that show in-well, vertical flow have fairly homogeneous lithology throughout the 
screened interval and the well development drawdown data do not indicate substantial variations in 
hydraulic conductivity.  The existence of vertical flow in a well does not necessarily reflect actual 
groundwater flow conditions within the surrounding aquifer, but its presence implies a vertical flow 
gradient and has implications pertaining to the representativeness of groundwater samples collected from 
the wells.  The vertical gradient detected in some wells along the eastern edge of the TX and TY tank 
farms may have an impact on contaminant distribution patterns in the area.  (See Section 5.2.1.4 for 
discussion of possible causes of vertical flow within these wells.) 

 A second finding of the hydrologic test data is the suggestion of higher hydraulic conductivity at 
certain depths within the screened interval of some wells relative to other depths.  Aquifer tests in well 
299-W15-41, located just south of the TX tank farm, indicate that the middle and lower parts of the 
screened interval have higher permeability than the upper part (Spane et al. 2001b).  However, 
development pumping data (which is not as definitive as aquifer testing) indicate that the upper part of the 
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screened interval in nearby well 299-W15-763 has higher permeability than the lower parts (Horton 
2002).  Thus, apparent differences in hydraulic conductivity do not appear to correlate from well to well.   

 For the WMA TX-TY groundwater assessment, new hydraulic conductivity data were obtained from 
slug tests and drawdown tests conducted in 11 new wells drilled since 1999.  Effective porosities were 
determined from tracer drift and tracer pumpback tests.  Hydraulic properties are discussed in detail by 
Spane et al. 2001a, 2001b, Spane 2002, and Spane et al. 2003 and are presented in Tables 5.3 and 5.4.   

 Table 5.3 shows horizontal groundwater flow velocities determined from tracer pumpback tests.  
These velocities are about an order of magnitude greater than the calculated velocities in Table 5.4 for 
wells 299-W10-26, 299-W14-13, and 299-W14-14, all of which have downward vertical flow in the well.  
The vertical flow in these wells probably resulted in overestimation of measured flow velocities.  Both the 
measured and calculated velocities are about the same for well 299-W15-41, which has no vertical flow.  
The relatively high Darcy velocity in well 299-W15-41 is probably due to the relatively high gradient 
caused by the 200-ZP-1 pump-and-treat extraction wells. 

 The horizontal velocity in well 299-W14-15 is substantially greater than the velocity calculated for 
any other wells.  Very rapid recovery during slug testing was noted, which suggests a fairly permeable 
formation (Spane et al. 2002).  Pumping tests at well 299-W14-15 did not cause significant drawdown 
when the well was pumped at 73.2 liters per minute for 285 minutes, which also indicates a relatively 
permeable formation (Spane et al. 2002).  However, there is nothing in the geologist’s log to suggest that 
the formation in the screened interval of well 299-W14-15 is significantly different than the formation at 
nearby wells.  Conversely, slug tests in well 299-W10-27 resulted in extremely long response recoveries 
indicating low permeability and, thus, a slow groundwater flow velocity.  Overall, the calculated Darcy 
velocities from tests in new wells show approximately one order of magnitude variation in the data. 

 Taken as a whole, the geologist’s logs, geophysical logs, development pumping data, and the 
hydrologic testing data all indicate heterogeneity in aquifer properties within the screened intervals of 
several individual wells and among wells at WMA TX-TY.  No widespread trends have been identified. 

 The hydrographs in Figure 5.7 show that water levels have declined by about 6 m since 1991 beneath 
the TX and TY tank farms.  This decline, resulting from decreasing effluent discharge in the 200 West 
Area, became much steeper in 1995 with the effective cessation of discharge to all non-permitted facilities 
in this area.  Between 1998 and 2003 the average rate of water table decline was between about 0.3 and 
0.4 m per year in all monitoring wells at WMA TX-TY.  The rapid decrease in water levels after 1995 has 
resulted in monitoring wells going dry more than previously predicted and has necessitated the drilling of 
14 new monitoring wells since 2000.   

 The pre-Manhattan Project water table was postulated to be at approximately 123 m above sea level 
by Kipp and Mudd (1974).  More recently, Bergeron and Wurstner (2000) modeled the elevation of the 
water table beneath the Hanford Site for the Immobilized Low-Activity Waste Performance Assessment.  
Their results predict a water table elevation between about 130 and 132 m above sea level in the TX and 
TY tank farm area for post-Hanford Site influence.
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Table 5.3. Results from Tracer-Dilution and Tracer-Pumpback Tests in Wells at WMA TX-TY 
(Spane et al. 2001a, 2001b, Spane et al. 2002; Spane et al. 2003) 

Well
Effective

Porosity(a)

Groundwater(a)

Flow Velocity 
(m/d)

Average In-Well 
Flow Velocity(b)

TY Tank Farm 
299-W10-26(c) 0.010 0.124 0.086 

TX Tank Farm 
299-W14-13(d) 0.009 0.191 ND(e) 

299-W14-14(c) 0.020 0.122 0.041 
299-W14-15 0.002   1.1 0.119 
299-W15-41 0.068 0.374 0.311 
(a) Data from tracer pumpback tests. 
(b) Data from tracer dilution tests. 
(c) Slight downward vertical flow, data uncertain. 
(d) Strong downward vertical flow, data highly uncertain. 
(e) ND = Not Determined.

Table 5.4. Hydraulic Properties from Slug and Constant Rate Pumping Tests and Calculated 
Darcy Velocities at New Wells at WMA TX-TY 

Well

Hydraulic(a,b)

Conductivity
(m/d)

Hydraulic(a,c)

Conductivity
(m/d)

Transmissivity(a,c)

(m2/d)
Specific(a,c)

Yield
Calculated Flow 
Velocity (m/d) 

TY Tank Farm 
299-W10-26 1.39 – 1.95 1.49 82 0.14 0.014(d)

299-W10-27 0.05 – 0.07 ND ND ND 0.0007(e)

TX Tank Farm 
299-W14-13 1.66 – 2.43 2.45 135 0.12 0.020(d,)

299-W14-14 2.31 – 3.22 2.21 121 0.12 0.027(d)

299-W14-15 3.52 – 4.92 4.09 225 0.01 2.46(f)

299-W14-16 3.90 – 5.08 ND ND ND 0.051(e)

299-W14-17 3.71 – 4.89 ND ND ND 0.489(e)

299-W14-18 0.39 – 0.54 ND ND ND 0.005(e)

299-W15-40 0.88 – 1.22 ND ND ND 0.012(e)

299-W15-41 14.2 – 19.9 19.6 1130 0.12 0.29(f)

299-W15-763 0.71 – 0.93 ND ND ND 0.009(e)

(a) Data from Spane et al. 2001a,b, Spane et al. 2002, and Spane et al. 2003) 
(b) Slug test data. 
(c) Constant rate pumping test data. 
(d) Estimated using maximum hydraulic conductivity value, a gradient of 0.001, and specific yield from this Table.  

Specific yield was used because downward flow in the well resulted in uncertain effective porosity. 
(e) Estimated using maximum hydraulic conductivity value, a gradient of 0.001 and effective porosity values of 0.1.  
(f) Estimated using maximum hydraulic conductivity value, a gradient of 0.001, and effective porosity value from 

Table 5.3. 
(g) Indicates average hydraulic conductivity obtained from high-permeability, non-linear type-curve analysis method. 
ND = Not Determined. 
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Figure 5.7. Historical Water Level Data from Wells at WMA TX-TY.  All Wells Used in the 
Figure Are Now Dry 

5.2 Existing Groundwater Contamination 

 This section discusses the current and historical groundwater contamination at WMA TX-TY.  The 
evaluation of contamination includes descriptions of the types and concentrations of contaminants in the 
groundwater, the depth distribution of contaminants in the aquifer, and the areal extent of contamination 
in the area.

 Monitoring results from new and existing wells, results of depth sampling during and after 
installation of new monitoring wells, and comparison of groundwater chemistry in old wells and their 
adjacent replacement wells, provide new insights into the occurrence and nature of groundwater 
contamination in the TX and TY tank farm area.  The information given in this section is taken largely 
from Horton (2002) and is updated with more current groundwater data. 

 Groundwater at the TX and TY tank farms contains elevated concentrations of carbon tetrachloride 
(CCl4), chromium (Cr), iodine-129 (I-129), nitrate (NO3

-), technetium-99 (Tc-99), and tritium (3H).  This 
contamination is a result of mixing of wastes from a number of past waste-disposal activities, including 
the disposal of tank waste process water, and steam condensate at nearby cribs and trenches, disposal of 
plutonium processing waste at cribs and trenches associated with the Plutonium Finishing Plant, and leaks 
from single-shell tanks and transfer lines within the TX and TY tank farms.   
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5.2.1 Extent of Contamination – Depth Distribution 

 Determining the vertical extent of contaminants within the uppermost aquifer is part of the RCRA 
groundwater quality assessment currently underway at WMA TX-TY.  A variety of data including 
discrete depth sampling during drilling, comparison of adjacent wells that sample different parts of the 
aquifer, depth discrete sampling using dialysis sampling techniques, and detailed specific conductance 
profiling provide important information about the depth distribution of contaminants.   

5.2.1.1 Specific Conductance Profiling 

 In September 2002, specific conductance measurements were taken at 0.5- to 1-m intervals 
throughout the screened intervals of three groundwater monitoring wells around the TX and TY tank 
farms.  Significant differences in specific conductance with depth were found in one of these wells 
(299-W14-13).  The remaining two wells (299-W15-41, and 299-W15-763) showed no variation of 
specific conductance with depth.

 Specific conductance versus depth measured in the screened interval of well 299-W14-13, a 
downgradient well at WMA TX-TY, is shown in Figure 5.8.  Specific conductance in this well decreases 
significantly with depth between 1 and 4 m below the water table and then stabilizes at deeper depths.  
There also appears to be a maximum value of ~1635 μS/cm between 0.5 and 2 m above which specific 
conductance decreases with decreasing depth.  Very near the surface, at 0.04 m below the water table, the 
specific conductance falls to about 1480 μS/cm.  (The sample from 0.04-m depth was measured in the 
field with a conductivity meter from a bailed sample approximately six months after the conductivity 
profile was measured.) 

 Also shown on Figure 5.8 are four specific conductance values measured during routine quarterly 
sampling that occurred during fiscal year 2002 and prior to performing the depth profile measurements.  
All of the pumped specific conductance values range between 1203 and 1250 μS/cm and are less than the 
ambient values of the depth profile.  This indicates that, after purging the well, the pumped samples are 
not representative of ambient conditions.  During purging, the specific conductivity in well 299-W14-13 
decreases with increasing purge time.  Table 5.5 shows the initial and final specific conductance values 
after purging and sampling the quarterly samples in 2002.  The initial specific conductance values are 
closer to, but still lower than, the profile values.  Evidently, purging the well causes dilution of the 
samples.   

 Interpreting the contaminant distribution in well 299-W14-13 is very difficult because groundwater at 
the well contains high concentrations of several contaminants that show different vertical concentration 
profiles and probably come from several sources in the area.  These variations are discussed later in 
Section 5.2.1.4.  For now, the specific conductance indicates that there are concentration gradients in the 
screened interval of well 299-W14-13 and that the highest conductance, which probably reflects the 
highest nitrate concentration, occurs between 0.5 and 2 m beneath the water table. 
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Table 5.5. Initial and Final Specific Conductance Values from Four Routine Quarterly 
Sampling Events During Calendar Year 2002 at 299-W14-13 

Sample Date 
Initial Specific Conductance 

(�S/cm)
Final Specific Conductance 

(�S/cm)
November 2001 1395 1203
February 2002 1354 1239
May 2002 1443 1250
August 2002 1476 1215

5.2.1.2 Comparison of Chemical Data from New and Replaced Wells 

 Replacement wells, when located immediately adjacent to older wells, offer an opportunity to look 
for vertical variation within the upper part of the aquifer.  Data from three well pairs at the TX and TY 
tank farms suggest vertical stratification of contaminants in the upper part of the aquifer.  In each case, the 
old well and its replacement well are separated by only a few meters.  In addition, in each case, the older 
well was last sampled when there was a fraction of a meter of water within the screened interval and the 
replacement well was sampled with a pump placed at least 3 m below the water table within a 10.7-m 
screened interval.  Thus, the last samples from the old well represent the top of the aquifer and the 
samples from the replacement well represent a composite of water pumped from the length of the 
screened interval that includes both the water from near the water table and water from deeper parts of the 
aquifer.
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 Well 299-W14-13 is at the northeast corner of the TX tank farm on the downgradient side of 
WMA TX-TY (Figure 5.1).  This well currently has the highest concentration of technetium-99, tritium, 
iodine-129, fluoride (F), nitrate, and chromium of any well in TX and TY tank farm monitoring network.  
Well 299-W14-13 is the replacement well for well 299-W14-12 that went dry in early 1999.  The two 
wells are located ~ 3 m apart.  The last sampling of well 299-W14-12 took place in January 1999 and 
sampling of replacement well 299-W14-13 started in December 1998, allowing a sampling overlap 
between the two adjacent wells.  The last samples collected from well 299-W14-12 represent the top of 
the aquifer.  The samples collected from well 299-W14-13 represent water throughout the screened 
interval, which extends from the water table to 10 m below the water table.  The pump intake is at 4.8 m 
below the water table. 

 Trend plots for several key constituents are shown in the series of Figures 5.9 to 5.12.  The results for 
technetium-99 are particularly interesting (Figure 5.9).  The concentration of technetium-99 in the last 
sample from well 299-W14-12 was ~ 6,000 pCi/L.  This represented the concentration of technetium-99 
at the top of the aquifer in January 1999.  The sample from replacement well 299-W14-13, taken about 
the same time, contained ~ 2,500 pCi/L technetium-99.  That sample represented the technetium-99 
concentration throughout much of the upper 10 m of the aquifer.  The conclusion is that technetium-99 
existed at the top of the aquifer at about 6,000 pCi/L and the concentration decreased deeper in the 
aquifer.  The 2,500 pCi/L technetium-99 value from well 299-W14-13 is a mixture of the relatively 
concentrated technetium-99 near the water table with more dilute groundwater from deeper in the aquifer.   

 Technetium-99 in the area of well 299-W14-12 began decreasing from a maximum of ~ 13,500 pCi/L 
in 1993 and continued to decrease until about January 1997.  At that time, technetium-99 began to 
increase and reached 6,000 pCi/L in January 1999 when the well went dry.  The increasing technetium-99 
trend was continued in the replacement well (although offset to lower concentrations) until early 2000 
when technetium-99 concentrations climbed to ~ 8,000 pCi/L.  In early 2000, technetium-99 began to 
decrease and dropped to about 3,300 pCi/L in early 2001 at which time the concentration began to 
increase again.  The latest increase continued until February 2003 and reached 8,740 pCi/L. 

 The results for nitrate in wells 299-W14-12 and 299-W14-13 (Figure 5.10) show a trend similar to 
that seen for technetium-99.  The concentration of nitrate in the last sample from well 299-W14-12 was 
about 600,000 �g/L, and this represented the concentration of nitrate at the top of the aquifer.  The sample 
from well 299-W14-13, taken at about the same time, contained only about 315,000 �g/L of nitrate.  Just 
as for technetium-99, the conclusion is that nitrate existed at the water table at about 600,000 �g/L in 
January 1999, and the concentration decreased with depth in the aquifer.  The 315,000 �g/L nitrate value 
from well 299-W14-13 is a mixture of the high nitrate-bearing water at the top of the aquifer with lower 
nitrate-bearing water deeper in the aquifer. 

 The nitrate concentration trends through time are the similar to those seen for technetium-99 
(compare Figures 5.9 and 5.10).  Nitrate began to decrease from a maximum or about 540,000 �g/L in 
1993 to about 200,000 �g/L in early 1997.  Nitrate then began to increase, reaching 580,000 �g/L in 
January 1999.  The increasing nitrate trend was continued in the replacement well until early 2000 when 
concentrations reached ~ 440,000 �g/L.  Nitrate began to decrease a second time until early 2001, at 
which time it began a second increasing trend that lasted through the beginning of 2003.  Since that time 
nitrate concentration has decreased somewhat. 
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 The analytical results for tritium in wells 299-W14-12 and 299-W14-13 (Figure 5.11) show a 
different trend than that seen for technetium-99 and nitrate.  The concentration of tritium in the last 
sample from well 299-W14-12 was 1,170,000 pCi/L.  The sample from well 299-W14-13, obtained about 
one month later, contained 1,160,000 pCi/L tritium.  Following the same logic as used for technetium-99 
and nitrate, the sample from well 299-W14-12 represents the tritium concentration at the top of the 
aquifer, whereas the sample from well 299-W14-13 represents the upper 10 m of the aquifer.  Both results 
are the same, indicating little, if any, vertical concentration differences for tritium.  Thus, unlike nitrate 
and technetium-99, the upper part of the aquifer at this location appears to be fairly homogeneous with 
respect to tritium concentration. 

 However, tritium concentrations in the groundwater show the same trends with time as shown by 
nitrate and technetium-99.  Tritium began to decrease in concentration in 1993 and began to increase in 
early 1997 to a maximum of 2,940,000 pCi/L in early 2000.  At that time, tritium began to decrease until 
early 2001 when tritium concentrations began to increase again.  The latest increase reached 
2,170,000 pCi/L in February 2003 and concentrations have declined since that time.

 The concentrations of chromium in filtered samples from wells 299-W14-12 and 299-W14-13 are 
shown in Figure 5.12.  The data suggest a different distribution of chromium in the upper part of the 
aquifer than the distributions of nitrate, technetium-99, and tritium.  The data from the well pair indicate 
that the concentration of chromium is low at the top of the aquifer and increases at some depth below the 
water table.  Chromium concentrations in the upgradient well pair, 299-W15-12 and 299-W15-765, seem 
to support this distribution of chromium in the aquifer (Figure 5.13), although the concentration in both 
upgradient wells is much lower than at the 299-W14-12 and 299-W14-13 pair.  As will be discussed later, 
detailed depth-discrete sampling in well 299-W14-13 suggests that the chromium concentration at the 
water table is slightly greater than the concentration throughout the rest of the screened interval.  This is 
contrary to the conclusion drawn from comparing the chromium concentrations in well 299-W14-12 and 
299-W14-13.  In addition, the concentrations of technetium-99 and chromium in well 299-W14-13 track 
each other through time and the ratio of the two is fairly constant (Figure 5.14).  This suggests that the 
two contaminants are from the same source and, if this is the case, they should not be fractionated 
differently in the aquifer versus depth or time.  Thus, there is some discrepancy among the data as to the 
interpretation of the distribution of chromium in this well pair and its relation to technetium-99. 

 Two other well pairs were examined at the TY tank farm.  No concentration differences versus water 
depth were noted for technetium-99, tritium, chromium or nitrate in well pair 299-W10-18 and 
299-W10-26, located downgradient (east) of TY tank farm.  Data from well pair 299-W15-12 and 
299-W15-765, located upgradient of the TY tank farm and not in a high contamination area, suggest that 
technetium-99 concentrations are somewhat greater at the water table than at depth in the screened 
interval.
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Figure 5.9. Technetium-99 Concentration in Wells 299-W14-12 and 299-W14-13 in WMA TX-TY 
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Figure 5.10. Nitrate Concentrations in Wells 299-W14-12 and 299-W14-13 at WMA TX-TY 
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Figure 5.11. Tritium Concentrations in Wells 299-W14-12 and 299-W14-13 at WMA TX-TY 
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Figure 5.12. Chromium Concentrations in Wells 299-W14-12 and 299-W14-13 at WMA TX-TY 
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Well 299 W15-765 is the newer replacement well; well 299-W15-12 is now dry. 
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5.2.1.3 Sampling During Drilling 

 Groundwater and saturated sediments brought to the surface during drilling can give an indication of 
vertical chemical variations within the aquifer. Seven new wells have been sampled during drilling since 
2000.   

 Groundwater samples were collected by pumping during drilling of well 299-W14-14 east of TX tank 
farm.  Each sample interval was isolated by packers before sampling.  Figure 5.15 shows the results of 
analysis of those samples for technetium-99, nitrate, tritium, and carbon tetrachloride.  The uppermost 
sample on Figure 5.15 was collected by pumping from the screened interval after the well was completed.   

 The depth distribution of tritium and carbon tetrachloride showed maximums at about 40 m below the 
water table.  The Ringold Formation lower mud unit (hydrogeologic unit 8) occurs between 56 and 67 m 
below the water table in well 299-W14-14.  The largest concentrations of carbon tetrachloride (920 �g/L)
and tritium (9,010 pCi/L) occur above this unit at 46 m below the water table.  Concentrations of both 
constituents decrease near the top of, but within, the lower mud unit at 58 m depth and increase again near 
the bottom contact of the lower mud unit with the underlying Ringold Formation unit A (hydrogeologic 
unit 9).  Concentrations of both constituents show increases in the deepest sample indicating that the 
deepest occurrence of these constituents was not encountered in the well and that significant 
concentrations exist in the confined Ringold Formation aquifer.   

 The maximum concentrations of technetium-99 (556 pCi/L) and nitrate (226,000 �g/L) occurred at 
15.4 m below the water table.  Concentrations decreased immediately below 15.4 m and remained 
constant throughout the remainder of the drilled depth.  No concentration changes were noted across the 
lower mud unit.  The maximum concentrations of technetium-99 and nitrate occur about 10 m below the 
current pump intake in well 299-W14-14.  

 Air lifted samples of groundwater and sediment cuttings were collected from wells 299-W14-19 and 
299-W15-44 during drilling at TX tank farm.  The samples were collected at 6-m intervals down to 36 m 
below the water table and analyzed for metals, anions, tritium, and technetium-99 (Horton 2003).  No 
high levels of contamination were encountered.  Several metals and anions, however, showed 
concentration variations with depth in the aquifer.  The results from well 299-W14-19 are similar to those 
from well 299-W15-44. 

 Additional groundwater samples were collected from drilling slurries at well 299-W15-44 for analysis 
of nitrate in the field.  The nitrate data from well 299-W15-44 are shown in Figure 5.16.  Figure 5.16 
shows that nitrate in well 299-W15-44 is relatively high at the water table and decreases with depth down 
to about 20 m below the water table.  This is followed by an increase in concentration at about 60 m 
below the water table, below which the nitrate concentration remains constant to the bottom of the 
borehole.  In all TX-TY wells that have been sampled during drilling, nitrate has been found to vary in 
concentration with depth in the aquifer (Table 5.6).  In most wells with sufficient samples to define a 
trend, nitrate concentration is shown to increase with increasing depth.   

 The high nitrate concentrations near the water table in well 299-W15-44 are interpreted to be from a 
nearby source such that either the nitrate has not traveled far enough in the aquifer to become more highly 
dispersed, or has not resided long enough in the aquifer to descend deeper due, perhaps, to higher density 
in the contaminant plume.  The nearby source for the nitrate is probably the TX tank farm.  The deeper, 
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relatively high nitrate concentrations in well 299-W15-44, and in other wells at WMA TX-TY, have been 
interpreted elsewhere to represent past-practice discharges, probably from the Plutonium Finishing Plant, 
that were disposed to U pond (Hodges and Chou 2001; Johnson and Chou 2001).  The large groundwater 
mound from the pond probably drove contaminated pond water deep into the aquifer before it moved 
northward beneath WMA TX-TY.  Thus, the deeper nitrate concentrations represent a widespread, 
regional plume. 

5.2.1.4 Multi-Level Dialysis Sampling In Well 299-W14-13 

 Well 299-W14-13 is located on the east (downgradient) side of WMA TX-TY in an area of high 
chromium, nitrate, technetium-99, iodine-129, and tritium groundwater contamination.  Previous 
interpretations of chromium and technetium-99 distributions in the well suggested that the two 
contaminants existed at different depths within the aquifer, implying two different sources for the 
technetium-99 and chromium.  The concentrations of chromium and technetium-99 show the same 
increasing and decreasing trends through time, however, suggesting either a single source for both 
contaminants or dilution of the entire upper aquifer.  Multi-level, depth-discrete sampling was done in the 
well to help determine the source or sources of chromium and technetium-99 and to refine the chromium 
distribution in the upper part of the aquifer. 
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Figure 5.16. Nitrate Concentration in Groundwater versus Depth in Well 299-W15-44 During 
Drilling

Table 5.6. Nitrate Concentration in Groundwater Collected During Drilling of New RCRA 
Wells

Depth Below the 
Water Table  

(m)

Nitrate
Concentration 

(�g/L)

Depth Below the 
Water Table  

(m)

Nitrate
Concentration 

(�g/L)
299-W14-15(1) 299-W14-16(1)

3.4 66,000 3.1 30,000 
5.1 94,000 6.1 46,000 
9.6   111,000 9.1 80,000 

299-W15-765(2) 13.1   149,000 
5.5 24,270 299-W14-18(2)

13.8 52,111 At the water table 56,850 
- - 12.6    3,260 

(1) Field Analysis 
(2) Laboratory Analysis 

 A multi-level, dialysis sampling device was deployed in well 299-W14-13 in September 2002.  The 
sampling device was left in the well for about one month to allow equilibration of the water in the dialysis 
tubes with the groundwater.  Samples were obtained every 1.5 m from about 1 m below the top of the 
aquifer to the bottom of the well screen at about 9 m below the water table.  Samples were analyzed for 
major cations, anions, tritium, chromium, and technetium-99.   

 In addition, one sample was collected from about 4 cm below the water table using a mini-bailer.  The 
bailed sample was analyzed for chromium and nitrate in the field and chromium and technetium-99 in the 
laboratory.   
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 The analytical results from both the multi-level dialysis and the bailed samples are shown in 
Figure 5.17.  The results show that, except for a zone at about 2.5 m below the water table, the 
concentrations of most cations and anions are fairly constant throughout the screened interval of the 
aquifer.  Neither the geology, the geophysical logs, nor aquifer testing results show any evidence of 
changes in the formation at 2.5 m below the water table, so the reason for the increased concentrations at 
this depth is unknown.  

 In contrast, nitrate and technetium-99 show increased concentrations with depth from the shallowest 
dialysis sample at 1 m below the water table to about 4 to 5 m below the water table.  For nitrate, there is 
an extremely large increase in concentration between the shallowest dialysis sample and the bailed sample 
near the water table.  For technetium-99, the mini-bailed sample has lower technetium-99 concentration 
than any the dialysis samples.  

 Contaminant concentrations in the upper meter of the aquifer at well 299-W14-13 are difficult to 
interpret.  The dialysis and mini-bailer data indicate a large increase in nitrate concentration at the water 
table relative to deeper in the screened interval, a small increase in chromium concentration, and a 
decrease in technetium-99 concentration relative to concentrations deeper in the screened interval.  
(Technetium-99 concentration does increase with decreasing depth between about 4 and 1 m, however.)  
Comparisons of samples from wells 299-W14-12 and 299-W14-13 support higher concentrations of 
nitrate at the water table but suggest lower chromium and higher technetium-99 concentrations than 
supported by the dialysis sampling.  Also, the specific conductance profile from well 299-W14-13 
indicates fairly large changes in salinity within the upper meter of the aquifer.  

 The solid squares on Figure 5.17 represent the concentrations of the various constituents in routine 
quarterly, pumped samples collected the quarter before and the quarter after the dialysis samples were 
collected.  The data show that for some cations and anions, the concentrations in the pumped samples are 
similar to the dialysis concentrations throughout the screened interval.  Exceptions are calcium, 
chromium, nitrate, and technetium-99.  The pumped concentrations of calcium, chromium, and 
technetium-99 are substantially less than the ambient concentrations measured from the dialysis samples.  
For nitrate the opposite is true. 

 Considering all available data, there are inconsistencies in the current understanding of contaminant 
distribution within the upper meter or so of the aquifer at well 299-W14-13.  More detailed sampling 
within the upper 1 m of the aquifer may help resolve these inconsistencies. 
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 Despite a rigorous QA/QC program in the contract analytical laboratory and well-established sample 
collection and preservation protocols, it may be that sampling and analytical vagaries are the cause of 
some of these inconsistent trends in the results from samples collected at different depths and different 
times using different techniques.  However, there are feasible explanations for the data variabilities.

 Aquifer testing showed that well 299-W14-13 has a downward flow gradient within the well bore 
(see Section 5.1).  This implies potential zones of different permeability in the screened interval.  
Alternatively, downward flow may, in part, be driven by differences in density.  If the major cations and 
anion concentrations at 1-m depth are increased proportionally to the nitrate concentration at 4-cm depth, 
the resulting salinity of the water at 4 cm is 2.3‰.  This is in contrast to the estimated salinity from the 
deepest dialysis sample which is 0.63‰.  The salinity difference between the top and bottom of the 
screened interval may be sufficient to cause a downward, density-driven flow within the well bore.   

 Regardless of the mechanism responsible for the downward flow, contaminants existing near the top 
of the aquifer will be transported downward in the well.  If the contaminant concentrations are relatively 
high near the top of the aquifer, the highly contaminated water will be transported downward and diluted 
with less contaminated water at depth.  This is important because the well itself is helping to spread 
contamination.   

 When well 299-W14-13 is purged, all the ambient water is removed.  The resulting pumped samples 
consist of a mixture of the relatively high concentrations of contaminants from near the water table 
diluted with less contaminated water from deeper in the well.  This could yield pumped samples with the 
concentrations shown on Figure 5.17.  Although difficult to interpret, the data from well 299-W14-13 
indicate that concentrations measured from pumped samples may not represent actual concentrations in 
the aquifer.

5.2.2 Geographical Distribution of Contaminants 

 This section summarizes the areal distribution of contaminants in groundwater at WMA TX-TY.  
Spatial variation in contaminant concentrations may provide some clues about source areas.  Because 
concentrations change over time, a time period must be chosen to examine spatial distribution patterns.  
For this purpose, the most recent data (average of five sampling events) was chosen.  Data were first 
grouped by geographic location and tabulated as shown in Table 5.7.  Data were then plotted and 
inspected for distribution patterns or groupings.  Contour maps of contaminant concentrations were drawn 
to identify spatial patterns that might be indicative of source areas.  The maps are shown in the series of 
Figures 5.18 through 5.22.   

 Contamination in two areas near the TX and TY tank farms warrants consideration: east and 
downgradient of 241-TX and 241-TY tank farms, and south of 241-TX tank farm.  The contaminants of 
interest east of WMA TX-TY are technetium-99, iodine-129, nitrate, tritium, and chromium.  The 
contaminant of interest south of TX tank farm is technetium-99.   

 Carbon tetrachloride is a contaminant both east and south of the TX tank farm.  The maximum carbon 
tetrachloride found in the area in 2002 was 5,800 �g/L (average of fiscal year 2002 samples) in 
well 299-W15-1, south of the TX tank farm (Hartman et al. 2003).  The carbon tetrachloride is believed to 
be from pre-1973 waste from the Plutonium Finishing Plant.  The major identified sources are the 
216-Z-9 trench, the 216-Z-1A tile field, and the 216-Z-18 crib.   
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 The part of the carbon tetrachloride plume exceeding 2,000 �g/L extends west of WMA TX-TY.
This part of the plume is intercepted by well 299-W15-40 which averaged 2,400 �g/L carbon 
tetrachloride in 2003.  Extraction wells for the 200-ZP-1 pump-and-treat in the area may be responsible 
for the increased carbon tetrachloride in the well and are probably responsible for increased 
technetium-99 in nearby well 299-W15-41. 

Table 5.7. Average Concentration of Mobile Contaminants in Groundwater in the Vicinity 
of the TX-TY WMA for the Time Period August 2002 to August 2003 

WELLS
NO3

(�g/L)
F

(�g/L)
Cr(2)

(�g/L)
CCl4

(�g/L)
Tc-99

 (pCi/g) 

3H
(pCi/g)

I-129
(pCi/g)

West (Upgradient) Side of WMA TX-TY   

299-W15-40 94,940(1) (5) 330  (5) 14.7  (5) 2,400  (3) 72.7  (5) 4,224  (5) NA(3)

299-W15-765 146,600 (5) 332  (5) 22.0  (5) 3,200 (2) 83.7   (5) 4,722  (5) ND(4)

East (Downgradient) Side of WMA TX-TY

W10-26 103,433 (6) 1,533 (6) 8.6  (6) NA 99.8  (6) 8,200  (6) ND 

W10-27 103,050 (4) 972    (4) 5.2  (2) NA 117.9  (4) 12,850  (4) NA 

W14-5 94,640 (5) 1,260 (5) 5.2  (1) NA 247  (5) 1,113  (5) NA 

W14-6 98,940 (5) 1,060 (5) ND NA 282  (5) 603  (5) NA 

W14-13 426,000 (5) 768  (5) 498.4  (5) NA 7,474  (5) 1,820,000 (5) 33 (3) 

W14-14 93,620 (5) 1,010 (5) ND 360  (1) 250  (5) 2,724  (5) ND 

W14-15 79,500 (5) 1,200 (5) 62.4  (5) NA 509  (5) 27,800  (5) 2.3 (1) 

W14-16 77,200 (5) 572  (5) ND NA 216 .6 (5) 2,190  (5) ND 

W14-17 158,000 (5) 582  (5) ND NA 474  (5) 636  (5) ND 

W14-18 121,333 (6) 273  (6) 4.3  (1) NA 409.8 (6) 8,301  (6) ND 

W14-19 100,100 (3) 1,067 (3) ND NA 265    (3) 2,807  (3) ND 

South of WMA TX-TY 

299-W15-41 68,060 (5) 579  (5) 6.2  (4) 1.300 (1) 611.8 (5) 5,942  (5) ND 

299-W15-44 95,300 (3) 433  (3) 11.3  (3) 2,900 (1) 107.4 (3) 4,610  (3) ND 

299-W15-763 37,400 (6) 607  (6) 4.9 (4) NA 86.2  (6) 2,033  (6) NA 

(1) Numbers in parenthesis are the number of detects. 
(2) Filtered samples. 
(3) Not Analyzed. 
(4) Not Detected.
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5.2.2.1 Contamination East of WMA TX-TY 

 Figure 5.18 shows a plume map for chromium at the end August 2003.  The figure shows that 
chromium was detected in one downgradient well (299-W14-13) above the drinking water standard of 
100 �g/L.  The concentration of chromium in the well in August 2003 was 540 �g/L.  Given the current 
direction of groundwater flow, one potential source for the chromium is the 241-TY tank farm.  However, 
about 1,060 kilograms of chromium were disposed to the TY cribs located about 65 m northeast of the 
well (Simpson et al. 2001).  Since the general dip of the strata in the area is toward the west or southwest, 
it is possible that contamination from the cribs migrated through the vadose zone toward well 
299-W14-13.  In the past, water from a tanker truck filling station, located about 140 m up dip of the 
TY cribs, was seen leaking onto the ground from the fill spout.  Water was seen to pool on the ground and 
run about 100 m down slope (toward the TX and TY tank farms) in a ditch along the side of the gravel 
road.  Infiltration of this water could have mobilized contamination in the vadose zone beneath the 
TY cribs and moved the contamination down dip toward well 299-W14-13.   

 Also, Fecht et al. (1977) state that gross gamma logs obtained prior to 1977 showed contamination at 
the 216-T-28 crib extended from near the surface to the water table and that breakthrough to groundwater 
could have occurred at the site.  They also state that waste from the crib was noted in a well 299-W14-1, 
located 38 m south of the crib so that considerable lateral spreading had occurred in the vadose zone 
beneath the TY cribs.  Therefore, we cannot currently assign an origin for the elevated chromium in 
well 299-W14-13 to a particular facility.  

 Figure 5.19 shows a plume map for technetium-99 at the end of August 2003.  Technetium-99 was 
detected in one downgradient well (299-W14-13) above the drinking water standard of 900 pCi/L.  Given 
the current direction of groundwater flow, one potential source for the technetium-99 is single-shell tanks 
in WMA TX-TY.  However, three other sources also may have contributed some technetium-99 to the 
groundwater east of WMA TX-TY.  As mentioned above, Fecht et al. (1977) state that considerable 
lateral spreading of discharged water and contaminants occurred south of the 216-T-28 crib and that 
breakthrough to the groundwater could have occurred at that site.  The 216-T-28 crib received about 
10.9 curies of technetium-99 (Kincaid et al. 1998).  Thus, some of the technetium in the groundwater east 
of TX-TY today may be from the 216-T-28 crib. 

 The 216-T-19 tile field is also a potential source for some of the technetium-99 east of WMA TX-TY.  
The tile field received 455 million liters of primarily steam condensate from the 242-T evaporator 
(DOE 1992), which contained 9.89 curies of technetium-99.  Groundwater flow was toward the northeast 
from the tile field (thus towards) the location of well 299-W14-13 during the last approximately 25 years 
that the tile field was used.   

 Finally, a fourth potential source for some of the technetium-99 east of the WMA is leaks from the 
242-T evaporator building.  The evaporator is approximately 70 m upgradient of well 299-W14-13.  
Given a groundwater flow rate of 0.19 m/d (from aquifer tests, Table 5.3) in well 299-W14-13, a 
pre-1997 (when flow direction changed toward the east) leak from the evaporator would just recently be 
intercepted by the well.  However, if the slower, Darcy velocities from Table 5.4 are used, an evaporator 
leak would not yet have reached the well.  This indicates that leaks from the 242 Evaporator might be 
contributing to contamination at well 299-W14-13 today but would not have contributed to the plume 
encountered by well 299-W14-12 in the early 1990s. 
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 The plume maps for chromium and technetium-99 (see Figure 5.18 and 19) show that the 
contaminant plumes are relatively small and centered near well 299-W14-13.  Concentrations of both 
contaminants drop sharply both to the north in well 299-W14-18 and to the south in well 299-W14-15, 
although concentrations of technetium-99 have been increasing slightly in both wells over the past two 
years.  Technetium-99 concentrations increased from 189 to 468 pCi/L in well 299-W14-18 since the end 
of 2001 and from 380 to 472 pCi/L in well 299-W14-15 since the end of 2000.  These wells may be on 
the edge of the plume apparently centered at well 299-W14-13.   

 Well 299-W14-17 is about 125 m downgradient (south east) of well 299-W14-13.  Given a flow rate 
of 0.19 m per day, the technetium-99 seen at well 299-W14-13 is expected to have traveled about 70 m 
toward well 299-W14-17 since the 1997 change in flow direction.  Technetium-99 concentrations have 
decreased in well 299-W14-17, from 576 pCi/L to 456 pCi/L, during the last two years.  Thus, the 
technetium-99 plume at well 299-W14-13 does not appear to have spread to the downgradient well, 
299-W14-17, at this time. 

 Figure 5.20 shows a plume map for nitrate at the end of August 2003.  Almost all wells in the 
groundwater monitoring network at WMA TX-TY, including the upgradient wells, have had nitrate 
concentrations greater than the MCL of 45,000 �g/L throughout most of their sampling life.  The highest 
nitrate concentrations have been at well 299-W14-13.  This well has had nitrate concentrations greater 
than those in the regional plume since it was drilled in late 1998.  Before that time, nitrate in well 
299-W14-12 (now dry, but adjacent to well 299-W14-13) was between 450,000 and 550,000 �g/L since it 
was drilled in 1992.  Subsequently, nitrate in well 299-W14-12 decreased to about 200,000 �g/L in 1997 
before increasing to about 580,000 �g/L when it went dry in late 1998 (see Figure 5.10). 

 Nitrate in the area of wells 299-W14-12 and 299-W14-13 is probably from several sources including 
a regional nitrate plume from Plutonium Finishing Plant disposal sites.  Other potential sources are those 
mentioned above as potential sources for chromium and technetium-99. 

 An area of relatively low nitrate concentration, north of well 299-W14-13, has existed since at least 
the mid-1990s (Figure 5.20).  The cause for the low nitrate in the area is not known.  Dilution by liquids 
disposed to the 216-T-26 through 216-T-28 cribs does not appear to be probable because 1,000,000 
kilograms of nitrate were in the waste stream sent to the 216-T-26 crib (DOE 1992).   

 Figure 5.21 shows a plume map for tritium at the end of August 2003.  Tritium was detected in one 
downgradient well (299-W14-13) above the drinking water standard of 20,000 pCi/L.  Like nitrate, 
tritium most likely has several sources that include WMA TX-TY and several cribs and trenches in the 
area.  Hodges (1998) used tritium/technetium-99 ratios to show that contamination in the area of the now 
dry well 299-W14-12 was probably a mixture of regional contamination and tank waste. 

 Two other contaminants, cobalt-60 and iodine-129, have been found at WMA TX-TY.  Cobalt-60 
was found in four wells prior to 1982.  Cobalt-60 was highly variable in well 299-W14-2, located at the 
216-T-28 crib; between 1971 and 1976, it reached a maximum of 75 pCi/L in 1971.  Since that time, 
cobalt-60 decreased to between 10 and 25 pCi/L (between 1976 and 1981) and has been undetectable 
since 1982.

 Well 299-W14-5, located east of the TX tank farm, showed highly variable cobalt-60 concentrations 
between in 1975 and 1976 with the highest concentration reaching 52 pCi/L.  Cobalt-60 concentrations 
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decreased to less than detectable in the well after 1977.  Cobalt-60 concentrations were also high in well 
299-W14-6, south of well 299-W14-5, in 1975 (68 pCi/L).  Subsequently, the well was not sampled for 
10 years and cobalt-60 has been undetected in the well since 1988. 

 Well 299-W15-4, located south of the TX tank farm, also showed high concentrations of cobalt-60 
between 1971 and 1976 with the maximum reaching 42 pCi/L.  Like well 299-W14-6, well 299-W15-4 
was not sampled between 1976 and 1987 after which cobalt-60 was essentially undetected in groundwater 
samples. 

 Cobalt-60 was found in well 299-W14-12 during the entire life of the well, between 1992 and 1999.  
The cobalt-60 concentration was 28 pCi/L in late 1992 and decreased to about 4 pCi/L in early 1996.  
Cobalt-60 increased to 16 pCi/L in 1999 when the well was last sampled before it went dry.  Cobalt-60 
has not been found in replacement well 299-W14-13. 

 Apparently, there was an early 1970s cobalt-60 plume in the area east and south of the TX tank farm.  
That plume either dissipated or passed through the area in the late 1970s.  A second plume, isolated to 
well 299-W14-12, was noted during the 1990s but has not been found in any other wells at the WMA. 

 Iodine-129 was found in well 299-W14-2 at the 218-T-28 crib between 1996 and December 2000 
when the well was went dry.  Concentrations were quite variable during this time and the last 
concentration measured in the well was 64 pCi/L.  This was the highest iodine-129 concentration seen in 
the well.

 Iodine-129 has also been found in well 299-W14-12 and its replacement well 299-W14-13.  Iodine-
129 reached about 28 pCi/L in well 299-W14-12 in 1992 before decreasing to undetectable levels in 
1996.  Iodine-129 began to increase in the well in the last two samples obtained before the well went dry.  
The last concentration was 16.4 pCi/L iodine-129.  Iodine-129 concentrations have varied between 16 and 
50 pCi/L in replacement well 299-W14-13.   

 The source of the iodine-129 east of the TX tank farm is not known for certain.  One possible source 
is the 216-T-26 through 216-T-28 cribs which received up to 0.0725 Ci of iodine-129 during their 
operation (Kincaid et al. 1998).  It is also possible that the SSTs in the WMA could be the source of the 
iodine-129.  
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Figure 5.18. Chromium Plume Map at WMA TX-TY for the Fourth Quarter of Calendar 
Year 2002 
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Figure 5.19. Technetium-99 Plume Map at WMA TX-TY for the Fourth Quarter of Calendar 
Year 2002 
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Figure 5.20. Nitrate Plume Map at WMA TX-TY for the Fourth Quarter of Calendar Year 2002 
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5.2.2.2 Southern Boundary of Waste Management Area TX-TY 

 The 200-ZP-1 pump-and-treat operation began in 1994 with one extraction well.  The operation was 
expanded to three wells in 1996 and, finally, to six extraction wells in August 1997.  The first distinct 
effects of the pump-and-treat operation on groundwater flow direction beneath WMA TX-TY was 
observed on the June 1998 water-table map (Hartman 1999).  Well 299-W15-22, located at the southwest 
corner of the WMA, and originally drilled as an upgradient well, was the closest to the 200-ZP-1 pump-
and-treat extraction wells before it went dry in 1998.  Technetium-99 began to increase in this well in 
May 1997, exceeded the maximum contaminant level in August 1997, and reached a high of 3,680 pCi/L 
in May 1998.  The well was last sampled in August 1998. 

 Well 299-W15-4 is an older pre-RCRA well originally drilled to monitor the 216-T-19 crib at the 
southeast corner of the WMA.  Prior to May 1998, the well was sampled only on an annual basis; 
however, available data indicate that technetium-99 started to increase in this well in mid-1997 and 
reached a peak value of 980 pCi/L in July 1999.  The last sampling in October 1999 yielded a value of 
640 pCi/L technetium-99.  Chromium began to increase in well 299-W15-4 in 1999, but the peak 
concentration of chromium (20 �g/L) was below the maximum contaminant level in the last samples from 
the well before it went dry.   

 Well 299-W15-763 was completed as a replacement well for 299-W15-4 in 2001.  The first routine 
sample from this well, taken in May 2001, indicated a technetium-99 level of 57 pCi/L.  The most recent 
sample taken from this well contained 123 pCi/L technetium-99.  Technetium-99 concentrations in this 
well are anomalously low when compared to other wells in the area.  The geologist’s log noted cemented 
zones in the screened interval of this well.  Thus, changes in lithology may account for the difference 
between technetium-99 concentrations in this and adjacent wells. 

 Well 299-W15-41 was completed in January 2000 and was first sampled in March 2000.  The initial 
sampling yielded a technetium-99 concentration of 1,980 pCi/L.  Concentrations of technetium-99 have 
subsequently decreased to about 328 pCi/L since August 2002.  No significant concentrations of 
chromium have been found in samples from this well. 

 Technetium-99 in wells along the southern boundary of WMA TX-TY started to increase 
approximately one year after Phase II of the 200-ZP-1 pump-and-treat operation began.  (Phase II, 
consisting of three extraction wells, began the use of the closest extraction wells to the WMA, wells 
299-W15-34 and 299-W15-35.)  Given the southerly groundwater flow direction imposed on the southern 
portion of the WMA by the pump-and-treat operation, the most reasonable explanation for the increasing 
technetium-99 is that groundwater contaminated with technetium-99 is being drawn from beneath the 
WMA into the pump-and-treat system.  Alternatively, technetium-99 may be originating from the 
216-T-19 crib and tile field (DOE 2002b).  Given the changing groundwater flow direction along 
the southern boundary of the WMA, the few available monitoring wells, and the lack in continuity of 
monitoring data due to dry wells and new wells, it is currently impossible to fully evaluate this problem. 

5.3 Comparison of Groundwater Vadose Zone Porewater Compositions at 
the TX Tank Farm 

 As mentioned previously, borehole C3830 was drilled to investigate a possible leak from 
tank TX-105, borehole C3831 was drilled to investigate possible leaks from TX-107 (used for many 



5.34

intra-tank farm transfers), and borehole C3832 was drilled to investigate a possible leak from 
tank TX-104.  All potential leaks were estimated to have occurred in the 1975 to 1977 time frame.  The 
leak from tank TX-107 is presumed to be the largest leak and was probably at least 30,200 liters 
(8,000 gallons) (Crumpler 2002).   

 The travel time of the leaked fluids through the vadose zone to the unconfined aquifer is difficult to 
estimate because it depends on several variables including density of the leaked fluid, leak volume and 
leak rate, recharge rate since the leaks, details of stratigraphy, contaminant distribution coefficients, and 
presence (or not) of preferential pathway to groundwater.  Several estimated travel times through the 
vadose zone have been made (e.g., Ward et al. 1997, WHC 1990), but none are specific to the TX tank 
farm or the leaks from tank TX-107.  

 As a first approximation, a travel time through the vadose zone is estimated here following the 
method of one dimensional analysis used in Appendix B of WHC (1990).  The approximation assumes: 

1. the entire tank leak of 30,200 liters occurred within one month,  

2. the leak occurred over an area of 410 square meters (this estimate is the cross section area of a single-
shell tank bottom in TX tank farm and is probably much larger than the actual area of the leak.  A 
smaller leak area would result in a faster flux and shorter travel time), 

3. a stratigraphy similar to borehole 299-W15-7 (from Wood et al. 2001), 

4. saturated moisture contents of 0.5 for gravel and coarse sand and 0.4 for silt and caliche (from 
WHC 1990, Appendix B),  

5. saturated hydraulic conductivities of 0.005 cm/sec for gravel, 0.001 cm/sec for coarse sand, 
0.0004 cm/sec for silt, and 0.00005 cm/sec for caliche (from WHC 1990, Appendix B), 

6. unsaturated moisture contents of 0.06 m3/m3 for gravel, 0.09 m3/m3 for coarse sand, 0.18 m3/m3 for 
silt, and 0.23 m3/m3 for caliche, and

7. a retardation factor of 1 (i.e., a contaminant with no adsorption or reaction with the sediment surface 
adsorption sites). 

 Using the above assumptions, a travel time through the vadose zone to the water table is estimated to 
be five to six years.  This is probably much too quick because there is no allowance for lateral spreading 
and generalized moisture curves for the Hanford Site were used.  This estimate is used here, however. 

 Given 1) a leak from tank TX-107 in 1977, 2) a travel time from tank TX-107 to the vadose zone of 
five years, 3) a groundwater flow direction of north to north-northeast in the late 1970s (i.e., from 
tank TX-107 toward wells 299-W14-1, 299-W14-2, and 299-W14-12), and 4) a groundwater flow rate of 
0.05 m/d (a reasonable estimate from the data in Table 5.4 although flow rates may have been faster in the 
late 1970s because of a steeper U pond groundwater mound), a highly mobile contaminant should have 
reached well 299-W14-2 after 17 years, or about 1994 (five years in the vadose zone and 12 years in the 
groundwater). 



5.35

Figure 5.21. Tritium Plume Map at WMA TX-TY for the Fourth Quarter of Calendar Year 2002 
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 The data in Section 4 and in situ desorption Kds calculated in Section 6.5 show that the more mobile 
contaminants in the porewater from boreholes C3830 through C3832 are cobalt-60, technetium-99, 
nitrate, sulfate (SO4

2-) and uranium (U), which is less mobile than the others.  Therefore, it is these 
constituents that would be expected in the groundwater if tank fluids have entered the groundwater. 

 A plume of cobalt-60, strontium-90, and nitrate passed well 299-W14-2 between 1971 and about 
1980 (see Figure 5.22).  A cobalt-60, nitrate, and tritium plume also passed through the area of wells 
299-W14-5 and 299-W15-4 during the early to mid-1970s.  These latter two wells are to the east and 
south, respectively, of the TX tank farm and not downgradient of the TX-107 tank during the 1970s and 
1980s.  This early cobalt-60, nitrate, tritium (and strontium-90) plume appears to have begun passing 
through the area a few years before the reported tank T-107 leak.   

 A cobalt-60, chromium, nitrate, technetium-99, and tritium plume passed well 299-W14-12 in the 
early- to mid- 1990s (Figures 5.9 through 5.12 and Figure 5.23).  This is approximately the time estimated 
for the fluids from tank TX-107 to reach the well.  To test whether this plume (and the earlier 1970s 
plume) may have been from tank TX-107, several ratios of contaminant concentration in groundwater 
from well 299-W14-12 were compared to the same concentration ratios in the vadose zone porewater 
from borehole C3831. 
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Figure 5.22. Cobalt-60 and Strontium-90 Concentrations in Well 299-W14-2 
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Figure 5.23. Cobalt-60 Concentrations in Well 299-W14-12 

 Several geochemical parameters were used to compare the porewater composition to groundwater 
composition.  The first attempts to relate the groundwater and porewater compositions used the ratio of 
the concentration of various geochemical components (technetium-99, calcium, fluoride, chromium, 
sulfate, and sodium [Na]) to the concentration of nitrate.  The ratios for porewater are given in Table 5.8; 
contaminant ratios for groundwater, using all available data with no laboratory qualifiers since about 
1960, are shown in Table 5.9.   

 The agreement between the two data sets is not good.  Some ratios for groundwater are larger than 
those for the vadose zone porewater (Cr/NO3

-, F/NO3
-) and others are smaller than the vadose zone 

porewater (Tc-99/NO3
-, Na/NO3

-).  The lack of agreement between the groundwater ratios and the 
contaminated borehole sediment porewater rations suggests that the groundwater contamination has been 
influenced by fluids from nearby cribs and trenches.  The ratios of most mobile species in the vadose zone 
porewaters should remain stable as tank fluids percolate through the sediment because the only reaction 
between the tank waste and the vadose zone sediment should be dilution as dispersion and mixing occurs 
with native porewater.  That is, the concentrations of mobile constituents will change proportionately to 
each other and their ratios will remain constant as the fluids descend towards the water table.  The ratio 
for Tc-99/NO3

-, shown in Table 5.8 as a function of depth, shows a fairly constant value 
(0.16 ± 0.04 pCi/μg) between the depths of 69.6 and 115.1 ft bgs in borehole C3831 and 
0.12 + 0.03 pCi/�g between depths of 70.0 and 110.0 ft bgs in borehole C3832 (not shown in Table 5.80).  
Based on chemical composition data presented in Simpson et al. (2001), the Tc-99/NO3

- ratio for liquids 
that leaked from TX-107 was 6.07E-01 pCi/μg, whereas the Tc-99/NO3

- ratio of the liquids disposed to 
the nearby 216-T-19 tile field and 216-T-28 crib were 6.89E-04 and 8.45E-04 pCi/mg, respectively.  
Based on the large difference in Tc-99/NO3

- ratio of the liquids that leaked from the tank and the low 
values for nearby cribs and tile fields and the proximity of the boreholes to TX tanks, it is likely that the 
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boreholes intercepted only tank leak fluids.  But because the boreholes met refusal in the Cold Creek 
lower subunit and the groundwater Tc-99/NO3

- ratios are much lower, it is difficult to determine whether 
fluids that leaked from TX tanks, especially TX104, TX105 and TX107 that were investigated with the 
three boreholes (C3832, C3830, and C3831, respectively), has reached the groundwater below the 
TX-TY WMA.  

 A second attempt was made to compare groundwater and the contaminated borehole sediment
porewater compositions by eliminating nitrate (an anion common to both tank waste and liquid disposed 
to nearby cribs and trenches) from the ratios.  These results are shown in Tables 5.10 and 5.11 for 
porewater and groundwater, respectively.  Comparison of the data in the two tables shows that the 
groundwater and porewater compositions are very different.  If the porewater composition represents the 
composition of tank waste, then the contamination in the groundwater either is not tank waste or is a 
mixture of tank waste and other contaminant sources such that the nature of the tank waste is no longer 
recognizable.

 In summary, there is no current similarity between the present or past groundwater contamination and 
current porewater compositions from the contaminated borehole sediments.  Therefore, we cannot link the 
contaminants in the groundwater, currently or during the era of contaminant introduction into the vadose 
zone, to the porewaters currently in the borehole sediments, which are known to be derived from liquids 
that leaked from tank TX-107.   
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Table 5.8. Contaminant Concentration Ratios for Vadose Zone Porewater from Borehole C3831 
as a Function of Depth and From Tank TX-107 Fluids 

Depth
Tc-99/NO3

-

(pCi/µg)
Cr/NO3

-

(µg/µg)
F/NO3

-

(mg/mg)
Na/NO3

-

(mg/mg)
Ca/NO3

-

(mg/mg)
SO4

2-/NO3
-

(mg/mg)
15.97 0.040 0.000195 0.750404 12.65 4.045 2.68 

21.93 0.067 0.000136 0.192436 10.06 2.070 4.16 

28.90 0.022 0.000362 0.535111 15.87 2.512 6.84 

46.06 0.051 0.002111 0.113569 11.44 6.893 14.56 

52.03 0.026 0.000260 0.400169 16.66 1.347 2.77 

53.18 0.053 0.000051 0.007275 0.74 0.126 0.14 

59.94 0.120 0.000028 0.000597 0.44 0.004 0.05 

61.15 0.245 0.000129 0.001159 0.77 0.002 0.06 

67.53 0.217 0.000891 0.016630 2.21 0.013 0.44 

67.53 0.206 0.000647 0.016965 2.21 0.009 0.43 

68.21 0.092 0.000745 0.007523 1.14 0.020 0.30 

69.60 0.179 0.000886 0.012407 1.44 0.021 0.41 

74.99 0.158 0.000013 0.001109 0.29 0.115 0.15 

77.67 0.128 0.000009 0.003699 0.27 0.124 0.22 

78.72 0.141 0.000008 0.001260 0.20 0.169 0.17 

85.99 0.078 0.000003 0.000274 0.07 0.205 0.08 

89.39 0.172 0.000010 0.003615 0.26 0.245 0.24 

93.99 0.216 0.000010 0.001160 0.17 0.171 0.10 

98.07 0.142 0.000013 0.001971 0.20 0.215 0.18 

101.29 0.139 0.000016 0.002684 0.20 0.244 0.19 

102.65 0.145 0.000011 0.002220 0.13 0.175 0.15 

114.44 0.198 0.000007 0.005453 0.17 0.276 0.44 

114.44 0.194 0.000007 0.005719 0.18 0.285 0.45 

115.06 0.187 0.000007 0.004727 0.15 0.272 0.47 

Tank TX-107 
from Simpson 
et al. 2001 

0.60686 0.01728 0.00619 0.931 0.00450 0.0781 
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Table 5.9. Contaminant Concentration Ratios for Groundwater Samples from Well 299-W14-12 

Sample Date 
Tc-99/NO3

-

(pCi/µg)
Cr/NO3

-

(µg/µg)
F/NO3

-

(mg/mg)
Na/NO3

-

(mg/mg)
SO4

2-/NO3
-

(mg/mg)

4/21/1992 0.0187 0.0932 0.227273 0.054545 0.170455 

7/20/1992 0.0219 0.1146 0.104167 0.052083 0.175 

11/11/1992 0.0251 0.1132 0.188679 0.04717 0.177358 

3/9/1993 0.0243 0.1091 0.181818 0.054545 0.190909 

6/23/1993 0.0161 0.1064 0.191489 0.051064 0.204255 

9/28/1993 0.0235 0.0981 1.019231 0.046154 0.184615 

12/16/1993 0.0181 0.1000 0.230769 0.064103 0.192308 

3/17/1994 0.0009 0.0846 0.25641 0.064103 0.194872 

7/6/1994 0.0207 0.0951 0.268293 0.060976 0.185366 

9/22/1994 0.0226 0.0974 0.282051 0.066667 0.189744 

11/30/1994 0.0210 0.0633 0.333333 0.09 0.216667 

2/10/1995 0.0221 0.0644 0.222222 0.064444 0.186667 

5/17/1995 0.0250 0.1000 1 0.086111 0.202778 

8/8/1995 0.0173 0.0714 0.285714 0.085714 0.16 

12/20/1995 0.0121 0.0600 0.44 0.112 0.212 

2/20/1996 0.0091 0.0252 0.34 0.104 0.168 

5/16/1996 0.0055 0.0109 0.395455 0.109091 0.172727 

8/14/1996 0.0013 0.0056 0.666667 0.15 0.2 

11/13/1996 0.0053 0.0028 0.309179 0.13913 0.199517 

2/10/1997 0.0494 0.0192 1.757322 0.155263 0.197368 

5/14/1997 0.0037 0.0034 0.345263 0.123932 0.181951 

11/17/1997 0.0045 0.0021 0.275122 0.117308 0.163248 

2/17/1998 0.0062 0.0050 0.228205 0.102059 0.153077 

6/25/1998 0.0068 0.0012 0.215 0.084597 0.130294 

8/20/1998 0.0070 0.0071 0.158235 0.068448 0.140831 

1/28/1999 0.0107 0.0079 0.156235 0.054545 0.131034 
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Table 5.10. Contaminant Concentration Ratios for Vadose Zone Porewater from Borehole C3831 
as a Function of Depth and From Tank TX-107 Fluids  

Depth
(ft bgs) 

Tc-99/Na
(pCi/mg)

Tc-99/Cr
(pCi/µg)

Tc-99/F
(pCi/mg)

15.97 NA 205.58 0.0535 
21.93 NA 494.35 0.3505 
28.90 NA 60.93 0.0412 
46.06 NA 23.97 0.4457 
52.03 NA 100.16 0.0651 
53.18 71.82 1049.40 7.2894 
59.94 269.51 4324.19 200.4449 
61.15 319.25 1900.35 211.1818 
67.53 98.04 243.45 13.0383 
67.53 93.27 318.84 12.1571 
68.21 80.43 123.43 12.2241 
69.60 124.58 201.83 14.4209 
74.99 543.95 12343.34 142.0491 
77.67 466.31 14549.63 34.5223 
78.72 713.76 18447.11 112.0922 
85.99 1129.53 29744.82 285.4978 
89.39 673.34 17654.06 47.5097 
93.99 1267.05 21941.02 186.2815 
98.07 727.64 10753.58 72.0698 
101.29 705.57 8859.07 51.7009 
102.65 1092.68 13424.60 65.4806 
114.44 1180.43 28930.93 36.3368 
114.44 1109.97 26803.72 33.9935 
115.06 1226.87 27104.64 39.4654 

Tank T-107 Leak

from Simpson et al. 2001 0.0007 35.1145 0.09810 

NA = Not Available - data not measured. 
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Table 5.11.  Contaminant Concentration Ratios for Groundwater Samples from Well 299-W14-12 

Date
Tc-99/Na
(pCi/mg)

Tc-99/Cr
(pCi/µg)

Tc-99/F
(pCi/mg)

4/21/1992 0.3433 NA 8.2400 

7/20/1992 0.4200 19.0909 21.0000 

11/11/1992 0.5320 22.1667 13.3000 

3/9/1993 0.4458 22.2917 13.3750 

6/23/1993 0.3154 15.1400 8.4111 

9/28/1993 0.5083 23.9216 2.3019 

12/16/1993 0.2816 18.0513 7.8222 

3/17/1994 0.0148 1.1182 0.3690 

7/6/1994 0.3396 21.7692 7.7182 

9/22/1994 0.3385 23.1579 8.0000 

11/30/1994 0.2330 33.1053 6.2900 

2/10/1995 0.3431 34.3103 9.9500 

5/17/1995 0.2903 25.0000 2.5000 

8/8/1995 0.2020 24.2400 6.0600 

12/20/1995 0.1077 20.0993 2.7408 

2/20/1996 0.0873 36.0397 2.6712 

5/16/1996 0.0503 50.3333 1.3885 

8/14/1996 0.0084 22.7040 0.1892 

11/13/1996 0.0378 191.2281 1.7031 

2/10/1997 0.0442 256.5217 2.8095 

5/14/1997 0.0241 109.2308 1.0823 

8/12/1997 NA NA 0.0000 

8/26/1997 0.0376 180.0000  

11/17/1997 0.0366 220.8333 1.9850 

2/17/1998 0.0525 123.0769 2.8623 

6/25/1998 0.0663 547.6190 4.2751 

8/20/1998 0.0832 98.9691 4.5070 

1/28/1999 0.1562 135.9649 15.9794 

NA = Not Available - data not measured 
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6.0 Summary and Conclusions

In this section, we present summary information about our interpretation of the TX borehole sediment 
characterization data.  Conclusions are included to aid in making decisions on what interim actions and 
future studies are needed to make sound waste-management decisions at TX tank farm. 

6.1 Drilling and Sampling Summary at the TX Tank Farm 

 Three boreholes were placed inside the TX Tank Farm area for the specific purpose of collecting core 
samples for physical and chemical characterization.  Boreholes C3830, C3831, and C3832 were drilled 
via the closed-end probe method within the TX Tank Farm.  Core samples, 1.25-ft-long by 
2.5-in.-diameter, were collected at predetermined intervals within these boreholes.  Each core contained 
two, 0.5-ft-long stainless-steel liners that contained sediment.  An uncontaminated borehole 
(299-W10-27) was drilled outside the northeast corner of TY Tank Farm using a different sampling 
procedure.  Two, 4-in.-diameter, 1-ft-long lexan-lined core samples were recovered from each 2.5-ft-long 
splitspoon in 299-W10-27.  Sampling above 50 ft was limited to core-barrel grab samples every 5 ft, 
between 50 and 132 ft bgs near continuous core was collected while below 132 ft bgs grab samples were 
collected every 5 ft from the hard-tool drill cuttings.  An additional three splitspoon cores were collected 
between hard-tooled intervals from the saturated zone within Ringold Formation member of Wooded 
Island (formerly called Unit E) gravels.

 Borehole C3830 was located approximately 40 ft (12.2 m) southwest of single-shell tank 241-TX-105 
to a total depth of 116.75 ft (35.6 m) bgs; the hole was terminated when refusal was encountered near the 
top of the lower Cold Creek unit (caliche).  During drilling, a total of 18 splitspoon core samples were 
collected intermittently between August 20, 2002 and early September 2002.  In all, about 25 ft of core 
was obtained from C3830, or about 22% of the total length of the hole.  No samples or drill cuttings were 
collected between the 18 core runs because the hole was advanced in a closed configuration using a solid, 
removable tip. 

 Borehole C3831 was drilled and sampled using the driven-probe technique between July 1 and 
August 7, 2002.  The borehole was located approximately 40 ft (12 m) southwest of single-shell 
tank 241-TX-107.  During drilling, a total of 20 splitspoon core samples were collected intermittently 
starting at a depth of 15 ft bgs.  The hole was terminated when refusal was encountered at 115.4 ft bgs in 
the caliche within the lower Cold Creek unit.  In all, 26.74 ft of core was obtained from C3831, which 
accounts for about 23% of the total length of the hole.  No samples or drill cuttings were collected 
between the 20 core runs because the hole was advanced in a closed configuration using a solid, 
removable tip. 

 Borehole C3832 was drilled and sampled using the driven-probe technique between May 2 and 
June 3, 2002.  The borehole is located about 20 ft (6 m) south-southeast of single-shell tank 241-TX-104.  
During drilling, a total of 19 splitspoon core samples were collected intermittently starting at a depth of 
about 16 ft bgs.  In all, 27.09 ft of core was collected, which accounts for about 23% of the total length of 
the hole.  The hole was terminated when refusal was encountered at 115.9 ft bgs in the caliche within the 
lower Cold Creek unit.  No samples or drill cuttings were collected between the 19 core runs because the 
hole was advanced in a closed configuration using a solid, removable tip. 
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 Each of the 6-in. long liners from all three boreholes were opened in the chemistry lab and 
geologically described during the subsampling process to obtain aliquots used in the various 
characterization activities.  The geology between core samples was inferred and interpreted based on the 
geophysical log and blow-count data.   

6.2 Conceptual Model for TX Tank Farm Geology 

 Three primary stratigraphic units were encountered in each of the three boreholes:  1) backfill 
material, 2) the Hanford formation, and 3) the Cold Creek unit.  The deeper Ringold Formation was only 
penetrated in the “clean” borehole 299-W10-27.  Table 6.1 summarizes the contacts between the various 
stratigraphic units in the three boreholes and “clean” borehole. 

 For all three boreholes, the backfill consists of predominantly grayish-brown, very poorly to 
moderately sorted, massive, gravelly sand to slightly gravelly sand, which is unconsolidated and weakly 
to strongly calcareous.  This unit appears to be rather homogeneous and lacks lithologic variation 
suggested by relatively uniform geophysical logs and blow-count data.  Near the bottom of the backfill at 
C3831 near 46 ft bgs, a finer-grained 1-ft thick layer of laminated silty sand occurred.  In the backfill at 
C3832, several feet or more of wet to moist, cohesive, well-sorted, strongly calcareous, dark 
grayish-brown, silty-fine sand was present at the base of the backfill sequence.  Free water was reported 
in this material during core sampling.  Fine-grained sand and silt was occasionally placed at and toward 
the base of the backfill within the TX Tank Farm, apparently to improve traction for construction vehicles 
(DOE-GJO 1997).  This observation may explain the fine-grained and wetter nature of the backfill 
sediments at boreholes C3831 and C3832. 

 Below the backfill in all three boreholes lies the Hanford formation, which is divided into three 
informal units (H1, H2, and H3).  However, at two of the boreholes the H1 unit was completely removed 
during excavation and then later used as backfill.  We infer that a thin remnant of the H1 unit exists 
between 45 and 47 ft bgs at borehole C3832.  Further, at the three boreholes there is no indication that H3 
unit materials are present above the contact with Cold Creek units.  Therefore below the TX tanks, the 
stratigraphy is dominated by the Hanford formation H2 unit.  The Hanford formation H2 unit consists of 
predominantly fine-to-coarse-grained sand with an overall gray to brownish-gray color.  This sand has the 
appearance of “salt and pepper”, with the “pepper” fraction consisting of basaltic rock fragments, and the 
“salt” fraction consisting of mostly quartz and feldspar grains (as discussed in Section 2.1.3).  The H2 
sands are sometimes capped or interbedded with thin beds of silty-fine sand to silt.  The fine- to coarse- 
sand beds are loose, massive to laminated, moderately to well-sorted, and weakly to moderately 
calcareous.  Finer-grained beds are generally well sorted, cohesive, massive to laminated, yellowish to 
olive-brown, and moderately to strongly calcareous. 
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Table 6.1. Stratigraphic Units and Contacts (ft bgs) 

Hole 299-W10-27 C3830 (TX-105) C3831 (TX-107) C3832 (TX-104) 

Recent Eolian 0 to 4.5 — — —

Backfill — 0 to 52 0 to 52.3 0 to 45 

H1 4.5 to 41.5 gone gone 45 to 47 

H2 41.5 to 89.4 52 to 100.4 52.3 to 102.2 47 to 103 

CCUu 89.4 to 98 100.4 to 111 102.2 to 106 103 to 110.4 

CCUl 98 to 112 111 to bottom 106 to bottom 110.4 to bottom 

Rtf 112 to 124 Hole stopped Hole stopped Hole stopped 

Rwi 124 to hole bottom Hole stopped Hole stopped Hole stopped 
H1 = Hanford formation Unit 1 – gravel dominated cataclysmic flood deposits. 
H2 = Hanford formation Unit 2 – sand dominated cataclysmic flood deposits. 
CCUu = Cold Creek Unit upper subunit – well-sorted silt and/or fine sand of eolian and/or fluvial origin. 
CCUl = Cold Creek Unit lower subunit – calic paleosol sequences. 
Rtf = Ringold Formation member of Taylor Flat – generally fluvial sands and silts. 
Rwi = Ringold Formation member of Wooded Island – fluvial sand and gravel.

 At borehole C3830, based on cores and the field moisture, spectral gamma, and blow-count logs, we 
infer there are four, thin fine-grained layers in the H2 unit.  At borehole C3831 we infer that there are at 
least eight fine-grained layers in the H2 unit.  At C3831, a clastic dike was observed within the Hanford 
formation H2 unit at about 60 ft bgs.  The clastic dike is characterized by compact and cohesive, 
sub-vertically laminated, grayish-brown sand to dark gray silt and clay.  A few small pebbles are also 
present within the dike, which is moderately calcareous.  The clastic dike shows higher moisture content 
compared to adjacent strata, probably as a result of the presence of more fine grained material, which 
tends to retain more moisture.  The contamination profile at C3831 suggests that fluids may have been 
captured by this clastic dike and preferentially transported along the dike.  That is, at C3831 there are no 
signs of tank fluids above the depth where the borehole intercepted the clastic dike and the contamination 
is present from the intercept depth to near the bottom of the hole.  There are at least eight, thin 
fine-grained interbeds in the H2 unit at borehole C3832.  These thin fine-grained lenses found at all three 
boreholes within the H2 sands may impact the flow of leaked fluids and effected irregular and horizontal 
flow.

 The upper Cold Creek unit, CCUu, at borehole C3830 is 10.6-ft thick.  Six samples of the upper CCU 
were collected for physical and chemical characterization at three different depths within the upper CCU.  
Sediments from this unit are compact and well-sorted silt to silty-fine sand, which range from laminated 
to massive, and are moderately to strongly calcareous.  This unit has an average gravimetric moisture 
content of 11.0 %.  At borehole C3831, the CCUu is compact and well-sorted silt to silty-fine sands, which 
range from laminated to massive, and are moderately to strongly calcareous.  The upper CCU in C3831 is 
relatively thin (only 3.8-ft thick).  The upper CCU in C3832 is 7.4-ft thick and consists of compacted and 
well-sorted, mottled to laminated, moderately to strongly calcareous, yellowish-brown to olive-brown, silt 
to silty-fine sand.  The top of the upper CCU, especially at C3832, is defined by a dramatic decrease in 
grain size and an increase in the total gamma activity.   



6.4

 We define the top of the lower CCU as the top of the first pedogenically altered, carbonate-rich, 
cemented zone, that is accompanied by a sudden drop in natural-gamma activity.  The lower Cold Creek 
unit, CCUl, was sparsely sampled in boreholes C3830 and C3831 but five samples were obtained out of 
borehole C3832.  Sediments from this unit are slightly moist (gravimetric moisture content 11 to 13%), 
mottled and cemented, pinkish-gray, very poorly sorted sand, silt, and olive-colored clay, some with a few 
small pebbles of angular basalt and others with pedogenic calcium carbonate stringers and nodules.  All 
the samples are very strongly calcareous.  The lower CCU represents a highly weathered paleosurface that 
developed unconformably on top of the Ringold Formation (Brown 1959, 1960) following a period of 
downcutting and degradation within the central Pasco Basin.  The overall thickness of the lower CCU 
beneath the TX Tank Farm is generally 10-20 ft and dips to the southwest about one degree (Wood et al. 
2001).  In the vicinity of the TX Tank Farm, multiple, calcic-rich zones in the CCUl subunit may be 
separated by relatively non-calcareous, un-cemented material, indicating some rapid accumulations 
occurred periodically between periods of soil development. 

 Deeper sediments were only sampled in the “clean” borehole, 299-W10-27, but based on other 
boreholes studied in the past, we offer the following geologic description.  Generally, only fluvial gravel 
and sand facies are represented in the Ringold Formation vadose zone beneath the TX Tank Farm.  The 
Ringold Formation member of Taylor Flat (Rtf) within the T-TX-TY WMA (also referred to as the upper 
Ringold unit) consists of interstratified, well-bedded fine to coarse sand to silt belonging to a mixture of 
fluvial-sand and overbank facies associations.  Post-Ringold Formation erosion has locally stripped away 
this member, including all the area beneath TX Tank Farm.  Below the Ringold Formation Taylor Flat 
Member is the Ringold Formation Wooded Island Member ([Rwi], also referred to as the Ringold Unit E) 
that consists predominantly of the fluvial-gravel facies association with occasional thin beds of the fluvial 
sand and/or the overbank facies associations.  Rwi within the TX Tank Farm averages about 85-m (275 ft) 
thick and the top of the unit dips very gently to the southwest.  The water table lies within Rwi gravels at 
about 220-ft (67 m) depth, about halfway between basalt bedrock and the ground surface. 

6.3 Stratigraphy and Moisture Content 

 In general, heterogeneities including fine-grained thin lenses in the Hanford formation and the 
relatively thick Cold Creek unit likely cause anisotropy in water flow.  Increased moisture was found to 
correlate with each of the fine-grained thin lenses intercepted by the coring and other fine-grained lenses 
are inferred to be present in the Hanford formation H2 unit based on the field neutron logging profiles.  
Recall that only about 25% of the profiles in the boreholes were cored.  Several findings and hypotheses 
on the relationship between moisture content and water and contaminant flow that are gleaned from the 
characterization efforts reported herein include: 

� Relatively high moisture contents occur in the Cold Creek unit in all three boreholes, especially for 
the lower CCU (i.e., caliche). 

� Average moisture content for the Hanford formation H2 unit in “clean” borehole, 299-W10-27, is 
significantly less than in the three boreholes.  This may be attributed to either:   

1. greater artificial recharge to the vadose zone associated with the boreholes (i.e., tank leaks, tank 
dome water diversion/shedding), 
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2. sample bias.  Moisture samples from the H2 unit at 299-W10-27 were collected at regular 1-ft 
intervals, whereas the borehole intervals were pre-selected based on suspected contamination (i.e., 
high moisture), or 

3. higher natural recharge beneath the tank farms due to the removal of surface vegetation and 
placement of gravel, which significantly reduces or eliminates near-surface transpiration of 
moisture back to the atmosphere. 

6.4 Vertical Extent of Contamination 

 The following paragraphs describe measurements of various parameters that help us determine the 
extent of vertical migration of tank or ancillary equipment leaks.  We used several parameters including 
moisture content, pH, electrical conductivity, nitrate, technetium-99, sodium, and uranium concentrations 
in water and acid extract as indicators to determine the leading edge of the plume.  The concentrations of 
water-extractable (for mobile constituents) and acid-extractable or directly measured constituents in the 
sediment (for sorbing constituents) were used to delineate the total inventory of constituents within the 
plume.  For technetium-99, the water-extractable data were judged to be a more accurate indication of 
past tank leaks than acid-extractable concentrations.  In this section, we discuss all of the parameters 
measured except uranium and sodium. 

 Based on evaluating all these measurements, we conclude that the borehole data do not establish the 
vertical extent of tank contamination, especially in boreholes C3831 and C3832, because contamination 
was found at the bottom of these boreholes.   

 The first parameter, moisture content, is a direct measure of the mass of water in the vadose zone 
sediment.  One would logically assume that wetter than normal conditions would represent the existence 
of leaked tank liquor but, as found at most of the boreholes studied to date, the moisture content in the 
three boreholes is indicative mainly of grain size.   

 The second parameter measured was the pH of water extracts of the vadose zone sediment.  Based on 
the assumption that tank fluids are generally caustic and often very caustic (>1 M free hydroxide), 
elevated pH profiles should be indicative of the zones impacted by leaked fluids.  The pH profiles for 
sediments from the three boreholes show slightly elevated pH in borehole C3831, at 61 ft bgs, that is 
indicative of alkaline tank fluid interactions.  But the pH data at all other depths in borehole C3831 and at 
all depths in boreholes C3830 and C3832 show no indication of elevated pH values.  Based on 
observations at other tank farms (SX and BX) where it is certain that caustic wastes are in the vadose 
zone, yet water extract pH values never exceed 10, we have concluded that pH is not a very sensitive 
parameter to use for evaluating the extent of plume migration in the vadose zone.  A paper that provides a 
technically based conceptualization of the evolution of pH in sediments in contact with caustic fluids is in 
publication (see Wan et al. 2004).  

 The third parameter that was assessed to estimate the vertical extent of the leaked plume was dilution-
corrected water extract electrical conductivity (EC).  The EC depth profiles for the three boreholes do 
show elevated EC in comparison to the background sediments from borehole 299-W10-27.  There is 
slightly elevated EC in the C3830 borehole sediments from 59.4 ft bgs to the bottom of the borehole 
samples.  The highest dilution-corrected porewater EC is equivalent to a pore solution of 0.12 M KCl, the 
salt solution used to calibrate the conductivity probe.   
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 There is also evidence of elevated EC starting at 60 ft bgs all the way to the bottom of the borehole at 
C3831.  Somewhere between the two C3831 samples at 53.2 and 59.9 ft bgs, the EC of the 1:1 water 
extract increases to between 10 and 13 times the background sediment.  At ~ 86 ft bgs in C3831 there is a 
second peak of high EC at about 11 times the background sediment water extract.  Below 86 ft bgs to the 
bottom of the C3831 borehole at 115 ft bgs, the EC averages about 3 times higher than that in background 
sediments.  When compared to the EC at borehole C3830 and C3832, the values at C3831 are 
unequivocally higher and indicative of the presence of saline tank-related fluids.  The highest 
dilution-corrected porewater EC value for borehole C3831, between 60-61 ft bgs, is equivalent to a pore 
solution of 0.4 M KCl.   

 The EC values at C3832 are lower in the H2 unit and slightly larger than those at C3830 in the Cold 
Creek units and unequivocally lower than the EC values at borehole C3831 in both the H2 and CCUu

units.  The highest values of dilution-corrected porewater EC in borehole C3832 occur in two zones, 
between 61 to 63 ft bgs and 110.3 to the bottom of the hole at 115.5 ft bgs.  The C3832 dilution-corrected 
EC values for these two zones are equivalent to a pore solution of 0.042 and 0.051 M KCl.  The 
maximum dilution-corrected EC at borehole C3832 in the H2 unit is 4.54 mS/cm, lower than the 
dilution-corrected EC at borehole C3830 (12.5 mS/cm).  The highest dilution-corrected EC at borehole 
C3832 occurs in the CCUl unit with a value of 6.27 mS/cm.   

 Because the three boreholes could not be pushed through the CCUl unit to deeper depths, it is difficult 
to judge whether the vadose zone plumes of saline fluids stopped at the caliche layer as was found at the 
SX tank farm (see Serne et al. 2002b, 2002d).  It does seem that the more elevated portions of the EC 
profile at borehole C3830 currently resides at the bottom of a fine-grained thin lens in the H2 unit at 
87 ft bgs.  At C3831, we lack good sample coverage in the fine-grained CCUu mud unit and the caliche 
unit to ascertain whether the salt plume has significantly descended into the Cold Creek sediments.  There 
is strong indication at borehole C3832 that the saline plume has descended into the Cold Creek unit at 
least to the bottom of the borehole. 

 Despite the evidence that elevated EC values may be present in all three boreholes to their depth of 
refusal, the concentrations are not large.  For example, the maximum dilution-corrected EC at borehole 
C3832 is 6.27 mS/cm; at borehole C3830, the maximum is 12.5 mS/cm; at borehole C3831, the 
maximum is 43.3 mS/cm.  The leaks near the SX108-109 and BX-102 tanks had peak vadose zone 
porewater concentrations that were equivalent to much more concentrated waste fluids, 524 to 1774 and 
77 mS/cm, respectively.  At 299-E33-46 near tank B-110 the dilution-corrected EC was 15.1 mS/cm, and 
at 299-W23-19 near tank SX-115, which contained dilute waste, the dilution-corrected EC was 
33 mS/cm. 

 The fourth parameter evaluated to define the vertical extent of contamination was nitrate.  The nitrate 
water extract values for borehole C3830 are elevated from 67 ft bgs to the deepest sample obtained.  The 
nitrate water extract values are 10 to 50 times larger than for the background sediments in similar 
uncontaminated lithologies in borehole 299-W10-27.  The nitrate water extract values for borehole C3831 
are elevated compared to the background sediments from 53 ft bgs to the deepest sample obtained.  The 
nitrate water extract values in C3831 borehole sediments are 20 to 300 times larger than for the 
background sediments between the depths of 53 and 86 ft bgs.  The nitrate concentrations in the borehole 
C3831 are also ~ 5 to 10 times larger than those at similar depths in borehole C3830.  The nitrate water 
extract values for borehole C3832 are elevated compared to the background sediments from 76 ft bgs to 
the deepest sample obtained.  The nitrate concentrations in the borehole C3832 are the same as those at 
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borehole C3830 in the H2 sediments down to 97 ft bgs, but higher than the C3830 sediments below 
97 ft bgs.  Both C3832 and C3830 sediments contain ~ 5 to 10 times less nitrate than the sediments in 
borehole C3831.  Thus, as found for the EC data, it is difficult to judge whether the vadose zone nitrate 
plumes were successfully stopped at the caliche layer as was found at the SX tank farm.  It does appear 
that the nitrate plume in borehole C3832 may be a diluted and a deeper extension of the plume at C3831.  

 The fifth indicator species often used to define the vertical extent of contamination is technetium-99 
in water extract samples.  For the boreholes at the TX tank farm, the technetium-99 concentrations are not 
high enough to get a good indication on the vertical extent of tank related waste.  The technetium-99 
concentration levels are discussed in Section 6.6. 

 In summary, the moisture content, pH, electrical conductivity, nitrate, and technetium-99 profiles 
versus depth do not clearly identify the leading edge of the plume.  The profiles do collectively suggest 
that tank-related fluids in borehole C3832 have traveled deeper than at the other two boreholes and that 
the C3832 plume’s most saline concentrations have reached the caliche in the Cold Creek lower subunit 
to a depth of at least 116 ft bgs. 

6.5 Detailed Characterization to Elucidate Controlling Geochemical 
Processes

 The more detailed characterization activities of the cores from 299-W10-27 and the three boreholes 
added some insight on the processes that control the observed vertical distribution of contaminants and on 
the migration potential of key contaminants in the future.  The porewaters, calculated by dilution 
correction of the 1:1 water extracts, in the sediment from the boreholes in the Hanford formation unit 
(H2) were dominated by sodium, nitrate, and bicarbonate for sediments with obvious signs of tank fluids.  
The most concentrated porewaters in the H2 and Cold Creek units for the three boreholes are shown in 
Table 6.2 in units of meq/L.  Also included in the table for comparison are the maximum porewater 
concentrations found in other characterization work previously reported for the BX, B, and SX Tank 
Farms.   

 For borehole C3830, the most saline calculated porewater resides in the H2 unit and has a chemical 
composition of sodium (0.032 N), calcium (0.042 N), magnesium (0.018 N), potassium (0.005 N), nitrate 
(0.040 N), bicarbonate (0.034 N), sulfate (0.020 N), and chloride (0.008 N).  The most saline calculated 
porewater in borehole C3831 is also present in the H2 sediments and is significantly more saline than the 
porewaters in C3830 and C3832.  The maximum calculated porewater concentration in borehole C3831 
has sodium (0.418 N), potassium (0.005 N), calcium (0.001 N), magnesium (0.0002 N), nitrate (0.202 N), 
bicarbonate (0.191 N), sulfate (0.015 N), phosphate (0.008 N), and chloride (0.006 N).  A much more 
dilute, yet still tank-influenced porewater that consists of a more alkaline earth dominated system, is 
found in the borehole C3831 Cold Creek unit’s sediments.  The calculated porewater ionic strength in 
borehole C3832 sediments is more dilute than either of the other two boreholes but has more salinity in 
the Cold Creek sediments than in the H2 sediments.  This suggests that the source of the fluids may be 
more distant from this borehole.  That is, a plume descending within dipping strata with several fine-
grained lens migrates in a “stair-step fashion” that would yield a pattern in vertical boreholes where 
contamination would be found deeper in the downgradient borehole.  This stair-step pattern is observed 
when comparing boreholes C3831 and C3832 where some of the constituents’ distributions in borehole 
C3831 suggest that the plume that is observed in both C3831 and C3832 could be from tank TX-107.  
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However, as discussed below not all constituents have distributions between the two boreholes that fit this 
hypothesis (see water-extractable uranium discussion).  Further, the vertical distribution of contaminants 
at borehole C3831 may be controlled by the clastic dike that was intercepted at 60 ft bgs. 

 As shown in Table 6.2, the calculated porewaters in the TX boreholes are much less concentrated 
than porewaters found in the vadose zone sediments from either the BX and SX WMAs. 

 The water-extractable major cations’ distributions in the three borehole sediments suggest that an 
ion-exchange process dominates the porewater/sediment interactions where tank fluid passed by or 
currently exists.  The depth profiles for the divalent alkaline earth cations (calcium, magnesium, and 
strontium) versus sodium show remarkable similarities in all three boreholes.  All show depleted divalent 
(alkaline earth) cation concentrations in the shallow Hanford formation H2 sediments below the tank 
bottoms.  Conversely, the water-extractable sodium concentrations in this zone are elevated.  At borehole 
C3830, the distribution of the divalent alkaline earth cations (magnesium, calcium, and strontium but not 
barium) and the monovalent cation potassium show low water-extractable quantities between 54 to 58 and 
67 to 72 ft bgs with the lowest values of all at 67 ft bgs.  Conversely, the distribution of water-extractable 
sodium is higher than the mass that is water leachable from uncontaminated sediments in the whole 
profile excepting at the 59.35 ft depth.  The water-extractable sodium peak value occurs at 65 ft bgs and 
the peak nitrate and EC value occur at ~ 77 ft bgs.  These trends suggest that tank fluids that are high in 
sodium (and nitrate based on the anion data) did seep into the vadose zone near this borehole.  The 
water-extractable masses of all cations in the 59.35 ft bgs sample are very similar to uncontaminated 
background sediments.  There is a fine-grained lens near this depth that may have forced the tank fluids to 
flow laterally around this zone.   

 At borehole C3831, the distribution of the divalent alkaline earth cations (magnesium, calcium, and 
strontium but not barium) shows low water-extractable quantities between 61 and 70 ft bgs.  High 
divalent cation water extracts are found below in a narrow zone between 78.7 and 86 ft bgs.  Conversely, 
the distribution of water-extractable sodium is very high between the depths of 60 and 75 bgs.  The 
water-extractable sodium values in borehole C3831 sediments are higher than the values in the 
uncontaminated sediments from borehole 299-W10-27 over the whole borehole profile.  These trends 
suggest that tank fluids that are high in sodium and nitrate did seep into the vadose zone near this 
borehole.  The sodium pushed the natural divalent cations and some of the natural potassium off the 
sediment cation exchange sites in the sediments between 61 and at least 70 ft bgs.  Right below the 
leading edge of the sodium plume one finds elevated levels of divalent cations that were displaced.  We 
observe the highest levels of water-extractable divalent cations in the samples between 78.7 and 86 ft bgs.  
At borehole C3831, the water-extractable magnesium, calcium, strontium, barium, potassium, and sodium 
in the sediments from 75 ft bgs to the bottom of the borehole are larger than the background sediment in 
borehole 299-W10-27 by a factor of 3 to 5 and borehole C3830 sediments by a factor of 2.  This probably 
is an indication that either more volume of fluid and/or higher concentration tank fluids are present in the 
C3831 sediments from 75 ft bgs to the bottom of the borehole than are present in the sediments obtained 
from borehole C3830. 



6.9

T
ab

le
 6

.2
. 

M
ax

im
um

 P
or

e 
W

at
er

 C
on

ce
nt

ra
tio

ns
 in

 S
ed

im
en

ts
 fr

om
 H

an
fo

rd
 F

or
m

at
io

n 
an

d 
C

ol
d 

C
re

ek
 U

ni
ts

 

C
lo

se
st

 S
ST

 a
nd

 B
or

eh
ol

e 
or

 B
or

eh
ol

e 
N

um
be

r 
T

an
k

T
X

-1
05

 
T

X
-1

07
 

T
X

-1
04

 
B

X
-1

02
 

B
-1

10
 

SX
-1

15
 

SX
-1

09
 

SX
-1

08
 

B
or

eh
ol

e/
St

ra
ta

C
38

30
-H

2 
C

38
31

-H
2 

C
38

31
-C

C
 

C
38

32
-H

2 
C

38
32

-C
C

 
E3

3-
45

 
E3

3-
46

 
W

23
-1

9 
41

-0
9-

39
 

Sl
an

t 

m
eq

/L

N
a 

32
 

41
8.

5 
24

.4
 

39
.1

 
12

.1
 

52
5 

15
0 

35
.6

 
60

66
 

16
90

0 

C
a 

42
 

1.
2 

37
.0

 
1.

1 
30

 
11

4 
4 

28
0.

9 
61

9 
90

 

M
g 

18
 

0.
2 

17
.1

 
0.

44
 

13
.6

 
62

 
2.

5 
94

.6
 

24
 

10
 

K
 

10
 

4.
7 

5.
9 

1.
4 

2.
5 

13
 

0.
5 

3.
6 

42
 

92
 

Sr
 

0 
0 

0.
1 

0 
0 

0 
0 

1.
5 

4.
4 

1 

U
O

2 
0 

0 
0 

0 
0 

2 
0 

0 
0 

0 

To
ta

l C
at

s 
10

2
42

4
84

.4
42

58
71

6
15

7 
41

6.
2 

67
55

.4
 

17
09

3 

N
O

3 
40

 
20

2.
4 

55
.4

 
0.

6 
10

 
10

0 
3 

42
0 

67
10

 
15

67
7 

N
O

2 
0 

0 
0.

0 
0 

0 
0 

0 
0 

28
 

32
 

SO
4 

20
 

15
.2

 
12

.6
 

5.
8 

36
 

57
0 

14
 

3.
3 

95
 

50
0 

C
rO

4 
0 

0 
0.

0 
0 

0 
0 

0 
10

0 
0 

0 

PO
4 

0 
8.

4 
0.

9 
0.

3 
0 

0 
0 

0 
0 

0 

C
l 

8 
6.

4 
2.

3 
0.

4 
1.

6 
5 

0 
6 

11
9 

14
7 

F 
0 

0.
8 

0.
4 

0.
5 

0.
5 

1 
10

 
0 

0 
0 

H
C

O
3 

34
 

19
1.

2 
12

.8
 

37
.3

 
11

 
40

 
13

0 
7 

0 
66

6 

To
ta

l A
ni

on
s 

10
2

42
4

84
.4

42
58

71
6

15
7 

53
6.

3 
69

52
 

17
02

2 

di
l-c

or
re

ct
ed

 
EC

 (m
S/

cm
) 

12
.5

 
43

.2
6 

9.
66

 
4.

54
 

6.
27

 
76

.8
 

15
.1

 
33

.1
 

52
4 

17
72

 

Y
el

lo
w

 sh
ad

ed
 c

el
ls

 si
gn

ifi
es

 so
m

e 
ro

un
d 

of
f t

o 
gi

ve
 e

le
ct

ric
al

 c
ha

rg
e 

ba
la

nc
e 

be
tw

ee
n 

th
e 

ca
tio

ns
 a

nd
 a

ni
on

s. 



6.10

 At borehole C3832, the distribution of the divalent alkaline earth cations (magnesium, calcium, and 
strontium, but not barium) shows low water-extractable quantities between 63 and 97 ft bgs excepting the 
sample at 77 ft bgs.  High divalent cation water extracts are found below in the Cold Creek unit.  
Conversely, the distribution of water-extractable sodium is elevated between the depths of 63 and 77 bgs.  
The water-extractable sodium values in borehole C3832 sediments are higher than the values in the 
uncontaminated sediments from borehole 299-W10-27 over the whole borehole profile including the 
backfill above the tank.  These trends suggest that tank fluids that contained sodium did seep into the 
vadose zone near this borehole.  The sodium pushed the natural divalent cations and some of the natural 
potassium off the sediment cation exchange sites between 63 to at least 76 ft bgs, if not all the way to the 
bottom of the H2 unit at 102 ft bgs.  Right below the leading edge of the sodium plume there are elevated 
levels of divalent cations that were displaced.  We observe the highest levels of water-extractable divalent 
cations in the C3832 samples below the Hanford formation H2 contact with the Cold Creek upper subunit 
to the bottom of the borehole.  At borehole C3832, the water-extractable magnesium, calcium, strontium, 
potassium, and sodium concentrations in the sediments in both Cold Creek units (from 105 ft bgs to the 
bottom of the borehole) are greater than for the background sediment in borehole 299-W10-27 and also 
borehole C3830 sediments by a factor of 2 to 5.  This likely is an indication that a larger volume of tank 
fluids passed through the C3832 sediments to the bottom of the borehole than passed through the vadose 
zone at borehole 3830.  The water-extractable sodium concentrations at borehole C3831 are larger than at 
C3832 and it is possible that the plume from a leak at tank TX-107 could have been intercepted by both 
C3831 and C3832 boreholes.  The sodium concentrations in borehole C3832 in almost all instances are 
more dilute down to the bottom of the H2 unit but are larger in the Cold Creek sediments that lay below.  
This distribution is compatible with a scenario where the source of the fluid is closer to borehole C3831 
and descends with some dilution with existing vadose zone porewater towards borehole C3832.  There is 
such a southwesterly dip to the Cold Creek units and older strata below the TX Tank Farm.   
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6.6 Estimates of Contaminant Inventory and Sorption-Desorption Values 

 In this section, we discuss our measurements and data synthesis used to quantify the inventory of key 
risk contaminants and our estimates of their adsorption-desorption tendencies.  We did not perform any 
site-specific sorption or desorption studies per se because none of the contaminants were present at large 
enough concentrations to make testing practical.  Further, because contaminant levels at TX are much 
lower than concentrations needed at other tank farms to cause predicted future risk concerns, detailed 
desorption testing did not appear to be necessary.  However, by combining the data from the dilution-
corrected 1:1 water extracts, which represent the porewater, with the concentrations measured on the 
sediment, we can estimate the desorption Kd values for contaminants of interest.  For a contaminant that 
has very little water-soluble mass such as cesium-137, the in situ desorption Kd can be approximated as 
the mass in the total sample per gram of dry sediment divided by the mass in the porewater per milliliter.  
For a contaminant that is quite soluble in the water extract (this is approximately equivalent to stating that 
the contaminant resides mainly in the porewater within the sediment), one needs to subtract the amount 
that was present in the porewater from the total amount present in the moist sediment sample to obtain a 
value for the amount that would remain on the solid at equilibrium with the pore fluid.   

 We will first describe our inventory estimates and then address the mobility status of contaminants 
presently found in the TX vadose zone sediments.  Tables 6.3 through 6.5 provide our best estimate of the 
inventory of potentially mobile contaminants found in each of the three boreholes.  Potential 
contaminants of concern that have been selected for discussion include technetium-99, uranium, 
cobalt-60, chromium(VI), and nitrate.   

 The concentrations of technetium-99 found in the sediment are very close to our detection limit, but 
the others are present at high enough concentrations that we are comfortable that precise and accurate data 
were obtained.  For the technetium-99 inventory we suggest that the water extract data is most accurate 
and should be used to estimate technetium-99 inventory versus depth.  However, we do present the 
technetium-99 acid extract data as the worst-case maximum inventory estimate.  We assume that all 
technetium is water soluble in the sediments, as found during our characterization studies at BX and the 
SX WMAs (Serne et al. 2002b, 2002c, 2002d, and 2002e), and that the acid-extract data are biased high 
and are generally of suspect quality.   

 For uranium and chromium, we have found that one must separate the natural background 
concentrations from Hanford added material in discussing risk potential.  The natural uranium and 
chromium are almost entirely resistant to water leaching and to becoming mobile, whereas the material 
added by Hanford activities is somewhat mobile.  We thus recommend using the water-extractable 
uranium and chromium data as representative of the concentrations that could enter the water table for 
future risk calculations.  However, we present the acid-extractable chromium and uranium inventories to 
allow very conservative risk calculations to be performed that assume all acid-extractable masses could 
ultimately become released to percolating recharge waters.  For the cobalt-60, we present the total activity 
present in the sediments.   

 For nitrate, as for technetium-99, we assume that the water extract concentrations represent the total 
inventory.  We have no other method to measure nitrate besides the water extract method.  We use 8 M 
nitric acid as our technique to measure the total amount of a constituent that is acid leachable.  Thus, the 
nitric acid leachant overwhelms any nitrate present in the sediment.  We have also designated in the 
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tables, using yellow shading, samples that may contain Hanford-related wastes as opposed to samples that 
are likely uncontaminated natural sediments.  

 Semi-quantitative estimates of desorption Kd values for the potential contaminants identified in 
Tables 6.3 through 6.5 can be calculated using the inventory estimates (mass or activity per gram of 
sediment) divided by the estimated porewater concentration of the constituent.  These values are found in 
Tables 4.30, 4.45, 4.60 (acid extract) and 4.27, 4.42, and 4.57 (porewaters), respectively.  Table 6.6 shows 
the estimated desorption Kd values for the sediment cores obtained from each of the three boreholes.  In 
Table 6.6, the depths where the bulk of the contamination is present are highlighted in red (bold) type and 
the desorption Kd values that suggest contamination being present at even very low concentrations are 
highlighted in yellow (darker) shading.  The faint blue (lighter) shading in Table 6.6 designates data that 
are more dominated by natural constituents or impacted by low precision analytical values.  From the 
table one can see two trends.  First where there are significant concentrations of contaminants in the 
sediments (between 67 to 87, 61 to 70, and 61 to 110 ft bgs, at C3830, 3831, 3832, respectively), the Kd

values for uranium, chromium, and technetium-99 are smaller than their values at shallower and deeper 
depths.  This is caused both by there being more saline porewaters (competing ions) and higher 
contributions of waste species for chromium and uranium being present, which are generally more water 
leachable than naturally present species.  The changes in Kd values for technetium-99 outside the zone of 
significant contamination are likely more a function of imprecision in the acid versus water extract 
analytical results.  The other trend is that the desorption Kd values for technetium-99 in the main portion 
of the vadose zone plumes is very close to 0 mL/g, while the desorption Kd value for uranium and 
chromium in the main portion of the plumes vary between 0 to 2 mL/g, and 7 to 70 mL/g. 
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Table 6.4. Inventory Estimates for Potential Contaminants of Concern in Borehole C3831 
Sediments

Depth
(ft bgs) 

Strat. 
Unit Nitrate Tc-99 U-238 Cr Tc-99 U-238 Cr Co-60 

Extract Water Acid Direct 

Units µg/g pCi/g µg/g µg/g pCi/g µg/g µg/g pCi/g 

15.97 Bkfl 1.7  2.44E-03 3.32E-04  5.18E-01 9.47E+00 <0.107 

21.93 Bkfl 3.27  1.35E-03 4.47E-04  4.58E-01 1.05E+02 <0.089 

28.90 Bkfl 2.31  3.84E-03 8.37E-04  5.10E-01 8.37E+00 <0.134 

46.06 Bkfl 3.35  4.14E-03 7.08E-03  5.06E-01 6.51E+00 <0.105 

52.03 Bkfl 1.95  2.87E-03 5.09E-04  6.66E-01 1.63E+01 <0.107 

53.18 H2 55.44 2.94E+00 9.46E-04 2.80E-03 (2.43E+01) 5.94E-01 1.11E+01 1.521 

59.94 H2 667.32 7.99E+01 3.05E-03 1.85E-02 1.94E+02 4.58E-01 1.22E+01 40.120 

61.15 H2 560.84 1.37E+02 4.02E-02 7.23E-02 1.94E+02 5.47E-01 1.08E+01 26.713 

67.53 H2 72.93 1.58E+01 3.07E-02 6.50E-02 (3.68E+01) 6.37E-01 1.24E+01 28.124 

67.53 H2 87.67 1.81E+01 1.62E-02 5.67E-02 (4.15E+01) 6.50E-01 1.74E+01 20.230 

68.21 H2 91.28 8.39E+00 5.90E-02 6.80E-02 (6.23E+01) 8.54E-01 1.36E+01 38.557 

69.60 H2 60.53 1.08E+01 2.31E-02 5.37E-02 (5.44E+01) 6.76E-01 1.23E+01 50.877 

74.99 H2 350.18 5.52E+01 1.71E-03 4.47E-03 (7.02E+01) 6.60E-01 1.47E+01 7.337 

77.67 H2 154.81 1.98E+01 6.62E-04 1.36E-03 (3.98E+01) 6.13E-01 1.56E+01 3.693 

78.72 H2 287.03 4.05E+01 1.15E-03 2.20E-03 (7.76E+01) 6.34E-01 1.18E+01 2.068 

85.99 H2 846.66 6.61E+01 1.93E-03 2.22E-03 1.99E+02 6.03E-01 1.33E+01 3.647 

89.39 H2 98 1.68E+01 7.29E-04 9.53E-04 (3.16E+01) 4.90E-01 1.34E+01 0.452 

93.99 H2 252.96 5.46E+01 8.67E-04 2.49E-03 9.03E+01 5.50E-01 1.23E+01 2.708 

98.07 H2 202.78 2.88E+01 1.23E-03 2.68E-03 (6.40E+01) 5.97E-01 1.31E+01 1.005 

101.29 H2 127.18 1.76E+01 7.65E-04 1.99E-03 (2.66E+01) 5.55E-01 1.08E+01 1.408 

102.65 CCUu 222.42 3.23E+01 1.28E-03 2.41E-03 (4.71E+01) 6.28E-01 1.04E+01 0.582 

114.44 CCUl 175.96 3.49E+01 2.03E-03 1.21E-03 (5.66E+01) 1.22E+00 6.33E+00 0.694 

114.44 CCUl 169.8 3.30E+01 1.99E-03 1.23E-03 (4.59E+01) 8.12E-01 1.08E+01 0.579 

115.06 CCUl 204.28 3.81E+01 2.07E-03 1.41E-03 (4.76E+01) 8.46E-01 6.88E+00 0.570 

(    ) = Data below quantification values but deemed qualitatively useful. 
Yellow shading represents samples that do have or may indicate some Hanford waste fluids present. 
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Table 6.5. Inventory Estimates for Potential Contaminants of Concern in Borehole C3832 
Sediments

Depth
(ft bgs) 

Strat. 
Unit Nitrate Tc-99 U-238 Cr  Tc-99 U-238 Cr  

Extract  Water Acid

Units    µg/g pCi/g µg/g µg/g pCi/g µg/g µg/g 

17.26 backfill 0.43   1.70E-03 (1.29E-04) (3.83E+01) 3.97E-01 1.69E+01 

29.14 backfill 1.02   9.88E-04 (1.45E-04) (3.33E+01) 4.20E-01 1.30E+01 

37.14 backfill 1.63   2.24E-03 5.15E-04 (1.98E+01) 3.84E-01 1.15E+01 

45.19 backfill 3.2   4.81E-03 (4.98E-04) (1.31E+01) 4.72E-01 1.11E+01 

52.01 H2 1.28   8.77E-04 (3.58E-04) (1.85E+01) 5.54E-01 1.51E+01 

54.10 H2 3.13   4.44E-03 (4.27E-04) (1.47E+01) 7.05E-01 1.67E+01 

61.17 H2 2.33   1.72E-02 (4.93E-04) (1.21E+01) 1.02E+00 1.51E+01 

62.96 H2 1.85   1.46E-01 5.48E-04 (1.47E+01) 2.85E+00 1.31E+01 

69.99 H2 2.62 (1.87E-01) 1.81E+00 1.36E-03 (1.28E+01) 1.46E+01 2.22E+01

76.34 H2 14.6 2.35E+00 2.82E-01 1.21E-03 (3.11E+01) 5.82E+00 3.10E+01

76.34 H2 21.08 2.29E+00 1.32E-01 7.49E-04 (2.19E+01) 8.55E+00 2.00E+01

77.04 H2 79.04 7.16E+00 1.26E+00 9.66E-03 (3.34E+01) 1.22E+01 1.39E+01 

79.81 H2 19.42 2.34E+00 1.26E+00 1.79E-02 (1.94E+01) 6.94E+00 1.32E+01 

84.01 H2 25.12 1.76E+00 5.57E-01 2.85E-02 (2.04E+01) 1.09E+01 1.81E+01 

88.06 H2 11.39 1.80E+00 4.71E-01 1.50E-03 (1.21E+01) 4.29E+00 1.57E+01 

94.05 H2 3.93 (5.22E-01) 5.90E-01 3.95E-03 (1.03E+01) 2.39E+00 1.64E+01 

96.69 H2 13.25 1.46E+00 1.06E+00 2.81E-03 (1.32E+01) 6.02E+00 1.69E+01 

105.01 CCUu 57.27 6.51E+00 2.65E+00 1.90E-03 (1.63E+01) 2.73E+01 2.35E+01

110.28 72.48 1.08E+01 2.60E+00 9.10E-04 (2.57E+01) 3.07E+01 2.06E+01

110.28
CCUu

97.36 1.18E+01 2.61E+00 1.03E-03 (3.25E+01) 3.05E+01 3.18E+01

111.02 CCUl 84.18 5.11E+00 4.82E-03 9.28E-04 (2.92E+01) 1.40E+01 1.09E+01 

114.85 CCUl 58.84 1.07E+01 3.15E-03 1.92E-03 (3.39E+01) 1.40E+01 8.82E+00 

115.54 CCUl 48.09 2.50E+00 1.18E-01 9.11E-04 (4.27E+01) 1.90E+01 3.18E+01 
(        ) = Data below quantification values but deemed qualitatively useful.  
Yellow shading represents samples that do or may indicate some Hanford waste fluids are present. 
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 In borehole C3831 where cobalt-60 was present, the desorption Kd values, as determined by direct 
gamma energy analysis from the direct counting of the moist sediment and water extracts, are fairly low 
(0.00 to 0.4 mL/g).  Thus, cobalt-60 in these vadose zone sediments would be considered quite mobile.  
The in situ desorption Kd results suggest that of the potential contaminants, technetium-99 is the most 
mobile, with cobalt-60 slightly less mobile or of equal mobility to technetium-99.  Uranium is 
considerably less mobile, and chromium the least mobile. 

 For conservative modeling purposes we recommend using Kd values of 0 mL/g for nitrate and 
technetium-99, a value of 0.05 mL/g for cobalt-60, a value of 1 mL/g for uranium, and 10 mL/g for 
chromium to represent the entire vadose zone profile from the bottoms of the tanks to the water table.  
The technetium in situ desorption Kd value of zero is consistent with a wealth of literature that finds 
essentially no technetium adsorption onto Hanford Site sediment (Kaplan and Serne 1995; Kaplan and 
Serne 2000).  The cobalt-60 results suggest that some complex that perhaps has a net negative charge is 
altering the cobalt’s inherent cationic nature.  Cobalt-60 has been found in the Hanford groundwater at 
several places, especially in the 1950s, and can still be measured in a few locations, most notably in the 
northern 200 East Area. 

6.7 Other Geochemical Characterization Observations 

 The comparison of the percentage of a constituent that is water extractable versus acid extractable 
from the contaminated sediment and the total mass that is acid leachable can be used to infer 
contamination for Hanford tank constituents such as sodium, sulfate, uranium, chromium, and other trace 
metals that occur naturally in the environment.   

 For borehole C3830, the acid extract data suggest that variations in mass leached per gram of 
sediment versus depth are lithology-related more so than an indication of tank fluid contamination.  That 
is, for most constituents there are no signs of elevated values of acid-leachable constituents in borehole 
C3830 sediments, excepting acid-extractable sulfur (assumed to represent sulfate) and technetium-99.  
The acid-extractable sulfate profile in borehole C3830 sediments averages about 4 to 7 times higher than 
in comparable uncontaminated sediments from borehole 299-W10-27.  The acid-extractable 
technetium-99 profile in the C3830 borehole sediments is elevated from 42 ft bgs to 109 ft bgs by a factor 
of 4 over the distribution of acid-extractable technetium-99 in the background sediment, which was a 
measure of our detection limit.  The deepest sample obtained in borehole C3830 within the Cold Creek 
caliche does not have this slightly elevated acid-extractable technetium-99, suggesting that the bulk of the 
technetium-99 vadose zone plume has not migrated to the bottom of the borehole.   

 The only other indication of tank contamination at borehole C3830 is the high water- and 
acid-extractable uranium value for the sample at 67.11 ft bgs.  As mentioned in Sections 4.2.4, 4.3.4, and 
4.4.4, contaminated sediments generally exhibit high ratios for water- to acid-extractable constituents 
when compared to uncontaminated sediment ratios.  The percentage of the acid-extractable uranium that 
is also water extractable for the sample at 67.11 ft bgs is 17% while all other uranium water extracts for 
sediments below the tank, leached less than 0.5% of the acid-extractable uranium.  The water-extractable 
sodium percentage for the sample at 67.11 ft bgs is also 17% of the sodium that is acid extractable, which 
also is slightly higher than for uncontaminated sediments.   

 Comparing the acid extract data for borehole C3831 with similar lithologies in the uncontaminated 
borehole, 299-W10-27, suggest most of the variation in mass leached per gram of sediment versus depth 
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is lithology related.  Again, for most constituents there are no signs of elevated values of acid-leachable 
constituents in borehole C3831 sediments excepting acid-extractable sulfur (assumed to represent sulfate), 
sodium (between the depths of 61 and 67.5 ft bgs), molybdenum (between 67.5 and 70 ft bgs), and 
ruthenium and technetium-99 throughout most of the profile.  The acid-extractable sulfate profile in 
borehole C3831 sediments averages about 4 to 7 times higher than in comparable uncontaminated 
sediments from borehole 299-W10-27.  The acid-extractable sulfur (measured as sulfate) for boreholes 
C3830 and C3831 are similar.  Borehole C3831 shows high acid-leachable technetium-99 and ruthenium 
throughout the profile and larger acid-extractable sodium and molybdenum in thin zones between 67.5 
and 70 and 61 to 67.5 ft bgs, respectively, than borehole C3830.  The comparison of water to acid extracts 
for borehole C3831 sediments suggests that there are unnaturally high percentages of water-leachable 
uranium, chromium, and molybdenum between the depths of 61 and 70 ft bgs.  The water- to acid-
extractable sodium percentage is unnaturally high between the depths of 53 and 86 ft bgs, suggesting 
sodium-enriched fluids or readily acid-soluble solids reside in the pores of the vadose zone sediments in 
this zone.  The presence of elevated water and acid-extractable quantities of technetium-99 and ruthenium 
between 60 ft bgs and the bottom of the borehole at 115 ft bgs suggests the presence of Hanford waste 
fluids in the vadose zone at these depths in borehole C3831.  Thus the leading edge of contamination 
extends beyond the bottom of the borehole. 

 Acid-extractable technetium-99 in borehole C3832 also appears to be slightly above the background 
sediments but is the same as in borehole C3831 and somewhat lower than acid-extractable technetium-99 
in borehole C3830.  The comparison of water to acid extracts for borehole C3832 sediments suggests that 
there are unnaturally high percentages of water-leachable technetium-99 and uranium-238 between 76 
and 115, and 61 to 110.3 ft bgs, respectively.  There is also slightly high water-extractable sodium 
between 63 and 77 ft bgs.  The total mass of tank fluids that are present in borehole C3832 sediments and 
the percentages that are water leachable versus the concentrations that are acid leachable are lower for 
most constituents than at borehole C3831.   

 The two data sets suggest that the tank-related fluids in borehole C3832 may, in fact, be the leading 
edge of fluids that leaked from tank TX-107, which were first intercepted by borehole C3831.  If so, then 
it also appears that the vadose zone plume dips to the southwest between boreholes C3831 and 3832, 
which is supported by discussions in Section 2.0.  However, the uranium water and acid extract data for 
sediments at boreholes C3831and C3832 do not fit our hypothesis that a plume of saline fluids has leaked 
from tank TX-107 and migrated and descended to deeper depths to the southwest.  Unlike many other 
constituents, the uranium data for borehole C3831 sediments (closer to TX-107) show significantly lower 
water- and acid-leachable uranium than the sediments from C3832 (farther from TX-107 and down dip).  
Unless a mechanism can be hypothesized that allows uranium to leak from tank TX-107, without showing 
significant interactions with the sediments until migrating to the southwest where it is captured by the 
C3832 borehole, the uranium data suggest separate sources of contamination with different leak events.  
There are greater acid-extractable concentrations of uranium at borehole C3832 from 61.2 ft bgs all the 
way to the bottom of the borehole than at either of the other two boreholes, C3830 and C3831.  Acid-
extractable uranium concentrations vary from 1 to 30 ug/g over this interval and are significantly greater 
than values in borehole C3831.   

 As part of our characterization strategy for contaminated sediments, other parameters that can control 
contaminant migration were measured.  For the TX tank farm characterization only calcium carbonate 
content was measured.  Particle size measurements were performed only on uncontaminated sediment 
from selected samples from borehole 299-W10-27; however, photographs in Appendix A and the field 
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moisture log, blow counts, and laboratory moisture contents identify that several fine-grained thin lenses 
are present within the Hanford formation H2 unit that can promote lateral spreading of leaked fluids.  The 
upper and lower portions of the Cold Creek unit also contain a high percentage of fines that can lead to 
perching conditions and/or lateral spreading of percolating fluids.  

 There are highly calcareous zones associated with the lower Cold Creek subunit in each of the three 
boreholes and the background borehole at depths that range from 98 to 112, 111 to the bottom of the 
borehole, 106 to the bottom of the borehole, and 110.4 to the bottom of the borings at 299-W10-27, 
C3830, C3831, and C3832, respectively.  The caliche at borehole C3832 has the most calcium-carbonate 
equivalent solid of the three boreholes and the uncontaminated background sediment from 299-W10-27, 
based on available samples.  The calcium-carbonate content in the Cold Creek lower subunit ranges from 
20 to 34% at borehole C3830, 22% at 299-W10-27, and 38% at borehole C3831, to 38 to 46% at borehole 
C3832.  As found in most vadose sediments from the Hanford Reservation, there is very little (<0.1% by 
weight) organic carbon in the vadose zone sediments.  The borehole C3831 backfill sample at 46.1 ft bgs 
appears to have elevated inorganic carbon (10.3 wt% as calcium carbonate) and some (0.4 wt%) organic 
carbon.  Aside from this backfill sample, carbon values for total, inorganic, and organic carbon are low 
and quite similar in the backfill and Hanford formation sediments from C3830, C3831, and C3832.   

 The matric potential data from a portion of the vadose zone profile at 299-W10-27 (zone where cores 
were collected were entirely within the Hanford formation H2 unit) show water potentials are generally 
much less than the gravity potential.  The last sample taken at 123.5 ft bgs appears to have a matric 
potential larger than the theoretical line, which represents the profile for matric potential in a sediment 
profile that is neither draining nor drier than (actively evapotranspiring) equilibrium.  Matric potential 
values less than the gravity unit gradient suggest a draining profile.  The water potential data from 
299-W10-27’s H2 unit, the unit where most of the contaminants reside in the TX boreholes, are consistent 
with a draining profile.   

6.8 Description of TX-TY Upper Unconfined Aquifer 

 The suprabasalt aquifer is separated into the uppermost unconfined aquifer and the underlying 
Ringold Formation confined aquifer beneath WMA TX-TY by the silt and clay deposits of the Ringold 
Formation lower mud unit.  Currently, the unconfined aquifer is about 55 m thick at well 299-W14-14, 
east of WMA TX-TY.  The unconfined aquifer consists of sandy gravels and gravelly sands of the 
Ringold Formation member of Wooded Island unit E.  Water levels beneath WMA TX-TY were raised as 
much as 13.5 m above the pre-Hanford natural water table because of artificial recharge from liquid waste 
disposal operations active since the mid-1940s.  The largest volumes of discharge were to the 216-T pond 
system and the 216-U-10 pond.  The increase in water-table elevation was most rapid from 1949 to 1956 
and was somewhat stabilized between the late 1960s and the late 1980s.  Water levels began to decline in 
the late 1980s.   

 Accompanying the changes in water level were changes in groundwater flow direction.  Pre-Hanford 
Site groundwater flow direction was toward the east; it changed toward the south in the late 1940s and 
early 1950s.  This shift resulted from disposal of large volumes of liquid to the 216-T pond.  Around 
1956, groundwater flow direction changed again and started flowing towards the north due to the 
increasing influence of the groundwater mound under 216-U pond.  Discharges to 216-T pond ended in 
1976 but continued at 216-U pond until 1984.  Consequently, the flow direction changed again around 
1996 when all discharges to the ground ceased and the influence of the 216-U pond mound on the 
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groundwater beneath the TX and TY tank farms diminished.  Around 1996, the groundwater flow 
direction began to return toward the east or southeast.  Today, groundwater contamination beneath the 
WMA and surrounding area is generally migrating easterly.  Hydrologic data show that the groundwater 
flow direction becomes increasingly more southerly toward the south of WMA TX-TY.  Groundwater 
beneath this part of the WMA is influenced by the extraction wells of the 200-ZP-1 pump-and-treat 
system. Extraction wells W15-33, W15-34, and W15-35 for the 200-ZP-1 pump-and-treat operation are 
300 m southwest of WMA TX tank farm fenceline. 

 Results of the tracer dilution test show downward, vertical hydraulic gradients within the upper 
portion of the aquifer in wells 299-W10-26, 299-W14-13, and 299-W14-14.  These three wells have fairly 
homogeneous lithology throughout the screened interval and comprehensive drawdown data do not 
indicate substantial variations in hydraulic conductivity.  The existence of vertical flow in a well does not 
necessarily reflect actual groundwater flow conditions within the surrounding aquifer, but its presence 
implies a vertical flow gradient within the well screens and has implications pertaining to the 
representativeness of groundwater samples collected from the wells.  The vertical gradient detected in 
these wells along the eastern edge of the TX and TY tank farms may have an impact on contaminant 
distribution patterns in the area.

 A second finding of the hydrologic test data is the suggestion of higher hydraulic conductivities at 
certain depths within the screened interval of some wells relative to other depths.  Aquifer tests in well 
299-W15-41, located just south of the TX tank farm, indicate that the middle and lower parts of the 
screened interval have higher permeability than the upper part.  However, development pumping data 
(which is not as definitive as aquifer testing) indicates that the upper part of the screened interval in 
nearby well 299-W15-763 has higher permeability than the lower parts.  Thus, apparent differences in 
hydraulic conductivity do not appear to correlate from well to well.  Taken as a whole, the geologist’s 
logs, geophysical logs, development pumping data, and the hydrologic testing data all indicate 
heterogeneity in aquifer properties within the screened intervals of several individual wells and among 
wells at WMA TX-TY.   

6.9 Existing Groundwater Contamination 

 Groundwater at the TX and TY tank farms contains elevated concentrations of carbon tetrachloride, 
chromium, iodine-129, nitrate, technetium-99, and tritium.  This contamination appears to result from the 
mixing of wastes from a number of past waste-disposal activities, including the disposal of waste process 
water, and steam condensate at nearby cribs and trenches, disposal of plutonium processing waste at cribs 
and trenches associated with the Plutonium Finishing Plant, and leaks from single-shell tanks and transfer 
lines within the TX and TY tank farms.   

 Contamination in two areas near the TX and TY tank farms warrants consideration: east and 
downgradient of 241-TX and 241-TY tank farms, and south of 241- TX tank farm.  The contaminants of 
interest east of WMA TX-TY are technetium-99, iodine-129, nitrate, tritium, chromium, and carbon 
tetrachloride.  The contaminants of interest south of TX tank farm are technetium-99 and carbon 
tetrachloride.
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 The maximum carbon tetrachloride found in the area of WMA TX-TY in 2002 was 5,800 �g/L in 
well 299-W15-1, south of the TX tank farm.  The carbon tetrachloride is believed to be from pre-1973 
waste from the Plutonium Finishing Plant.  The major identified sources are the 216-Z-9 trench, the 
216-Z-1A tile field, and the 216-Z-18 crib.   

 East of WMA TX-TY, chromium occurs in one downgradient well (299-W14-13) above the drinking 
water standard.  In August 2003, the concentration was 540 �g/L.  Given the current direction of 
groundwater flow, one potential source for the chromium is the 241-TY tank farm.  However, about 
1,060 kilograms of chromium were disposed to the TY cribs located about 65 m northeast of the well.  
Since the general dip of the strata in the area is toward the west or southwest, it is possible that 
contamination from the cribs migrated through the vadose zone toward well 299-W14-13.  Further, a 
tanker truck filling station, located about 140 m up dip of the TY cribs, was seen leaking onto the ground 
from the fill spout in the 1990s.  Water was seen to pool on the ground and run about 100 m down slope 
(toward the TX and TY tank farms) in a ditch along the side of the gravel road.  Infiltration of this water 
could have mobilized contamination in the vadose zone beneath the TY cribs and moved the 
contamination down dip toward well 299-W14-13.  Furthermore, in the 1970s, contamination at the 
216-T-28 crib extended from near the surface to the water table and thus breakthrough to groundwater 
could have occurred at the 216-T-28 crib site.  Therefore, we can not currently assign an origin for the 
elevated chromium in well 299-W14-13 to a particular facility. 

 Technetium-99 was detected in this downgradient well (299-W14-13) above the drinking water 
standard.  Given the current direction of groundwater flow, one potential source for the technetium-99 is 
single shell tanks in WMA TX-TY.  However, three other sources, 216-T-28 crib, 216-T-19 tile field, and 
the 242-T evaporator building, also may have contributed some technetium-99 to the groundwater east of 
WMA TX-TY.  Current groundwater plume maps for chromium and technetium-99 show that the 
contaminant plumes are relatively small and centered near well 299-W14-13.  Concentrations of both 
contaminants drop sharply to the north in well 299-W14-18 and to the south in well 299-W14-15.   

 Almost all wells in the groundwater monitoring network at WMA TX-TY, including the upgradient 
wells, have had nitrate concentrations greater than the MCL of 45 mg/L throughout most of their 
sampling life.  The highest nitrate concentrations (580 mg/L) have been at well 299-W14-13.  This well 
has had nitrate concentrations greater than those in the regional plume since it was drilled in late 1998.  
Besides the regional source of nitrate from the Plutonium Finishing Plant and disposal to U Pond, other 
potential contaminant sources are those mentioned above as potential sources for chromium and 
technetium-99.  Tritium has also been above the drinking water standard in well 299-W14-13.  Like 
nitrate, tritium most likely has several sources that include WMA TX-TY and several cribs and trenches 
in the area. 

 South of the TX-TY WMA the key contaminants are technetium-99 and carbon tetrachloride.  The 
groundwater in this area is currently impacted (since June 1998) by the 200-ZP-1 pump-and-treat 
operation.  Technetium-99 concentrations in wells along the southern boundary of WMA TX-TY started 
to increase about 1 year after Phase II of the 200-ZP-1 pump-and-treat operation began.  (Phase II, 
consisting of three extraction wells, began the use of the closest extraction wells to the WMA, wells 
299-W15-34 and 299-W15-35.)  Given the southerly groundwater flow direction imposed on the southern 
portion of the WMA by the pump-and-treat operation, the most reasonable explanation for the increasing 
technetium-99 is that groundwater contaminated with technetium-99 is being drawn from beneath the 
WMA into the pump-and-treat system.  Alternatively, technetium-99 may be originating from the 
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216-T-19 crib and tile field.  Given the changing groundwater flow direction along the southern boundary 
of the WMA, the few available monitoring wells, and the lack in continuity of monitoring data due to dry 
wells and new wells, it is currently impossible to fully evaluate this problem. 

6.10 Complexities in Groundwater Data (Vertical and Temporal Variations) 

 The groundwater data are complicated by signs that vertical stratification in contaminant and common 
solutes is present in many wells.  Significant differences in specific conductance, technetium-99, 
chromium, nitrate, and tritium with depth were found in some monitoring wells.  After purging some 
TX-TY wells, the pumped samples do not appear to be representative of ambient water because purging 
the well causes mixing of strata with different contaminant concentrations.  Thus, interpreting the 
contaminant distribution in wells such as the most contaminated well in the WMA (299-W14-13) is very 
difficult because groundwater at the well contains high concentrations of several contaminants that show 
different vertical concentration profiles and probably come from several sources in the area.   

 Well pair 299-W14-12 and 299-W14-13 is at the northeast corner of the TX tank farm on the 
downgradient side of WMA TX-TY and currently has the highest concentration of technetium-99, tritium, 
iodine-129, fluoride, nitrate, and chromium of any well in the TX and TY tank farm monitoring network.  
This and other wells also show a time-varying contaminant distribution over the last 50 years.  
Technetium-99 in the area of the well pair 299-W14-12/13 began decreasing from a maximum of 
~ 13,500 pCi/L in 1993 and continued to decrease until about January 1997.  At that time, technetium-99 
began to increase until early 2000 when technetium-99 concentrations climbed to ~ 8,000 pCi/L.  In early 
2000, technetium-99 began to decrease and dropped to about 3,300 pCi/L in early 2001, at which time the 
concentration began to increase again.  The latest increase continued until February 2003 and reached 
8,740 pCi/L.  The results for nitrate in well pair 299-W14-12/13 show a trend similar to that seen for 
technetium-99.  Nitrate began to decrease from a maximum of about 540,000 �g/L in 1993 to about 
200,000 �g/L in early 1997.  Nitrate then began to increase until early 2000 when concentrations reached 
~ 440,000 �g/L.  Nitrate began to decrease a second time until early 2001, at which time it began a 
second increasing trend that lasted through the beginning of 2003.  Since that time, the nitrate 
concentration has decreased somewhat.  Analytical results for tritium in well pair 299-W14-12/13 show a 
different trend in vertical distribution than that seen for technetium-99 and nitrate, but show the same 
trends with time.  The chromium data suggest a different vertical distribution of chromium in the aquifer 
than the distributions of nitrate, technetium-99, and tritium.  The data from the well pair indicate that the 
concentration of chromium is low at the top of the aquifer and increases at some depth below the water 
table but, again, the chromium distribution with time tracks the same as technetium, nitrate, and tritium.  
The similar trends with time suggest that these contaminants are from the same source.  If so, they should 
not be fractionated differently in the aquifer versus depth.  Thus, there is some discrepancy among the 
data as to the interpretation of the vertical distribution data. 

 Samples collected from several wells during drilling indicate an increase in nitrate concentration with 
increasing depth in the aquifer.  A few wells show a second zone of high nitrate concentration near the 
water table.  The shallow zone of high nitrate is interpreted to be from nearby local sources whereas the 
deeper, and more widespread, zone of high nitrate represents a regional plume from past practice 
discharges, probably from the Plutonium Finishing Plant that were disposed of to U pond.  Depth 
distributions of tritium and carbon tetrachloride in well 299-W14-14 showed maximums at about 40 m 
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below the water table, suggesting that significant concentrations of these contaminants may exist in the 
confined Ringold Formation aquifer.   

6.11 Vadose Zone Porewater and Groundwater Chemical Ratio Comparisons 

 Selected concentration ratios of mobile contaminants in a) the vadose zone sediments sampled by the 
three boreholes, b) the TX-TY groundwater contaminant plumes and c) specific single-shell tanks, cribs 
and trenches at the time of suspected leaks and disposal campaigns, respectively, were used to assess 
whether there are indications that the groundwater contamination is related to current vadose zone 
contamination and can be associated with a specific facility or a specific tank leak.   

 Our initial attempts to relate the groundwater and porewater compositions used the ratios of the 
concentrations of technetium-99, calcium, fluoride, chromium, sulfate, and sodium to the concentration of 
nitrate.  The agreement between the vadose zone porewater and contaminated groundwater data sets is not 
good.  Some ratios for groundwater are larger than those for the vadose zone porewater (Cr/NO3

-, F/NO3
-)

and other groundwater ratios are smaller than the vadose zone porewater ratios (Tc-99/NO3
-, Na/NO3

-).
The lack of agreement between the groundwater ratios and the contaminated borehole sediment porewater 
ratios suggests that the groundwater contamination has been influenced by fluids from nearby cribs and 
trenches.  The ratios of most mobile species in the vadose zone porewaters should remain stable as tank 
fluids percolate through the sediment because the only reaction between the tank waste and the vadose 
zone sediment mobile constituents should be dilution, as dispersion and mixing occurs with native 
porewater.

 Based on the large difference in Tc-99/NO3
- ratio of the liquids that leaked from the TX tanks, the 

low values for nearby cribs and tile fields, and the proximity of the three boreholes to TX tanks, it is 
likely that the three boreholes intercepted only tank leak fluids.  However, because the three boreholes did 
not sample below the upper Cold Creek subunit, we do not know whether tank fluids leaked from 
TX tanks, especially TX104, TX105 and TX107, have reached the groundwater below the TX-TY WMA.
Comparison of the mobile constituent ratios for these two fluids shows that the groundwater and 
porewater compositions are very different.  If the contaminated vadose zone sediment porewater 
composition represents the composition of tank waste, then the contamination in the groundwater either is 
not tank waste or it is a mixture of tank waste and other contaminant sources such that the nature of the 
tank waste is no longer recognizable. 

 In summary, there is no current similarity between the present or past groundwater contamination and 
current porewater compositions from the contaminated borehole sediments.  Therefore, we cannot link the 
contaminants in the groundwater, currently or during the era of contamination introduction in the vadose 
zone, to the porewaters currently in the borehole sediments, which are known to be derived from the 
liquids that leaked from tanks in the TX tank farm, especially tank TX-107.  
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Figure A-2.35. Cold Creek Unit – Lower (CCUl) 113.55 ft – 114.25 ft 

Figure A-2.36. Cold Creek Unit – Lower (CCUl) 114.25 ft – 115.00 ft 



APPENDIX A.3 

C3831 (TX-107) 

SPLITSPOON CORE 

SAMPLE PHOTOGRAPHS 



A-3.i

Contents

Appendix A.3  C3831(TX-107) Splitspoon Core Sample Photographs ................................................A-3.1 

Figures

A-3.1. Backfill 14.93 ft – 15.62 ft...................................................................................................A-3.2

A-3.2. Backfill 15.62 ft – 16.31 ft...................................................................................................A-3.2

A-3.3. Backfill 20.80 ft – 21.55 ft...................................................................................................A-3.3

A-3.4. Backfill 21.55 ft – 22.30 ft...................................................................................................A-3.3

A-3.5. Backfill 27.96 ft – 28.59 ft...................................................................................................A-3.4

A-3.6. Backfill 28.59 ft – 29.21 ft...................................................................................................A-3.4

A-3.7. Backfill 45.06 ft – 45.73 ft...................................................................................................A-3.5

A-3.8. Backfill 45.73 ft – 46.39 ft...................................................................................................A-3.5

A-3.9. Backfill 51.01 ft – 51.69 ft...................................................................................................A-3.6

A-3.10. Backfill/Hanford Formation (H2 unit) 51.69 ft – 52.36 ft ...................................................A-3.6

A-3.11. Hanford Formation (H2 unit) 52.16 ft – 52.84 ft .................................................................A-3.7

A-3.12. Hanford Formation (H2 unit) 52.84 ft – 53.51 ft .................................................................A-3.7

A-3.13. Hanford Formation (H2 unit) 59.04 ft – 59.64 ft .................................................................A-3.8

A-3.14. Hanford Formation (H2 unit) 59.64 ft – 60.24 ft .................................................................A-3.8

A-3.15. Hanford Formation (H2 unit) 60.08 ft – 60.79 ft .................................................................A-3.9

A-3.16. Hanford Formation (H2 unit) 60.79 ft – 61.50 ft .................................................................A-3.9

A-3.17. Hanford Formation (H2 unit) 67.19 ft – 67.87 ft ...............................................................A-3.10

A-3.18. Hanford Formation (H2 unit) 67.87 ft – 68.54 ft ...............................................................A-3.10

A-3.19. Hanford Formation (H2 unit) 68.43 ft – 69.21 ft ...............................................................A-3.11

A-3.20. Hanford Formation (H2 unit) 69.21 ft – 69.98 ft ...............................................................A-3.11

A-3.21. Hanford Formation (H2 unit) 74.04 ft – 74.67 ft ...............................................................A-3.12

A-3.22. Hanford Formation (H2 unit) 74.67 ft – 75.30 ft ...............................................................A-3.12

A-3.23. Hanford Formation (H2 unit) 76.73 ft – 77.36 ft ...............................................................A-3.13

A-3.24. Hanford Formation (H2 unit) 77.36 ft – 77.98 ft ...............................................................A-3.13

A-3.25. Hanford Formation (H2 unit) 77.76 ft – 78.40 ft ...............................................................A-3.14

A-3.26. Hanford Formation (H2 unit) 78.40 ft – 79.04 ft ...............................................................A-3.14

A-3.27. Hanford Formation (H2 unit) 85.05 ft – 85.68 ft ...............................................................A-3.15



A-3.ii

A-3.28. Hanford Formation (H2 unit) 85.68 ft – 86.30 ft ...............................................................A-3.15

A-3.29. Hanford Formation (H2 unit) 88.30 ft – 89.03 ft ...............................................................A-3.16

A-3.30. Hanford Formation (H2 unit) 89.03 ft – 89.75 ft ...............................................................A-3.16

A-3.31. Hanford Formation (H2 unit) 93.05 ft – 93.68 ft ...............................................................A-3.17

A-3.32. Hanford Formation (H2 unit) 93.68 ft – 94.30 ft ...............................................................A-3.17

A-3.33. Hanford Formation (H2 unit) 97.11 ft – 97.75 ft ...............................................................A-3.18

A-3.34. Hanford Formation (H2 unit) 97.75 ft – 98.38 ft ...............................................................A-3.18

A-3.35. Hanford Formation (H2 unit) 100.20 ft – 100.93 ft ...........................................................A-3.19

A-3.36. Hanford Formation (H2 unit) 100.93 ft – 101.65 ft ...........................................................A-3.19

A-3.37. Cold Creek Unit – Upper (CCUu) 101.63 ft – 102.31 ft ....................................................A-3.20

A-3.38. Cold Creek Unit – Upper (CCUu) 102.31 ft – 102.98 ft ....................................................A-3.20

A-3.39. Cold Creek Unit – Lower (CCUl) 114.12 ft – 114.75 ft ....................................................A-3.21

A-3.40. Cold Creek Unit – Lower (CCUl) 114.75 ft – 115.37 ft ....................................................A-3.21



A-3.1

Figure A-3.1. Backfill 14.93 ft – 15.62 ft 

Figure A-3.2. Backfill 15.62 ft – 16.31 ft 



A-3.2

Figure A-3.3. Backfill 20.80 ft – 21.55 ft 

Figure A-3.4. Backfill 21.55 ft – 22.30 ft 



A-3.3

Figure A-3.5. Backfill 27.96 ft – 28.59 ft 

Figure A-3.6. Backfill 28.59 ft – 29.21 ft 



A-3.4
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Figure A-3.9. Backfill 51.01 ft – 51.69 ft 
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Figure A-3.11. Hanford Formation (H2 unit) 52.16 ft – 52.84 ft 
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Figure A-3.13. Hanford Formation (H2 unit) 59.04 ft – 59.64 ft 
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Figure A-3.15. Hanford Formation (H2 unit) 60.08 ft – 60.79 ft 
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Figure A-3.17. Hanford Formation (H2 unit) 67.19 ft – 67.87 ft 
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Figure A-3.19. Hanford Formation (H2 unit) 68.43 ft – 69.21 ft 
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Figure A-3.21. Hanford Formation (H2 unit) 74.04 ft – 74.67 ft 
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Figure A-3.23. Hanford Formation (H2 unit) 76.73 ft – 77.36 ft 

Figure A-3.24. Hanford Formation (H2 unit) 77.36 ft – 77.98 ft 
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Figure A-3.25. Hanford Formation (H2 unit) 77.76 ft – 78.40 ft 
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Figure A-3.27. Hanford Formation (H2 unit) 85.05 ft – 85.68 ft 

Figure A-3.28. Hanford Formation (H2 unit) 85.68 ft – 86.30 ft 
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Figure A-3.29. Hanford Formation (H2 unit) 88.30 ft – 89.03 ft 

Figure A-3.30. Hanford Formation (H2 unit) 89.03 ft – 89.75 ft 
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Figure A-3.31. Hanford Formation (H2 unit) 93.05 ft – 93.68 ft 

Figure A-3.32. Hanford Formation (H2 unit) 93.68 ft – 94.30 ft 



A-3.17

Figure A-3.33. Hanford Formation (H2 unit) 97.11 ft – 97.75 ft 

Figure A-3.34. Hanford Formation (H2 unit) 97.75 ft – 98.38 ft 
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Figure A-3.35. Hanford Formation (H2 unit) 100.20 ft – 100.93 ft 

Figure A-3.36. Hanford Formation (H2 unit) 100.93 ft – 101.65 ft 
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Figure A-3.37. Cold Creek Unit – Upper (CCUu) 101.63 ft – 102.31 ft 

Figure A-3.38. Cold Creek Unit – Upper (CCUu) 102.31 ft – 102.98 ft 



A-3.20

Figure A-3.39. Cold Creek Unit – Lower (CCUl) 114.12 ft – 114.75 ft 

Figure A-3.40. Cold Creek Unit – Lower (CCUl) 114.75 ft – 115.37 ft 
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Figure A-4.7. Backfill 44.14 ft – 44.84 ft 
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Figure A-4.9. Hanford Formation (H2 unit) 51.18 ft – 51.73 ft 
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Figure A-4.11. Hanford Formation (H2 unit) 53.08 ft – 53.76 ft 
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Figure A-4.13. Hanford Formation (H2 unit) 60.12 ft – 60.82 ft 
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Figure A-4.15. Hanford Formation (H2 unit) 61.76 ft – 62.56 ft 

Figure A-4.16. Hanford Formation (H2 unit) 62.56 ft – 63.36 ft 



A-4.9

Figure A-4.17. Hanford Formation (H2 unit) 69.01 ft – 69.66 ft 
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Figure A-4.23. Hanford Formation (H2 unit) 82.99 ft – 83.67 ft 
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Figure A-4.29. Hanford Formation (H2 unit) 95.64 ft – 96.34 ft 

Figure A-4.30. Hanford Formation (H2 unit) 96.34 ft – 97.04 ft 
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Figure A-4.31. Cold Creek Unit – Upper (CCUu) 103.94 ft – 104.65 ft 
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Figure A-4.33. Cold Creek Unit – Upper (CCUu) 109.91 ft – 110.65 ft 
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Figure A-4.35. Cold Creek Unit – Lower (CCUl) 113.77 ft – 114.49 ft 
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Figure A-4.37. Cold Creek Unit – Lower (CCUl) 114.47 ft – 115.18 ft 

Figure A-4.38. Cold Creek Unit – Lower (CCUl) 115.18 ft – 115.89 ft 
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