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Executive Summary

The overall goal of the 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. To meet this goal, CH2M
HILL Hanford Group, Inc. asked scientists from Pacific Northwest National Laboratory to perform
detailed analyses on vadose zone sediment from within the S-SX Waste Management Area. This report is
one in a series of four reports 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 Resource Conservation and Recovery Act (RCRA) borehole bore samples and composite
samples.

Intact cores from two “clean” RCRA boreholes (299-W22-48 and 299-W22-50) near the SX Tank
Farm and four, large-quantity grab samples from outcrop sediment on the Hanford Site were sampled to
better understand the fate of contaminants in the vadose zone beneath underground storage tanks at the
Hanford Site. Borehole and outcrop samples analyzed for this report are located outside the tank farms,
and therefore may be considered standard or background samples from which to compare contaminated
sediments within the tank farms themselves. This report presents our interpretation of the physical,
chemical, and mineralogical properties of the uncontaminated vadose zone sediments, and variations in
the vertical distribution of these properties. The information presented in this report is intended to
support preparation of the S-SX field investigation report® prepared by CH2M HILL Hanford Group,
Inc. as well as future remediation actions at the S-SX Tank Farm.

The geology under the SX Tank Farm forms the framework through which the contaminants move,
and provides the basis with which to interpret and extrapolate the physical and geochemical properties
that control the migration and distribution of contaminants. Of particular interest are the interrelation-
ships between the coarser- and finer-grained facies, and the degree of contrast in their physical and
geochemical properties. For the two boreholes, lithologic sections were constructed using detailed
geologic descriptions and geophysical logs. In some cases the results of laboratory analyses (e.g.,
particle-size distribution, moisture, calcium carbonate content) helped to refine the resulting stratigraphic
and lithologic interpretations.

Our conceptual model of the 67-meter (220-foot)-thick vadose zone beneath the SX Tank Farm
consists of seven stratigraphic units. These include two members of the Ringold Formation (member of
Wooded Island/Unit E [Rwi(e)] and member of Taylor Flat [Rtf]), two Plio-Pleistocene subunits (very
fine sand to mud sequence [PPlz] and a carbonate-rich paleosol sequence [PPIc]), and three units of the
Hanford formation (H1a, H1, and H2 units). Most of the Hanford formation H1a unit was removed
during excavation of the SX Tank Farm and replaced with backfill to a depth of about 17 meters (55 feet).
All but the Hanford formation strata dip slightly toward the southwest.

(a) Draft Field Investigation Report for Waste Management Area S-SX. RPP-7884, Draft, Volume 2,
Appendix D, CH2M HILL Hanford Group, Inc., Richland, Washington.
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Sediment samples from the various stratigraphic units were analyzed and characterized in the

laboratory for the following parameters:

e mass water content

o particle-size distribution

e particle density

o calcium carbonate and organic carbon contents

o Dbulk chemical composition

e mineralogy

e cation exchange capacity

o exchangeable base cation distribution

o water leach (1:1 sediment-to-water extraction)

o acid leach (8 M nitric acid extraction)

» unsaturated flow apparatus- (UFA)-extracted porewater composition.

Physical properties, such as particle-size distribution and moisture content, also vary according to
lithology. Strata with finer particle sizes (e.g., lower Hanford formation), and the top of PPlc subunit
with its high cement/clay content, retain more moisture in the vadose zone. High moisture is also
associated with a subvertical clastic dike within the upper Ringold unit (Rtf) in borehole 299-W22-48. Of
the two methods used to determine particle-size distribution (dry sieve and wet sieve/hydrometer), the wet
sieve method is superior to the dry sieve method, especially in fine-grained sediments, which tend to cling
together during dry sieving.

Past studies have shown that sediments in the vadose zone are dominated by quartz, potassium- and
plagioclase-feldspar, basalt, and other lithic fragments with minor amounts of mica, amphibole, calcite,
and other trace minerals (Tallman et al. 1979). The x-ray diffraction (XRD) work done for this study is in
agreement with past work and shows that the sediment is 25 to 95 wt% quartz, 5 to (possibly) 40 wt%
potassium feldspar, 10 to 20 wt% plagioclase feldspar, and 0 to 40 wt% calcite with trace to minor
amounts of amphibole, mica, and chlorite.

Mineralogical and geochemical variations, some significant, exist between the different stratigraphic
units, as a result of differing depositional environments and sources for the sediments. For example,
calcite-rich samples are associated with the lower Plio-Pleistocene subunit (PPlc), which unlike other
stratigraphic units, underwent significant pedogenic alteration. In addition to high calcium oxide the PPlc
subunit is relatively high in magnesium oxide, which co-precipitated with calcium during pedogenesis.
Vadose-zone sediments contain very little organic carbon (average 0.05 wt%). The organic carbon is
slightly greater for the PPlc subunit (up to 0.2 wt%), compared to all the other units, which are all <0.1
wt% carbon. Calcium carbonate content, calculated from the amount of inorganic carbon present,
approaches 40 wt% for the PPlc subunit; all other units are generally less than a few wt% calcium
carbonate. The concentration of major elements such as silica, iron, and calcium, varies significantly
because of different ratios of quartzo-feldspathic to basaltic detritus in the Hanford versus Ringold
formations. Samples high in potassium oxide may reflect the relatively high illite content of the Ringold
Formation and finer-grained portions of the Hanford formation.
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Clay minerals, measured semiquantitatively using XRD, include smectite, illite, chlorite, and
kaolinite. Overall in the clay-sized fraction of the vadose zone sediments, smectite ranged in
concentration from 10 to 30 (wt%). Illite concentrations ranged from ~10% to 50% and chlorite
concentrations were a little less (~5 to 35 wt%). Minor amounts of kaolinite (~5% to 10%) were also
detected. Quartz, feldspar, and amphiboles made up less than ~15 wt% of the clay fraction. The only
consistent trend in the mineral content of samples is the substantial increase in calcite, relative to other
minerals, for the PPIc subunit. This trend is noted in both the bulk sample as well as the <2-micron
fraction.

Base cations, displaced via ammonium acetate extraction, are dominated by alkaline earth elements
(calcium and magnesium), especially within the PPlc subunit. The relative contribution of the alkali
metals (sodium and potassium) to the natural distribution of exchangeable cations is small (<10%).
Though some relationships can be made comparing cation exchange capacity to the lithology, mineralogy
and grain-size distribution of some samples, enough discrepancies exist to make most comparisons
tentative. Cation exchange capacity was measured using two analytical techniques, each of which
provided significantly different results. More work is needed to establish the best way to measure cation
exchange capacities on sediments from the Hanford Site.

The results from the 1:1 sediment-to-water extracts are similar for samples from both of the clean
boreholes. This gives credence to the representativeness of the results. Also, most, but not all, results
yield a reasonable charge balance among cations and anions. There is one sample in borehole
299-W22-50 near the base of the coarse-grained Hanford formation H1 unit that shows high pH, electrical
conductivity (EC), and water-leachable cations and anions, but it appears to be natural and perhaps was
caused by dissolution of natural evaporates (see below).

Porewater in the vadose zone was evaluated via a comparison of a few actual UFA-extracted
porewater samples with a larger data set of 1:1 sediment-to-water extracts. Water extracts are in
agreement with actual porewaters for only a limited number of constituents and the water extracts
generally produced higher chemical concentrations than those found in the actual porewater sampled from
the same interval and thus the water extracts should be considered maximum values. The concentrations
of many constituents in the water extracts of the four composite sediment samples are similar to those in
the two sampled boreholes. A few exceptions are higher calcium, chloride, magnesium, sodium, and
sulfate in the sediment composite samples relative to the clean borehole samples, probably as a result of
natural near-surface recharge and leaching, which does not occur at depth within borehole samples. As
expected, the calcic PPLc subunit yielded significantly different water extract results than the Hanford or
Ringold formation samples. Water leachate from the PPlc produced relatively higher EC, alkalinity,
cations (silicon, calcium, magnesium), anions (nitrate and sulfate), as well as trace elements (selenium,
strontium, copper, manganese, and uranium). Elevated concentrations of these parameters, combined
with depleted aluminum, are a reflection of the pedogenic origin for the PPLc subunit. Differences
among samples from the Ringold and Hanford formations are generally small (except water-extractable
magnesium and potassium, which are higher for the older Ringold Formation) and not consistent among
all samples. This is not surprising considering the wide range in mineral and physical properties for these
samples.



Most noteworthy in the water extract profile for borehole 299 W22-50 is high water-leachable pH,
alkalinity, EC, calcium, chloride, chromium, strontium, and sulfate at the base of the coarser-grained
facies (Hanford formation H1 unit) of the Hanford formation.

In general, acid extraction is effective at removing from sediment samples, in decreasing order, 25%
to 70% of the total trace metals, 40% to 60% of the iron and manganese, about 25% of the major alkaline
earth metals (calcium and magnesium), about 15% of the aluminum and titantium , about 10% to 15% of
the minor alkaline earths (barium and strontium), 1% to 10% of the alkali metals (potassium and sodium).
In contrast, negligible amounts of silicon (<0.03%) are removed during acid extraction. The amount of
any element removed from the coarse-grained Hanford formation H1 unit by acid digestion is less than
for the other stratigraphic units, perhaps due to the larger particle sizes, which have overall less surface
area and are thus less prone to leaching. Acid extraction within the calcic PPLc releases almost all the
calcium and strontium and slightly more of several of the other elements when compared to other non-
calcic sediment samples. Most calcium and strontium in the PPlc subunit are combined with carbonate,
which readily decomposes in contact with acid. Calcium in the other units is associated with silicates
(e.g., pyroxene, plagioclase, etc.), which do not readily react with the acid leach.

The high concentrations of these parameters may be natural from past pedogenic/evaporitic processes

or perhaps they represent lateral spreading along the H1/H2 contact of fluids disposed to nearby facilities
or fluids from pipe leaks.

vi



Acknowledgements

This work was conducted as part of the Tank Farm Vadose Zone Project led by CH2M HILL Hanford
Group, Inc., in support of the U.S. Department of Energy’s Office of River Protection. The authors wish
to thank Anthony J. Knepp, Fredrick M. Mann, David A. Myers, Thomas E. Jones, and Harold A. Sydnor
with CH2M HILL Hanford Group, Inc. and Marc I. Wood with Fluor Hanford for their support of this
work. We would also like to express our gratitude to Robert Yasek with DOE’s Office of River

Protection.

We would especially like to thank Kent D. Reynolds (Duratek Federal Services Inc.) for his efforts in
design and construction of the sampler breakdown table and core extruder, and Kevin A. Lindsey
(Kennedy Jenkes Consultants, Inc.) for his insights on the geologic nature of the materials penetrated by
this borehole.

Finally, we would like to thank Bruce J. Bjornstad and Duane G. Horton for their technical review of
this document, Launa F. Morasch for her editorial and document production support, and Kathy
Neiderhiser and Rose M. Watt for publication design support.

vil



amsl
ASA
ASTM

bgs
BHI

DOE

EC
EMSP
EPA
ERDF

FIR
FY

IC

ICP
ICP-AES
ICP-MS

msl

PNNL
PPlc
PPIz
PPUcp
PPUoe
PPUsa

RCRA
Rtf
Rwi(e)
TEM

UFA

Acronyms and Abbreviations

above mean sea level
American Society of Agronomy
American Society for Testing and Materials

below ground surface
Bechtel Hanford, Inc.

U.S. Department of Energy

electrical conductivity

Environmental Management Science Program
U.S. Environmental Protection Agency
Environmental Restoration Disposal Facility

field investigation report
fiscal year

ion chromatography

inductively coupled plasma

inductively coupled plasma atomic emission spectrometry
inductively coupled plasma mass spectrometry

mean sea level

Pacific Northwest National Laboratory
Plio-Pleistocene carbonate

Plio-Pleistocene mud

Plio-Pleistocene calcic paleosol facies
Plio-Pleistocene unit overbank-eolian facies
Plio-Pleistocene side-stream alluvial facies

Resource Conservation and Recovery Act
Ringold Member of Taylor Flat
Ringold Member of Wooded Island (Unit E)

transmission electron microscopy

unsaturated flow apparatus

X



XRD
XRF

x-ray diffraction
x-ray fluorescence



Contents

EXECULIVE SUIMIMATY ....cuiieiiiiiieiieiiiestesteeteeie et esiee e e seaessseesseesseeseesseesssesssessseasseesseesseesssesssennsessees il
ACKNOWIEAGMENTS.......ooiiiiiiiieciie ettt e et e et e et e e beeebeeesebeessseeessseessseeessseesseasssessnseeenes vii
Acronyms and ADDTEVIALIONS .......cccuiecvieriieriieriierieste et esieeseesaesreesbeesseesseessaessseasseesseesseesseesssesseensns ix
1.0 INEEOAUCTION ..entieniieiie ettt ettt sttt et e b e bt e s bt e sat e saee et e ebeesbeesbeesaeesabeens 1.1
2.0 GEOIOZY tociieiieeieeie ettt ettt et et ettt et e e et e e sre e et e e anb e et e e se e seennteenseenseenreenrees 2.1
2.1 Regional GEOoloZIC SELUNE ......cccveiriierierierieereereereereeseeseesreebeebeesteeseeesssesssessseesseessens 2.1
2.2 Geology of the SX Tank Farm .........cccceeciiiiiieiiiieciie et e 2.1
2.1.1 Columbia River Basalt GroUP ........cccevceiriieeiiieiieriesie ettt 2.8
2.2.2 Ringold FOIMAtION ....c.eevuiiiiiiiieiieiiesieeie ettt ste et estae e snnesnbeesseesnesnnes 2.8
2.2.3 Plio-Pleistocene Unit........ccceiieieiiiniieieieciceesie ettt sttt 2.9
2.2.4 Hanford FOrMAation .......cccueiiiiiiiiiieiieie ettt 2.14
2.2.5 BACKTIL..cuiiiiiiiieeeeceee ettt 2.17
2.3 Historical Water LeVelS.......ccciiirieriiiieieieei ettt 2.19
2.4 Ge0logic CharaCteriZation..........uecvereeeieeireerreeteeseesreseresereeseesseesseesseesssesssessseessesssesssens 2.20
2.4.1 COMPOSILE SAMPIES ...veeeerireieiieeiieeiiieeiieerteeesteeeteeesveesseeesereesseeessseessseessseesseenns 2.20
2.4.2 Geologic Characterization of Clean Boreholes ..........ccccooeiviiiiienieninnieeieeee, 2.29
3.0 Characterization Analytical MEthOdS ........c..ccvevviiiiiirierierie ettt re e ereens 3.1
3.1 Post Sampling Sediment Preparation ..........c.ccccveeeiieriieeiieesieeciee e eiee e eeree e 3.1
3101 COMPOSILES c.veeuieeuieetietieeite ettt ettt e st e st e st e e bt e beesbee s st e saeeenteenseenseesseesseesasesnseans 3.1
3.1.2 Borehole Core Samples.........ccvevierierieiieiieeieereeseesieeeeeresseeseesseessnessnesssessseens 3.1
3.2 Laboratory Analytical Methods ..........ccceviiiiiiiiiiieiiesiesie ettt see e seneesneens 3.2
3.2.1 Mass Water COMEENL ........oeuiiiiiiiieiienite ettt ettt ettt ettt e b e saeesaeeeaeeens 3.2
3.2.2 Particle Size DIStriDULION ......cccveiiiiiiiiiiiiiiiecie ettt e 3.2
3.2.3 Particle DENSIY ...cccveveieeiieiieciieiiesiiesie ettt et se e s re ettt estaeesbesnneenreens 33
3.2.4 Calcium Carbonate and Organic Carbon Content...........c.cccveeveeveervervennesiveanneens 33
3.2.5 Elemental ANALYSiS......cccceeciiieiiiiiiiiieeiieesiiecieeeieeesreesveeeseaeesreeeaaeeseseesareeesseennns 33
3.2.00 MINETALOZY «..vveeieeiietietieite ettt ettt ettt ettt e bt e s bt e s st e st enbe e bt enbeesbeesaneenneens 34
3.2.7 Cation EXChange Capacity ........cccoecueeeiieriierienieeniesiesieesieesieesiresnessseenseesseesseessnens 3.6
3.2.8 Ammonium Acetate EXIIaCt ... ....ccoeiiiieiiriiieieeeee et 3.7
3.2.9 1:1 Sediment-to-Water EXtract.........cccceeviieiieiienieiiiiiteie et 3.8
3.2.10 8 M Nitric ACIA EXEIACT.....cuuiiiiiieiiiiiieeiic ettt et e 3.8
3.2.11 Porewater COMPOSILION .......eecviereeriiereieereeieesieesieesieessseeseeseeseesseesseesssesssessseesseens 3.8

X1



4.0 Analytical Results for Composite Sediment SAMPIES .........cccecverrerrerceeriieerieerieereeseesre e 4.1

4.1 Mass Water COMEENT .......certiriiiiiiieeieeitee sttt st e st e bt st sttt esbeesbeesbeesaeesaee s 4.1
4.2 Particle-Size DIStrIDULION ...cccueiiuieiieiieiie ettt 4.1
T B o 141 (o] (< D 1<) 1 1 OSSPSR 4.4
4.4 Calcium Carbonate and Organic Carbon CONtent...........cceeevervveerieereerieesivensieesreeseeeneeennnns 4.5
4.5 Bulk Chemical COMPOSIION ......eervieriieiieirietietiesteesaesreereeseesseesseesseessseessessseesssesssessnes 4.6
T Y 031 1S 1 (077U 4.8
4.7 Cation EXChange Capacity ........ccceveereerieriiieiieieeitesite sttt et ee et et e st see st ebeeseeneeas 4.14
4.8 1:1 Sediment-to-Water EXtraCtion..........cccecvvevuiesierierieeieeieesieesiee e seesneeseeseesseesenesnnes 4.17
4.9 8 M Nitrate Acid EXIIraCtion........ccceeruiruieiiiiieiieie ettt 4.19
4.10 Exchangeable Base Cations .........c.cccueeeriieeiiieeiiieiieeeieeeereeeieeeseveeeveeeseneesssaessseesssessnnes 4.20
5.0 Analytical Results for Clean Borehole Samples..........ccccevieviiiiiiniiienieieieeesie e 5.1
5.1 Analytical Results for Borehole 299-W22-48..........cccceovviiiiiiiiieiieieseeseesve e ere e 5.1
5.1.1 Mass Water COMEENL ........couiiiiieiieiieite ettt ettt ettt ettt et e sbeesbeesaeeeaeeens 5.2
5.1.2 Particle-Size DIStriDULION ......ccc.eieiiiiiiiiiiiii ettt e 54
5.1.3  Particle DENSIY ...ccveecieeiieiieiieiieciieste ettt e st e re e et se et e ssaesnaesnseennaens 5.7
5.1.4 Calcium Carbonate and Organic Carbon Content...........c..ccveeveeveereervenvesiveenneens 5.7
5.1.5 Bulk Chemical COMPOSITION .....cccuvierrieeririeiiieeieeeriieeereeesieeesreeereeeseaeeseseesssneenenes 5.8
T B I\ 61115 1 (oY . AP PRPR 5.10
5.1.7 Cation EXChange Capacity ........ccccecvereiierieerienieniesresieeieesseesieeseessseenseeseesseessnens 5.16
5.1.8 Exchangeable Base Cations........c..ccvevveeriierieiieaieesieesiiesiesresreesseesseesssesssesssesssees 5.17
5.1.9 1:1 Sediment-to-Water EXtraction...........cceceerierieiiiiiiiiiieiieicesesee e 5.18
5.1.10 ACId EXErACHION ...eiiiiiieiiiieiie ettt et e et e e et eeeabe e sabeeeaeaeesevaeenns 5.22
5.1.11 Porewater COMPOSILION .......eecveervieriiereierreeieesieesieeseesssesseenseeseesseesseesssesssessseessaens 5.25
5.2 Analytical Results for Borehole 299-W22-50........cccccviviierieiiieniieie e 5.33
5.2.1 Mass Water COMEENL........coiuiiiuieriiieiiieiieete ettt ettt ettt et et ettt et esbeenbee s 5.33
5.2.2 Particle-Size DIStriDULION .......cceiiiciiieiiiiieiieeiie ettt e et e eeveeevee e 5.35
5.2.3 Particle DENSILY ....ccveevuieriieriieeieeieecie ettt ete et ettt e esae st enreesaesseessaesnseenreas 5.39
5.2.4 Calcium Carbonate and Organic Carbon Content...........c.ccveervevreervenvervesiveanneans 5.40
5.2.5 Bulk Chemical COMPOSITION .....cccuvierrieeiiieiiieeieeerteeereeeieeesereeeseeesereesesesssseeenenes 541
I Y 01115 -1 (oY PR 5.41
5.2.7 Cation EXChange Capacity .........ccecveeeieerrierierieeniesiesteeieesieesiresssessseenseeseenseessnens 54.1
5.2.8 Exchangeable Base Cations...........ccvevveeriieriieiieeieesiiesiieseesresreesseeseesssesssesssessnes 5.43
5.2.9 1:1 Sediment-to-Water EXtraction...........ccoceereerieiiiiiiiiiiesiesicesie e 5.44
5.2.10 ACId EXErACHION ...eciiiiiiiiiiiie ettt et tve e evee e abe e sabeeeneaeesaveeenes 5.45
5.2.11 Porewater COMPOSITION .......eecvierieriiereieireeieeieesieesieessesseesesseesseesseesssessseesseesseens 5.53
5.3 Discussion: Comparison Between Boreholes 299-W22-48 and 299-W22-50................. 5.59
6.0 Summary and CONCIUSIONS ........cecuiiruiiiiiiiieieee ettt ettt ettt e te st et eeteebeesbeesseesaneenseeas 6.1
A ) 3 (<3 1< PSRRI 7.1

Xil



Appendix A — Summary of Field Geologists’ Sample Descriptions for Borehole 299-W22-48

and Borehole 299-W22-50 ......cc.coueiiiiiiininieneeeceteeee e e Al
Appendix B — Summary of Geologists’ Core Sample Descriptions from Borehole 299-W22-48 ... B.1
Appendix C — Summary Geophysical Logs for Borehole 299-W22-48 and Borehole 299-W22-50C.1
Appendix D — Particles-Size Results from Seven Boreholes in Vicinity of the S-SX Tank Farm ... D.1

Appendix E — Inventory of Core Sleeves from Borehole 299-W22-48 ..........ccooiiieiiiineiieeene E.1
Appendix F — Inventory of Core Sleeves from Borehole 299-W22-50 .........ccccccvviiviieiiieeciieenneens F.1
Appendix G — Some Mineralogical Analyses of the Composite Sediment Samples........................ G.1
Appendix H— Some Mineralogical Analyses from Boreholes 299-W22-48 and —50...................... H.1

xiii



Figures

2.1 Generalized, Composite Stratigraphy for the Late Cenozoic Sediments Overlying the Columbia

River Basalt Group on the Hanford Site..........ccocieviieiiiiiiiiiieeeee e 2.2
2.2 Location Map and Hydrogeologic Cross Sections Through the SX Tank Farm....................... 2.3
2.3 Ge0logiC CrosSs SECHION A=A’ ...cuiiiiieiieiieere ettt et et e sresreetbeesbeesseessaestaessbesssessseesseasssesssesses 2.4
2.4 Geologic Cross SeCtion B-B .......cccciiiiiiiiiiiiiiteit ettt te et enneennees 2.5
2.5 Geologic Cross SECtiON C-C ....cccuiiiriiriiniirierienitetesie sttt ettt ettt ettt st sbe et b 2.6
2.6 Lithofacies Distribution for the Lower Plio-Pleistocene Unit (PPIC)......ccocvvviviiiiiiiiciiinns 2.12
2.7 Digital Elevation Model (DEM) Map of a Portion of the Pasco Basin Showing Routes

and Facies Distributions for the Last Pleistocene Cataclysmic Floods ...........ccecovveiveiivenieennnns 2.15
2.8 Historic Water Levels Beneath the SX Tank Farm ..........cccccoooiviiiiiiniiniiiiee e, 2.20
2.9 Locations for the Four Composite Sediment Samples...........ccceeveviieiiienciieiiiieieeeree e 2.22
2.10 Stratigraphic Column of the Upper Portion of the White Bluffs Showing

Sample Collection DEPLRS .......c.occvieiiiiieiierieree ettt sre e e e e sraessaesseessnennns 2.23
2.11 Location of Sample Collected from Lacustrine Laminated Silt of the Ringold Formation....... 2.23
2.12 Series of Buried Giant Current Ripples at the 218-E-12B Site .......cccccvveviiieiiiiciieeieeieeeen 2.25
2.13 Example of Pebbly Sand Facies as it Appears In SitU........cccoeevivvieeniieneenieeniecieerecre e 2.25
2.14 Representation of All Three Facies of the Hanford Formation at the 218-E-12B Site.............. 2.26
2.15 Lower Silty Sand Layer at 218-E-12B Site.......cccceceririeriniiiiiieeetec e 2.26
2.16 Samples Obtained for Detailed Characterization from the 218-E-12B Site.......c.cccccvvevveennennns 2.27
2.17 Environmental Restoration Disposal Facility Sampling Site .........c.cccevvvevievieniiencieerieieeieene, 2.28
2.18 Vadose Zone Stratigraphy for Borehole 299-W22-50..........cccceevvirriirniieiienienieriesve e 2.29
2.19 Vadose Zone Stratigraphy for Borehole 299-W22-48...........cccceviiiiiininieninereneneeeeeee 2.33
2.20 Split-Spoon Sample from Within Coarse-Grained Hanford Formation H1 Unit in

Borehole 299-W22-48 .......co ettt s 2.34
2.21 Split-Spoon Sample from Within Hanford Formation H2 Unit in Borehole 299-W22-48 ....... 2.34
2.22 Split-Spoon Sample from Within Plio-Pleistocene Mud (PPlz) Unit in

Borehole 299-W22-48 ........o ettt ettt et et as 2.35

2.23 Split-Spoon Samples Representing a) Plio-Pleistocene Mud (PPI1z) and Plio-Pleistocene
Carbonate (PPlc) Subunits Contact (white dashed line), and b) Plio-Pleistocene

Carbonate (PPIc) in Borehole 299-W22-48..........ccooiiriiiiierieeieee ettt ettt 2.36
2.24 Split-Spoon Samples Representing Ringold Formation Unit E (Rwi[e]) in

Borehole 299-W22-48 .......co ettt n 2.36
2.25 Split-Spoon Sample Representing Upper Ringold Formation (Rtf) in

Borehole 299-W22-48 ........ooiiieieee ettt ettt sttt ettt st et et neas 2.37
2.26 Split-Spoon Sample Illustrating Contrasts Within the Hanford Formation H2 Unit................. 2.38
2.27 Upper Portion of Subvertical Clastic Dike Completely Filling Core Liner

Within Ringold Formation from 51.4 to 51.7 Meters (168.5 to 169.5 feet) bgs ........cccceeneeneee. 2.40
2.28 Split-Spoon Sample of Sandy Gravel from the Hanford Formation H1 Unit..........cccccoeeeenene. 2.41
2.29 Split-Spoon Sample from Within Hanford Formation H2 Unit in Borehole 299-W22-50 ....... 2.42

Xiv



2.30 Split-Spoon Sample from Within Upper Plio-Pleistocene Unit (PPlz) in

BOrehole 299-W22-50 .......ciiieieiie ettt ettt ettt et ettt st et enbeeeeas 2.43
2.31 Split-Spoon Sample Containing the Contact Between the Plio-Pleistocene Mud (PPlz) and

Carbonate (PPlc) Subunits in Borehole 299-W22-50..........ccccceevuieiiiirienienieniesre e 2.44
4.1 Ringold Silt Composite Sample After Air Drying and Disaggregation ...........cceceeveeveenereennn 4.2
4.2 Hanford Coarse Sand Composite Sample After Air Drying and Disaggregation ..................... 4.2
4.3 Hanford Fine Sand Composite Sample After Air Drying and Disaggregation ......................... 4.2
4.4 Borehole Fine Sand Composite Sample After Air Drying and Disaggregation........................ 4.3
4.5 Particle-Size Distributions for the Four Composite Sediment Samples ...........ccccevereenenennne 4.4
4.6 Typical Illite Particle (~5 microns long) Common to the

Hanford Fine Sand Composite SAMPIE.........cccueevvieriienierieiiieieeieesieesee e seeereesreesieeseneseveeenas 4.11
4.7 Typical lllite Particle (~3 microns long) from Clay Fraction of the

Borehole Fine Sand Composite SAMPIE .......cocvevuiriiiiiriiieniiieeneetereseee ettt 4.11
4.8 Chlorite Particle (~1.5 micron) from the Borehole Fine Sand Composite Sample ................... 4.13
4.9 A Thick, Hexagonal Kaolinite Particle (~1 micron) from the

Borehole Fine Sand Composite SAMPIE .......cccvervieriieriieiieriecieeie e esee e sre e eee e 4.13
4.10 Smectite Aggregate (~2 microns) from the Hanford Coarse Sand Composite Sample............. 4.14

5.1 Particle-Size Distributions Curves of Hanford Formation Sediment Samples

from Borehole 299-W22-48 ... et e et et enes 5.6
5.2 Particle-Size Distribution Curves of Sediment Samples below 41.4 meters bgs

1N BOTEhO1E 200-W22-48 ...ttt e e et e e e e s s e e aaeeeeeeeesennaaes 5.6
5.3 Typical Illite Particle from Borehole 299-W22-48 ..........ccceevviiiiiriienieniesieeieere e 5.12
5.4 Chlorite Particle from Borehole 299-W22-48 ........covoeioiiriiiieeeeeeeeeee e e 5.13
5.5 Thin Smectite Flakes from the Rtf Unit in Borehole 299-W22-48 ...........ccccovvviiiiiiiiiiiinnnenn. 5.14
5.6 Kaolinite Particle from the H2 Unit in Borehole 299-W22-48 ..........vvvvviiiiiiiiieieeeeeeeeee 5.15

5.7 Moisture Content and Comparison of pH and Dilution-Corrected Electrical Conductivity
of 1:1 Sediment-to-Water Extracts and UFA-Extracted Porewater from Sediment

Samples in Borehole 299-W22-48 .........coiiiiiiiiieeeteee ettt 5.30
5.8 Comparison of Dilution-Corrected Anion Concentration of 1:1 Sediment to Water Extracts

and UFA-Extracted Porewaters from Sediment Samples in Borehole 299-W22-48.................. 5.31
5.9 Comparison of Dilution-Corrected Cation Concentrations of 1:1 Water Extracts

and UFA-Extracted Porewaters from Sediment Samples in Borehole 299-W22-48................. 5.32
5.10 Particle-Size Distribution Curves of Sediment Samples from the Hanford Formation

at Borehole 299-W22-50 ........oi ettt ettt ettt et e et e e e eeeas 5.38
5.11 Particle-Size Distribution Curves of Sediment Samples from the Plio-Pleistocene Unit

and Ringold Formation at Borehole 299-W22-50.........c.ccccieriiniiiiiiieiieeesiecese e 5.39
5.12 Moisture Content, 1:1 Sediment-to-Water Extract, pH, and Electrical Conductivity Data

Versus Depth in Borehole 299-W22-50 .........ccccoieriiiiiiiieiieriereesee e ere e eveere e sereseneeenes 5.49
5.13 Calculated and UFA-Extracted Porewater Concentration of Anions

Versus Depth in Borehole 299-W22-50 .......ccciiiiiiiiiieieiece ettt 5.59
5.14 Calculated and UFA-Extracted Porewater Concentrations of Cations

Versus Depth in Borehole 299-W22-50 .........cccccieiiiiiiiiieiieeeeesee e ere e eveesveeveesne v eenes 5.60

XV



Tables

2.1 Stratigraphy of the Vadose Zone Beneath the SX Tank Farm ..........cccccoocceviiiiiiiiiiieenieceen, 2.7
2.2 Granulometric Data from Core Samples of Ringold Unit E Encountered

Within the 200 WESt ATCA ......evuiieieiieiieieit ettt ettt sttt et et et neeneesseeneeneas 2.9
2.3 Example of Granulometric and Calcium Carbonate Data from Samples of the

Lower Plio-Pleistocene (PPlc) Unit Encountered Beneath the SX Tank Farm......................... 2.10
2.4 Example of Granulometric and Calcium Carbonate Data from Drive-Barrel Samples

of the Upper Plio-Pleistocene Unit (PP1z) Encountered Beneath the SX Tank Farm ............... 2.13
2.5 Granulometric and Calcium Carbonate Data from Core Samples of the

Hanford Formation Beneath SX Tank Farm and Average Bulk Densities..........c.cccceveneennenne. 2.18
2.6 Summary of Recent Particle Size Analytical Results from Seven Boreholes in

and Around the SX Tank Farmi.........cocoooiiiiiiiiiieee e 2.19
2.7 Composite Sediment Sample DESCIIPLIONS........ccvveriierierierireiieieeeereeseesresreereeseesseesseessnes 2.21
4.1 Moisture Content of Composite Sediment Samples After Air Drying.......cccceevevvevcieeecieenneens 4.1
4.2 Particle-Size Distributions for Composite Sediment Samples

Determined by Dry Sieve Method..........ccooviiiiiiiiieiieiieeece ettt 43
4.3 Particle-Size Distributions for Composite Sediment Samples Determined by Wet

Sieving/Hydrometer Method ..........cccuoiiiiiiiiiieiieciee ettt e seveeeaae e 4.3
4.4 Particle Densities for Composite Sediment SAMPIES.........cccvevvievieerieerienieeiieere e ereereeseeenenes 4.5
4.5 Calcium Carbonate and Organic Carbon Content (% wt.) for Composite Samples.................. 4.6
4.6 Bulk Chemical Composition of Composite Sediment Samples (% as Oxides).......cccceeeeeenee. 4.7
4.7 Semiquantitative Mineral Content of Composite Sediment Samples...........ccceevevverieeecieennenns 4.8
4.8 Bulk Chemical Composition of Clay Fraction (% as Oxides)

in Composite Sediment SAMPIES ......c.eecvierierierieiie ittt ettt e see e s e eseesseesseessaessnessnesnseens 4.10
4.9 Results of Cation Exchange Capacity (meq/100 g) of Composite Sediment Samples

Using Two Different TEChNIQUES ........cccviiiiiiiiiieciie et ree v e e 4.15
4.10 pH, Electrical Conductivity, Alkalinity, and Anions in 1:1 Sediment to Water Extracts

for Composite Sediment SAMPIES ........cceeveerierciiiiiieiieieeree e see et ee e sseesaessnessseenseeseens 4.16
4.11 Major Cations in 1:1 Sediment to Water Extracts (ICP) for Composite Sediment Samples..... 4.16
4.12 Trace Metals in 1:1 Sediment to Water Extracts of Composite Sediment Samples.................. 4.17
4.13 Charge Balance for Water Extracts of Composite Sediment Samples .........c.cccceeervevreerreerneennen. 4.18
4.14 Major Cations in Acid Extracts for Composite Sediment Samples..........ccccccevervecierieereereennen. 4.20
4.15 Trace Metals in Acid Extracts of Composite Sediment Samples ........c.cceceverieneneniiencneennenn 4.21
4.16 Percentage of the Total Element that Dissolves During Acid Extraction

of Composite Sediment SAMPIES .........ccvevierieriiiiiieie ettt esee ettt ere e reesre e e e sraessbesraessneens 4.22
4.17 Chemical Composition of Ammonium Acetate Extraction

for Composite Sediment SAMPIES.........coviririiiiiiiiiieteee et 4.23
4.18 Exchangeable Base Cations Compared to Cation Exchange Capacities Estimates

for Composite Sediment SAMPIES........ccvevuierieiiiiiieiiereeeesee st ereereereereesreesreeseaesbessaeasneens 4.23

Xxvi



5.1 Sediment Core Samples Selected from Borehole 299-W22-48 for Laboratory Analysis.......... 5.1
5.2 Moisture Content (Wt%) Measured in Laboratory for Sediment Samples from

Borehole 299-W22-48 ...ttt et ettt e as 53
5.3 Dry Sieve Results from Borehole 299-W22-48..........c..cooeviiiiiiiiieiecieereeieeeesee e ve e v 54
5.4 Particle-Size Distribution Determined by Wet Sieving/Hydrometer Method..............cceveenneen. 5.5
5.5 Comparison of Particle-Size Distributions for Dry Versus Wet Sieving ......c..cccceveeveencreennne 5.5
5.6 Particle Densities for Selected Sediment Samples from Borehole 299-W22-48....................... 5.7
5.7 Calcium Carbonate and Organic Carbon Content (wt%) for Sediment Samples from

Borehole 299-W22-48 ..ottt ettt ettt sttt et 5.8
5.8 Bulk Chemical Composition of Sediment Samples from Borehole 299-W22-48 ..................... 5.9
5.9 Semiquantitative Mineral Content (wt%) for Sediment Samples

from Borehole 299-W22-48-Bulk Sediment Sample ..........ccccveveerieecrieciienieiereesee e e 5.10
5.10 Semiquantitative Mineral Content (wt%) for Sediment Samples

from Borehole 299-W22-48-Clay-Size Fraction Only ........ccccccccvirieninieniienineenienenieneneeeene 5.11
5.11 Comparison of Cation Exchange Capacity (meq/100 g) Between Sediment Samples

from Borehole 299-W22-48 Using Two-Different Analytical Methods..........ccccceeeveiinineennn. 5.16
5.12 Additional Cation Exchange Capacity Data Obtained from Sediment Samples

1N BOTEhOle 41-00-39 ... oottt ettt ettt e s b e st e snteenseenseeneeas 5.17
5.13 Exchangeable Base Cation Composition of Sediment Samples in Borehole 299-W22-48........ 5.18
5.14 Comparison of the Base Cation Sum and Cation Exchange Capacity Measurements from

Sediment Samples in Borehole 299-W22-48 ..........cccoooiieiiiiieiieiereeee e 5.18
5.15 pH, Electrical Conductivity, Alkalinity, and Anions in Water Extracts from

Sediment Samples in Borehole 299-W22-48 ............ccooviiiiiiieiiieiieeieeeee e eaae e 5.19
5.16 Major Cations in Water Extracts from Sediment Samples in Borehole 299-W22-48 ............... 5.20
5.17 Trace Metals in Water Extracts of Sediment Samples from Borehole 299-W22-48.................. 5.21
5.18 Charge Balance in Water Extracts of Sediment Samples from Borehole 299-W22-48 ............ 5.22
5.19 Ranges of Parameters and Selected Ions Found in Water Extracts for

Stratigraphic Units Sampled within Borehole 299-W22-48...........cccccevvviviierieieeeeneeere e 5.23
5.20 Major Cations in Acid Extracts of Sediment Samples from Borehole 299-W22-48................. 5.24
5.21 Trace Metals (pg/g) in Acid Extracts of Sediment Samples from Borehole 299-W22-48........ 5.25
5.22 Mass Percent of Total Element Leached by Acid Extraction

Compared to Bulk Chemical COMPOSITION........cccueiivieeeiiieriieeiieerieesieeeiteesreeeraeeereesveeeeneas 5.26
5.23 pH, Electrical Conductivity, Alkalinity, Anions, Cations, and Trace Metals Measured

in UFA-Extracted Porewater from Two Samples in Borehole 299-W22-48...........c.ccccvevuvenene 5.27
5.24 Charge Balance for UFA-Extracted Porewater from Two Sediment Samples

N BOrehole 299-W22-48 ... .o ettt sttt ettt et e s s 5.28
5.25 Theoretically Calculated Composition of Vadose-Zone Porewater ............ccoccvevveeereeveenieennenns 5.28
5.26 Comparison of UFA-Extracted Porewater to Theoretically Calculated Porewater

from the Hanford Formation H2 Unit in Borehole 299-W22-48...........cccoooiiiiiiiinienienieees 5.29
5.27 Sediment Core Samples Selected from Borehole 299-W22-50 for Laboratory Analysis ......... 5.34
5.28 Moisture Content (Wt%) Measured in the Laboratory for Sediment Samples

from Borehole 299-W22-50 .......cc.oiiiiieieeee ettt ettt st 5.36
5.29 Particle-Size Distributions for Sediment Samples from Borehole 299-W22-50............c.......... 5.37
5.30 Particle-Size Distributions Determined by Wet Sieving/Hydrometer

Method for Borehole 299-W22-50 ........ccoeiiieeieese ettt ettt 5.37



5.31 Comparison of Particle-Size Distributions Using the Dry Versus

Wet Sieving/Hydrometer Methods for Borehole 299-W22-50 ..........ccccoovivininiininnnincneene, 5.38
5.32 Particle Densities for Sediment Samples from Borehole 299-W22-50 ..........cccovvevvveriieennnnns 5.39
5.33 Calcium Carbonate and Organic Carbon Content (wt%) for Sediment Samples

from Borehole 299-W22-50 .......ccuiiiieiiee ettt ettt e 5.40
5.34 Bulk Chemical Composition of Sediment Samples from Borehole 299-W22-50..................... 542
5.35 Semiquantitative Mineral Content of Sediment Samples from Borehole 299-W22-50 ............ 5.42
5.36 Exchangeable Base Cations for Sediment Samples from Borehole 299-W22-50...................... 5.43
5.37 Comparison of the Base Cation Sum and Cation Exchange Capacity Measurements

from Borehole 299-W22-50 .......ccoeiiiiieiieeie ettt ettt sttt s 5.43
5.38 pH, Electrical Conductivity, Alkalinity, and Anions in Water Extracts of

Sediment Samples from Borehole 299-W22-501..........cccceiivrieriierienieiie et 5.45
5.39 Major Cations in Water Extracts of Sediment Samples from Borehole 299-W22-50............... 5.46
5.40 Trace Metals in Water Extracts of Sediment Samples from Borehole 299-W22-50................. 5.47
5.41 Charge Balance for Water Extracts of Sediment Samples from Borehole 299-W22-50........... 5.48
5.42 Ranges of Parameters and Selected lons Found in Water Extracts for

Stratigraphic Units Sampled Within Borehole 299-W22-50..........cccocoiiiiininenineeenceeene 5.50
5.43 Major Cations (pg/g) in Acid Extracts of Sediment Samples from Borehole 299-W22-50...... 5.51
5.44 Trace Metals (ug/g) in Acid Extracts of Sediment Samples from Borehole 299-W22-50........ 5.51
5.45 Percent of Total Element (XRF) in Sediment Samples Leached by Acid Extraction

of Sediment Samples in Borehole 299-W22-50 ..........ccoiiiiiiiiiieiieee e 5.52
5.46 pH, Electrical Conductivity, Alkalinity, Cations, Anions, and Trace Metals for

UFA-Extracted Porewater from Sediment Samples within Borehole 299-W22-50.................. 5.54
5.47 Charge Balance for UFA-Extracted Porewater from Sediment Samples

1N BOrehole 299-W22-50.......ooiiieiee ettt ettt et et saae st 5.55
5.48 Calculated Composition of Vadose-Zone POreWater..........c.cccueevveevieerieniesieeieereereeveesieesenens 5.56
5.49 Comparison of UFA-Extracted Porewater to Calculated Porewater Based

on Water Extract Data from Sediment Samples in Borehole 299-W22-50........c..ccceeeniniennene 5.57
5.50 Comparison of UFA-Extracted Porewater to Calculated Porewater Charge Balance

Based on Water Extracts of Sediment Samples from Borehole 299-W22-50...........cccccveneeneen. 5.57

XViil



1.0 Introduction

In fiscal year 1999, several offices within the U.S. Department of Energy (DOE) initiated and funded
coordinated activities at the Hanford Reservation to study the vadose zone to better understand the fate
of contaminants that have leaked from underground storage tanks. As part of this effort, the Pacific
Northwest National Laboratory (PNNL), Bechtel Hanford Inc., and CH2M HILL Hanford Group, Inc.,
collected intact sediment cores from the subsurface in the vicinity of the S-SX Waste Management Area.
These cores were collected from two new monitoring wells surrounding the S-SX Waste Management
Area. In addition, large quantities of sediment were collected from outcrops in the Pasco Basin that may
be representative of strata beneath the S-SX Waste Management Area. Location maps and more details
on sampling locations are presented in Section 2.0.

Outcrop and borehole samples were collected and analyzed for their physical, mineralogical, and
chemical properties to serve as Hanford Site standards. The characterized standards are available to
researchers for experiments relative to environmental problems at the Hanford Site. To obtain
sediment, contact Clark Lindenmeier at PNNL by the following venues: telephone (509) 376-8419,
fax (509) 376-5368, or email clark.lindenmeier@pnl.gov.

This report describes samples and documents the results of characterization activities completed to
date. This document is considered a living document because any characterization data from other
researchers should be added to the data reported here. The addition of analytical results to the current
characterization database will significantly increase our confidence in the physical, mineralogical, and
geochemical characterization of the standards. The goal is to produce a set of comprehensive, well-
characterized uncontaminated Hanford Site sediment to serve as standards for future experimental work.

Primary support of this work was provided by CH2M HILL Hanford Group, Inc., specifically the
Tank Farm Vadose Zone Project, and the Science and Technology Program portion of the
Groundwater/Vadose Zone/Columbia River Integration Project. The overall goal of the of the Tank Farm
Vadose Zone Project is to define risks from past and future single-shell tank farm activities, to identify
and evaluate the efficacy of interim measures, and to aid future decisions that must be made by DOE
regarding the near-term operations, future waste retrieval, and final closure activities for the single-shell
tank Waste Management Areas. For a more complete discussion of the goals of the Tank Farm Vadose
Zone Project, see the overall work plan, Phase 1 Resource Conservation and Recovery Act (RCRA)
Facility Investigation/Corrective Measures Study Work Plan for the Single-Shell Tank Waste
Management Areas (DOE/RL 1999).

The overall goal of the Groundwater/Vadose Zone/Columbia River Integration Project is to assess the
cumulative effects of all Hanford activities on the Columbia River and to aid in making remediation
decisions that consider all project activities. The Science and Technology Program portion of the
integration project emphasizes applied research to evaluate the mechanisms that control the fate of
contaminants released into the Hanford ecosystem.
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This document is the first in a series of four PNNL reports that characterizes sediments beneath the
S-SX Waste Management Area. The objective of these documents is to present recent data from vadose
zone sediments, both uncontaminated and contaminated sediment, from the S-SX Waste Management
Area. The information will be used in single-shell tank Waste Management Area field investigation
reports.

This report summarizes the findings for uncontaminated subsurface sediment immediately adjacent to
the S-SX Waste Management Area. Three other reports in the series summarize results from sediment
directly affected by waste leaks from the S-SX tank farms. Each of the other reports in this series
summarizes results from a separate borehole: (1) the single-shell tank SX-115 borehole (299-W23-19)
(Serne et al. 2002c¢), (2) the 41-09-39 borehole (299-W23-234) drilled between single-shell tanks SX-109
and -112 (Serne et al. 2002a), and (3) a slant borehole that penetrated below single-shell tank SX-108
(Serne et al. 2002b). In addition, large-volume grab or “composite” samples were collected from various
outcrops/excavations within the Pasco Basin as well as from a nearly continuous, uncontaminated 10-
centimeter (4-inch) core from a borehole nearby the S-SX Waste Management Area.

The grab samples and cores were obtained for the DOE Environmental Management Science
Program, Science and Technology Program, and CH2M HILL Hanford Group, Inc., Tank Farm Vadose
Zone research. This report documents the characterization performed to date on those samples. A second
objective was to determine depth-variant physical and geochemical characteristics of uncontaminated
sediments from the Hanford formation, Plio-Pleistocene unit, and Ringold Formation strata in the vadose
zone so that changes caused by interaction with tank fluids can be more clearly understood.

Two RCRA boreholes (299-W22-48 and 299-W22-50) summarized in this report provided ~104
meters (340 feet) of vadose zone core for characterization; borehole 299-W22-48 provided 50 meters (164
feet) and borehole 299-W22-50 provided 54 meters (176 feet) of core, respectively. The stratigraphy and
lithology in these boreholes is summarized in Section 3.2. Discrete sampling points for geochemical
analysis were selected from the cores with emphasis on delineating the range and magnitude of
differences observed within the various lithologies whenever possible. Physical, geochemical, and
mineralogical analyses included the following:

mass water content

particle-size distribution

particle density

calcium carbonate and organic carbon content

chemical composition of the bulk sediment by x-ray fluorescence

crystalline mineralogy of the bulk sediment, and silt- and clay-size fractions by x-ray diffraction
techniques

7. cation exchange capacity

8. exchangeable base cation distribution

9. 1:1 water extract pH, electrical conductivity, major cation and anion and trace metal composition,
10. 8 M nitric acid extract composition

11. geochemical composition of porewater after ultra centrifugation.

AN e
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A few selected intact core sleeves also were exclusively analyzed by others to measure hydraulic
conductivity as a function of moisture content. The results of these analyses will be documented
elsewhere. We also provide our interpretation of the data in the context of determining the appropriate
geologic conceptual model, the vertical extent of contamination, the migration potential of the
contaminants that still reside in the vadose zone, and the correlation of the contaminant distribution in the
borehole sediment in relationship to groundwater plumes in the aquifer proximate and downgradient from
the SX Tank Farm.

This report is organized into seven sections that describe the geology, analytical methods, analytical
results, and summary and conclusions, references cited, in addition to eight appendices.
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2.0 Geology

This section presents a general discussion on the regional geology as well as the geology of the
vadose zone in the vicinity of the SX Tank Farm. The history of water-level fluctuations is also
discussed. Also presented is a discussion of the geologic context of the composite samples and geologic
characteristics of the vadose-zone materials penetrated by boreholes 299-W22-48 and -50.

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)
(Myers and Price 1979, Myers et al. 1981, DOE 1988, Tolan et al. 1989, Reidel et al. 1989). These 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 518 meters (1700 feet) 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.

The generalized stratigraphy beneath the Hanford Site consists of, in ascending order, the Columbia
River Basalt Group, the Ringold Formation, the Plio-Pleistocene unit, and the Hanford formation
(Figure 2.1). Thin veneers of Holocene alluvium, colluvium, and/or eolian sediments discontinuously
overlie these principal geologic units. More thorough discussions of the regional geology, including the
saturated zone, of the area are documented elsewhere (Tallman et al. 1979, DOE 1988, DOE 1993,
Lindsey et al. 1994).

2.2  Geology of the SX Tank Farm

The SX Tank Farm is an excavation cut into the upper Hanford formation sediments underlying
200 West Area, along the north limb of the Cold Creek syncline. Stratigraphic units underlying or
adjacent to the tank farm (in descending order), include backfill materials, Hanford formation, the Plio-
Pleistocene unit, the Miocene- to Pliocene-age Ringold Formation, and the Columbia River Basalt Group.

The geology beneath this tank farm has been the subject of numerous reports. Price and Fecht (1976)

and Fech and Price (1977) presented an initial detailed interpretation of the geology. DOE (1996)
presented an interpretation of the geology based primarily on groundwater monitoring wells constructed
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Figure 2.1. Generalized, Composite Stratigraphy for the Late Cenozoic Sediments Overlying the
Columbia River Basalt Group on the Hanford Site (After Johnson and Chou 1998, 1999).

around the perimeter of the tank farm in the early 1990s. Johnson and Chou (1998) updated and refined
the geologic interpretation. Myers et al. (1998) and Part 3 in this series present detailed discussions on
the geologic materials penetrated by the extension of borehole 41-09-39 (299-W23-234). Johnson et al.
(1999) further described the geology and other subsurface contaminants. Lindsey et al. (2000) provided
additional interpretations on the geology, facilitated by the collection of near continuous split-spoon
samples from two boreholes (299-W22-50 and 299-W23-19). Comprehensive and detailed physical,
mineralogical, and geochemical analyses on vadose zone samples are presented in the present series. This
report, Part 1 in the four-part series, presents results from boreholes 299-W22-48 and -50, drilled just
outside the SX Tank Farm (Figure 2.2). Subsequent parts of the series present results of similar analyses
for contaminated boreholes drilled within the SX Tank Farm, including the 299-W23-19 (Part 2), SX 41-
09-39 (Part 3), and SX-108 Slant Borehole (Part 4).

Horton and Johnson (2000) compiled a data package on three ground-water monitoring wells
(299-W22-48, -49, and -50) completed near the SX Tank Farm in 1999/2000. Most recently, Sobczyk
(2000) presented a reinterpretation on the geology based on gross gamma-ray logs of 98 boreholes
within the SX Tank Farm and published geology reports of the area (e.g., Johnson et al. 1999 and Lindsey
et al. 2000).
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Figure 2.2. Location Map and Hydrogeologic Cross Sections Through the SX Tank Farm.
Cross Section A-A’ through C-C’ are presented in Figures 2.3 through 2.5,
respectively.

Several hydrogeologic cross sections, constructed from a series of densely spaced boreholes beneath
the SX Tank Farm, are presented in Figures 2.3 through 2.5. Some differences in interpretation occur
between the depths of the geologic contacts presented here, and those presented by other authors, due to
the various source of uncertainty in the geologic data sets and the individual geologist’s interpretation.

The stratigraphic terminology used in this report is summarized in Table 2.1. The general
stratigraphic interpretation presented here differs somewhat from that presented by Lindsey et al. (2000).
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Figure 2.3. Geologic Cross Section A-A’
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Figure 2.4. Geologic Cross Section B-B’
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Table 2.1.

Stratigraphy of the Vadose Zone Beneath the SX Tank Farm.

Stratigraphic
Symbol®

Formation

Facies/Subunit

Description

Genesis

Holocene/Fill

NA

Backfill

Poorly sorted gravel to medium sands and
silt derived from the Hanford formation
(Price and Fecht, 1976a)

Anthropogenic

Hla

H1

H2

Hanford
formation

Unit Hla - gravelly
sand

Upper coarse-grained sequence equilvalent
to Johnson et al.’s (1999) “Hanford Gravel
Unit B” and Sobczyk’s (2000) “Hanford Unit
B”

Unit Hla - slightly
silty sand

Upper fine sand and silt sequence.
Equivalent to “Hanford silty sand” of
Sobcyzk (2000)

Unit H1

Lower coarse-grained sequence equivalent
to “Gravel Unit A” described by Johnson et
al. (1999) and “Hanford Unit A” described by
Sobcyzk (2000).

Unit H2

Lower fine sand and silt sequence.
Equivalent to “Lower Hanford” of Sobcyzk
(2000)

Cataclysmic Flood
Deposits

PPlz and/or
H/PPI

PPIc

Plio-Pleistocene
Unit

Upper

Very fine sand to mud sequence.
Interstratified silt to silty very fine sand and
clay deposits at least partially correlative with
the “early Palouse soil” described by Tallman
etal. (1979) and DOE (1988) and the
“unnamed Hanford formation or Plio-
Pleistocene Deposits” described by Lindsey
et al. (2000), and the H/PP deposits in Wood
et al. (2001)

Fluvial and/or
Eolian Deposits
(with some weakly
developed
paleosols)

Lower

Carbonate-rich sequence. Weathered and
naturally altered sandy silt to sandy gravel,
moderately to strongly cemented with
secondary pedogenic calcium carbonate

Well-developed
calcic paleosol or
sequence of calcic
soils.

Rwi(e)

Ringold
Formation

Member of
Wooded Island,
subunit E

Moderate to strongly cemented well
rounded gravel and sand deposits, and
interstratified finer-grained deposits

Fluvial

(a) After Lindsey et al. (2000)

As with Price and Fecht (1976a), Johnson and Chou (1998), Myers et al. (1998), Johnson et al. (1999),
Khaleel et al. (2000), and Sobczyk (2000), the coarse (gravelly) materials found near the middle of the
Hanford formation (correlative with Hanford formation H1 unit of Lindsey et al. (2000)) are interpreted
to correlate across the tank farm, and to represent a laterally continuous coarse unit distinct from the
overlying and underlying finer sand units. Lindsey et al. (2000) suggest that these coarser materials are
not continuous, but rather represent thin, lenticular, discontinuous gravelly beds within stratified sand
sheets of the Hanford formation. Additional discussion to support correlation of this coarse unit is
discussed below and in the borehole 41-09-39 report (Part 3 of this series).
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2.2.1 Columbia River Basalt Group

The Columbia River Basalt Group, composed of hundreds of individual basalt flows, forms the
bedrock beneath the site. The surface of the Columbia River Basalt Group lies at an elevation of
approximately 26 meters (85 feet) above mean sea level (msl) beneath the SX Tank Farm (a depth of
approximately 175 meters (575 feet)) and dips gently to the southwest towards the axis of the Cold Creek
syncline (Price and Fecht 1976a, Myers and Price 1979, Myers et al. 1981, DOE 1988, DOE 1993).

2.2.2 Ringold Formation

The Ringold Formation lies directly on top of the Columbia River Basalt Group and is approximately
125 meters (410 feet) thick beneath the SX Tank Farm. It locally consists of three principal stratigraphic
units, which combined form the informal Ringold member of Wooded Island (Lindsey 1996): (1) the
fluvial gravels of unit A, (2) a fine-grained, paleosol-lacustrine sequence referred to as the lower mud
unit, and (3) fluvial gravels of unit E (Figure 2.1). Ringold unit E grades upwards into fluvial sands of
the upper Ringold unit (DOE 1993), interpreted as an equivalent to the informal Ringold member of
Taylor Flat. Ringold Unit E forms the main unconfined aquifer beneath the 200 West Area.

The thickness of fluvial Ringold unit A is on the order of 30 meters (100 feet) (DOE 1993). Tallman
et al. (1979) described this unit as a silty-sandy gravel, which is composed predominantly of gravel
supported by a coarse-to-fine sand matrix with intercalated, lenticular beds of sand and silt. The unit is
occasionally cemented and/or compacted into a conglomerate.

The thickness of the lower mud unit is on the order of 12 to 30 meters (40 to 100 feet) (Tallman 1979
DOE 1993). This unit consists of predominantly mud (i.e., silt and clay); the lower portion contains well-
developed argillic to calcic paleosol sequence (DOE 1988). The high clay content (up to 43 wt%) and the
low hydraulic conductivity (perhaps as low as 10" feet per day) of this sequence acts to locally confine
groundwater within unit A and form a base for the uppermost unconfined aquifer (Last et al. 1989).

The thickness of unit E is estimated to be on the order of 75 to 85 meters (250 to 280 feet) (Tallman
et al. 1979, DOE 1993). This unit consists of well-rounded, clast-supported pebbles and small cobbles, in
a matrix of mostly sand (Table 2.2). The amount of consolidation is variable, with the lower portion of
this unit described as moderate to well indurated conglomerate (Tallman et al. 1979). However, zones of
poorly indurated gravel and sand also occur within this zone. The upper part of the unit is generally
poorly indurated. Borehole data in the immediate vicinity of the SX Tank Farm indicate that this upper
portion is dominated by sandy gravel and muddy sandy gravel, with sand to muddy sand beds becoming
more prevalent toward the top of the unit.
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Table 2.2. Granulometric Data from Core Samples of Ringold Unit E Encountered
Within the 200 West Area (from Lindsey 1996)

Sand
Very | Coarse | Medium Fine Very Fine | Mud
Borehole/ Gravel | Coarse | 0.5-1.0 | 0.25-0.5 | 0.125- 0.063- | <0.06
Depth >2mm | -2 mm mm mm 0.25mm | 0.125mm | 3mm | Class
299-W11-26 76 0 0 9 8 5 0 G
(DH-6) 178 ft
299-W14-7 90 1 1 2 4 1 1 G
(DH-12) 243 ft

A relict erosional and weathered surface occurs at the top of the Ringold Formation beneath the SX
Tank Farm (DOE 1988, Slate 1996, 2000). The uppermost portion of this paleosurface is highly
weathered and often cemented with secondary pedogenic calcium carbonate, referred to in this report as
the carbonate-rich facies (PPlc) of the Plio-Pleistocene unit (Table 2.1). The northwest-southeast trending
trough-shaped surface appears to conform to an ancestral Cold Creek channel and drainage system that
developed following late Pliocene incision of the Ringold Formation, and prior to early Pleistocene
cataclysmic flooding. The SX Tank Farm lies north of the ancestral Cold Creek paleochannel and the
eroded Ringold paleosurface dips to the southwest beneath the SX Tank Farm (DOE 1988).

2.2.3 Plio-Pleistocene Unit

The Plio-Pleistocene unit lies unconformably on the tilted and truncated Ringold Formation. The
Ringold Formation was tilted both during and following deposition of the Ringold. The Plio-Pleistocene
unit includes all material overlying the Ringold Formation, including the weathered horizon at the top of
the Ringold Formation, and beneath cataclysmic flood deposits of the Hanford formation (Lindsey et al.
1994). The Plio-Pleistocene unit includes the “Early Palouse Soil” described by Brown (1960), Tallman
et al. (1979), and DOE (1988), the “Pre-Missoula Gravels” (or equivalent), the “unnamed Hanford
formation or Plio-Pleistocene Deposits” described by Lindsey et al. (2000), and H/PP deposits of Wood
et al. (2001).

Two distinct facies of the Plio-Pleistocene unit are recognized beneath the SX Tank Farm; these
consist of an upper (PPlz) and lower (PPlc) subunit (Table 2.1). The upper subunit is characterized by an
abundance of silt, signified by the letter “z,” and the lower unit is characterized by an abundance of
pedogenic calcium-carbonate cement, signified by the letter “c.” The combined total thickness of the
Plio-Pleistocene unit is up to 13.1 meters (43 feet) in the vicinity of the SX Tank Farm (Figures 2.3
through 2.5). The PPlz subunit is relatively thick (up to 10.7 meters [35 feet]), compared to the PPIc,
which measures only 1 to 4 meters (4 to 13 feet) in thickness.
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2.2.3.1 Lower Subunit (PPlc)

The lower Plio-Pleistocene unit (PPlc) subunit represents a highly weathered paleosurface that
developed atop the Ringold Formation (Brown 1959, 1960), which represents a long period of surficial
weathering in a semi-arid climate, similar to climatic conditions that exist today. Root traces and animal
burrows, as well as other relict soil structures, point to a pedogenic origin for the CaCOs, although Slate
(1996, 2000) has also suggested the CaCOj; could be associated with moisture from paleo-groundwater
levels. Calcium carbonate contents as high as 70 wt% have been reported within the PPlc subunit
elsewhere within the 200 West Area; however, in the vicinity of the SX Tank Farm, the CaCOj; content
generally does not exceed 25 wt%. The CaCOj; content from three randomly chosen boreholes within the
SX Tank Farm did not exceed 10 wt% (Table 2.3). Other names used for the PPlc subunit, including
“caliche” and “calcrete,” are somewhat misleading since they imply a single, homogeneously cemented
layer, which is not the case. Considerable internal variation exists within the PPlc subunit, often with
multiple carbonate-cemented zones present (Bjornstad 1990, Lindsey et al. 1994, Slate 1996, 2000, Wood
etal. 2001).

Table 2.3. Example of Granulometric and Calcium Carbonate Data from Samples of the Lower Plio-
Pleistocene (PPlc) Unit Encountered Beneath the SX Tank Farm

Sand
Very Coarse Medium Fine Very Fine Mud
Borehole CaCO; | Gravel | Coarse 0.5-1.0 0.25-0.5 0.125- | 0.063-0.125 | <0.063
/Depth % >2 mm 1-2 mm mm mm 0.25 mm mm mm Class
299-W23-2 9.3 0.0 2.1 43 5.9 9.1 252 53.5 SM
135 ft®
299-W23-5 94 5.3 5.8 17.6 25.1 10.5 8.8 26.9 (g)mS
150 ft®
299-W23-6 4.4 6.4 1.3 3.9 9.8 10.7 16.9 51.0 (g)sM
140 f®
(a) Hard-Tool Sample, Use For Indication Only. Multiply by 0.3048 to convert to meters.

The CaCOs; overprint may occur on a variety of lithologies, including silt, sand, felsic sand and
gravel, as well as basaltic sand and gravel (Lindsey et al. 2000). In places, pedogenic alteration occurs
directly on top of Ringold gravels (Rwi(e)) or sands (Rtf). In other places, the carbonate horizons occur
within younger, pedogenically altered, fine-grained, eolian or sidestream-alluvial deposits overlying the
Ringold Formation. The top of the PPlc subunit is well defined by a coincident significant increase in
CaCOj; and decrease in mud content and sorting, accompanied by a sudden and sustained decrease in
background gamma counts (i.e., *’K) on borehole geophysical logs (DOE 1988, Last et al. 1989,
Bjornstad 1990, Wood et al. 2001). While the top of the PPlc unit is relatively easy to recognize,
considerable variation may exist internally within the subunit due to natural heterogeneity inherent in
soils and soil processes, which vary under different physical, chemical, and biological conditions (e.g.,
moisture, grain size, aspect, mineralogy, bioturbation, microbial activity, etc.). Added to this is the
complicating factor that the land surface during Plio-Pleistocene time was undergoing many changes
under the influence of local fluvial and eolian activity resulting in variable rates of aggradation,
degradation, and soil development. Normally, only a single paleosol horizon is present within the lower
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Plio-Pleistocene unit within the SX Tank Farm, suggesting slow or negligible aggradation and/or
subsequent erosion during paleosol development. This is in contrast to other areas to the west and south,
which show up to five separate calcic horizons (Figure 2.6), separated by relatively non-calcareous,
uncemented sand, silt and even indigenous, basaltic sand and/or gravel (Slate 1996, 2000; Wood et al.
2001). Multiple carbonate horizons within the lower Plio-Pleistocene are indicative of several periods of
calcic-soil development interrupted temporarily by periodic aggradational events (i.e., localized overbank
flood, eolian accumulation, channel fill, etc.). The evolution of calcic paleosols and their morphogenetic
development are discussed further in Slate (1996, 2000) and Wood et al. (2001).

In the T-TX-TY Waste Management Area, 1800 meters (5900 feet) north of the SX Tank Farm, the
top of the lower Plio-Pleistocene slopes to the southwest at about 1 degree (Wood et al. 2001). At least
some of the slope reflects the paleotopography that existed during subaerial weathering of the eroded
Ringold surface. This is inferred based on the relief on top of the lower Plio-Pleistocene, which is almost
double that of the underlying Ringold lower mud unit. Therefore, it appears that during development of
the lower Plio-Pleistocene unit there was a gentle slope to the land surface to the southwest, toward the
Cold Creek valley axis. Since Plio-Pleistocene time this surface has been steepened further by continued
long-term downwarping along the north limb of the Cold Creek syncline (DOE 1988).

Another recognized facies of the Plio-Pleistocene unit is a coarse-grained side-stream-alluvial facies
(Bjornstad 1984, DOE 1988, Slate 1996, 2000), which is laterally equivalent to the PPlc subunit to the
south and west of SX Tank Farm. The side-stream alluvial facies (gravel facies in Figure 2.6) fills and is
restricted to the northwest-southeast trending, ancestral Cold Creek channel, located south and west of the
200 West Area. The eastern edge of this gravel facies occurs along the southwest boundary of 200 West
Area near the SX Tank Farm (Figure 2.6). North and east of the 200 West Area the Plio-Pleistocene unit
is generally not present, and is interpreted to have been scoured away during either post-Ringold erosion
and/or Pleistocene cataclysmic flooding.

2.2.3.2 Upper Subunit (PPlz)

Unconformably overlying the lower subunit of the Plio-Pleistocene unit is the upper subunit (PPIz),
which consists of interstratified, uncemented fine sand, silt, and/or clay that only displays occasional,
very weak soil development in the vicinity of the SX Tank Farm. Based on its fine-grained texture and
relatively high natural-gamma activity on geophysical logs, this unit can be correlated across most of the
200 West Area (Wood et al. 2001). The PPlz sediments appear to be predominantly fluvial-overbank-
type deposits intercalated with some eolian deposits (Lindsey et al. 2000, Slate 2000, Wood et al. 2001).
The PPlz subunit is at least partially correlative with the “early Palouse soil” described by previous
reports (Brown 1960, Tallman et al. 1979, Bjornstad 1984, Last et al. 1989, Bjornstad 1990, DOE 1988),
the “unnamed Hanford Formation or Plio-Pleistocene Deposits” described by Lindsey et al. (2000), and
the H/PP unit in Wood et al (2001).
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The upper Plio-Pleistocene unit contains moderate amounts (up to a few wt%) of CaCOj; (Table 2.4),
generally more than the overlying Hanford formation. The source of the CaCOj; within the two subunits
of the Plio-Pleistocene unit appears distinctly different. Within the PPlc subunit, most of the CaCO;
appears as stringers or in massive horizons, which formed in situ as a result of pedogenesis (Wood et al.
2001). Within the PPlz subunit, on the other hand, the CaCOs is evenly disseminated and does not occur
in discrete zones, and therefore is interpreted to be detrital in origin (Wood et al. 2001). In fact, the bulk
of the detrital, CaCO; mineral grains in the PPz unit are probably derived from the disintegration and
mechanical reworking and redeposition of the underlying PPlc subunit.

Table 2.4. Example of Granulometric and Calcium Carbonate Data from Drive-Barrel Samples of the
Upper Plio-Pleistocene Unit (PPlz) Encountered Beneath the SX Tank Farm

Sand
Very Coarse | Medium Fine Very Fine | Mud
Borehole/ | CaCO; | Gravel | Coarse | 0.5-1.0 | 0.25-0.5 | 0.125- 0.063- | <0.063

Depth % >2mm | 1-2 mm mm mm 0.25mm | 0.125 mm mm Class
299-W23-5

120 ft 2.6 0.0 1.8 1.9 4.8 12.3 31.1 48 mS
299-W23-5

125 ft 2.3 0.0 1.6 7.0 9.2 7.3 8.1 66.8 sM
299-W23-6

125 ft 2.4 0.0 0.1 2.0 7.7 10.1 23.5 56.5 sM
(a) Hard-Tool Sample, Use for Indication Only. Multiply by 0.3048 to convert to meters.

The contact between the PPlz and PPIc subunits is distinctive and easily identified. The PPlz subunit
consists of relatively loose, stratified, non-pedogenically altered, well-sorted silt to very fine sand in
contrast to poorly sorted, weathered, and carbonate-cemented deposits of the PPlc subunit. Also
distinctive is a sudden increase in total gamma activity upward across the contact (DOE 1988, Last et al.
1989, Bjornstad 1990, Johnson et al. 1999). The upper contact of the PPlz subunit with the overlying
Hanford formation, on the other hand, often appears gradational, both texturally and structurally, and thus
is often difficult to identify based on lithologic observations alone, especially in the vicinity of the SX
Tank Farm. Because of this uncertainty, the upper Plio-Pleistocene unit in the past has been combined
and queried with the lower Hanford formation in some recent reports (Lindsey et al. 2000, Wood et al.
2001). However, we believe the total gamma activity on borehole geophysical logs can effectively be
used to identify the upper contact for the Plio-Pleistocene unit. Accordingly, a subtle decrease in total
gamma activity appears to be associated with the top of the PP1z subunit, probably as a result of a lower
silt/clay content within the Hanford formation. Therefore, we recommend that this change in background
gamma counts and grain size be used to define the upper contact for the upper Plio-Pleistocene unit.
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2.2.4 Hanford Formation

Pleistocene-age deposits of the Hanford formation overlie the Plio-Pleistocene unit directly beneath
the SX tank farm. The Hanford formation is the informal name given to all deposits from Ice-Age
cataclysmic floods including any intercalated non-flood deposits.

The Hanford formation can generally be divided into three facies: 1) gravel-dominated, 2) sand-
dominated, and 3) silt-dominated, also referred to as coarse-grained deposits, plane-laminated sand facies,
and rhythmite facies, respectively (Baker et al. 1991). The coarse-grained facies have also been referred
to as the “Pasco gravels,” and the rhythmite facies as Touchet Beds.

The gravel-dominated facies generally consists of poorly sorted coarse-grained basaltic sand and
granule-to boulder-size gravel. These deposits often display an open framework texture, massive
bedding, plane to low-angle bedding, and large-scale fore-set bedding in outcrop. The gravel clasts
(dominated by basalt) are usually subangular to subrounded. The gravel-dominated facies was deposited
by high-energy floodwaters in or immediately adjacent to the main cataclysmic flood channel ways
(Figure 2.7).

The sand-dominated facies consists of fine- to coarse-grained sand and granule gravel displaying
horizontal lamination and bedding and less commonly planar to trough laminations. These sands may
contain small pebbles and rip-up clasts in addition to pebble-gravel interbeds and silty interbeds less than
1 meter (3 feet) thick. The silt content of these sands is variable, but where it is low, a well sorted and
open framework texture of the gravel is common. These sands typically are basaltic, commonly being
referred to as black, gray, or “salt-and-pepper” sands. The laminated sand facies was deposited at higher
elevations where the floodwaters were starved of gravel, and/or adjacent to main flood channel ways
during the waning stages of flooding (Figure 2.7). This is a transitional facies between the gravel-
dominated facies and the silt-dominated facies. The sand-dominated facies is the predominant facies of
the Hanford formation beneath the SX Tank Farm.

The silt-dominated facies consists of thythmically bedded, ripple-cross-laminated sand and silt, and
fine- to coarse-grained sand grading upward to plane laminated silt. Individual rhythmites range from a
few centimeters to several tens of centimeters thick (Myers and Price 1979, DOE 1988, Baker et al.

1991). These sediments were deposited under slack-water conditions and in back-flooded areas (DOE
1988), mostly around the margins of the basins (Figure 2.7). The silt-dominated facies is the predominant
facies of the Hanford formation south and west of the SX Tank Farm.

The Hanford formation beneath the SX Tank Farm is mostly represented by sand-dominated facies
consisting of fine-grained sands intercalated with coarse sand and gravel, and thinner lenses of silt. The
basal portion of the Hanford formation is predominantly silty fine sand, described by DOE (1996) and
Lindsey et al. (2000) as the Hanford formation H2 unit (Table 2.1). A sandy gravel facies dominates the
middle portion of the Hanford formation, which is then overlain by a slightly silty medium sand and
finally by a slightly gravelly coarse sand. The sandy gravel facies makes up the Hanford formation H1
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unit described by DOE (1996), Johnson et al. (1999) and Lindsey et al. (2000). The slightly silty medium
sand and overlying slightly gravelly coarse sand is equivalent to the Hanford formation H1a unit (Johnson
et al. 1999, Lindsey et al. 2000).

2.2.4.1 Lower Fine Sand and Silt Sequence (Hanford Formation H2 Unit)

The lower portion of the Hanford formation (equivalent to the Hanford formation H2 unit) consists
primarily of interstratified silty sands. This sequence generally thins from about 24.3 meters (80 feet) east
of the SX Tank Farm to approximately 10.7 meters (35 feet) west of the tank farm (Figures 2.3 through
2.5). Johnson and Chou (1998) suggested that this thinning may signify some scouring on top of the unit,
perhaps associated with a secondary flood channel, similar to the north-south trending flood channel that
bisects Cold Creek bar in Figure 2.7. The grain size within the Hanford formation H2 unit appears to
coarsen upward slightly (see Table 2.5). Sobcyzk (2000) and Johnson et al. (1999) found that the top of
this unit generally slopes about six degrees to the southwest, with some local relative highs and lows
present throughout. Below the Hanford formation H2 unit are slightly finer-grained deposits of
interstratified very fine sand, silt and clay, associated with the upper Plio-Pleistocene unit. As mentioned
previously, the base of the Hanford formation is indicated by a diagnostic increase in background gamma
counts on borehole geophysical logs.

2.2.4.2 Lower Coarse-Grained Sequence (Hanford Formation H1 Unit)

The lower fine sand and silt sequence (Hanford formation H2 unit) is bounded above by a coarse unit
dominated by sandy gravel to gravelly sand (Table 2.5) that appears to correlate beneath the SX Tank
Farm (Figures 2.3 through 2.5). This sequence, referred to as “Gravel Unit A” by Johnson et al. (1999)
and as “Hanford Unit A” by Sobcyzk (2000), is equivalent to the Hanford formation H1 unit described by
DOE (1996) and Lindsey et al. (2000) and ranges in thickness from 1 meter to nearly 10 meters (3 to 30
feet) beneath the tank farm. The Hanford formation H1 unit is thickest beneath the SX-102 tank where
coarse-grained flood deposits backfilled an apparent channel eroded into the top of the underlying
Hanford formation H2 unit (Johnson et al. 1999, Sobcyzk 2000).

Recent particle-size results using dry sieving for 100 selected samples from seven boreholes drilled in
and around the tank farm suggest the coarse-grained Hanford formation H1 unit is continuous beneath the
SX Tank Farm, as indicated by Johnson et al. (1999) and Sobcyzk (2000). Accordingly, the Hanford
formation H1 unit averages ~30% gravel, 66% sand, and only 4 % mud (Table 2.6). This is compared to
the materials directly above and below it, that both average <1% gravel, nearly 90% sand, and 9% mud.
Based on the modified Folk/Wentworth classification scheme, traditionally used for geologic studies on
the Hanford Site, the classification of the average particle size for this unit falls near the boundary
between the sandy gravel and gravelly sand classes. Furthermore, a zone with low background gamma
counts appears to correlate beneath the SX Tank Farm, which is interpreted to conform to the gravel-rich
Hanford formation H1 unit, is interpreted to be continuous in this area (Sobcyzk 2000). Granulometric
data from all seven wells used in the compilation of Table 2.6 is presented in Appendix D.
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2.2.4.3 Upper Fine Sand and Silt Sequence (Hanford Formation Hl1a Unit [fine])

Above the middle coarse facies of the Hanford formation H1 unit lies an upper fine sand to silty-sand
sequence, equivalent to the Hanford formation H1a unit described by Lindsey et al. (1994, 2000), and the
“Hanford silty sand” described by Sobcyzk (2000). This sequence consists predominantly of
interstratified slightly silty medium to very fine sands (Table 2.5) and ranges in thickness from 0 meter,
where it was removed during excavation of the tank farm, to about 9 to 12 meters (30 to 40 feet) to the
southwest (Figures 2.3 through 2.5). The top of this unit slopes slightly (~2 degrees) to the southwest
(Johnson et al. 1999, Sobcyzk 2000). Sobcyzk (2000) also suggests that this unit may become coarser
textured to the west.

2.2.4.4 Upper Coarse-Grained Sequence (Hanford Formation Hla Unit [Coarse])

A coarse-grained sand to gravelly sand unit (Table 2.5) overlies the fine sand sequence of the
Hanford formation H1a subunit, and may be intercalated with some sandy gravel to the west. This unit is
equivalent to Gravel Unit B (Johnson et al. 1999) and Hanford Unit B (Sobcyzk 2000). It is the
uppermost stratigraphic unit in the tank farm area, but is completely missing beneath the tank farm, where
it was removed during construction. In surrounding boreholes, however, this unit ranges from a few
meters in thickness to east to up 12 meters (40 feet) to the west.

2.2.5 Backfill

Price and Fecht (1976a) described the backfill surrounding the high-level waste tanks of the SX Tank
Farm as consisting predominantly of poorly sorted cobbles, pebbles, and coarse to medium sands to silt
derived from the Hanford formation. Lindsey et al. (2000) described the backfill as relatively non-
cohesive, friable, massive sand with variable amounts of silt and pebbles. They also observed a hardened
zone at the base of the backfill, extending to a depth of approximately 18.6 meters (61 feet) that was
significantly harder and drier than the overlying materials. However, this hardened zone has not been
observed in adjacent boreholes, so it may or may not extend laterally.

Engineering drawings H-237985 Sheet 1 and 2 show that the tank farm was excavated to create three

terraces for construction of the cascading tanks. This excavation extended to an elevation of 185.3 meters
(608 feet) on the west side and 185.9 meters (610 feet) on the east side.
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Table 2.5. Granulometric and Calcium Carbonate Data from Core Samples of the Hanford Formation

Beneath SX Tank Farm and Average Bulk Densities

Sand (mm)
Hanford Very Coarse | Medium Fine Very Fine | Mud Average Bulk
Formation Borehole CaCO; | Gravel | Coarse 0.5-1.0 | 0.25-0.5 0.125- 0.063- <0.06 Density from
Subunit /Depth % >2mm | 1-2 mm mm mm 025 | 0125mm | 3mm | Class 299-W22-50®
Hla - 299-W23-5 1.2 6.7 4.8 10.5 8.6 20.7 30.9 17.9 (gm)S NA
gravelly sand 5 ft®o
299-W23-72 1.4 0.4 0.5 1 19.1 43.1 22.1 13.9 (m)S
Hla - sligthly 55 ft© 105
silty sand 299-W23-92 NA 2.1 3 12.1 20.4 31.2 19.8 114 (m)S '
80 £t
299-W23-72 1.7 10.7 23.7 28.7 16.7 83 6.0 6.0 gS
70 ft©
i 2999—(\)7&;23)-92 NA 16.3 16.9 27.9 18.5 8.1 5.7 6.6 gS 297
t
299-W23-108 NA 41.8 24.5 14.5 7.1 3.9 33 5.0 sG
85 ft
299-W23-72 1.7 0.0 0.2 2.1 37.6 29.7 15.2 15.3 (m)S
100 ft©
299-W23-92 NA 0.8 1.0 9.4 40.0 22.2 14.6 12.0 (m)S
o 110 £t 2.05
299-W23-92 NA 2.8 2.2 1.7 9.6 33.5 349 15.4 (m)S
120 t©
299-W23-108 NA 1.8 0.1 1.8 13.2 26.6 30.9 15.7 mS
110 ft

(a) After Horton and Johnson (2000)
(b) Hard-Tool Sample, Use For Indication Only
(c) Multiply by 0.3048 to convert to meters.

NA = Not Analyzed




Table 2.6. Summary of Recent Particle Size Analytical Results from
Seven Boreholes in and Around the SX Tank Farm

% Gravel | % Sand % Mud
Hla

Min 0.00 76.76 2.54
Max 5.38 97.15 23.14
Average 0.94 89.18 9.88
STDEV 1.43 6.13 6.51

H1
Min 0.13 2.64 0.00
Max 97.27 96.05 22.34
Average 30.88 66.87 4.14
STDEV 28.33 26.34 4.77

H1
Min 0.00 62.13 1.55
Max 13.99 98.11 37.84
Average 0.94 89.75 9.30
STDEV 2.38 7.19 7.17

2.3 Historical Water Levels

Figure 2.8 illustrates hydrographs for wells 299-W23-3 and -4. Since a complete water level record is
unavailable for either well, their water level behavior was extrapolated from each other to complete the
record. This is justified by the similar behaviors of their common data sets. Based on this extrapolation
between the two data sets, and a linear interpolation over the distance between the two wells, it is
estimated that the peak water elevation beneath the SX-115 tank was approximately 146 meters
(479 feet). This occurred in 1976 and places the water table approximately 55 to 56 meters (182 feet)
below ground surface (bgs) or 40 meters (132 feet) beneath the bottom of the tank. A secondary
maximum occurred in 1984, just before the 216-U-10 Pond was decommissioned. At this time the water
table was estimated to have been almost as high as it was in 1976. The water table was encountered at a
depth of approximately 64.5 meters (212 feet) in borehole 299-W23-19, in August 1999. Thus, the water
table has dropped an estimated 8 to 9 meters (28.5 feet) over the last 14 years. An examination of the
hydrographs since about 1988 suggests that the water level is dropping at a rate of 0.5 to 0.6 meters
(1.5 to 1.9 feet) per year.
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Figure 2.8. Historic Water Levels Beneath the SX Tank Farm

2.4 Geologic Characterization

The following sections describe the geologic characteristics for four composite sediment samples and
two Resource Conservation and Recovery Act (RCRA) boreholes (299-W22-48 and -50) analyzed for this
report, one of a four-part series of reports for the SX Tank Farm.

2.4.1 Composite Samples

Three surface outcrops or excavation sidewalls and one borehole on the Hanford Site were sampled to
obtain large volumes of uncontaminated sediment that could be well homogenized for dispensing to
Environmental Management Science Program (EMSP) and Science and Technology Program scientists
across the country. A total of five composite samples were obtained from four sampling sites; only four
of the five composite samples were analyzed for this report. The samples contained sediment that is
somewhat representative of those underlying the S-SX Tank Farm including the following: 1) the White
Bluffs, 2) the 218-E-12B burial ground, 3) the Environmental Restoration Disposal Facility (ERDF), and
4) borehole 299-W22-50. Geographic and stratigraphic information associated with the composite
samples is summarized in Table 2.7.
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All of the composite samples are from the Hanford formation (Pleistocene cataclysmic flood
deposits), except for one sample of the lacustrine Ringold Formation from the White Bluffs. Detailed
characterization data is reported herein for: (1) Ringold silt from the White Bluffs, (2) Hanford coarse
sand, (3) Hanford fine sand from the 218-E-12B burial ground, and (4) borehole fine sand from a 34.5-
foot-core interval in borehole 299-W22-50 from within the S-SX Waste Management Area. The fifth
composite sample, collected from the ERDF excavation, was sent to Dr. Tetsu Tokunaga at Lawrence
Berkeley National Laboratory for use in geohydrologic studies and no characterization is reported here.

2.4.1.1 White Bluffs Site

The White Bluffs occur along the eastern side of the Columbia River (see Figure 2.9). An exposed
vertical face, toward the top of the bluffs, has been created by a road that cuts diagonally up the side of
the bluffs. The roadcut conveniently exposes the sedimentary layers belonging to the upper Ringold

Formation (member of Taylor Flat) and lower Plio-Pleistocene unit (PPlc). Three samples, one from each

of the different sedimentary facies (Figure 2.10), were collected on January 11, 2000, into 5-gallon
buckets. To date, only one of the samples (Ringold silt) has been characterized in detail. The relative
stratigraphic position where this sample was obtained is shown in Figure 2.11.

Table 2.7. Composite Sediment Sample Descriptions

White Bluffs 218-E-12B ERDF 299-W22-50
Sample name Ringold Silt 1) Hanford Coarse Sand Not characterized; | Borehole Fine
2) Hanford Fine Sand therefore, no name | Sand
given here

Sample date 1/11/00 1/27/00 2/3/00
Location NE1/4 Sec. 11, SE1/4 Sec 35, T.13 N, NE1/4 Sec 7,T.12 N134,139

T.I3N,R27E. [ R26E. N.,R.26 E. E566,904
Surface elevation 900 590 720 670
(ft amsl)
Sampling depth ~15 ~25 ~20 62.5-97
below top of
stratigraphic
sequence (ft)
Stratigraphic Upper Ringold 1) Hanford Hanford formation/ | Hanford
unit/facies unit/ laminated formation/pebbly sand sand (cataclysmic formation/sand
(depositional silt (lacustrine) (cataclysmic flood) flood) (cataclysmic
environment) 2) Hanford formation/silty flood)
sampled sand (cataclysmic flood)

amsl = Above mean sea level
bgs = Below ground surface
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Figure 2.10. Stratigraphic Column of the Upper Portion of the White Bluffs Showing Sample Collection
Depths. Samples were collected from a laminated silt and rippled sand within the Ringold
Formation, as well as the calcrete cap. Only the Ringold laminated silt has been
characterized in detail, thus far. Calcrete cap on the White Bluffs is likely equivalent to
Plio-Pleistocene unit carbonate-rich horizon (PPIc) beneath the SX Tank Farm.

Figure 2.11. Location of Sample Collected from Lacustrine Laminated Silt of the
Ringold Formation (Ringold Silt). Underlying rippled sand also
was collected but not characterized for this study.
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The laminated silt sample was characterized in detail and is the composite sample referred to as
Ringold silt in the rest of the document. Silt from the Ringold Formation, similar to that at White Bluffs,
is present locally within the 200 West Area, including S-SX Tank Farm, associated with the informal
Ringold member of Taylor Flat unit (unit Rtf) within the vadose zone. Three 5-gallon buckets were filled
with Ringold silt. The white-, gray-, and tan-colored Ringold silt sample is interpreted as lacustrine (i.e.,
lake environment) in origin, indicated by the continuous and finely laminated nature of these deposits.
Layers of light-brown, rippled sand, interbedded with the laminated silt, are probable deltaic deposits that
formed during flash-flood events from nearby streams that emptied into the lake that existed in the Pasco
Basin during Pliocene time. The adjacent Ringold rippled sand (two 5-gallon buckets) is available for use
but has not been characterized. Compared to the Pleistocene-age Hanford formation, where other
composite samples were obtained, the Ringold silt is generally finer grained, displays more compaction,
cementation, and/or alteration because of its much older age (late Pliocene, 3 to 4 million years ago).

2.4.1.2 218-E-12B Site

Near-surface samples of cataclysmic flood deposits (Hanford formation) were collected from the
218-E-12B burial ground excavation. The Hanford formation can be divided into three facies types:
gravel-dominated, sand-dominated, and silt-dominated. Two samples, referred to in this document as
Hanford coarse sand and Hanford fine sand (Figures 3.4 through 3.7), were collected and characterized in
detail and are representative of the sand-dominated and silt-dominated facies, respectively, which underlie
the SX Tank Farm. After the first batch of samples collected in January 2000 was exhausted, an
additional forty 5-gallon buckets (20 each of the coarse and fine sand) were collected in May 2001.

Because of its proximity to high-energy flood channels, most of the 15 meters (50 feet) of cataclysmic
flood deposits exposed at this site are coarse-grained sand and gravel associated with the gravel-
dominated facies of the Hanford formation (Rhoads et al. 1992). About halfway down the exposure lie
two beds of finer-grained sand and silt, separated by coarse-grained pebbly sand. Samples collected for
characterization were collected from this fine-coarse-fine interval.

The two fine-grained layers vary in thickness and are associated with the slackwater flood deposition
that occurred atop a set of giant current ripples during the waning stages of a late-Pleistocene cataclysmic
flood (Lewis et al. 1993) (Figure 2.12). These fine-grained deposits were later buried during a subsequent
cataclysmic flood.

Deposits are predominantly coarse sand and gravel. The exception is two layers of fine-grained sand
and silt, which are draped over a series of buried, giant-current ripples. The upper fine-grained layer is
thicker in the troughs (T) and thins along the crests (C) of the ripple train. Vegetation (brown)
preferentially grows along the fine-grained layers, which retain more moisture. (Photo taken
December 1992.)

Two facies types were sampled at the 218-E-12B site: (1) pebbly sand (referred to as Hanford coarse
sand) and (2) silty sand (referred to as Hanford fine sand). These facies are representative of the
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Figure 2.12. Series of Buried Giant Current Ripples at the 218-E-12B Site.

Hanford formation in the southern portions of the 200 East and 200 West Areas, where a higher ratio of
sand and silt to gravel exists. The pebbly sand facies is predominantly a grayish brown, matrix-
supported, medium to coarse sand with occasional pebbles floating in the matrix (Figure 2.13). Most of
the pebbles are composed of basalt or caliche clasts. Sedimentary structures include well-developed
horizontal laminations to planar-tabular cross bedding (see Figures 2.13 and 2.14).

The silty sand facies (see Figures 2.15 and 2.16), characterized and referred to as Hanford fine sand in
this report, consists of two layers of moist, brown, laminated silty fine sand. Several feet of coarse-
grained pebbly sand (Hanford coarse sand) separate the two fine-grained layers. The higher moisture
content for this unit is the result of its finer particle size, which translates to a higher moisture retention
capacity. Zones with higher moisture are directly associated with areas that support recent vegetation
growth along the walls of the 218-E-12B trench (see Figure 2.12). Overlying the upper silty sand in sharp
contact is a sandy gravel, which represents a high-energy, gravel-dominated flood facies, probably
deposited during a subsequent flood. Deposits from the overlying sandy gravel were not characterized as

Figure 2.13. Example of Pebbly Sand Facies (referred to as Hanford Coarse Sand in this report) as it
Appears In Situ. Horizontally laminated pebbly sand at the bottom is cut and filled with a
layer of cross-bedded pebbly sand, above. Notebook for scale is 18 centimeters (7 inches)
long. (Photo taken January 2000.)
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Figure 2.14.

Representation of All Three Facies of the Hanford Formation at the 218-E-12B Site.
Planar-tabular cross bedding in the pebbly sand facies indicates a paleoflood direction
from left (west) to right (east). Stratigraphically, the pebbly sand (i.e., sand-dominated
facies) lies directly beneath, and grades upward into, the upper silty sand layer (silt-
dominated facies). The silty sand is overlain in sharp contact by sandy gravel (i.e., gravel-
dominated facies) along an erosional unconformity. An unknown amount of the silty sand
was probably removed prior to deposition of the overlying sandy gravel during a
subsequent cataclysmic flood. (Note knife in the bottom center of photo for scale.) The
Hanford coarse sand and Hanford fine sand, two samples characterized in detail for this
report, came from the pebbly sand and silty sand layers, respectively. Note that the silty
sand layer is darker due to its higher moisture content resulting from preferential
absorption of meteoric recharge groundwater. (Photo taken January 2000.)

Pebbly Sand  Hanford Coarse Sand

Siity Sand Hanford.Fine Sand

Pebhly Sand

Figure 2.15. Lower Silty Sand Layer at 218-E-12B Site. Lower silty sand
layer is sedimentologically identical to upper silty sand layer
in Figure 3.6. (Photo taken May 2001.)
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Figure 2.16. Samples Obtained for Detailed Characterization from the 218-E-12B Site. Left photo:
collected with the aid of a lift and placed into 5-gallon buckets. Brownish layer at the
same height as the shovel blade is the upper silty sand (Hanford fine sand); pebbly sand
(Hanford coarse sand) was collected from the immediately underlying layer. Right photo:
Example of how samples appeared after collection from the pebbly sand and silty sand
facies. The pebbly sand (left bucket) is equivalent to the Hanford coarse sand and the silty
sand (right bucket) is referred to as Hanford fine sand, both characterized in this report.
(Photos taken January 2000.)

part of this study. These three facies occur together over a relatively short interval of several feet within
the 218-E-12B excavation (see Figures 2.14 and 2.15). While layers of either flood gravel and sand, or
sand and silt, are often observed together, it is rare to find all three facies occurring together in the same
outcrop. Despite this rare occurrence, the pebbly sand and silty sand deposits preserved at the 218-E-12B
site still appear to be representative of the sand- and silt-dominated facies, respectively, of the Hanford
formation, which are more dominant in the southern portions of the 200 Areas beneath many of the tank
farms, including the SX Tank Farm.

2.4.1.3 Environmental Restoration Disposal Facility Site

The ERDF site exposes up to 18 meters (60 feet) of predominantly sand-dominated facies (mostly
fine- to medium-grained sand) of the Hanford formation. In contrast to the 218-E-12B site, sand-
dominated cataclysmic flood deposits at ERDF are finer grained and formed farther from the flood
channel ways. The sediment obtained at the ERDF site were sent to EMSP scientists at Lawrence
Berkeley National Laboratory without any detailed characterization being performed at PNNL.

A total of twenty 5-gallon buckets of sediment were collected at the ERDF pit on February 3, 2000.
Samples came from the base of a single graded bed (> 1 meter [3 feet] thick) within the flood sequence
consisting of unconsolidated, horizontally laminated, fine-to coarse-grained sand at the base grading
upward into a slightly pebbly sandy silt at the top (Figure 2.17). The moderately sorted sand has the
characteristic salt-and-pepper appearance due to its mineralogy, which contains an abundance of dark
basaltic grains (40% to 70%). Contrasting light-colored minerals include quartz, feldspar, mica, and
caliche (i.e., cemented calcium carbonate) fragments (Fecht and Weekes 1996). Due to its relatively
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Figure 2.17. Environmental Restoration Disposal Facility Sampling Site. Sampling was restricted to
the sand-dominated facies of the Hanford formation. The horizontally laminated structure
of the mostly medium-grained sand is apparent in the photo on the right.

young age (~13,000 years B.P.), the material is generally fresh and unweathered. The sampled bed was
about 6 meters (20 feet) bgs along a road that cut diagonally down the side of the excavation. Several feet
of sloughed surface material were removed with a shovel to expose the fresh, undisturbed sediment
underneath for sampling. More detailed descriptions of the ERDF site are presented in Fecht and Weekes
(1996) and Weekes et al. (1996).

2.4.1.4 Borehole Fine Sand

A fourth composite sediment sample, referred to as borehole fine sand, is a composite of all the
sediment from the 299-W22-50 borehole core sleeves between the depths of 19 and 29.5 meters (62.5 and
97 feet), excepting one 0.3-meter (1-foot)-long sleeve between 25.9 and 26.2 meters (85 and 86 feet).

The sleeve from 25.9 and 26.2 meters (85 to 86 feet) was previously reserved by hydrologists to
perform hydraulic conductivity measurements on the intact sediment. The contents of twenty-seven,
10-centimeter (4-inch)-diameter sleeves were composited.

Based on a cursory, visual inspection, the 27 cores showed fairly uniform lithologic consistency,
although thin stringers and bedding planes were frequently observed. The borehole fine sand consists of
laminated, slightly silty medium- to fine-grained, sand represented between the 19 and 29.5-meter (62.5-
and 97-foot) depth in Borehole 299-W22-50 (Figure 2.18). This borehole is located just southeast of the
SX Tank Farm (Figure 2.2). The borehole fine sand composite sample is part of the Hanford formation
H2 unit of the Hanford formation as described in Lindsey et al. 2000. This unit lies below the backfill
and a gravelly zone directly underlying the SX Tank Farm. These strata contain much of the
contamination currently found in the vadose zone sediment directly beneath leaking single-shell tanks in
the S-SX Tank Farm; therefore, this composite sample is very representative of the Hanford formation in
this area. A more detailed discussion of borehole 299-W22-50 is presented in Section 2.4.2.2.
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Figure 2.18. Vadose Zone Stratigraphy for Borehole 299-W22-50. See Figure 2.2 for borehole location.

2.4.2 Geologic Characterization of Clean Boreholes

This section describes the borehole locations, drilling, sediment sampling, borehole geophysical
logging, and geologic characterization for clean boreholes 299-W22-48 (B8812) and -50 (B8814). These
boreholes (locations in Figure 2.2) were drilled as part of an integrated effort to (1) collect intact
subsurface core samples for detailed vadose zone characterization and (2) installation of downgradient
RCRA groundwater monitoring wells in the uppermost-unconfined aquifer, and (3) create a composite
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sample (i.e., borehole fine sand discussed in previous section) for geochemical characterization.
Additional well completion, aquifer testing, and water sampling information and results are reported in
Horton and Johnson (2000).

The vadose zone portions of these boreholes were drilled using the core- (drive-) barrel cable-tool
technique wherever possible. The boreholes were drilled without the aid of drilling fluids such as water
or mud, unless noted in the logs, to minimize the introduction of artificial moisture into the sediment
samples and core. The lower portion of 299-W22-50 (i.e., below the water table) was drilled using the air
rotary technique. After drilling but prior to well construction, the boreholes were geophysically logged
with spectral gamma (total gamma and potassium, uranium, thorium [KUT]) and neutron-neutron
(moisture) probes.

Borehole sampling consisted of near continuous split-spoon coring and/or sediment grab sampling
throughout the borehole. Sediment cores were collected by driving a 10-centimeter (4-inch)-diameter by
76-centimeter (2.5-foot)-long split-spoon sampling device ahead of the drilled borehole. The borehole
was then cleaned to the bottom of the cored interval prior to sampling the next interval. Split-spoon core
refusal occurred within the Ringold Formation gravel facies (Rwi[e]) in both wells; cable-tool drilling
continued to at least the water table using the hard-tool bit. The split-spoon cores are contained in either
15-centimeter (6-inch) or 30-centimeter (1-foot)-long, transparent, Lexan core barrel liners (core sleeves).
Core recovery was nearly 100%. All cores were sealed and labeled in the field and transported in ice
chests to PNNL’s characterization laboratory in the 3720 Building (300 Area) for refrigerated storage and
further sampling and analysis.

In addition to Lexan-lined core samples, sediment grab samples were collected in the field from
cuttings recovered during drilling and/or from the split-spoon drive shoe. Several types of samples were
labeled and contained from each sample interval. Samples for geologic descriptions were collected in
2.5-centimeter (1-inch) plastic chip-sample trays from surface to total depth. With the exception of the
drive shoe grab samples, most of the grab samples are composite samples composed of sediment that are
churned up and mixed during the drilling and sampling process.

Lexan-lined cores provide the most representative intact samples of the subsurface available and the
core depth intervals are believed to be accurate to within 15 centimeters (0.5 foot) of actual depth.
Geophysical logs were used to verify contacts. Fine sediment structure and subtle facies variations are
usually well preserved in the split-spoon cores. In the laboratory, the Lexan liners were cut lengthwise
with a saw and the core split into two slabs or halves. Subsamples for physical and geochemical
characterization were collected from the middle (inside) of these core slabs.

Photographs were taken after opening each core. Often some downward sediment deformation
(drilling-induced drag) was observed (up to 2.5 to 5 centimeters [1 to 2 inches]) along the outside surface
of some of the cores. Grab samples are less representative of subsurface lithology and sample depth
accuracy can be limited to 1.5 meters (5 feet), depending on the length of the cable-tool core barrel.
Lithologic structure and contact boundaries may not be as easily identified with grab samples.
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A field geologist prepared a geologic description (lithologic log) during drilling and coring of the
boreholes (Appendix A). These lithologic log descriptions are based on visual inspection of material
from the split-spoon core shoe, drill cuttings, and the grab samples. These logs provide a general
indication of the lithology encountered. In addition to these field descriptions, a more rigorous and
detailed analysis of the vadose-zone stratigraphy was performed by geologists in the laboratory, based on
cores observed within opened Lexan liners. Appendix B provides the borehole geologic log for 299-
W22-48, which was created based on an examination of every third or fourth intact split-spoon core
(opened in the laboratory). Table 2.1 provides the generalized stratigraphic nomenclature used in the
correlations. All depths and correlations reported in this section are rounded to the nearest tenth of a
meter (.33 foot).

Borehole geophysical surveys were conducted after the boreholes reached total depth and before well
construction. A spectral gamma probe was run from total depth to the surface at a rate of 30 centimeters
(1 foot) per minute (15-centimeter [6-inch] sampling interval) and a neutron-neutron moisture probe was
run from the water table to the surface, at a rate of 30 centimeters (1 foot) per minute (7.6-centimeter
[3-inch] sampling interval). Geophysical log profiles for each of the two boreholes are attached in
Appendix C. Prior to opening the Lexan-lined cores, geophysical profiles were evaluated for
lithostratigraphy, moisture content, and manmade radionuclides. Core subsamples for chemical and
physical analysis were collected from specific lithologic intervals as identified from the geophysical and
lithologic log evaluations (lithostratigraphy) confirmed by the geologic examination during core opening.

Spectral gamma logs provide a continuous record of the naturally occurring gamma radioactivity
emitted from formations encountered in the borehole. In addition, the spectral gamma logs can be
evaluated to determine the presence of specific manmade gamma-emitting radionuclides. The gamma-log
data is plotted as a continuous curve versus depth, which is referenced to ground surface. This reference
can be used to correlate lithologic changes and depth to within 0.5 meters (1 or 2 feet). Gamma-log
changes are related to the grain size, mineralogical makeup, and moisture content of the lithofacies
encountered. Thin lithologic units (<0.5 meters [1.5 feet]) cannot be easily identified by the gamma logs
because they are averaged into the data bounding them.

The neutron-neutron log is also referenced to ground surface and represents a function of relative
moisture content (Figure 2.18, Appendix C). Depth resolution can be determined to within 0.3 meters (1
foot). In combination with the geologic log and the total gamma type log, the neutron moisture data can
reveal moisture relationships relative to lithologic unit boundaries and grain size (assumes fine-grained
intervals retain higher moisture content than coarse-grained intervals). For example, the neutron-moisture
curves may display peaks of elevated moisture, which correspond to fine-grained silt and/or sand lenses,
and/or lithologic contacts with contrasting grain-size boundaries. Anomalously high moisture intervals
signal areas that may be influenced by artificial recharge. These areas are good targets for follow-up
sampling and analysis if intact cores are preserved.
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2.4.2.1 Borehole 299-W22-48

Borehole 299-W22-48 is located ~135 meters (443 feet) east of tank 110 (S Tank Farm) and
~100 meters (328 feet) north of the SX Tank Farm (see Figure 2.2). UTM coordinates are 566,996.641
east and 134,425.096 north [datum is NADS83 (91)]. Land surface elevation is 207.132 meters (679.567
feet) above msl.

Vadose zone sediment samples obtained for borehole 299-W22-48, along with 299-W22-50, are
considered the most comprehensive and representative for the S-SX Tank Farm. Stratigraphic
interpretations are based on data from a near continuous intact core, laboratory parameter analysis from
selected intact core samples, continuous geophysical gamma and neutron logs, and field data.

This borehole was drilled using the core barrel cable-tool technique, wherever possible. Total depth
of the borehole is 76 meters (249 feet) bgs. The water table was encountered at ~69 meters (226 feet)
bgs. The borehole was completed as a well in December 1999; it is composed of a 10-centimeter (4-
inch)-diameter well casing with a 4.6 meter- (15-foot)-long well screen placed at the water table (see also
Horton and Johnson 2000).

Continuous split-spoon coring occurred from ground surface to a depth of 59 meters (193.5 feet) and
grab samples were collected at ~1.5-meter (5-foot) intervals throughout the drilling and coring of the
borehole. Split-spoon core refusal occurred at 59 meters (193.5 feet). For this interval, 197 core sleeves
(132 6-inch-long sleeves and 65 12-inch-long sleeves), each with nearly 100% recovery, were produced.
The depths and identification number of the individual core sleeve is summarized in Appendix E. In
addition to these samples, eight grab samples of cuttings were collected at 1.5-meter (5-foot) intervals
from 59 through 70 meters (195 through 230 feet) bgs. The lithologic log in Appendix A also provides a
borehole profile that illustrates the depth of each of the recovered split-spoon cores.

Moisture grab samples were collected, and sealed in moisture tins, at least every 1.5 meters (5 feet)
from the split-spoon drive shoe between depths of ~3 to 58.5 meters (~10 feet to 192 feet) bgs. Archive
samples were collected every 1.5 meters (5 feet) below the cored interval from 58.5 meters (192 feet) to
total depth (76 meters [249 feet]) and are contained in labeled, 1-pint glass jars.

Appendix C contains the geophysical logs for borehole 299-W22-48. The only apparent manmade
radionuclide identified by gamma logging in this borehole is cesium-137, which is located within a meter
(3 feet) of the surface at a concentration of 5 pCi/g. This is interpreted as surface contamination, which is
a common occurrence around the tank farms. The lithologic log was used as a guide to evaluate the total
gamma log for lithology (Figure 2.19).

Beginning from 3 meters (10 feet) bgs, two distinct coarse-grained intervals (gravelly sand to gravel)
were identified within relatively uniform medium-grained sand, one at 12.5 to 15 meters (41 to 50 feet)
(Figure 2.20), and the second from 17.5 to 18.5 meters (58 to 61 feet). The gravelly interval(s) also are
identified in surrounding vadose boreholes and wells based on geophysical log correlations (see Sobczyk
2000) but have not been easily or clearly identified in the geologic grab samples. The base of the lower
gravelly unit correlates with the base of Lindsey’s Hanford formation H1 unit.
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Figure 2.19. Vadose Zone Stratigraphy for Borehole 299-W22-48. See Figure 2.2 for borehole location.

The gravelly units are believed to be a key geologic control for the vertical and lateral dispersion of
liquid effluent leaking from beneath the S-SX Tank Farm. The Vadose Characterization Project’s
geophysical spectral logging campaign provides the data to corroborate this. Many of the vadose-zone
boreholes logged within the S-SX Tank Farm have high levels of cesium-137 contamination associated
with this coarse-grained unit (Johnson and Chou 1998, Sobczyk 2000). Below the Hanford formation H1
unit is fine- to medium-grained sand (Figure 2.21), which decreases slightly in grain size with depth.
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Figure 2.20. Split-Spoon Sample from Within Coarse-Grained Hanford Formation H1 Unit in
Borehole 299-W22-48.
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Figure 2.21. Split-Spoon Sample from Within Hanford Formation
H2 Unit in Borehole 299-W22-48.
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This unit is correlated as the Hanford formation H2 unit, which is interpreted to occur between 18.5
to 41 meters (61 to 135 feet) bgs. The next notable change in the gamma logs occurs from 41 to 44.5
meters (135 to 146 feet) bgs. This easily recognizable and characteristic gamma increase reflects a
downward decreasing grain size from silty sand to silt (Figure 2.22). This unit represents a gradational
coarsening upward contact between the Plio-Pleistocene mud (PP1z) subunit and younger, coarser-
grained, cataclyamic flood deposits of the overlying Hanford formation.

The distinctive Plio-Pleistocene carbonate-rich sequence (PPIc), correlates to a thin interval between
44.5 to 45.4 meters (146 to 149 feet) bgs (Figures 2.23). More discussion is provided on the correlation
of this unit below. The reduced gamma signal beginning at 58.5 meters (192 feet) bgs identifies the top
of the Ringold Formation Unit E (Rwi[e]) as a silty sandy gravel interval (Figure 2.24).

The interval between the PPIc subunit and the top of the Rwi(e), between 45.4 to 58.5 meters (149 to
192 feet) bgs, is described as fairly uniform slightly silty sand (Figure 2.25) and correlates to the upper
Ringold unit or Ringold member of Taylor Flat (Rtf).

299-W22-48

e
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Figure 2.22. Split-Spoon Sample from Within Plio-Pleistocene Mud (PPlz) Subunit in
Borehole 299-W22-48.
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Figure 2.23. Split-Spoon Samples Representing a) Plio-Pleistocene Mud (PPIz) and Plio-Pleistocene
Carbonate (PPlc) Subunits Contact (white dashed line), and b) Plio-Pleistocene Carbonate
(PPIc) in Borehole 299-W22-48.
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Figure 2.24. Split-Spoon Samples Representing Ringold Formation Unit E (Rwi[e]) in Borehole
299-W22-48.
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Figure 2.25. Split-Spoon Sample Representing Upper Ringold Formation (Rtf) in Borehole 299-W22-48.

The addition of the neutron moisture data to the interpretation resulted in some additional
observations and features. Due to the dual surface casing in borehole 299-W22-48, only the moisture
data between 15.5 meters (51 feet) depth and the water table (69.3 meters [227.5 feet]) are calibrated and
are representative of borehole moisture conditions. That is, the neutron moisture probe is not calibrated
for conditions where two layers of metal casing are present. Based on the calibrated interval (15.5 to 69.3
meters [51 to 227.5 feet]) the average overall moisture content in borehole 299-W22-48 is less than 5%
(by volume). This average moisture probably represents the natural background moisture for the units
encountered and indicates that the vadose zone has a relatively low moisture content at this location.

A few minor peaks, averaging about 2.5% higher than the background, are in the sand interval between
about 21 to 36.5 meters (70 to 120 feet); these probably represent alternating laminae and beds of fine
sand and silt, which possess varying moisture-retention properties (e.g., Figure 2.26). One larger peak
(10% moisture) located at 31 meters (102 feet) bgs was also recorded in the field geologists’ log as a
bedding contact, which is also visible on the gamma log (Figure 2.19). Anomalously high moisture
intervals between 36.5 and 42.5 meters (120 and 140 feet) bgs may correspond to zones where it was
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Figure 2.26. Split-Spoon Sample [llustrating Contrasts Within the Hanford Formation H2 Unit.
Laminated, darker, high-moisture retention silt occurs at bottom, in contrast to fine
sand at top.

necessary to add water to the borehole during drilling. The PPlc subunit between 45.4 to 58.5 meters
(146 to 149 feet) bgs displays a characteristic inverse relationship between the total gamma and neutron-
neutron geophysical logs.

The contact with Rwi(e) (silty sandy gravel interval) unit also can be correlated to the increase in
moisture at 58.5 meters (192 feet) bgs. Moisture values increase anomalously from 66 meters (216 feet)
bgs to the water table at 69 meters (226 feet) bgs (see neutron-neutron log in Appendix C). This increase
may be due to previously saturated Ringold sediment (when the water table was higher during high liquid
waste disposal periods) that are now draining and, thus, have a higher overall residual moisture content
than overlying Ringold sediments that have not been completely saturated.
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A discordant clastic dike was intersected near the 52-meter (171.0-foot) depth in borehole 299-W22-
48 within a sandy sequence of the upper Rtf unit (Figure 3.11). The dike completely fills one core sleeve
(Figure 2.27) and partially fills the underlying core sleeve. The dike, up to 0.75 meter (2.5 feet) thick, is
characterized by vertical to subvertical laminations alternating between olive clay and silt to pale yellow
silt and sand. Dike laminations are weakly to strongly calcareous. The dike contains a distinctly higher
moisture content (~15 wt%), as corroborated on the neutron-neutron geophysical log, yet is only slightly
elevated on the total gamma log (see Figure 2.19).

Clastic dikes, which are usually associated with cataclysmic ice-age flood deposits of the Hanford
formation, are sometimes reported in underlying stratigraphic units, including the Ringold Formation
(Fecht et al. 1999). Of particular significance is the fact that this clastic dike lies 10.7 meters (35 feet)
below the base of the flood deposits and 6 meters (20 feet) below the indurated Plio-Pleistocene caliche
(PPIc) unit (see Figure 2.19). While it is possible this dike is connected with Pleistocene cataclysmic
flooding, the possibility also exists that the dike is of Ringold age and occurred prior to ice-age flooding.
If the dike formed during Pleistocene time, the implication is that clastic dikes (i.e., preferential
pathways) might be connected from the near surface to the water table beneath the southern portion of the
200 Area’s Plateau. Alternatively, if the dike is Ringold in age, it is probably truncated along the
overlying Plio-Pleistocene unit and/or Hanford formation boundaries.

To identify the relative age and origin of the dike, as well as any possible manmade contaminants
present, detailed sampling and measurements will be performed for grain size, mineralogy, major and
trace element composition, and paleomagnetic field orientation of the dike and immediately adjacent
material. The hydraulic properties of the cored dike material will also be measured.

2.4.2.2 Borehole 299-W22-50

Well 299-W22-50 is located ~25 meters (82 feet) southeast of the southeast corner of the S-SX Tank
Farm fence (see Figure 2.2). UTM coordinates are 566,904.261 east and 134,139.756 north [datum is
NADS83 (91)]. Land surface elevation is 204.14 meters (669.75 feet) above msl.

This borehole was drilled from the surface to 73.5 meters (241 feet) bgs using the core-barrel cable
tool technique and from 73.5 to 167 meters (241 feet to 547.5 feet) bgs using the air rotary technique.
Total depth was 167 meters (547.5 feet) bgs. The water table was encountered at ~67 meters (219 feet)
bgs. The borehole was completed as a well in January 2000; it is composed of a 10-centimeter (4-inch)-
diameter well casing with a 4.6 meter (15-foot)-long sampling screen placed at the water table (see
Horton and Johnson 2000).
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Figure 2.27. Upper Portion of Subvertical Clastic Dike Completely Filling Core Liner Within Ringold
Formation from 51.4 to 51.7 Meters (168.5 to 169.5 feet) bgs.

Borehole sampling consisted of near continuous split-spoon coring from ~6 meters (20 feet) bgs to a
depth of 54 meters (177.5 feet) bgs and sediment grab samples collected at ~5-foot intervals throughout
the drilling and coring of the borehole. Split-spoon core refusal occurred at 54 meters (177.5 feet) bgs
atop Ringold Formation Unit E (Rwi[e]); cable-tool drilling continued below this depth with a hard-tool
bit to ~74 meters (243 feet) bgs. Drilling continued with the air rotary technique to total depth
(166.9 meters [547.5 feet] bgs). Within the split-spoon cored interval, 124 Lexan core sleeves
(30-centimeter [12-inch] liners) were recovered. The depths and identification number of the individual
core sleeves are summarized in Appendix F. The lithologic log in Appendix A also provides a borehole
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profile that illustrates the depth of each of the recovered split-spoon cores. Archive grab samples were
collected at ~1.5-meter (5-foot) intervals from surface to 6 meters (20 feet) bgs and below the cored
interval, from 55 meters (180.5 feet) to total depth (166.9 meters [547.5 feet] bgs).

Lindsey et al. (2000) provides a detailed discussion and geologic log for 299-W22-50. The
geophysical logs for this borehole are presented in Appendix C. Stratigraphic, lithologic, and
geophysical-log information is summarized in Figure 2.18. The only manmade radionuclide identified by
gamma logging in borehole 299-W22-50 is cesium-137, which is located at the surface at a concentration
of 19 pCi/g. This radioactivity is likely surface contamination from nearby tank farm operations.

The total gamma log reflects the lithology, which for the Hanford formation is mostly sand. An
exception is a relatively coarse-grained unit (gravelly sand) at a depth between 2.4 and 4.3 meters (8 and
14 feet) bgs. This unit, also noted in the lithologic field log, belongs to a coarse facies of the Hanford
formation H1a unit (Lindsey et al. 2000). Another coarse-grained facies, defined as sandy gravel in the
lithology log, is present between 16 and 19 meters (53 and 62 feet) bgs and represents the Hanford
formation H1 unit (Figure 2.28). This gravelly interval is thinner in this borehole but can be correlated to
a comparable coarse-grained interval in surrounding vadose boreholes (Sobczyk 2000), including
borehole 299-W22-48 (Figure 2.19). The base of the gravelly unit at 19 meters (62 feet) bgs defines the
base of the Hanford formation H1 unit.

299-W22-50 (B8814): 61' - 62'

2002/DCL{CleanBHRpt/017

Figure 2.28. Split-Spoon Sample of Sandy Gravel from the Hanford Formation H1 Unit.
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The underlying Hanford formation H2 unit, which occurs between a depth of 19 to 38.5 meters (62 to
126 feet) bgs, is predominantly medium-grained sand (Figure 2.29), which decreases slightly in grain size
with depth (see Figure 2.18).

gy

2002/DCL/CleanBHRpt/018

Figure 2.29. Split-Spoon Sample from Within Hanford Formation H2 Unit in Borehole 299-W22-50.

The contact between the Hanford formation and the underlying Plio-Pleistocene unit occurs at or near
38.5 meters (126 feet) bgs based on a decrease in grain size, accompanied by an increase in total gamma
activity, and an abrupt increase in moisture content. The upper Plio Pleistocene unit (Figure 2.30),
equivalent to the Plio Pleistocene Mud (PPlz) subunit, occurs from 38.5 to 42 meters (126 feet to
138 feet) bgs (Figure 2.18), while the lower Plio-Pleistocene unit (PPIc) lies between 42 and 43.6 meters
(138 and 143 feet) bgs.
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Figure 2.30. Split-Spoon Sample from Within Upper Plio-Pleistocene
Subunit (PP1z) in Borehole 299-W22-50.

The contact between the loose PPlz and carbonate-cemented PPlc subunits is sharp and distinct
(Figure 2.31). Unlike the carbonate-rich horizon in 299-W22-48, which is developed exclusively in fine-
grained sediment, pedogenic carbonate in 299-W22-50 appears to be overprinted and developed onto a
gravelly lag deposit of the Ringold Formation. Below the PPlc subunit, from 43.6 to 53 meters (143 to
175 feet) bgs, are quartzofeldspathic sands and gravels of the upper Ringold (Rtf) unit. The top of the
Rwi(e) silty sandy gravel is defined as the top of a relatively thick gravel sequence accompanied by an
increase in moisture on the neutron-neutron log starting at 53 meters (175 feet) bgs (see Figure 2.18).
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Figure 2.31. Split-Spoon Sample Containing the Contact Between the Plio-Pleistocene Mud (PPlz) and
Carbonate (PPlc) Subunits in Borehole 299-W22-50. The PPIlz unit is composed of loose,
variably calcareous, overbank-eolian fine sand and silt while the PPlc unit consists of calcium
carbonate cemented muddy sandy gravel.

The addition of the neutron moisture data to the interpretation resulted in some additional
observations and features. Due to the dual surface casing in borehole 299-W22-50, only the borehole
below 15 meters (50 feet) to the water table (66.5 meters [218.3 feet]) was logged and calibrated. Within
the logged interval, the average overall moisture content in borehole 299-W22-50 is slightly higher than
that found in 299-W22-48. Logged moisture between 29 to 38 meters (95 to 124 feet) bgs, is
anomalously high, by comparison to the same interval in 299-W22-48. Peaks in moisture are twice as
high as the apparent background values at 299-W22-48, suggesting more moisture in the vadose zone in
this area. Relatively high moisture occurs in the lower portion of the Hanford formation H2 unit below
~27 meters (90 feet) and the Plio-Pleistocene unit down to a depth of ~43 meters (140 feet) bgs. Similar
to borehole 299-W22-48, the top of the carbonate (PPlc) in borehole 299-W22-50 is characterized by a
sudden decrease in total gamma activity and an increase in neutron-neutron moisture (see Figure 2.18).
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3.0 Characterization Analytical Methods

3.1 Post Sampling Sediment Preparation

Preparation and processing of sediment samples, performed prior to analysis in the laboratory, is
discussed in this section.

3.1.1 Composites

The four composite samples were spread out on polyethylene tarps inside a large empty room in the
laboratory. After air drying for several days, the sand composites were individually mixed by repeated
cone and quartering. A few root hairs and small pieces of organic matter were removed by handpicking
from the Hanford coarse sand and Hanford fine sand composites. The Hanford coarse sand composite is
comparable to the Hanford formation H1a (coarse facies) unit while the Hanford fine sand is comparable
to the Hanford formation H1a (fine facies) and H2 units in the SX Tank Farm geologic model presented
in Section 2.2. The Ringold silt composite sample air dried into hard aggregates. These aggregates were
crushed with a flat-ended tamper until all the aggregates were disaggregated particles smaller than 2
millimeters. The Ringold silt was then mixed several times using the cone and quartering method. These
three composites were not sieved. However, the air-dried borehole fine sand was dry sieved through a 2-
millimeter sieve. Out of a total air-dry weight of 68,170 grams, 270 grams of coarse (>2-millimeter)
particles were discarded to make this composite conform to traditional soil scientists’ sample protocol.
The >2-millimeter particles represented only 0.4% of the air-dried material; thus, there should be very
little difference in the properties of the Hanford fine sand and the borehole fine sand composites caused
by the removal of >2 millimeters of material from the latter composite.

The air-dried composite samples were then stored in 5-gallon plastic buckets until needed. Each time
an aliquot was needed the whole contents of one 5-gallon bucket was spread on a polyethylene tarp and
the entire sample remixed by cone and quartering with small aliquots taken randomly out of each quarter
of the mixed sample.

3.1.2 Borehole Core Samples

The samples that were characterized from the two Resource Conservation and Recovery Act (RCRA)
boreholes (299-W22-48 and -50) were obtained during the geologic description process immediately
upon opening the sealed liners. The split-spoon samples were obtained in clear, plastic Lexan liners that
were either 6 or 12 inches long. Plastic end caps were removed, and the liners were cut down both sides
with a circular saw. The core was opened in a fashion similar to opening a clam shell, facilitated by the
relatively unconsolidated nature of the sediment. The two halves of the liner were laid on a table and
quickly subsampled to avoid excessive loss of moisture. Small aliquots were removed from the halves of
sediment in an attempt to construct a representative sample for the entire sleeve. When distinct contacts

3.1



were observed in a core sample, the sampling was performed separately on the different lithologies. After
sampling and geologic description was completed, the two halves of the liner were reassembled and
retaped to prevent further disturbance or escape of moisture. Liners were then returned to refrigerated
storage in the dark at 4°C.

Selected split-spoon sleeves from the borehole 299-W22-48 and 299-W22-50 were subsampled using
stainless steel spatulas. The depths and corresponding stratigraphic unit designations from the conceptual
geologic model described in Section 2.0 are shown in Tables 6.1 and 6.2. In most cases, field moist
sediment was used to measure the various parameters discussed below but the results are reported on an
oven-dry weight basis. In a few cases, aliquots of the borehole sleeves were oven dried before testing was
performed (e.g., particle density and dry sieving).

Core sleeves selected for characterization were chosen so that each of the principal stratigraphic units
were analyzed and each of the two boreholes were characterized about equally. The available budget
allowed for the detailed characterization of approximately 6 to 8 core samples from each of the boreholes.
Emphasis on characterization was placed on the Hanford formation units H1 and H2 because preliminary
information suggested that contaminants beneath leaking tanks in the S-SX Tank Farm are concentrated
within these two units.

3.2 Laboratory Analytical Methods

Analytical methods used in the laboratory to characterize the composite and core sediment samples
are discussed in this section. Physical properties analyzed include mass water content, particle-size
distribution, and particle density. A variety of geochemical techniques were performed on sediment as
well as porewater including elemental analysis, cation exchange capacity, ammonium acetate extraction,
1:1 sediment to water extraction, and 8M nitric acid extraction. Mineralogical analyses were performed
using x-ray fluorescence (XRF) and x-ray diffraction (XRD).

3.2.1 Mass Water Content

All geochemical characterization data in this document are reported on an oven-dry basis; however,
the composite samples were stored in an air-dried state. Thus, we determined the amount of moisture
in the air-dry composite sediment or field moist core materials using the traditional moisture content
method in Methods of Soil Analysis, Part 1, Method 21-2.2 Gravimetry with Oven Drying (pages
503-507) (American Society of Agronomy [ASA] 1986).

3.2.2 Particle Size Distribution
Both dry sieving and wet sieving/hydrometer methods were used to determine the particle-size
distribution. For the dry sieving, an aliquot of the oven-dry sediment was sieved through the following

sequence of sieves: 4,2, 1,0.5,0.25,0.212, 0.125, 0.063 millimeter, and pan. Between 120 and 210
grams of oven-dry sediment were used and total mass recovery was measured. An auto shaker, either
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Rotap Model RX-29 or Gilson SS-8R, was used. The method is similar to that in (ASTM D 421-85).

The second particle-size measurement technique used the wet sieve/hydrometer method (ASA [1996],
Part 1; Method 15-5 Hydrometer Method [pages 404-408]) and concentrated on quantifying the silt and
clay distribution. The silt and clay separates were saved for mineralogical analyses. Samples from the
two RCRA boreholes that were used for the hydrometer method were not air or oven dried to minimize
the effects of particle aggregation that can affect the separation of clay grains from the coarser material.
A more qualitative estimate of particle-size distribution was also determined in the field and upon
opening core sleeves using a visual-manual technique by geologists logging the core (ASTM 1993).
Geologists’ estimates of particle-size distribution are summarized onto the geologic logs in Appendices A
and B.

3.2.3 Particle Density

The particle density of bulk grains was determined using pychnometers (see ASA 1986, Part 1;
Method 14-3 Pychnometer Method [pages 378-379]) and oven-dried material.

3.2.4 Calcium Carbonate and Organic Carbon Content

The calcium carbonate equivalent and organic carbon content of the bulk sediment (oven dried) were
determined using ASTM Procedure D-513, Method G “Carbon Dioxide (CO,) Evolution” and ASTM
Procedure D-4129-98, “Standard Test Method for Total and Organic Carbon in Water by High-
Temperature Oxidation and by Coulometric Detection.” Analyses were performed on a Coulometrics Inc.
Carbon Analyzer Model 5010. Using reagent-grade calcium carbonate, the evolved carbon dioxide gas is
used to generate calibration curves for calcite equivalent content in the sediment.

3.2.5 Elemental Analysis

The elemental composition of the bulk sediment was determined by a combination of energy- and
wavelength-dispersive XRF. Samples analyzed by the energy-dispersive XRF method follow the KLM
Procedure XRF-01, which utilizes a Kevex 0810A commercial XRF excitation and detection subsystem.
Sample preparation involved mixing the sample in a Coors high-density alumina (aluminum oxide) mortar
and pestle. Six hundred milligrams of the mixed sample were removed and further ground to ~300 mesh
size, placed between two sheets of stretched para-film, and loaded into the 08 10A XRF unit. Acquisition
times ranged between 600 and 3,000 seconds, depending on the targets (gadolinium, iron, silver,
zirconium). Forty-one elements (aluminum, antimony, arsenic, barium, bromine, cadmium, calcium,
cerium, cesium, chlorine, chromium, copper, gallium, iodine, indium, iron, lanthanum, lead, manganese,
molybdenum, nickel, niobium, palladium, potassium, phosphorous, rhodium, rubidium, ruthenium,
selenium, silicon, silver, strontium, sulfur, tellurium, thorium, tin, titanium, uranium, vanadium, yittrium,
and zinc) were analyzed on each sample and the spectrum interpretation was by the backscatter
fundamental parameter approach (described in KLM-01, pages 2-3). Sample analysis by the wavelength
method was accomplished using a Siemens Spectra 3000 instrument, equipped with both a flow counter
detector to detect soft radiation of the low Z elements and a scintillation counter detector for the harder
radiation of the higher Z elements. Bulk solid samples were prepared by taking 180 to 1,500 milligrams
of ~300 mesh ground sample and pressing it into a 3.2-centimeter (1.3-inch)-diameter pellet, using a
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27,000-kilogram laboratory press. Standard addition and similar matrix methods were used to generate
calibration curves for sodium and magnesium, which were then used to process the data. Additional
discussion of XRF techniques for quantitative analysis of sediment are found in Section 7.0, “Elemental
Analysis by X-Ray Fluorescence Spectroscopy” of ASA (1996), Part 3, pages 161-223 and in the
Siemens Spectra 3000 Reference Manual (1994).

3.2.6 Mineralogy

The mineralogy of the bulk sample, silt and clay-size fractions of the sediment was determined by
XRD techniques. Bulk sediment samples were dispersed by transferring 100 grams of sediment into a
1-liter bottle and mixing with 1.0 L of 0.001 M solution of sodium hexametaphosphate. The suspensions
were allowed to shake overnight to ensure complete dispersion. The sand fraction was separated from the
dispersed sample by wet sieving through a #230 sieve. The silt fractions were separated from the clay
fractions by using Stoke’s settling law described in Jackson (1969). The lower limit of the fraction was
taken at >2 microns. Sand and silt fractions were oven dried at 110°C and prepared for XRD and XRF
analysis.

Each clay suspension was concentrated to an approximate volume of 10 milliliters by adding a few
drops of 10-N magnesium chloride to the dispersing solution. Concentrations of the clay in the
concentrated suspensions were determined by drying known volumes and weighing the dried sediment.
The density of the slurry was calculated from the volume pipetted and the final weight of dried sediment.
Volumes of slurry equaling 250 milligrams of clay were transferred into centrifuge tubes and treated to
remove carbonates following Jackson (1969). The carbonate-free clay was then saturated with either
magnesium (II) or potassium cations. Clay samples were prepared using the Drever (1973) method and
placed onto an aluminum slide for XRD analysis. Due to the tendency of the clay film to peel and curl,
the specimens saturated with magnesium (II) were solvated with a few drops of a 10% solution of
ethylene glycol in ethanol and placed into a dessiccator containing excess ethylene glycol for a minimum
of 24 hours. After the analysis of the magnesium (II) -saturated, ethylene glycol-solvated specimen, two
of the samples (Hanford fine sand composite and borehole B8812 composite) were allowed to air dry
overnight before reanalysis. Potassium-saturated slides were air dried and analyzed, then heated to 575°
C and reanalyzed.

All samples were analyzed on a Scintag XRD unit equipped with a Pelter thermoelectrically cooled
detector and a copper x-ray tube. Slides of preferentially oriented clay were scanned from 2 to 45 degrees
20, and randomly oriented powder mounts were scanned from 2 to 75 degrees 26. The bulk samples were
prepared by crushing approximately 0.5 gram of sample to a fine powder that was then packed into a
small circular holder. After air-drying ~0.5 gram of the clay slurry, a random mount was prepared and
analyzed from 2 to 75 degrees 26.

34



Semiquantification of mineral phases by XRD was performed according to Brindley and Brown
(1980). The relationship of intensity and mass absorption to the weight fraction of an unknown phase is
expressed as:

V1, = o/t (W)

where

I is the intensity of the unknown phase

I, is the intensity of the pure phase

U, is the mass absorption of the pure phase

u is the average mass absorption of the unknown mixture
wf is the weight fraction of the unknown.

Pure mineral phases of illite, smectite, kaolinite, and chlorite were obtained from the Clay Mineral
Society’s source clays repository (operated from the University of Missouri in Columbia, Missouri) and
analyzed under the same conditions as the sediment samples. Quartz, feldspars, and calcite standards
were purchased from the Excalibur Mineral Company, Peekskill, New York, ground and analyzed on the
diffractometer to obtain intensities for pure non-clay phases.

The mass attenuation coefficients of selected samples were measured according to Brindley and
Brown (1980). Ground bulk powders and air-dried clays were packed into a 0.94-inch-thick circular
holder with no backing. The holder was placed in front of the detector and positioned to allow the x-ray
beam, diffracted from pure quartz, to pass through the sample and into the detector. The scan was
analyzed from 26.0 to 27.0 degrees 20. The mass attenuation coefficients were measured directly using
the following equation:

pu=(1/px) In (I,/1y)

where

1/px is the mass per unit area as the sample is prepared

I, is the intensity of the incident beam

I, is the intensity of the transmitted beam through sample thickness x.

In addition to XRD, transmission electron microscopy (TEM) characterization of selected samples
was conducted on a JEOL 1200X electron microscope equipped with a Links detector system. Samples
were prepared for TEM by transferring a small aliquot of a dilute clay slurry onto a formvar carbon-
coated 3-millimeter copper support grid. The clay solution contained 0.15% tert-butylamine to reduce the
surface tension of water.

Structural formulas were derived from data collected from the TEM analysis. On average, an energy-
dispersive x-ray spectra was collected from a minimum of five particles from the same mineral phase
common to the sample. The x-ray spectra were collected and processed using the Cliff-Lorimer Ratio
Thin Section method and then converted to a structural formula (based on half-unit cell (O;o(OH),) by the
method described in Reynolds and Reynolds (1989) and Newman (1987).
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3.2.7 Cation Exchange Capacity

The cation exchange capacity of the sediment was determined using two different procedures,
Polemio and Rhoades (1977) and Amrhein and Suarez (1990), both developed to accommodate
calcareous sediment. Five grams of each sediment, oven dried, was used in triplicate determinations
using both methods.

Rhoades (1982) describes a method to measure the cation exchange capacity of arid land soil that
contains carbonates, gypsum, and zeolites. The first step is to saturate the cation exchange sites with
sodium by equilibration of the soil sample with a pH = 8.2, 60%ethanol and 40% salt solution. The
alcohol/aqueous mixture has a total concentration of 0.4 N sodium acetate-0.1 N sodium chloride. The
second step is to displace the sodium and other cations with a 0.5 N magnesium nitrate solution. Sodium
and chloride analyses are performed on the extracted solutions and on the excess saturating solution. The
chloride determination in the extracting solution is used to deduce the amount of excess sodium left in the
soil pores after saturation. After correction, the remaining sodium (the exchangeable sodium) represents
the cation exchange capacity. The cation exchange capacity is determined using equation 1 for the
Polemio and Rhoades (1977) method.

cation exchange capacity = Na, - (Cl,) * (Na/Cl)g somn (1)

where
Na, and Cl; are the total sodium and chloride, respectively, in the extraction solution
(Na/Cl)gat soln 18 the sodium-to-chloride ratio in the saturating solution.

Amrhein and Suarez (1990) describe a method for measuring the cation exchange capacity of arid soil
by taking into account the dissolution of carbonates and gypsum in the saturation and extraction steps.
Five grams of each sediment were weighed and placed into a centrifuge tube along with 20 milliliters of a
0.2 M calcium chloride/0.0125 M calcium sulfate adjusted to a pH of 8.2. The saturating solution was
carefully removed from the centrifuge tubes, to avoid resuspending the sediment, and poured into separate
100-milliliter (3.4-ounce) volumetric flasks. The saturating, shaking, and centrifuging steps were
repeated so that the sediment contacted the saturation solution four times. Saturation solutions were
saved to measure magnesium, potassium, and sodium.

After transferring the concentrated saturation solution for the final time, 30 milliliters (1.01 ounces)
of a dilute saturating solution of 0.025-M calcium chloride was added to each centrifuge tube. The
centrifuge tubes were placed on a shaker table for 30 minutes and then centrifuged. The dilute solution
was decanted and discarded. The sediment was contacted three times with the dilute solution; however,
the final dilute contact solution was saved to determine calcium, sulfate, chloride, and alkalinity.
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Next, the tubes were reweighed to determine the amount of entrained solution. After weighing the
tubes, the calcium was extracted with a 0.5-M magnesium nitrate solution. Twenty milliliters (.68
ounces) of the extraction solution were added to the centrifuge tubes and shaken for 30 minutes. The
extraction solution was then decanted into separate 100-milliliter (3.4-ounce) volumetric flasks. The
sediment was contacted with the extraction solution five times. Calcium, sodium, sulfate, chloride, and
alkalinity were measured in the extracted solution so that the amount of exchangeable and dissolved
calcium and any sodium that might have remained on exchange sites after calcium saturating can be
determined.

The cations in the saturating solution (0.2 M calcium chloride -0.0125 M calcium sulfite ), dilute
rinse solution (0.025 M calclium chloride ), and the exchange solution (0.5 M magnesium nitrate ) were
measured by inductively coupled plasma atomic emission spectrometry (ICP-AES). The anions were
measured by ion chromatography (IC). The equation for calculating cation exchange capacity is:

CEC = {T, ~ Tyco, ~ Tso, + V([HCO;1+[S0,]~[Ca]) - (T¢, — VCI)
~[SO, (T, — VICI)/[CI] - [HCO, (T, — VICID/[C1}/10

where

T, is the concentration of the specified species in the magnesium-nitrate extraction solution in units of
millimoles charge/kg of soil

[1] is the concentration of the specified ion in the final rinse of the diluting solution in millimoles of
charge per liter of solution

V is the residual entrained diluting solution in the vial just prior to addition of the magnesium-nitrate
extracting solution in liters per kilogram of sediment.

3.2.8 Ammonium Acetate Extract (Exchangeable Base Cations)

The exchangeable base cations adsorbed on the composite sediment were determined by exchanging
them with high ionic strength ammonium acetate. The cations in the ammonium acetate extract were then
measured by the inductively coupled plasma (ICP) technique and the results converted to meq of each
cation displaced. The cations were then summed to get another estimate of the total cation exchange
capacity of the composite sediment.

Our method to determine the exchangeable base cations (barium, calcium, potassium, magnesium,
sodium, and strontium) is similar to the ammonium acetate procedure in ASA (1996, Part 3, pages 582-
584). We used 20 grams of air-dried sediment to 50 milliliters of 0.5 M ammonium acetate adjusted to
pH 7. The slurries were shaken for ~1 hour, centrifuged, and then filtered through 0.2-micron
membranes. The cation concentrations were then measured by the ICP technique. Unlike the method in
ASA (1996), we did not repeat the extraction three times to ensure complete removal of base cations from
exchange sites. We felt that additional extractions would be influenced by dissolution of more calcite
rather than extracting more recalcitrant-exchangeable cations from the low exchange capacity sediment.
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3.2.9 1:1 Sediment-to-Water Extract

The 1:1 sediment-to-water extracts of the samples were prepared using the procedure described in
ASA (1996, Part 3 pages 417-422). For the borehole samples, field moist aliquots were used and, based
on the known moisture contents, just enough deionized water was added to get the 1:1 ratio based on
oven-dry weight. The extracts were then analyzed for pH, electrical conductivity (EC), major cation and
anion, and trace metal composition using standard electrodes, titrators, IC, ICP, and inductively coupled
plasma mass spectrometry (ICP-MS). Approximately 50 to 100 grams of air-dried sediment was mixed
with an equal amount of deionized water (corrected for the small amount of porewater in the air-dry
sediment).

3.2.10 8 M Nitric Acid Extract

Approximately 20 grams of oven-dry sediment was contacted with 8 M nitric acid at a ratio of
~5 parts acid to 1 part sediment. The slurries were heated to ~80° C for several hours, and then the fluid
was separated by centrifugation and filtration through 0.2 micrometer membranes. The acid extracts
were analyzed for major cations and trace metals using ICP and ICP-MS, respectively. In a few
instances, both instruments could measure the concentrations leached so that independent method results
could be compared. For example, both instruments measured chromium and lead and both results are
shown to allow comparison. We are quite pleased with the agreement. The acid digestion procedure is
based on EPA SW-846 method 3050B (EPA 2000) that can be accessed online at
http://www.epa.gov/epaoswer/hazwaste/test/sw846.htm.

3.2.11 Porewater Composition

Selected samples from the two boreholes were packed in drainable cells that were inserted into an
ultracentrifuge (Beckman Model LM-8, Beckman Instruments, Fullerton, California). The sample was
centrifuged for up to 8 hours and several thousand g’s to extract the porewater from the sediment. The
pH, EC, cation, trace metals, and anions were measured using the same techniques as used for the 1:1
sediment-to-water extracts.
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4.0 Analytical Results for Composite Sediment Samples

4.1 Mass Water Content

Because of the large volume of the composite sediment samples, their moisture content was
determined after they were air dried. This is in contrast to the discrete borehole samples (discussed in
Section 5.0) whose moisture content was determined after oven drying. Slightly more moisture is
probably removed during oven drying (i.e., lower humidity) compared to air drying, therefore the results
are not exactly the same. The results, presented in Table 4.1, are typical of the residual water contents
found in air-dry coarse materials in the relatively low humidity conditions found in the laboratory. As
one would expect, the finest grain-size composite, the Ringold silt, retained the highest amount of
moisture upon air drying for the composite samples.

All the measured moisture contents from the composite samples are low compared to measurements
made on discrete samples from the field and geophysical logs because the samples were air dried to aid in
homogenization. The values in Table 4.1 have no bearing on natural conditions and are reported here
only to aid scientists who will work with the samples in laboratory experiments. The reported air-dry
water contents would be expected to change if the samples are stored in different relative humidity
conditions.

Photographs of the four composite samples in their air-dried state are shown in Figures 4.1
through 4.4.

Table 4.1. Moisture Content of Composite Sediment Samples After Air Drying

Composite Name Representative Stratigraphic Unit (lithology) Water (wt%)
Ringold Silt Upper Ringold Unit (silt) 2.17
Hanford Coarse Sand Hanford Formation Unit H1 (gravelly sand) 1.12
Hanford Fine Sand Hanford Formation Unit H2 (silty sand) 1.50
Borehole Fine Sand Hanford Formation Unit H2 (silty sand) 0.80

4.2 Particle-Size Distribution

Both dry sieving and the hydrometer methods were used to determine the particle-size distributions of
the composite samples. The dry sieving results are shown in Table 4.2 and the hydrometer/wet sieve
results are shown in Table 4.3 and Figure 4.5.
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Figure 4.1. Ringold Silt Composite Sample After Air Drying and Disaggregation.
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Figure 4.2. Hanford Coarse Sand Composite Sample After Air Drying and Disaggregation.
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Figure 4.3. Hanford Fine Sand Composite Sample After Air Drying and Disaggregation.
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Figure 4.4. Borehole Fine Sand Composite Sample After Air Drying and Disaggregation.

Table 4.2. Particle-Size Distributions for Composite Sediment Samples
Determined by Dry Sieve Method

Weight Percent Retained on Each Sieve

Composite Name 400mm | 2.00mm | 1.00mm [ 500um | 250um | 212um | 125um | 63 um <63 um
Ringold Silt 0.01 0.08 18.05 13.01 8.90 1.55 3.54 4.61 50.26
Hanford Coarse Sand 0.87 30.17 41.26 17.72 6.96 0.22 1.20 0.71 0.89
Hanford Fine Sand 0.01 0.17 0.18 0.43 432 5.86 29.22 42.57 17.26
Borehole Fine Sand 0.00 0.02 1.99 5.95 18.97 7.14 23.47 29.25 13.21

% Med. + Fine Classification

Composite Name % Gravel % Coarse Sand Sand % Silt+Clay (Folk 1968)
Ringold Silt* 0.09 31.06 18.60 50.26 Sandy mud
Hanford Coarse Sand 31.04 58.98 9.09 0.89 Gravelly sand
Hanford Fine Sand 0.18 0.61 81.95 17.26 Slightly muddy sand
Borehole Fine Sand 0.02 7.94 78.83 13.21 Slightly muddy sand
* Results in Table 4.3 are more representative of actual particle-size distribution since dry sieving apparently did not
completely disaggregate sample.
Table 4.3. Particle-Size Distributions for Composite Sediment Samples
Determined by Wet Sieving/Hydrometer Method
Classification

Composite Name % Gravel % Sand % Silt % Clay (Folk 1968)
Ringold Silt 0.00 1.82 83.91 14.27 Clayey silt
Hanford Coarse Sand 42.82 53.01 1.68 2.49 Gravelly sand
Hanford Fine Sand 0.23 72.61 20.57 6.59 Muddy sand
Borehole Fine Sand 0.00 77.43 18.19 4.38 Muddy sand
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Figure 4.5. Particle-Size Distributions for the Four Composite Sediment Samples

There is a large difference between the dry sieving and the wet sieving in the particle-size distribution
for fine-grained samples, which often tend to form sedimentary aggregates. The dispersant used to
facilitate particle separation during the wet sieving/hydrometer analysis was more effective at
disaggregating the sample than was the dry sieving technique; therefore, the data in Table 4.3 is more
representative of the true particle size, especially for the Ringold silt composite. There also appears to be
measurable agglomeration in the two fine sands that is also broken down when wet sieving is used. Thus,
we suggest that the wet sieving/hydrometer data are more accurate and useful, at least for the analysis of
fine-grained sediment.

Particle sorting is indicated by the shape of the curves in Figure 4.5. Samples that are well sorted
(e.g., Hanford fine sand) show a particle-size distribution curve with a steep midsection and flat tails on
either end of the curve. The borehole fine sand is less well sorted, which probably reflects the fact that
this sample was composited over a relatively long (10.5-meter or 34.5-foot) interval whereby many
different strata were mixed together. The Ringold silt composite is also less well sorted than the two
composites from the Hanford formation (i.e., Hanford coarse sand and Hanford fine sand).

4.3 Particle Density

The particle density results are shown in Table 4.4.
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Table 4.4. Particle Densities for Composite Sediment Samples

Sample Name Particle Density (g/cm’) Standard Deviation (3 trials)
Ringold Silt 2.612 0.008
Hanford Coarse Sand 2.742 0.005
Hanford Fine Sand 2.662 0.010
Borehole Fine Sand 2.675 0.011

Clastic sediment of the Hanford and Ringold Formations is composed mostly of quartz, plagioclase,
and rock fragments (see Tallman et al. 1979; Bjornstad 1990). However, the coarser-grained fractions of
the Hanford formation generally contain relatively higher percentages of mafic (i.e., basaltic) rock
fragments. These minerals and rock fragments have particle densities similar to those in Table 4.4.

The values for Hanford formation sediment in Table 4.4 are slightly lower than values reported by
Serne et al. (1993) (2.70 to 2.82 g/cm’), but the differences are small and are not considered significant
for most experimental applications in which the Hanford formation standards would be used. It is
encouraging to note, however, that the particle density measurements for the composite samples in
Table 4.4 compare favorably with the particle density measurements made on discrete samples from
boreholes 299-W22-48 and 299-W22-50 (see Tables 5.6 and 5.32). We suspect that the small differences
between the current work and measurements in 1993 are caused by slight differences in analytical
technique.

4.4 Calcium Carbonate and Organic Carbon Content

The carbon results are shown in Table 4.5. In general, the measurements were made on triplicate
aliquots; in some cases, more than three measurements were averaged. The calcium carbonate equivalent
(in terms of grams of calcite per gram of oven-dry sediment) is low but within the normal range for non-
pedogenically altered Hanford formation sediment. The amount of calcium carbonate is a function of (1)
how much soil development has taken place or (2) how much carbonate-cemented detrital material has
been transported and redeposited. The Hanford formation generally contains more detrital calcium
carbonate than the Ringold, because the cataclysmic floods were more effective at eroding cemented calcic
paleosols and redistributing the material. In the case of our composite samples, the Ringold has a higher
calcium carbonate content, because it is located just below (slightly over 2 meters or 6.6 feet) a well-
developed calcic paleosol sequence (equivalent to Plio-Pleistocene PPlc subunit) that caps the Ringold
Formation on the White Bluffs (see Figure 2.2). Normally the Ringold Formation contains less than 1%
calcium carbonate, regardless of grain size, unless near a paloesol (Last et al. 1989).

Although the calcium carbonate content of Hanford formation sediment varies greatly depending on
the degree of calcic-soil development, typical values are on the order of 1 to 5 wt% (Last et al. 1989).
Thus, the values for the composite samples in Table 4.5 are reasonable. More normally, however, the
Ringold Formation will contain <1 wt% calcium carbonate.
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Table 4.5. Calcium Carbonate and Organic Carbon Content (wt%) for Composite Sediment Samples

Total Standard CaCO; Standard Organic C (by Standard

Sample Name Carbon Deviation | Equivalent | Deviation difference) Deviation
Ringold Silt 0.39 0.006 2.75 0.05 0.06 0.01
Hanford Coarse Sand 0.11 0.00 0.75 0.08 0.02 0.01
Hanford Fine Sand 0.25 0.013 1.75 0.11 0.04 0.02
Borehole Fine Sand 0.28 0.007 1.92 0.06 0.05 0.01

The organic carbon content of the bulk composite sediment samples is quite low. The method used to
measure the organic carbon relies on subtracting the inorganic carbon from the total carbon in the sample
and for such low C values is not accurate. The low values are within the ranges generally reported for
Hanford formation sediment but if more accurate values are desired a different method that is more
sensitive should be used.

The values for total carbon, calcium carbonate, and organic carbon for the borehole fine sand agree
well with measurements of discrete samples analyzed from borehole 299-W22-50 (see Table 5.33) from
which the composite sample was constructed.

4.5 Bulk Chemical Composition

The bulk chemical compositions of the composite sediment samples, as determined by x-ray
fluorescence (XRF) and converted to oxides (see Section 3.2.5), are presented in Table 4.6. We have
assumed that all iron is ferric oxide, though a large proportion of the iron is probably associated with the
basaltic component of the sediment; and that iron is mostly ferrous oxide. Depending on the types of
experiments for which the Hanford Site composites are used, the assumption that all iron is ferric iron will
not be adequate. We have adjusted the total content to reflect the presence of some calcium carbonate by
converting the calcium carbonate in Table 4.5 back to percent carbonate and adding it to the XRF totals.

The three Hanford formation sediment composites show slightly more than 100% mass balance using
the stated assumptions and the Ringold silt shows about 97% of the total composition accounted for. The
major element concentrations in the composite samples of the Hanford formation generally are similar to
the concentrations in discrete core samples from boreholes 299-W22-48 and -50 (compare Table 4.6 with
Tables 5.8 and 5.34). Comparing the composite borehole fine sand sample with the discrete samples from
borehole 299-W22-50 from which the composite was derived, shows that the elemental concentrations in
the composite sample fall within the range of the concentrations of the discrete samples except for silicon
dioxide, which is slightly high, and calcium oxide, which is slightly low (neither difference is very
significant).
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Table 4.6. Bulk Chemical Composition of Composite Sediment Samples (% as Oxides)

Hanford Coarse Hanford Fine Borehole Fine

Oxide Ringold Silt Sand Sand Sand
Na,O 0.97 3.09 2.26 2.37
MgO 5.19 3.20 3.70 3.12
CO; 1.65 0.45 1.05 1.15
AlLOs 16.82 14.06 13.79 13.25
Si0, 58.94 66.24 68.67 71.03
P,05 <0.18 <0.22 <0.22 <0.20
SO; 0.06 0.07 0.11 0.06
Cl 0.04 0.03 0.04 0.04
K,0 2.88 1.92 1.92 2.39
CaO 2.44 4.39 3.93 3.13
TiO, 0.71 0.89 0.78 0.55
V,0;5 0.02 0.02 0.02 0.01
Cr,03 0.01 0.01 0.01 0.01
MnO 0.08 0.09 0.09 0.06
Fe,03 6.10 6.15 5.00 3.54
SrO 0.02 0.05 0.04 0.04
BaO 0.09 0.08 0.07 0.08
Total 96.92 102.26 102.50 101.58
Note that other trace metals are present but contribute <0.1%.

The Ringold silt shows slight differences in the concentrations of some elements compared to the
Hanford formation composites. The Ringold silt composite is lower in sodium oxide and calcium oxide
and higher in aluminum oxide, silicon dioxide, and potassium oxide than the Hanford formation
composites. These differences reflect differences in mineral content, which is due to differences in the
particle-size makeup of the samples, and in provenance. The relatively low sodium oxide and calcium
oxide reflect the lower plagioclase feldspar composition of the Ringold silt sample and the high potassium
oxide reflects the relatively high illite content of the Ringold silt compared to the Hanford formation
composites (see discussions in the mineralogy section).

Because the number of major element analyses of Hanford and Ringold Formation sediment are
limited, a larger database and experience base are needed to better account for slight differences in
composition such as are shown in Table 4.6. The bulk chemical composition of other near-surface
samples from the Hanford Site are reported in DOE/RL (1994).
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4.6 Mineralogy

The mineralogy of the bulk and silt and clay-size fractions of the composite sediment was determined
by x-ray diffraction (XRD) techniques. The XRD analyses show the Hanford formation composite
samples are dominated by quartz (30% to 80%), and plagioclase feldspar (5% to 20%), with minor
amounts (<10%) of potassium feldspar (Table 4.7).

The XRD results are in agreement with petrographic analyses of the coarser fraction of the Hanford
formation, which after rock fragments (30% to 50% of the total), is followed by approximately equal
amounts of quartz and plagioclase feldspar (15% to 30%), followed by biotite (2% to 6%) and pyroxene
(0.5% to 2.5%) (Bjornstad 1990). Additionally, calcite was identified in the Ringold silt sediment at
<5%. Clay minerals identified in the bulk sample, but not quantified, were mica and chlorite.
Comparison of the XRD tracings shows the mica and chlorite phases are more abundant in the Ringold
silt composite than any Hanford formation composites. This reflects the larger contribution of felsic
igneous and low-grade metamorphic detritus in the Ringold Formation. Micas also tend to weather and
break up into fine sand to silt-size particles and thus are more concentrated in strata with sediments in this
range. Examples of XRD tracings and semiquantification of the major minerals (quartz, feldspar, and
calcite) are provided in Appendix G. The mineralogy of other near-surface samples from the Hanford
Site are reported in DOE/RL (1994).

The clay fraction (<2 microns) of the composites is dominated by four clay minerals: illite (10A),
smectite (15A), chlorite (14.1A), and kaolinite (7A) with minor amounts of quartz (3.34A), feldspar
(3.18A), and amphibole (8.4A). The smectites, when saturated with magnesium (II) ion, gave a basal
reflection of 15.0 A, overlapping the chlorite 14.1 A peak (see Appendix G). When solvated with

Table 4.7. Semiquantitative Mineral Content of Composite Sediment Samples

Semiquantification of Minerals in Bulk Composite Samples (wt%)

Sample ID Quartz K-Feldspar Na-Feldspar Calcite
Borehole Fine Sand 50 10 20 ND
Hanford Fine Sand 80 10 20 ND
Hanford Coarse Sand 55 5 15 ND
Ringold Silt 30 5 5 <5

Semiquantification of Minerals in the Clay Fraction from Composite Samples (wt%)

Sample ID Quartz Feldspar Smectite Illite Chlorite Kaolinite
Borehole Fine Sand 5 <5 30 40 20 5
Hanford Fine Sand 5 <5 30 15 15 10
Hanford Coarse Sand 5 <5 30 15 15 5
Ringold Silt 10 <5 35 35 20 ND

ND = not detected
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ethylene glycol, the smectite structure expanded up to 17 A leaving the chlorite (14.1 A) and illite (10 A)
reflections unchanged. An additional analysis with potassium ion as the interlayer cation shifted the
smectite peak to approximately 12 A and again the chlorite and illite reflections remain unaffected.
Sample cracking on the potassium ion-saturated slide for the Hanford fine sand composite prevented
analysis of that sample. Heating the potassium ion-saturated slide collapses the smectite structure from
12 A to 10 A and the 7.01 A and 3.58 A kaolinite peaks disappear. The chlorite reflection at 14.1 A
remained constant whereas the 7.1 A and 3.54 A peaks almost disappear. The identification of kaolinite
is based primarily on XRD data (the separation of two peaks at 3.58 A and 3.55 A, the latter belonging to
chlorite), and by transmission electron microscopy (TEM) analysis. Kaolinite was not identified in the
Ringold silt composite. Additionally, trace amounts of apatite, iron oxides, and sepiolite were detected in
the clay fraction during the TEM analysis of the Hanford formation composites.

The semiquantitative analysis of minerals in the clay fraction of the composite sediment is given in
Appendix G. Overall, smectite was the dominant mineral in the clay fraction for all the composites (30 to
40 wt%). This is in general agreement with the clay-mineral composition reported in Bjornstad (1990).
[llite ranged in concentrations from a high of 40 wt% (borehole fine sand) to a low of 15 wt% and chlorite
averaged between ~15 to 20 wt%. Minor amounts of kaolinite (<10 wt%) were detected in all three
Hanford formation composite samples. Kaolinite was not identified by XRD in the Ringold silt. Quartz
and feldspar made up ~5 to 10 wt% of the clay fraction. Amphibole was identified in the clay fraction in
minor amounts; however, it was not quantified. Total recovery for the clay fraction ranged from a low of
69 wt% (Hanford fine sand) to a high of 106 wt% (borehole fine sand). Recoveries ranging from 80 to
120 wt% are acceptable for XRD semiquantification.

XRF analysis on the <2-micron fraction was conducted on both Hanford fine sand, Hanford coarse
sand, and the borehole fine sand composite samples. The results, converted to oxides, are presented in
Table 4.8. Overall, approximately 45 wt% of the clay fraction consists of silicon, followed by lesser
amounts of aluminum (~15 wt%) and iron (~12 wt%). The clay fraction contains <1 wt% of the total
iron oxide and <1.2 wt% of the total aluminum oxide in the bulk sample. Iron oxides were detected in
only trace amounts during the TEM analysis of the clay fraction, which suggests that most of the iron in
the <2-micron fraction is incorporated into the clay mineral structures (smectites, chlorites, and illites).
Based on XRF data, semiquantitative estimates of illite in the <2-micron fraction (assuming all potassium
resides in the illite structure) show ~15 and 10 wt% in the Hanford coarse sand and Hanford fine sand
composite samples, respectively. This agrees well with the XRD quantification for illite in the same
samples. However, for the borehole fine sand composite sample, illite concentration of 20 wt% is much
lower than the value of 40 wt% reported by XRD.

Analysis of illites from the Hanford fine sand by TEM showed a variation of iron content as well as
particle morphology. Dominating the illitic material were large (>1-micron)-thick platy mica particles
(Figure 4.6).
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Table 4.8. Bulk Chemical Composition of Clay Fraction (% as Oxides) in Composite Sediment Samples

Hanford Coarse Hanford Fine Borehole Fine
Oxide Sand Sand Sand
Na,O NM NM NM
MgO NM NM NM
CO;, NM NM NM
Al O; 12.80 14.31 16.79
Si0O, 45.25 43.86 47.60
P,0:s 2.66 3.17 1.23
SO, 0.07 0.09 0.06
Cl 0.14 0.23 0.14
K,0 1.61 1.21 2.49
CaO 1.83 1.77 1.00
TiO, 0.61 0.49 0.58
V,0:5 0.02 0.01 0.02
Cr,0; 0.01 0.01 0.01
MnO 0.13 0.19 0.21
Fe,0; 12.37 10.17 11.80
SrO 0.03 0.02 0.02
BaO 0.06 0.04 0.05
Note that other trace metals are present but contribute <0.1%.
NM = Analyte not measured.

These particles were abundant and easily distinguished from other clay minerals. The following
structural formula was developed from several illites containing approximately the same amount of ferric
iron:

[(K0.70C3-0.02N3-0.02)]+0'76[(All.48Feo.27Mg0.39)+0'03(Si3.24A10.76)_0'76]_0'73O10(OH)2

The tetrahedral sheet has a charge of -0.76. The octahedral sheet has a charge of +0.03 and the inter-
layer cations have a charge of + 0.76. Ferric iron content in the octahedral site ranged from 0.01 atoms to
as high as 0.50 atoms per O,,(OH), and AI’* (for both tetrahedral and octahedral positions) varied between
1.96 and 3.13 atoms per O,,(OH),. Illites in the Hanford coarse sand displayed much the same
characteristics as the Hanford fine sand.

Illites examined in the borehole fine sand could be divided into two types based on Fe*" content: <0.3
Fe** atoms per O,,(OH), and >0.3 Fe**atoms per O,,(OH),. Figure 4.7 is a common illite particle from the
borehole fine sand with a low Fe** content (0.09 atoms per O,,[OH],).
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Figure 4.6. Typical Illite Particle (~5 microns long) Common to the
Hanford Fine Sand Composite Sample

Figure 4.7. Typical Illite Particle (~3 microns long) from Clay Fraction
of the Borehole Fine Sand Composite Sample

4.11



The structural formula derived from five TEM analysis of the low iron phase is:

[(K0.74C30.02)]+0‘78[(Al1.79Feo.o9Mg0.21Tio.oz)w'm(sis.13A10,87)_0'87]+0'73O10(OH)2

The tetrahedral sheet has a charge of -0.87; the octahedral sheet has a charge of +0.14 and an inter-
layer cation charge of +0.78. High iron illites (~0.3 atoms per O,,(OH),) had similar particle morphology,
with a slight tendency to be thicker and larger in size. These illites also tended to have less Al’*
substitution in the tetrahedral sites (~1.52 atoms per O,,(OH),) and slightly more magnesium (II) ion
(~0.30 atoms per O,,(OH),).

Chlorites common to the Hanford fine sand, Hanford coarse sand, and the borehole fine sand have
chemistry ranging between a chamosite (iron-rich chlorite) to a chlinochlore (magnesium-rich chlorite).
Platy chlorite particles averaging in size from 0.5 to >2.0 microns were common throughout the samples.
Figure 4.8 is a typical example an iron-rich, platy chlorite from the borehole fine sand.

Assuming all iron as iron (II) , an average structural formula was developed from TEM data collected
from six chlorite particles from the borehole fine sand:

[(Ko, 1Cao,oz)]m'15[(A11.46Fel,45Mg2.57Ti0,07)+0‘7O(Si3.14A10.86)_0‘86]—0'léolo(OH)x

Most of the layer charge derived from the substitution of AI** for Si™ in the tetrahedral sheet is
balanced by the substitution of Mg*" and Fe** for AI’" in the octahedral sheets. There was a considerable
range of cation substitution in both octahedral sheets for chlorites examined by TEM. Iron concentrations
ranged from 0.80 to as high as 2.58 atoms per O,,(OH); and Mg** ranged between 1.29 and 3.46 atoms per
O,o(OH)s. For this structural formula, trace amounts of K" and Ca’* were placed into interlayer cations,
assuming some mixed layering material to be present in the chlorite. However, it is possible that these
cations are a part of the chlorite structure where they would occupy positions in the octahedral sheets.
Chlorites in both the Hanford fine sand and Hanford coarse sand composites tended to be richer in Fe**,
but were otherwise similar in chemistry and morphology to chlorites in the borehole fine sand.

Kaolinite was initially identified by XRD in the Hanford formation composites, then subsequently by
TEM analysis. Kaolinites typically appear as hexagonally shaped crystals as shown in Figure 4.9.

An average structural formula derived from kaolinites examined from each of the three composite
soils appear to have a minor amount of Fe’” substituting for AI’* in the octahedral sheet:

[(Al1.98Feo.02)(Si2.0)]OS(OH)4
Smectites occurred either as large aggregates of thin films or as discrete particles <0.1 micron in size.

Figure 4.10 shows a ~2-micron-size smectite aggregate from the Hanford coarse sand. Smectites are
identifiable from other clay minerals by the curled edges of individual smectite flakes.
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Figure 4.8. Chlorite Particle (~1.5 micron) from the Borehole Fine Sand Composite Sample.

Figure 4.9. A Thick, Hexagonal Kaolinite Particle (~1 micron) from the
Borehole Fine Sand Composite Sample.
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Figure 4.10. Smectite Aggregate (~2 microns) from the Hanford Coarse Sand Composite Sample

Chemical composition of the smectites was hard to establish due, in part, to isolating the particle
during the TEM analysis. Considering this limitation, and assuming all iron as Fe*', an average structural
formula was developed for the smectites using data from all three Hanford formation composites:
Hanford fine sand, Hanford coarse sand, and borehole fine sand:

[(Ko.0Nag0Cag16)]*[(Al 35F€0.1:M 0.6 Tin02) * (S5 56Al0.14) 101 (OH),
The tetrahedral sheet has a layer charge of -0.14 and the octahedral sheet has a layer charge of -0.19.
Balancing out the sheet charges are interlay cations: potassium, sodium, and calcium. This type of

smectite is classified as a calcium-rich montmorillonite because more than half of the charge originates in
the octahedral sheet.

4.7 Cation Exchange Capacity
Five grams of each sediment were used in triplicate determinations using the two methods (Polemia
and Rhoades (1977) and Amrhein and Suarez (1990)) discussed in Section 3.2. The results for the four

composite sediment samples are summarized in Table 4.9.

The cation exchange capacity results, as determined by the two methods, vary significantly. The
Amrhein and Suarez method yields lower results than the Polemio and Rhoades technique. There is a

4.14



Table 4.9. Results of Cation Exchange Capacity (meq/100 g) of Composite Sediment Samples
Using Two Different Techniques

Composite Name Polemio and Rhoades (1977) Amrhein and Suarez (1990)
Ringold Silt 285+2.4 11.6+1.1
Hanford Coarse Sand 122 +2.1 1.7£0.3
Hanford Fine Sand 18.4+2.7 7.8+3.8
Borehole Fine Sand 92+89 29£0.6

large variation in the Polemio and Rhoades results for the borehole fine sand but, in general, the
reproducibility for the other five sets of triplicates is good. Not surprisingly, both methods result in
significantly larger cation exchange capacity values for the Ringold silt compared to the Hanford
formation composites, due to the greater reactive surface area for silt. From other testing where known
amounts of reagent-grade calcium carbonate were added to sediment, we found that the Polemio and
Rhoades values may not adequately correct for calcium carbonate dissolution and the Amrhein and
Suarez method overcorrects. These observations were made for sediment that was spiked with 6 to 20
wt% calcium carbonate. At this time, we have not determined which method is more accurate for the low
exchange capacity Hanford formation sediment with low calcite contents.

The cation exchange capacity measured on the Hanford fine sand composite is comparable to those
measured on Hanford formation sediment from borehole 299-W22-48 (see Table 5.11, depths 39 to 136
feet below ground surface [bgs]). The borehole fine sand composite, on the other hand, has a much lower
cation exchange capacity than either the Hanford fine sand composite or the samples from borehole 299-
W22-48. We do not yet understand the discrepancy.

The Hanford fine sand came from a zone that has absorbed (and evaporated) a lot of meteoric water.
As aresult, it has a higher concentration of water-extractable anions (and cations) as shown in
Tables 4.10 and 4.11. Whether this has any influence on cation exchange capacity is not known.

The low cation exchange capacity for the Hanford coarse sand reflects the larger grain size (i.e., less
overall reactive surface area). The differences in cation exchange capacity may be the result of
differences in grain size and surface area rather than clay content. There are relatively few clay-size
particles in the Hanford coarse sand, borehole fine sand, or Hanford fine sand composites, as
demonstrated in Table 4.3. The Hanford formation does not contain much clay because (1) it is a young
deposit, geologically, so there has been insufficient time for diagenetic alteration either via groundwater
or soil development, and (2) it was deposited very rapidly during cataclysmic flooding (geologists
speculate that each flood lasted no more than a week), so that clay-size particles did not have enough time
to settle out of suspension before all the floodwater had drained out of the basin.

Cation exchange capacities for Hanford formation sediment that have been reported in the literature
in general are between the range of values reported in Table 4.9 for the two methods. That is, other
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Table 4.10. pH, Electrical Conductivity, Alkalinity, and Anions in 1:1 Sediment-to-Water Extracts
for Composite Sediment Samples

Hanford Hanford Fine Borehole Fine

Constituent Units Ringold Silt Coarse Sand Sand Sand
pH 7.87 7.83 7.55 7.84
EC puS/cm 441 150 1218 219
Alkalinity mg/L HCO; 113 74 113 86
F mg/L 0.27 0.26 0.26 0.44
Cl mg/L 12 6.8 180 6.1
Br mg/L 0.07 0.06 1.2 0.04
NO, mg/L <0.1 <0.1 <0.1 <0.1
NO; mg/L 42.7 4.5 32.8 8.3
PO, mg/L 0.23 0.15 0.16 0.16
SO, mg/L 73.9 11.7 289 23.8
formate mg/L 1.38 0.20 0.06 0.86
acetate mg/L 15.8 <0.1 <0.1 <0.1
oxalate mg/L 1.01 0.10 0.29 0.27

Table 4.11. Major Cations in 1:1 Sediment-to-Water Extracts (ICP) for Composite Sediment Samples

Hanford Hanford Fine Borehole Fine
Constituent Units Ringold Silt Coarse Sand Sand Sand
Na ug/L 31,261 8,140 27,825 16,510
Mg ug/L 5,193 2,487 32,558 3,233
Al ng/L 42)™ 204 <50 115
Si pg/L 9,633 12,150 18,638 3,233
P ng/L 378 256 280 332
pg/L 26,075 4,754 102,162 8,872
K ug/L 5,673 (3,294)® 8,630 (3,844)@
Ca ug/L 43,675 11,003 156,136 15,455
Ti ug/L <20 <20 <20 <20
Mn pg/L <5 <5 <5 <5
Fe pg/L 90 220 13 77
Sr pg/L 173 52 663 73
Ba ng/L 33 15 64 17
(a) Values in parenthesis are just below level of quantification but spectra looked good. Thus, a tentative
value was attributed to data.
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literature suggests that the Polemio and Rhoades technique yields cation exchange capacity values biased
high and the Amrhein and Suarez method yields values that are biased low. Therefore, the true cation
exchange capacity may lie between the values reported for the two methods in Table 4.9.

4.8 1:1 Sediment-to-Water Extraction

The 1:1 sediment-to-water extract results for the composite samples are shown in Tables 4.10 to 4.13.
Approximately 50 to 100 grams of air-dried sediment were mixed with an equal amount of deionized water
(corrected for the small amount of porewater in the air-dry sediment). In the discussion on the
characterization of the core materials, we will compare the chemical composition of the 1:1 water extracts
with actual porewater obtained by ultracentrifugation and the calculated equivalent pore chemistry from
dilution correction of the 1:1 extracts. For some constituents, the 1:1 water extracts, when corrected for
dilution with deionized water, give an accurate measure of the concentration within the native porewater.
For other constituents, the amount found in the 1:1 water extract, when dilution-corrected back to the

Table 4.12. Trace Metals in 1:1 Sediment-to-Water Extracts of Composite Sediment Samples.
Analyzed using ICP or ICP-MS methods.

Hanford Coarse Hanford Fine Borehole Fine

Constituent Units Ringold Silt Sand Sand Sand
Be pg/L <1 <1 <1 <1
B ng/L <20 <20 <20 <20
cr® ug/L 13.3 0.85 3.1 1.4
Co pg/L <1 <1 <1 <1
Ni ng/L <5 <5 <5 <5
Cu pg/L <5 <5 <5 <5
Zn ng/L <5 <5 <5 <5
As® ng/L 3.1 6.6 6.7 14.2
Se® pg/L 1.2)® 0.7® 12.3 0.8)®
Mo ug/L 5.4 (1.0) 2.0 8.9
Tc® ng/L <0.1 <0.1 <0.1 <0.1
Ru® ng/L <0.01 <0.01 <0.01 <0.01
Ag®? ng/L <0.25 <0.25 <0.25 <0.25
cd® ng/L <0.08 <0.08 <0.08 <0.08
Pb® ng/L 0.69 1.44 0.28)® 0.41)®
Bi ng/L <20 <20 <20 <20
U@ ug/L 0.38 0.29 0.29 0.58
(a) ICP-MS = inductively coupled plasma mass spectrometry method was used.
(b) Values in parenthesis are just below level of quantification but spectra looked good. Thus, a

tentative value was attributed to data.
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Table 4.13. Charge Balance for Water Extracts of Composite Sediment Samples

Hanford Coarse | Hanford Fine | Borehole Fine

Constituent Units Ringold Silt Sand Sand Sand
Alkalinity meq/L 1.86 1.21 1.86 1.41
Cl meq/L 0.34 0.19 5.08 0.17
NO; meq/L 0.69 0.07 0.53 0.13
SO4 meq/L 1.54 0.24 6.02 0.50
Total Anions meq/L 4.45 1.74 13.52 2.24
Na meq/L 1.36 0.35 1.21 0.72
Mg meq/L 0.43 0.20 2.68 0.27
K meq/L 0.15 0.08 0.22 0.10
Ca meq/L 2.18 0.55 7.79 0.77
Total Cations meq/L 4.12 1.21 11.92 1.86

porewater, over-predicts the porewater concentration because of dissolution of salts/minerals in the
sediment. For these composite sediment samples, which were air dried, we will not make comparisons
and will only report the observed chemical composition of the 1:1 water extracts. We also have converted
them to a per gram of oven-dry sediment and related the values reported on a sediment basis to the
amount extracted by strong nitric acid and the total sediment content as determined by XRF
measurements.

The data in Tables 4.10 to 4.13 show that the water extracts are dominated by calcium, sodium,
magnesium, bicarbonate, and sulfate. There are minor amounts of chloride, nitrate, potassium, and silicon
but no highly water-leachable levels of trace metals in the extracts. The water extract from the Hanford
fine sand shows high concentrations of calcium, magnesium, sodium, chloride, and sulfate compared to
the other Hanford formation sediment. There are no waste sites nearby that could have realistically
contaminated this shallow depth where the Hanford fine sand composite came from. The source for the
higher anion and cation concentrations in the Hanford fine sand sample is interpreted as evaporitic
(absorption and subsequent evaporation of naturally occurring meteoric water). The fact that this unit
retains more meteoric water is demonstrated by the presence of vegetation in Figure 2.12 and a darker
color due to a higher moisture content shown in Figure 2.14. The only source for this water is natural
recharge (i.e., percolating rain and snowmelt from the surface). Over time, the zone containing the
Hanford fine sand behaves like a sponge, absorbing a constant supply of constituents dissolved in the
groundwater and/or leached from the overlying deposits of the Hanford formation. Simultaneous
evaporation of this water over time would lead to a concentration of the dissolved constituents. In
contrast, the anions and cations are not elevated in the Hanford coarse sand composite sample, which
immediately underlies the Hanford fine sand (see Figure 2.14). This would suggest that either (1) all the
recharge water is effectively retained by the Hanford fine sand, or (2) excess recharge water is not
absorbed by, and rapidly drains through, the Hanford coarse sand.
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The Ringold silt also shows moderate amounts of the same three cations but no elevated chlorine.
Instead, there is elevated sulfate and nitrate. As shown in Table 4.13, there is an excess of anions in all
the water extracts when comparing the electrical charge balance. The inductively coupled plasma (ICP)
sulfur value shown in Table 4.11 compares quite favorably with the sulfate value measured by ion
chromatography (IC) shown in Table 4.10. The ICP phosphorous value shown in Table 4.11 is biased
high when converted to phosphate and compared to the IC data shown in Table 4.10. Because the ratio of
water to sediment used in the water extracts was 1:1, the data in Tables 4.10 to 4.13 with the units of
milligrams per liter or meq per liter also represent pug or microequivalents per gram of soil.

The data in Tables 4.10 and 4.11 show that the Ringold silt and the Hanford fine sand are relatively
similar compared to the Hanford coarse sand and borehole fine sand especially with respect to EC,
alkalinity, calcium, nitrate, potassium, sodium, and sulfate. The Hanford fine sand has particularly high
concentrations of calcium, chloride, magnesium, and sulfate. In general, the concentrations of various
constituents in the water extracts of the composite samples are similar to those in samples from boreholes
299-W22-48 and 299-W22-50, though several differences exist. For example, chloride and nitrate are
lower in the extracts from the discrete boreholes than from the composite samples. This is probably
because borehole samples are from depths beyond the influence of near-surface recharge. Other reasons
for the differences and similarities among samples may be a function of variables including grain size
(surface area), mineralogy, degree of weathering, and man-induced influences. Variations among
samples will be better understood as the database of analyses increases.

4.9 8 M Nitric Acid Extraction

The results of the acid extracts are shown in Tables 4.14 and 4.15. Table 4.16 compares the percent-
age of each element dissolved by the nitric acid extract compared to the total elemental composition in the
sediment as determined by XRF. In general, the acid extraction removes only a few percent of the total
alkali metals (potassium and sodium ), about half of the major alkaline earth metals (calcium and
magnesium), and less (about 10% to 15%) of the minor alkaline earths (barium and strontium), very little
of the silicon, about 15% of the aluminum and titanium, about 70% of the iron and manganese, and 25%
to 70% of the various trace metals. The amount of any element removed from the Hanford coarse sand by
acid digestion is less than the other three composite sediment samples. This may be a function of
mineralogy, whereby the Hanford coarse sand contains significantly more indigenous basalt, which is
depleted in trace metals, compared to the more quartz-feldspar-rich Hanford fine sand and Ringold silt
composite samples. Alternatively, the larger particles have less available surface area to react with the
acid. The Ringold silt releases a higher percentage of its elements into the acid extract, perhaps as a result
of its more highly weathered state.
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Table 4.14. Major Cations in Acid Extracts for Composite Sediment Samples.
Analyzed using the ICP method.

Hanford Coarse| Hanford Fine Borehole Fine
Constituent Units Ringold Silt Sand Sand Sand
Na pg/g 191 211 280 225
Mg ug/g 12,553 3,029 6,537 5,690
Al ugl/g 23,256 4,067 11,908 8,954
Si ng/g 11.1 823 20.0 38.1
P ng/g 316® 766 647® 539®
pg/g 435 62.7 142.5 47.9
K ug/g 2,455 704 2,079 1915
Ca ng/g 15,168 4,922 11,101 9674
Ti pg/g 541 681 1,029 696
Mn ug/g 648 187 429 316
Fe ug/g 34,626 12,814 19,741 15,094
Sr pg/g 41.2 19.9 50.8 373
Ba ug/g 110 43.9 97.3 81.2
(a) Phosphorous data is suspect from spectral/matrix interferences.

4.10 Exchangeable Base Cations

Exchangeable base cation data are shown in Tables 4.17 and 4.18. The sum of the base exchange
cations gives intermediate values between the two cation exchange capacity measurements that were
discussed in Section 4.7. The ammonium acetate extracts show that calcium is the dominant cation
(~80% to 90% of the total) that can be displaced and magnesium also accounts for about 10% of the
displaceable cations. The potassium and sodium make up the remainder of the cations. Barium and
strontium make up less than 0.1% of the base exchangeable cations. In general, the ammonium acetate
extraction yields an upper limit for the cation exchange capacity for calcareous sediment because it also
dissolves some of the calcium carbonate present.
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Table 4.15. Trace Metals in Acid Extracts of Composite Sediment Samples.
Analyzed using ICP or ICP-MS methods.

Hanford Coarse | Hanford Fine Borehole Fine

Constituent Units Ringold Silt Sand Sand Sand
Be ngl/g 0.94 0.16 0.41 0.34
B ngl/g 2.09 10.42 7.25 8.55
Cr® ng/g 39.7 4.3 17.2 14.9
Cr ng/g 40.5 4.5 16.7 14.5
Co ng/g 16.2 6.5 115 7.6
Ni ngl/g 35.4 5.7 16.6 12.8
Cu ng/'g 27.4 9.2 12.7 8.9
Zn pg/g Conflict®™ Conflict® Conflict® Conflict®
As®? ng/g 15.9 1.0 2.9 3.9
Se® ng/g <0.3 <03 <03 <0.3
Mo® ng/g 0.27 0.14 0.17 0.24
T pCi/g <0.03 <0.03 <0.03 <0.03
Ru® ng/g <0.001 <0.001 <0.001 <0.001
Ag® ng/g 0.022 0.038 0.055 0.045
Cd® ng/g 0.137 0.044 0.077 0.080
Pb® ng/g 14.90 2.45 6.38 5.93
Pb ng/g 14.22 2.84 6.07 5.40
u® ng/g 0.95 0.32 0.59 0.62

(a) Inductively coupled plasma mass spectrometry (ICP-MS) instrument was used; when not noted, ICP

was used.

(b) There were two spectral lines for zinc that were monitored and they gave conflicting data for samples
and standards. We did not feel it was useful to pursue resolution of this problem at this time.
(c) Values in bold are converted to activity per gram.

4.21




Composite Sediment Samples

Table 4.16. Percentage of the Total Element that Dissolves During Acid Extraction of

Hanford |Hanford Fine| Borehole
Constituent |Ringold Silt | Coarse Sand Sand Fine Sand

Na 3% 1% 2% 1%

Mg 40% 16% 29% 30%
Al 26% 5% 16% 13%
Si 0% 0% 0% 0%

p 40% 81% 67% 61%
S 19% 22% 31% 20%
K 10% 4% 13% 10%
Ca 87% 16% 40% 43%
Ti 13% 13% 22% 21%
Mn 101% 27% 65% 68%
Fe 81% 30% 56% 61%
Sr 26% 4% 14% 11%
Ba 14% 6% 16% 12%
Cr® 43% 10% 28% 25%
Cr 44% 11% 27% 24%
Co >25% >10% 19% >15%
Ni 75% 26% 53% 61%
Cu T7% 45% 56% 67%
As® 69% 28% 65% 111%
Se(a) - - - -

Mo® >11% >6% >7% >10%
Ag® >0% >0% >1% >1%
Cd® >1% >0% >1% >1%
Pb® 60% 19% 47% 35%
Pb 57% 23% 45% 32%
u® >12% >5% 9% >9%

(a) Inductively coupled plasma mass spectrometry (ICP-MS)
instrument was used; when not noted, ICP was used.
-- = selenium concentration in both measurements were < values.
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Table 4.17. Chemical Composition of Ammonium Acetate Extraction for Composite Sediment Samples

meq/L pg/L
Composite Name Ba Ca K Mg Sr Na Fe Mn Si

Ringold Silt 0.10 60.09 1.48 8.30 0.11 1.51 <0.25 0.001 9.03
Hanford Coarse Sand 0.05 28.80 1.36 4.67 0.06 0.53 <0.25 1.336 7.53
Hanford Fine Sand 0.06 43.87 1.32 9.23 0.09 1.03 <0.25 0.026 13.03
Hanford Fine Sand

(duplicate) 0.06 44.89 1.35 9.33 0.10 1.06 <0.25 0.026 13.04
Borehole Fine Sand 0.08 30.01 0.84 3.87 0.06 0.84 0.02 0.490 8.12

Table 4.18. Exchangable Base Cations Compared to Cation Exchange Capacities Estimates
for Composite Sediment Samples

Polemio and Amrhein and
Ammonium Acetate Rhoades (1977) | Suarez (1990)
Composite Name meq/100 g meq/100 g
Ba Ca K Mg Sr Na Sum
Ringold Silt 0.024 | 14.057 | 0.347 | 1.941 | 0.026 | 0.353 | 16.75 28.5+24 11.6+1.1
Hanford Coarse 122+2.1 1.7£0.3
Sand 0.012 | 6.743 [ 0.317 | 1.094 | 0.014 | 0.124 | 8.30
Hanford Fine Sand | 0.014 | 10.431| 0.314 | 2.181 | 0.022 | 0.246 | 13.21 18.4+2.7 7.8+£3.8
Borehole Fine Sand | 0.019 | 6.992 | 0.196 | 0.902 | 0.013 | 0.196 | 8.32 9.2+89 2.9+0.6

4.23




5.0 Analytical Results for Clean Borehole Samples

5.1 Analytical Results for Borehole 299-W22-48

Laboratory analytical results of core samples from clean borehole 299-W22-48 are presented in this
section. Sample depths, stratigraphic unit, and types of laboratory analyses performed are summarized in
Table 5.1. Sampling depths for laboratory moisture analysis are listed in a separate table (Table 5.2).

Table 5.1. Sediment Core Samples Selected from Borehole 299-W22-48 for Laboratory Analysis

Depth (ft bgs)® | Stratigraphic Unit* Analysis
1 Hla WL
6 Hla WL
9.5 Hla WL
12.5 Hla WL
14.5 Hla WL
17 Hla WL
19.5 Hla WL
22 Hla WL
24.5 Hla WL
27 Hla WL
29.5 Hla CaCO3, WL
32 Hla CaCO3, WL
37 Hla DS, WL
39.5 Hla DS, AL, WL, HY, XRD, XRF, CEC, PD, CaCO3, EBC, WL
42 H1 DS, WL
44.5 H1 DS, WL
47 H1 DS, AL, WL, HY, XRD, XRF, PD, CaCO3, EBC, WL
50 H1 DS, WL
53.5 H1 DS, WL
56 H1 DS, CaCO3, WL
57.5 H1 DS, WL
62 H2 DS
64.5 H2 DS
67 H2 DS
69.5 H2 DS
70 H2 DS
74.5 H2 DS, CaCO3, WL
77 H2 DS, AL
91.5 H2 DS, AL, WL, HY, XRD, XRF, CEC, PD, CaCO3, EBC, WL, PW
101.5 H2 DS, AL, WL, HY, XRD, XRF, CEC, PD, CaCO3, EBC, WL, PW
106.5 H2 CaCO3, WL
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Table 5.1. (Contd)

Depth (ft bgs) | Stratigraphic Unit* Analysis
115.5 H2 CaCO3, WL
136 PPz DS, AL, WL, HY, XRD, XRF, CEC, PD, CaCO3, EBC, WL
143.5 PPIz CaCO3, WL
146 PPlc AL, WL, HY, XRD, XRF, CEC, PD, CaCO3, EBC, WL
148.5 PPlc AL, WL, HY, XRD, XRF, CEC, PD, CaCO3, EBC, WL
151 Rtf CaCO3, WL
163.5 Rtf DS, AL, WL, HY, XRD, XRF, CEC, PD, CaCO3, EBC, WL
170 Rtf CaCO3, WL
172.5 Rtf CaCO3, WL
187 Rtf CaCO3, WL
192 Rwi(e) AL, CaCO3, EBC, WL

(a) Multiply by 0.3048 to convert to meters.

* See Table 2.1

AL = Acid leach (8M Nitric Acid Extraction)
CEC = Cation Exchange Capacity

CaCO3 = Calcium Carbonate and Organic Carbon

DS = Dry sieve

EBC = Exchangeable Base Cations (Ammonium Acetate Extraction)
HY = Hydrometer/wet sieve

PD = Particle Density

PW = Porewater Analysis

WL = Water leach (1:1 Sediment-to-Water Extraction)

XRD = Mineralogy

XRF = Bulk chemical composition

5.1.1 Mass Water Content

For borehole 299-W22-48, only about ~25% of the cores were opened in the laboratory and sampled
for moisture, along with other parameters. However, moisture samples were collected at least every
1.6 meters (5 feet) in the field from the drive shoe of the split-spoon during drilling. Thus, a relatively
complete moisture profile is available for borehole 299-W22-48. Moisture data for borehole 299-W22-48
are listed in Table 5.2; a vertical profile of the moisture distribution is illustrated in Figure 2.19. In Figure
2.19, moisture samples collected in the field from the drill shoe are distinguished from those collected
later in the laboratory from core liners.

The moisture data in Figure 2.19 show two zones of higher moisture within the Hanford formation
H2 unit at about 90 and 105 feet below ground surface (bgs). These are probably associated with thin
lenses of fine sand and/or silt that often occur at the tops of graded sand beds within the Hanford
formation. The PPIc subunit between 44.4 to 44.9 meters (146 to 149 feet) bgs, displays relatively high
moisture content, as does a clastic dike within the upper Ringold unit (Rtf) at 151.8 meters (170 feet) bgs.
There is moderate agreement between the laboratory-measured moisture samples and the moisture
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Table 5.2. Moisture Content (wt%) Measured in Laboratory for

Sediment Samples from Borehole 299-W22-48

Core Liner Drill Shoe
Moisture Moisture Moisture Moisture
Depth Content Depth Content Depth Content Depth Content
(ft bgs)® (wt%) (ft bgs) (wt%) (ft bgs) (wt%) (ft bgs) (wt%)
1 3.87 82 3.90 10.5 9.22 105 12.76
6 9.12 84.5 4.46 15 6.67 110 2.79
9.5 4.86 86.5 543 20 9.46 115 4.37
12 6.21 91.5 19.14 25 241 120 4.56
14.5 7.63 96.5 9.62 30 8.77 125 2.79
17 5.92 101.5 21.62 35 6.06 130 2.14
19.5 7.70 106.5 5.50 40 3.97 135 7.79
22 5.03 111.5 3.14 45 3.08 145 3.80
24.5 2.22 115.5 5.29 50.5 5.31 150 4.25
27 6.04 120.5 3.81 55 3.31 155 2.24
29 10.60 124 2.66 60 2.83 160 1.99
32 5.33 126.5 2.60 65 3.50 165 2.24
345 3.85 131.5 2.88 70.5 2.15 170 14.29
37 5.58 134 3.51 75 2.36 175 2.14
39.5 7.90 136 5.70 80 2.40 180 2.52
42 2.80 143.5 3.83 85 7.20 185.5 2.65
44.5 2.53 146 14.86 90 3.15 190.5 2.22
47 1.88 148.5 13.58 95 4.36 192 2.34
50 5.25 151 2.81 100 4.50
53.5 241 155 2.11
56 3.91 158.5 2.18
57.5 2.83 163.5 1.88
62 2.56 167.5 1.87
64.5 2.23 170 2.99
67 3.68 172.5 4.97
69.5 243 176 2.84
72 2.64 182 1.84
74.5 6.56 187 2.32
77 3.55 192 2.21
79.5 3.24 235 10.47

(a) Multiply by 0.3048 to convert to meters.
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content as determined with the neutron probe (see Appendix C and Horton and Johnson 2000), though
maxima in one set of data are frequently not observed in the other set (see Figure 2.19).

5.1.2 Particle-Size Distribution

Both dry sieving and the wet sieving/hydrometer methods were used to determine the particle-size
distribution for selected depths in borehole 299-W22-48. The results for dry sieving are presented in
Table 5.3 and wet sieving in Table 5.4. An estimate of particle-size distribution, using visual-manual
techniques, is also standard practice during geologic logging of the borehole (Appendices A and B). The
results of geologic logging and dry sieve analysis helps to define the top contact of the coarse-grained
Hanford formation H1 unit at 12.4 meters (41 feet) bgs; the bottom contact appears less pronounced at
about 18.6 meters or 61 feet (Figure 2.19).

The wet sieving data presented in Table 5.4 are skewed toward finer particle-size distributions,
compared to the results of dry sieving (see Table 5.3). This is a similar trend observed for composite
sediment samples (see Section 4.2). Table 5.5 shows a comparison between the wet sieving/hydrometer
data and the dry sieving data. The most significant difference in results between the two methods occurs
for the PPlz subunit sample (41.4 meters or 136 feet bgs) where the sand content decreases from 60% to

Table 5.3. Dry Sieve Results from Borehole 299-W22-48

Depth Stratigraphic Gravel Sand Silt/Clay
(ft bgs)® Unit (Wt%) (Wt%) (Wt%)
37 Hla 0.60 91.40 7.74
39.5 Hla 1.42 89.80 8.78
42.5 HI 63.17 36.83
44.5 HI 63.26 36.74
47 H1 73.38 22.98 3.64
50 HI 19.46 76.70 3.84
53.5 HI 21.22 77.71 1.07
56 H1 9.46 88.02 2.52
57.5 H1 2.96 92.39 4.66
62 H2 0.29 94.52 5.19
64.5 H2 0.06 95.38 4.56
67 H2 0.99 96.06 2.95
70 H2 0.96 99.04 2.89
69.5 H2 1.58 94.26 4.17
74.5 H2 1.74 86.46 11.81
77 H2 0.02 89.77 10.21
91.5 H2 0.39 94.60 5.01
101.5 H2 0.01 98.11 1.88
136 PPlz 1.06 60.33 38.56
163.5 Rtf 0.00 94.18 5.79
(a) Multiply by 0.3048 to convert to meters.
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Table 5.4. Particle-Size Distribution Determined by Wet Sieving/Hydrometer Method

Sample Stratigraphic Gravel Sand Silt Clay
(ft bgs)® Unit (wWt%) (wt%) (wWt%) (wt%)
39.5 Hla 0.16 77.59 20.58 1.68
47 Hla 64.64 18.69 15.13 1.55
91.5 H2 0.25 70.65 26.99 2.11
101.5 H2 0 78.71 18.82 2.47
136 PPIz 0.01 18.45 75.89 5.65
146 PPIc* 52.36 27.11 15.23 53
148.5 PPIc* 26.31 59.86 10.32 3.5
163.5 Rtf 0.01 89.00 9.67 1.32
(a) Multiply by 0.3048 to convert to meters.
* Wet sieving samples with high wt% of calcium carbonate dissolves several wt% of the
starting mass, which may affect reported values.

Table 5.5. Comparison of Particle-Size Distributions for Dry Versus Wet Sieving

Stratigraphic Gravel Sand Silt/Clay
Depth® Unit Type (Wt%) (Wt%) (Wt%)

39.5 Hla Dry 1.42 89.8 8.78

Wet 0.16 77.6 22.24
47 H1 Dry 73.4 23.0 3.6
Wet 64.6 18.7 16.7

91.5 H2 Dry 0.39 94.6 5.01
Wet 0.25 70.6 29.2

101.5 H2 Dry 0.01 98.11 1.88
Wet 0 78.7 21.3

136 PPz Dry 1.06 60.33 38.56
Wet 0.01 18.4 81.6

163.5 Rtf Dry 0 94.18 5.79
Wet 0.01 89.0 11.0

(a) Multiply by 0.3048 to convert to meters.

18% upon wet sieving. At the same time there is an increase in the silt /clay content with the wet sieved
sample. This suggests that the PPIz subunit sample contained many sand-sized aggregates of silt/clay that
tend to cling together, perhaps via static electrical forces generated during dry sieving. These electrical
forces leading to aggregation disperse upon being wetted with a sodium hexametaphosphate dispersing
agent. Thus, the wet sieve method appears superior to the dry sieve method. Most particle-size
distributions of Hanford sediment have used the dry sieving technique; the particle-size distributions for
the fine-grained fractions of these samples may underestimate the amount of fines in these samples.
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Figure 5.1 graphically shows the particle-size distribution (based on wet sieving/hydrometer data) of
the four shallower samples (i.e., Hanford formation), and Figure 5.2 shows the distribution for four of the
samples collected for particle-size analysis from the Plio Pleistocene unit and Ringold Formation. As
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represented in Figure 5.1, gravelly sand of the Hanford formation H1 unit is much coarser than strata
directly above or below this unit. Figure 5.2 illustrates how the PPIz and Rtf unit samples consist of
many fine-grained sedimentary aggregates, compared to the PPlc subunit, which consists of many
calcium-carbonate cemented aggregates of widely varying sizes. Because particles within the PPlc
subunit are cemented together with pedogenic calcium carbonate an accurate grain-size distribution
cannot be obtained for the PPIc via either sieving method. Another more accurate method to determine
the particle-size distribution for the PPLc subunit would be to perform a petrographic analysis, or totally
dissolve away all the carbonate cement, which makes up the bulk of the sample, and sieve the remaining
solid particles.

5.1.3 Particle Density

The particle density of bulk sediment samples was determined for selected aliquots from the borehole
299-W22-48 using pychnometers. The results are shown in Table 5.6.

The particle densities in Table 5.6 reflect the mineral composition of the Hanford formation, Plio-
Pleistocene, and upper Ringold units, which are composed of mostly quartz, plagioclase, and potassium
feldspar (discussed in Section 5.1.6). Although the values in Table 5.6 are slightly lower than those reported
by Serne et al. (1993), the differences are small, likely caused by slight differences in analytical technique,
and are not considered significant for most experimental applications in which standards would be used.
Greater particle density (2.76) for the 14.3-meter (47-foot) sample is probably a reflection of a greater
number of basalt particles in the Hanford formation H1 unit. In contrast, relatively low particle densities for
the PPlc subunit are a direct reflection of the lower density for caliche (i.e., calcium carbonate).

5.1.4 Calcium Carbonate and Organic Carbon Content

Carbon results for borehole 299-W22-48 are shown in Table 5.7; the calculated calcium carbonate
equivalent (in terms of grams of calcite per gram of oven-dry sediment) is also presented. In general, the

Table 5.6. Particle Densities for Selected Sediment Samples from Borehole 299-W22-48

Depth Particle Density Standard Deviation
(ft bgs)® Stratigraphic Unit (g/cm3) (3 trials)
39.5 Hla 2.682 0.005
47 HI 2.762 0.003
91.5 H2 2.667 0.034
101.5 H2 2.620 0.016
136 PPlz 2.661 0.003
140 PPlz 2.680 0.007
146 PPlc 2.535 0.011
148 PPlc 2.604 0.012
163.5 Rtf 2.651 0.011

(a) Multiply by 0.3048 to convert to meters.
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Table 5.7. Calcium Carbonate and Organic Carbon Content (wt%) for
Sediment Samples from Borehole 299-W22-48

Depth Stratigraphic | Total Carbon Inorganic Inorganic as | Organic Carbon
(ft bgs)® Unit (%) Carbon (%) CaCO; (%) (%)
29.5 Hla 0.18 0.16 1.33 0.02
32 Hla 0.14 0.10 0.83 0.04
39.5 Hla 0.24 0.21 1.75 0.03
47 Hl 0.20 0.15 1.25 0.05
56 H1 0.28 0.22 1.83 0.06
74.5 H2 0.29 0.24 2.00 0.05
74.5 H2 0.31 0.26 2.17 0.05
91.5 H2 0.26 0.22 1.83 0.04
101.5 H2 0.43 0.39 3.25 0.04
106.5 H2 0.25 0.22 1.83 0.03
115.5 H2 0.27 0.26 2.17 0.01
136 PPlz 0.40 0.35 2.92 0.05
143.5 PPlc 0.52 0.44 3.67 0.08
146 PPlc 4.78 4.60 38.37 0.17
148.5 PPlc 4.64 4.56 38.00 0.08
151 Rtf 0.16 0.13 1.08 0.03
163.5 Rtf 0.12 0.09 0.75 0.03
170 Rtf 0.15 0.13 1.08 0.02
172.5 Rtf 0.15 0.14 1.17 0.01
187 Rtf 0.02 0.01 0.08 0.01
192 Rwi(e) 0.02 0.01 0.08 0.01

(a) Multiply by 0.3048 to convert to meters.

calcium carbonate values for the Hanford formation, which range between about 1 and 5 wt%, are typical
for those reported elsewhere (e.g., Last et al. 1989). Samples from the PPlc subunit between 44.4 and
44 .8 meters (146 and 149 feet) bgs have naturally high calcium carbonate (up to 40 wt%) due to
pedogenic alteration and secondary cementation with calcium carbonate. The calcium carbonate content
decreases sharply again in the underlying upper Ringold unit (Rtf), which lies below the PPlc

(Figure 2.19).

The method used to measure the organic carbon relies on subtracting the inorganic carbon from the
total carbon in the sample; for such low carbon values this method is not very accurate. The low values

for organic carbon are within the ranges generally reported for sediment at the Hanford Site but if more
accurate values are desired then a different, more sensitive method should be used.

5.1.5 Bulk Chemical Composition

The bulk chemical composition of core samples from borehole 299 W22-48, as determined by x-ray
fluorescence (XRF) and converted to oxides (see Section 3.2.5), is shown in Table 5.8. We have
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Table 5.8. Bulk Chemical Composition of Sediment Samples
from Borehole 299-W22-48 (wt% as oxides)

Depth

(ft bgs)® 39.5 47 91.5 101.5 136 146 148.5 | 163.5
Stratigraphic Unit Hla H1 H2 H2 PPIz PPIc PPIc Rtf
Oxides
Na,O 2.25 2.68 2.26 2.25 1.62 0.63 1.06 2.01
MgO 3.32 4.23 3.00 3.35 4.14 7.24 4.16 2.97
CO, 0.84 0.60 0.88 1.56 1.40 18.39 18.24 0.36
Al,O3 14.19 14.55 13.13 13.36 13.21 6.24 8.03 13.11
SiO, 70.17 62.15 72.20 72.31 67.39 36.43 43.47 73.91
P,0:s <0.21 <0.25 <0.20 <0.21 <0.20 <0.32 <0.32 <0.19
SO; 0.08 0.12 0.06 0.09 0.06 0.39 0.32 0.06
Cl 0.04 | <0.02 0.04 0.04 0.03 <0.02 <0.02 0.04
K,0 2.52 1.49 2.61 2.52 2.31 0.97 1.52 2.90
CaO 3.16 7.72 3.16 3.24 3.37 24.08 20.90 2.08
TiO, 0.61 1.53 0.52 0.59 0.64 0.55 0.39 0.54
V,0:5 0.01 0.05 0.01 0.01 0.01 0.02 0.01 0.01
Cr,0; 0.00 0.01 0.01 0.01 0.01 0.00 0.01 0.00
MnO 0.07 0.14 0.06 0.06 0.06 0.25 0.05 0.05
Fe,0; 4.00 9.64 3.46 3.89 4.13 3.41 3.06 3.36
SrO 0.04 0.04 0.04 0.04 0.03 0.04 0.04 0.03
BaO 0.09 0.07 0.09 0.09 0.07 0.04 0.05 0.08
Total 101.61 105.28 | 101.75 | 103.63 98.67 99.01 101.65 101.70
(a) Multiply by 0.3048 to convert to meters.

assumed that the iron present in the sediment is all ferric oxide though there may be some reduced
(ferrous oxide) iron as well. We have adjusted the total content to reflect the presence of calcium
carbonate by converting the calcium carbonate in Table 5.7 back to percent carbon dioxide and adding it
to the XRF totals.

The data in Table 5.8 suggest two trends in bulk chemical composition that are a direct reflection of
the geology. The most obvious trend is the substantial increase in calcium oxide and carbon dioxide in
the calcic PPlc subunit (44.4 to 44.8 meters or 146 to 149 feet bgs). Less striking is a decrease in
potassium oxide and increases in calcium oxide and iron oxide in the gravelly Hanford formation H1 unit
(14.3 meters or 47 feet bgs), compared to the strata above and below. This trend is consistent with the
higher basalt content for coarser-grained facies of the Hanford formation. Basalt is composed of the
minerals plagioclase and pyroxene, which are more concentrated in the elements calcium and iron,
respectively. There also appears to be a decrease in sodium oxide and an increase in magnesium oxide in
the PPlz subunit at 41.4 meters (136 feet) bgs relative to the overlying H2 unit of the Hanford formation.
Similar trends are noted in samples from borehole 299-W22-50 (to be discussed later) and probably
represent differences in the mineralogy and/or grain size of the various sediment types.
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The calculated mass balances range between 98% and 105% with a mean of 101 £ 2 wt% for the
14 samples.

5.1.6 Mineralogy

The mineralogy of the bulk, as well as the silt- and clay-size fractions from selected depths from
boreholes 299-W22-48 and -50 was determined by x-ray diffraction (XRD) techniques (see
Section 3.2.6). The results for both boreholes are so similar that the data will only be presented once here
and in Appendix H. In fact, aside from differences in the amount of calcite present in the PPlc subunit
between the two boreholes, the overall XRD-determined mineralogy for a given geologic unit is almost
identical. Table 5.9 presents the semiquantitative mineralogical distribution for the bulk sediment
samples and Table 5.10 presents data for the clay-size fraction only from borehole 299-W22-48.

Sediment in both boreholes was largely dominated by quartz (~45% to 95%), plagioclase feldspar
(~10% to 20%), and alkali feldspar (~20% to 40%). Minor amounts of mica, chlorite, and amphibole
were also detected in the samples. As expected, the Plio-Pleistocene unit caliche (44.4 to 44.8 meters or
146 to 149 feet bgs) in borehole 299-W22-48 is predominantly composed of calcite (~40%). Lesser
mineral constituents included quartz (~20% to 25%), plagioclase feldspar (~10% to 20%), and potassium
feldspar (<10%).

Additionally, the silt fraction from selected depths was examined by XRD and appeared similar to
the bulk sediment in mineral content. XRD patterns of the bulk and silt fractions along with
semiquantitative measurements of the non-clay minerals in the bulk sediment are presented in
Appendix H for both boreholes.

Table 5.9. Semiquantitative Mineral Content (wt%) for Sediment Samples
from Borehole 299-W22-48-Bulk Sediment Sample

Sample Depth
(ft bgs)®

(Stratigraphic Unit) Quartz K-Feldspar | Na-Feldspar Calcite Total
39.5 (Hla) 60 <5 20 ND ~85
47 (H1) 20 <5 15 10 ~50
91.5 (H2) 45 40 15 ND ~100
101.5 (H2) 95 <5 20 ND ~115
136 (PPlz) 80 30 10 ND ~120
146 (PPlc) 25 <5 10 40 ~80
148.5 (PPIc) 25 10 20 40 ~95
163.5 (Rtf) 65 20 10 ND ~95
(a) Multiply by 0.3048 to convert to meters.
ND = Not detected.
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Table 5.10. Semiquantitative Mineral Content (wt%) for Sediment Samples
from Borehole 299-W22-48—Clay-Size Fraction Only

Sample Depth
(ft bgs)® Feldspa Smectit Chlorit | Kaolinit
(Stratigraphic Unit) | Quartz r Calcite e Illite e e Total
39.5 (Hla) <5 <5 Trace 25 20 15 <5 ~75
47 (H1) <5 <5 5 10 10 10 <5 ~50
91.5 (H2) <5 <5 Trace 20 35 20 <5 ~90
101.5 (H2) 10 <5 Trace 25 35 35 10 ~120
136 (PPlz) 10 <5 Trace 20 30 20 10 ~95
146 (PPlc) <5 <5 40 15 10 10 <5 ~90
148.5 (PPIc) <5 <5 40 <5 10 <5 <5 ~85
163.5 (Rtf) 10 <5 ND 30 50 30 <5 ~130

(a) Multiply by 0.3048 to convert to meters.
ND = Not detected.
Trace = Trace amount detected (<5%).

The clay fraction of sediment samples from both boreholes is dominated by the following four major
clay minerals: smectite (17.0 A), illite (10.0 A), chlorite (14.1 A), and kaolinite (7.0 A). The individual
XRD patterns of magnesium (II) -saturated, ethylene-glycol solvated clay fractions are presented in
Appendix H. The smectite (001) basal reflection expanded to 17 A when saturated with ethylene glycol.
Illite had a (001) basal reflection of 10.0 A and a (002) basal reflection of 5.0 A. Presence of chlorite was
confirmed by the (001) basal reflection at 14.1 A, in addition to the (003) and (004) reflections at 4.74 A
and 3.52 A, respectively. The identification of kaolinite is based on the (002) reflection. The first two
basal reflections for kaolinite, (001) and (002), have d-spacing of 7.1 A and 3.58 A, which overlap the
chlorite (002) and (004) basal reflections, making identification difficult. Careful examination of the
XRD patterns from both boreholes showed a kaolinite (002) reflection on the shoulder of the chlorite
(004) reflection. Minor amounts of quartz, feldspar, calcite, and amphibole were detected in the clay
fraction of both boreholes, along with substantial amounts of calcite from the PPlc subunit (44.4 to
44.8 meters or 146 to 149 feet bgs) in borehole 299-W22-48. Additionally, transmission electron
microscopy (TEM) analysis of the clay fractions confirmed the presence of kaolinite and identified trace
amounts of minerals such as iron oxide, anatase, apatite, and sepiolite.

The XRD semiquantitative measurements of minerals in the clay fraction are given in Appendix H.
Quantitative measurements of the clay minerals were made after the removal of calcite, and measurements
of non-clay minerals (calcite, quartz, amphibole, and feldspar) were made prior to any treatments.
Overall, smectite (17.1 A) ranged in concentration from 10 to 30 (wt%). Illite (10 A) concentrations
ranged from ~10% to 50% and chlorite (14.1 A) concentrations were a little less (~5 to 35 wt%). Minor
amounts of kaolinite (~5% to 10%) were also detected. Quartz, feldspar, and amphiboles made up less
than ~15 wt% of the clay fraction. Approximately 40 wt% calcite was detected in the clay fraction from
the PPlc subunit (44.4 and 45.1 meters or 146 and 148.5 feet bgs) in borehole 299-W22-48, which is
consistent with the amount of calcium carbonate measured via inorganic carbon analysis (see
Section 5.1.4). Less calcite (~25 wt%) was observed within the PPlc unit in borehole 299-W22-50.
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Total mass balance for the clay fraction ranged from a low of 45 wt% to a high of 130 wt%.
Recoveries ranging from 80% to 120% are considered acceptable for XRD semiquantification (Newman
1987). Low recoveries for semiquantitative measurements by XRD can be attributed to several factors.
The clay fractions having a significant amount of calcite removed during treatment generally produced
low recoveries. The <2-micron fractions in borehole 299-W22-48 (14.3 meters or 47 feet bgs) and
borehole 299-W22-50 (50, 60, and 140 feet bgs) had calcite concentrations between 5 to 25 wt%. After
treatment to remove calcite from these depths, the amount of clay remaining was not adequate to prepare
a sample valid for semiquantitative measurements. Sample degradation (peeling, curling clay substrates)
also added to the problem.

The only consistent trend in the mineral content of samples from borehole 299-W22-48 is the
substantial increase in calcite, relative to other minerals, for the PPlc subunit. This trend is noted in both
the bulk sample as well as the <2-micron fraction.

Analysis of illites by TEM from borehole 299-W22-48 (39, 91.5, and 163.5 feet bgs) and 299-W22-
50 (15.8 and 35.3 meters or 50 and 116 feet bgs) showed large angular platy particles. Figure 5.3 is an
example of a typical illite particle with minor amounts of iron. Using data from TEM analysis and
assuming all iron as iron (III), the following structural formula was calculated from data collected from
10 illite particles in sample 49.8 meters (163.5 feet) bgs:

Figure 5.3. Typical Illite Particle from Borehole 299-W22-48 (163.5 feet bgs)
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[K0.74cao.02Nao.02]+0'80[(All.szMgo.zeFeo.16Ti0.02)+0'0(Si3.19A10.81)_0'8l]_O'SIOlo(OH)z

As in muscovite, the layer charge in illite originates from the substitution of AI** for Si** in the
tetrahedral sheet. No excess layer charge is created with the minor substitutions of Mg, Fe*", and Ti*" for
AT in the octahedral sheet. The interlayer charge of +0.80 balances the charge on the 2:1 silicate
structure. Iron content varied from a low of 0.04 to a high of 0.26 atoms per O,,(OH),. Examination of
illites from four other depths showed similar chemistry and morphology to the illites in the 49.8—meter
(163.5-foot) bgs depth sample.

Chlorite particles were typically found at all depths in both boreholes. The particles were charac-
terized as large platy particles with angular edges. Figure 5.4 is an example of a chlorite particle from the
Hanford formation H2 unit in borehole 299-W22-48 (27.9 meters or 91.5 feet bgs). The chlorite particle
is the large platy particle in the lower half of the figure. Chemistry of the chlorite particles ranged
between magnesium-rich and iron-rich varieties. Assuming all the iron is ferrous, a structural formula
was developed for similar chlorite particles examined from 27.9 meters (91.5 feet) bgs in borehole
299-W22-48:

[(C30403]+O'06[(A11 saMgsuiFe; s Tio,02)+0'60(Si3‘3 1A10.69)'0'69] O, o(OH)s

T
=alBfl CBIY Nk

Figure 5.4. Chlorite Particle from Borehole 299-W22-48 (91.5 ft bgs)
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The layer charge of -0.69 resulting from the Al” substituting for Si* in the tetrahedral sheet is
compensated by the charge derived from substitution in the octahedral sheet. Fe™ content varied from a
low of 1.22 to a high of 1.57 atoms per O,,(OH); whereas Mg"? ranged from a low of 1.72 to a high of
3.38 atoms per O,,(OH);. Minor amounts of Ti** were routinely detected in chlorite particles along with
trace amounts of Ca™, Na"', and K*'.

Smectite clay mineralogy was examined by TEM and was mostly limited to the smaller size particles
(<0.5 microns) in the sample. Figure 5.5 is an example of fine delicate smectite flakes with thin curled
edges common to the Rtf unit 49.8 meters (163.5 feet) bgs in borehole 299-W22-48.

Chemical composition of the smectites was hard to establish, due in part to the difficulty of isolating
the aggregates from other minerals in the sample during TEM analysis. Considering this limitation, a
structural formula was developed using data collected from an average smectite particle at the 49.8-meter
(163.5-foot) depth in borehole 299-W22-48:

[(CagosMgo10)] **°[(AlyssMgo ssF e 07Tig.01) **'(Si3 72Aly 25) "] **01o(OH),

Substitution of AP’* into the tetrahedral site for Si** causes a layer charge of -0.28, which is balanced
by the interlayer cations, Mg*" and Ca**. Occupying octahedral sites are trivalent cations (A, Fe**) and,
in lesser amounts, the divalent cation (Mg*"). Trace amounts of Ti*" were also detected in the octahedral
sites of most smectites. Although only a few smectites were examined from

Figure 5.5. Thin Smectite Flakes from the Rtf Unit (163.5 ft bgs) in Borehole 299-W22-48
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each depth by TEM, minor variations in chemistry were limited to the proportions of individual cations
occupying octahedral sites. Smectite particles had Fe** ranging between 0.24 and 1.07, atoms per
0,o(OH),, which caused variations in the octahedral AI** content.

Kaolinite particles were platy in habit and often consisted of aggregates of smaller individual
particles. Figure 5.6 is a very well-defined kaolinite particle with the characteristic hexagonal
morphology.

Most kaolinite particles in borehole samples did not have a well-defined morphology like that in
Figure 5.6 and, thus, were not easily identified by appearance. The structural formula developed from
TEM data collected from kaolinite particles in borehole 299-W22-48 (27.9 meters or 91.5 feet bgs) is:

(A13.99F e0.02)(Si3.961A‘10.04)O 1 O(OH)S

The ideal structure for kaolinite in A1,Si,0,i(OH);. The small amount of iron substitution into the
octahedral sheet leads to a slight excess positive charge while the small substitution of AI** for Si in the
tetrahedral sheet leads to a comparable excess negative charge. All kaolinites examined by TEM from
both boreholes had some degree of Fe** substitution for AI’* in the octahedral layer.

Figure 5.6. Kaolinite Particle from the H2 Unit in Borehole 299-W22-48 (91.5 ft bgs)
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5.1.7 Cation Exchange Capacity

Values for cation exchange capacity collected for sediment samples in borehole 299-W22-48 are
presented in Table 5.11. Results are reported using two different techniques, one by Polemio and
Rhoades (1977) and the other by Amrhein and Suarez (1990), described in Section 3.2.7.

The greatest cation exchange capacity in Table 5.11 is associated with the PPIc subunit. The reason
for this is uncertain in light of the XRD results, which indicate that the PPLc contains overall fewer clay
minerals (Table 5.10). Clay minerals are generally thought to have a greater cation exchange capacity
than other minerals. The PPlc subunit represents a well-developed calic paleosol that underwent
extensive weathering and alteration, including translocation and concentration of clay minerals. The
calcium carbonate cement in the PPIc subunit probably includes abundant clay-size particles, along with
other grain-size fractions. We believe that clay particles are likely abundant in the PPlc unit but tightly
bound together by the cement, which didn’t disaggregate during sieving.

As reported for the composite samples (Section 4.7), the results obtained with the two different cation
exchange capacity methods vary significantly. The Amrhein and Suarez method yields lower results than
the Polemio and Rhoades technique. There is a large variation in the Polemio and Rhoades results for the
27.9-meter (91.5-foot) bgs sample and the Amrhein and Suarez results for the 45.3-meter (148.5-foot) bgs
sample but, in general, the reproducibility for the other 12 sets of triplicates is good. It would appear that
the Polemio and Rhoades method may not correct for calcium carbonate dissolution or, less likely, the
Amrhein and Suarez method overcorrects. Presently, it is unclear which cation exchange capacity method
is the most accurate.

The cation exchange capacity results from the Plio-Pleistocene unit presented in Table 5.11 are
inconsistent with those from a previous study performed on contaminated sediment from borehole 41-09-
39 (Myers et al. 1998) located within the SX Tank Farm. In the 41-09-39 borehole, <2-millimeter-size
sediment was analyzed for cation exchange capacity using the Polemio and Rhoades method; results are
presented in Table 5.12. Comparing results from the same method in Tables 5.11 and 5.12, it is apparent

Table 5.11. Comparison of Cation Exchange Capacity (meq/100 g) Between Sediment Samples
from Borehole 299-W22-48 Using Two Different Analytical Methods

Polemio and Amrhein and Suarez

Depth (ft bgs)(“) Stratigraphic Unit Rhoades (1977) (1990)
39.5 Hla 16.5+3.9 6.1+£0.2

91.5 H2 13.3+7.0 48+0.4

101.5 H2 16.3+1.0 6.0+0.4

136 PPIz 252+3.0 89+25
146 PPlc 39.6 +5.6 194+22
148.5 PPlc 26.7+0.8 13.2+5.1

163.5 Rtf 15.7+1.7 5.2£0.2

(a) Multiply by 0.3048 to convert to meters.
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Table 5.12. Additional Cation Exchange Capacity Data Obtained from Sediment
Samples in Borehole 41-09-39 (from Myers et al. 1998)

Sample Number Stratigraphic Unit CEC (meq/100 g)

2C/D PPlz 13.1
2A/B PPz 14.7
3A/B PPlz 15.6
10A/B PPz 15.3
12A/B PPlc 9.4
17A/B Rtf 14.7
38A/B Rwi(e) 1

47A/B Rwi(e) 2.9
58A/B Rwi(e) 3

that cation exchange capacity is about 3 times less for the PPlc subunit and about 1.5 times less for the
PPIz subunit within the 41-09-39 borehole. We believe that the data in Table 5.11 may be biased high,
based on data in Table 12 et al. (1988). Kaplan et al. (1998) published a set of cation exchange capacity
values for eight samples from a Hanford formation sand sequence in the 200 East Area (borehole 299-
E17-21). Their values ranged from 2.3 to 11 meq/100 g. Those values, though generally low, are more
comparable to the values obtained by the Amrhein and Suarez method in this study. Interestingly, Kaplan
et al. (1998) used the Polemio and Rhoades technique.

5.1.8 Exchangeable Base Cations

The results of base cation exchange, obtained via ammonium acetate extraction (see Section 3.2.8),
are presented in Tables 5.13 and 5.14. Table 5.13 shows the base cations and iron, manganese, and
silicon dissolved or displaced from the sediment. Calcium and magnesium (especially within the PPlc
subunit) dominate the cations extracted by the ammonium acetate solution. The PPIc also shows higher
concentrations of silicon are dissolved during the extraction. Table 5.14 shows the sum of the base
cations displaced/dissolved from the sediment compared to the estimates of the cation exchange capacity
presented in Section 5.1.7. In general, the sum of the displaced base cations falls between the values for
the two cation exchange capacity measurement techniques, except for the two PPlc samples where the
sum of the base cations is slightly lower than the Amhrein and Suarez estimates. The base cations that are
displaced are dominated by alkaline earth elements (calcium and magnesium). The contribution of the
alkali metals (sodium and potassium) to the natural distribution of exchangeable cations is small (<10%).
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Table 5.13. Exchangeable Base Cation Composition of Sediment Samples in Borehole 299-W22-48

Sampling Depth meq/L ug/L
(ft bgs)®
[Stratigraphic Unit] Ba Ca K Mg Sr Na Fe Mn Si

39.5 [Hla] 0.07 27.60 0.89 3.13 0.04 1.01 | <0.25 | 0.782 8.58
47 [H1] 0.14 37.08 2.13 6.04 0.07 1.45 | <0.25 1.119 9.74
91.5 [H2] 0.08 34.82 1.02 7.12 0.08 1.17 | <0.25 | 0.101 8.34
101.5 [H2] 0.11 40.09 1.16 7.20 0.08 1.25 | <0.25 | 0.050 9.02
136 [PPIz] 0.14 38.05 1.23 7.45 0.08 | 0.95 | <0.25 | 0.238 |10.56
146 [PPIc] 0.11 42.09 1.29 | 18.30 0.10 1.57 | <0.25 [<0.125 |35.77
148.5 [PPIc] 0.07 37.62 0.92 | 11.91 0.09 | 093 |<0.25 | 0.013 |32.73
163.5 [Rtf] 0.06 26.83 0.80 5.63 0.05 | 0.57 | <0.25 | 0.623 9.85
192 [Rwi(e)] 0.12 14.43 1.62 6.62 0.05 | 0.96 | <0.25 | 0.836 |10.19
(a) Multiply by 0.3048 to convert to meters.

Table 5.14. Comparison of the Base Cation Sum and Cation Exchange Capacity
Measurements from Sediment Samples in Borehole 299-W22-48

Cation Exchange Capacity
Polemio and | Amrhein and
Sampling Depth Exchangeable Base Cations Rhoades (1977)| Suarez (1990)
(ft bgs)® meq/100 meq/100 g
[Stratigraphic Unit] Ba Ca K Mg Sr Na Sum
39.5 [Hla] 0.017 | 6.454 [0.208 | 0.731 | 0.010 | 0.236 | 7.66 16.5+3.9 6.1£0.2
47 [H1] 0.033 | 8.683 [0.498 | 1.414 | 0.017 | 0.340 [ 10.99 not done not done
91.5 [H2] 0.018 | 8.145 [0.239 | 1.665 | 0.018 | 0.274 [ 10.36 13.3+7.0 48+04
101.5 [H2] 0.026 | 9.383 [0.272 | 1.686 | 0.019 | 0.292 [ 11.68 16.3+1.0 6.0+04
136 [PPIz] 0.033 | 8.911 [0.287 | 1.744 | 0.018 | 0.223 [ 11.22 252+3.0 89+25
146 [PPIc] 0.025 | 9.849 [0.302 | 4.281 | 0.024 | 0.368 | 14.85 39.6 £5.6 19.4+22
148.5 [PPIc] 0.017 | 8.801 [0.216 | 2.786 | 0.020 | 0.218 [ 12.06 26.7+0.8 13.2+5.1
163.5 [Rtf] 0.014 | 6.275 | 0.186 | 1.317 | 0.012 [ 0.133 | 7.94 15.7+1.7 5.2+0.2
192 [Rwi(e)] 0.027 | 3.376 [0.378 | 1.548 | 0.012 | 0.224 | 5.57 not done not done

(a) Multiply by 0.3048 to convert to meters.

5.1.9 1:1 Sediment-to-Water Extraction

The 1:1 sediment-to-water extract results for samples from borehole 299-W22-48 sediment are
shown in Tables 5.15 to 5.18. Later, in the discussion of the characterization of the core materials, we
compare the chemical composition of the dilution-corrected 1:1 water extracts with actual porewater
obtained by ultracentrifugation. For some constituents, the water extracts, when corrected for dilution
with deionized water, give an accurate measure of the concentration within the native porewater. For
other constituents, water extract data, when dilution-corrected back to the porewater, over-predicts the
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Table 5.15. pH, Electrical Conductivity, Alkalinity, and Anions in Water Extracts
from Sediment Samples in Borehole 299-W22-48

Constituent pH EC Alk F Cl NO, NO; PO, SO,
Sample |Stratigraphic mg/L
(ft bgs)® Unit uS/em | CaCO; | mg/L mg/L mg/L mg/L mg/L mg/L
1 Hla 1.56 1.27 <0.1 7.06 0.21 2.42
6 Hla 1.90 0.42 <0.1 7.94 <0.1 5.48
9.5 Hla 1.43 0.39 <0.1 5.89 0.27 8.79
12.5 Hla 3.04 0.32 <0.1 437 0.24 5.64
14.5 Hla 2.65 0.30 <0.1 4.46 0.29 14.62
17 Hla 2.66 0.35 <0.1 7.10 0.37 15.20
19.5 Hla 1.74 0.72 <0.1 9.79 <0.1 15.70
22 Hla 1.03 0.49 <0.1 14.50 0.35 16.90
24.5 Hla 0.95 0.37 <0.1 5.27 0.34 18.20
27 Hla 1.39 0.49 <0.1 11.00 0.28 18.30
29.5 Hla 7.38 224 47.94 0.95" 0.32" <0.1 7.89" 0.27" | 20.68"
32 Hla 7.97 171 41.60 0.62 0.26 <0.1 6.97 0.30 9.14
34.3 Hla 0.79 0.39 <0.1 5.20 0.63 9.88
37 Hla 0.72 1.43 <0.1 11.90 0.28 14.80
39.5 Hla 7.39 180 33.14 0.55 0.65 <0.1 13.75 <0.24 14.75
42 H1 0.74 0.43 <0.1 3.99 0.13 11.85
44.5 H1 0.63 0.42 <0.1 3.69 0.18 18.40
47 H1 7.30 126 28.91 0.58"" 0247 | <01 2.76" 0.13" 9.26"
50 Hl 0.65 0.84 <0.1 10.90 0.25 12.10
53.5 Hl 0.49 0.53 <0.1 2.46 <0.1 10.10
56 H1 7.20 142 NA 0.45 1.05 <0.1 1.00 0.13 11.47
57.5 H1 0.57 1.72 <0.1 7.07 0.12 13.40
74.5 H2 7395 | 216 36.00 0.50 5.06 <0.1 7.28 0.33 24.06
91.5 H2 0.60 4.83 <0.1 8.44 0.39 13.60
101.5 H2 0.63 5.48 <0.1 9.82 0.34 17.15
106.5 H2 7.70 177 33.84 0.33 6.45 <0.1 5.19 <0.1 10.40
115.5 H2 7.39 182 38.07 0.36 2.28 <0.1 7.55 0.38 12.30
136 PPlz 7.20 214 40.19 0.45 1.32 <0.1 22.70 0.50 11.90
143.5 PPlz 7.12 186 34.55 0.27 0.71 <0.1 16.20 0.35 11.10
146 PPlc 7.39 441 47.47 0.91 3.57 <0.1 75.20 0.17 44.40
148.5 PPlc 7.48 291 41.6 1.27 1.84 <0.1 42.80 <0.1 16.90
151 Rtf 7.56 208 4935 1.21 1.68 <0.1 4.16 <0.1 5.45
163.5 Rif 7.46 117 29.96 0.49 0.45 <0.1 6.95 0.11 1.69
170 Rtf 7.40 116 31.02 0.46 0.49 <0.1 7.34 0.21 1.84
172.5 Rtf 7.33 190 31.73 0.50 0.40 <0.1 1.96 <0.1 1.50
187 Rtf 7.58 53 15.51 0.48 0.59 <0.1 9.91 <0.1 1.86
192 Rwi(e) 7.78 120 18.33 1.37 1.55 <0.1 9.10 0.29 10.00

(a) Multiply by 0.3048 to convert to meters.
*Data in bold is average of duplicate extracts.
**Data in italic is the average of triplicate extracts.
INA = Not analyzed.
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Table 5.16. Major Cations in Water Extracts from Sediment Samples in Borehole 299-W22-48.
Cation concentration measured by ICP method.

Sample Depth
(ft bgs)®

[Stratigraphic Na Mg Al Si P S K Ca Mn Fe Sr Ba
Unit] mg/L | mg/L | pg/L | mg/L png/L mg/L | mg/L | mg/L | pg/L | pg/L | pg/L | pg/L

29.5 [H1a] 28.97 142 |1 (35) 17.71 91) 7.18 4.67 6.78 (1) 492 [ 297 [27.6
32.0 [Hla] 21.10 1.16 [ (49) 1646 [(113) 2.95 4.12 6.00 (1) [688 | 21.1 [122
39.5 [Hla] 20.09 1.24 | (29) 10.57 [ <500 4.54 3.83 6.66 () [(a7) 243 | 155
47.0 [H1] 12.70 1.07 |1 (48) 10.46 2) 3.26 2.93 5.28 (1) | 425 [ 254 [21.2

56.0 [HI] 15.36 2.29 50.7 9.06 | (135) 4.00 4.70 8.89 3) |43.1 374 | (9
74.5 [H2] 16.45 3.56 76.1 9.55 (83) 8.98 4.36 | 10.75 1) [450 [ 62.0 | 173
91.5 [H2] 19.14 2.86 | 286 12.80 [ (197) 5.30 3.47 9.55 2) [932 [ 499 [17.0
101.5 [H2] 20.19 2.75 1272 13.64 [ (169) 6.36 345 | 11.95 3) 1909 [ 593 [299
106.5 [H2] 14.21 2.15 85.0 8.94 (36) 4.14 3.60 9.65 (1) | 632 | 485 [16.9
115.5 [H2] 14.81 2.27 54.8 | 11.33 (21) 4.94 336 | 1047 (@) 58.7 [ 571 [ 279
136.0 [PPIz] 16.50 3.21 68.5 | 11.76 |(110) 4.78 3.84 | 12.92 (1) [392 [ 659 | 323
143.5 [PPIz] 11.32 3.66 |(10) 8.83 (88) 4.21 3.27 | 11.23 (€)) ®) 61.0 | 29.5
146.0 [PPIc] 22.44 | 12.21 5) 26.28 |(207) [15.83 5.00 | 29.60 0) 5) 186 29.6
148.5 [PPIc] 15.29 7.52 8 28.10 [ <500 6.40 3.99 | 1847 0) (955 |121 24.9
151.0 [Rtf] 17.55 4.70 |(29) 18.91 (81) 2.39 6.11 | 10.39 4 |19 60.9 | 16.5
163.5 [Rtf] 7.24 2.68 (25 11.73 [ <500 0.83 247 6.65 0) |[(16) 382 [ 11.9
170.0 [Rtf] 7.13 293 (3D 12.78 [ <500 0.89 2.82 7.30 (2) 332 [ 413 [ 446
172.5 [Rtf] 8.22 2.80 [(29) 13.06 (18) 0.70 3.62 7.01 @O 1@y 39.3 [ 19.0

187.0 [Rtf] 4.74 0.51 [(28) 12.70 [ (145) 0.77 1.58 1.31 (2) | 463 (7) (8)
192.0 [Rwi(e)] 13.95 0.74 65.2 | 11.65 | (125) 3.84 4.22 1.75 (2) |40.7 [@10) 16.5

(a) Multiply by 0.3048 to convert to meters.
Values in parenthesis are just below level of quantification but spectra looked good. Thus, a tentative value was attributed to
data. Data in bold is average of duplicate extracts.

porewater concentration because of dissolution of salts/minerals in the sediment. We also have converted
the water extracts to a per gram of oven-dry sediment for comparison to geochemical results obtained by
other methods (i.e., acid extraction and bulk chemical composition [ XRF]).

The data in Tables 5.15 to 5.18 show that the water extracts are dominated by calcium, magnesium,
sodium, bicarbonate (based on the pH and alkalinity data), sulfate, and nitrate. There are minor amounts
of chloride, potassium, and dissolved silicon but no elevated levels of trace metals, except in the PPlc
subunit. The PPlc water extract data show elevated levels of natural uranium and selenium as well as
electrical conductivity (EC), alkalinity, calcium, magnesium, silicon, strontium, sulfate, and nitrate
compared to the other geologic strata. In contrast, the Ringold Formation water extracts show lower
alkalinity, barium, chromium, sodium, and uranium concentrations compared to the Hanford formation
and Plio Pleistocene unit water extracts. In all but two instances the cation-anion balance in Table 5.18
agrees within 10%, suggesting we have an internally consistent data set. Because the ratio of water to
sediment used in the water extracts was 1:1, the data in Tables 5.15 through 5.18 with the units of mg/L
and pg/L or meq/L also represent milligrams or milliequivalents per kilogram of soil, respectively.
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Table 5.17. Trace Metals in Water Extracts of Sediment Samples from Borehole 299-W22-48

Sample Depth
(ft bgs)®

[Stratigraphic B Cr* Co Ni Cu Zn As* Se* Mo* Te* Pb* U*

Unit] pg/L pg/L ng/L pg/L pg/L pg/L ng/L ng/L ng/L ng/L ng/L ng/L
29.5 [H1a] ®) (0.32) <10 <100 <25 30.9 375 (0.69) 3.97 (0.00) (0.16) 2.84
32.0 [Hla] 3) (0.37) 1.4 <100 <25 15.0 32.1 (0.15) 2.35 (0.00) (0.03) 1.47
39.5 [Hla] 0) (0.39) <10 <100 <25 227 21.6 (1.06) 4.81 (0.00) 0.29) 1.76
47.0 [H1] <100 (0.19) 1.1 <100 <25 22.3 9.45 (0.29) 1.20 (0.00) (0.25) 0.530
56.0 [H1] “ (0.07) 1.0 <100 <25 16.3 9.52 (0.23) 11.35 (0.00) (0.16) 1.47
74.5 [H2] (6) 0.470 <10 <100 <25 23.1 21.6 (0.65) 7.08 (0.00) (0.18) 0.430
91.5 [H2] 2003 0.551 1.3 <100 <25 15.7 22.5 (3.84) 17.64 (0.00) 0.455
101.5 [H2] 1996 0.985 <10 <100 <25 20.0 19.2 5.77 242 <0.025 0.430
106.5 [H2] 6) 0.530 <10 <100 <25 24.5 17.1 (2.25) 12.1 (0.00) (0.22) 0.375
115.5 [H2] (10) 0.940 1.8 <100 0) 26.9 21.2 (3.15) 10.6 (0.00) (0.31) 0.530
136.0 [PPIz] ®) 0.665 1.5 <100 <25 44.1 26.4 12.9 9.5 (0.00) (0.14) 0.510
143.5 [PPIz] (@) (0.21) 1.1 <100 <25 25.6 9.20 6.55 17.3 <0.025 (0.14) 0.970
146.0 [PPIc] (11) 1.86 1.4 <100 <25 29.3 8.44 36.50 57.2 (0.00) (0.08) 7.90
148.5 [PPIc] 3) 0.690 <10 <100 <25 233 10.8 14.8 9.9 (0.00) (0.75) 5.68
151.0 [Rtf] “ (0.07) 0.9 <100 2) 22.1 8.56 (3.22) 7.58 (0.00) (0.04) 2.48
163.5 [Rtf] <100 (0.05) 2.0 <100 <25 27.8 15.0 (2.67) 5.17 (0.00) (0.01) 0.245
170.0 [Rtf] 0) (0.24) 0.0 <100 <25 86.8 12.4 (3.39) 5.99 <0.025 (0.22) 0.565
172.5 [Rtf] (€))] 0.17) 22 <100 <25 23.8 10.6 (1.80) 6.94 (0.00) (0.06) 0.920
187.0 [Rtf] <100 (0.19) 1.4 <100 <25 26.3 6.31 425 3.54 (0.00) (0.09) 0.000
192.0 [Rwi(e)] (©)] (0.26) 0.8 <100 <25 96.7 6.80 5.78 7.14 <0.025 (0.13) 0.032

(a) Multiply by 0.3048 to convert to meters.

*[CP-MS instrument was used.

Values in parenthesis are just below level of quantification but spectra looked good. Thus, a tentative value was attributed to data. Data in bold
are average of duplicate extractions.

Some notable trends are seen in the water extract data. The calcic PPIc subunit is unique,
geochemically, apparently because it is the only stratigraphic unit sampled that has gone through a long
period of intense pedogenic alteration. Most noticeably, the PPlc has a significantly higher EC and is
enriched in at least two anions (nitrate, sulfate) and several cations (silica, magnesium, calcium) (see
Tables 5.15 and 5.16). The PPlc is also enriched in several trace elements including chromium, selenium,
molybdenum, strontium, and uranium (see Table 5.17). At the same time, the PPIc is depleted in water-
leachable aluminum relative to the other stratigraphic units. All these constituents were probably retained
during soil-formation processes when this paloesol was developing during late Pliocene and/or early
Pleistocene time.

Also noticeable in the water extracts, but less dramatic, are greater chloride contents in the Hanford
formation H2 unit, 22.7 to 35.2 meters (74.5 to 115.5 feet) bgs and lower magnesium concentration in the
upper portion of the Hanford formation sequence (Hanford formation H1a unit, <14 meters or
<47 feet bgs) relative to the other stratigraphic units. The latter differences are not great and analyses of
additional samples are needed to better substantiate and define chemical dissimilarities among different
strata within the Hanford formation.
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Table 5.18. Charge Balance in Water Extracts of Sediment Samples from Borehole 299-W22-48

Sample Depth
(ft bgs)® Alk F Cl NO; SO, >An Na Mg K Ca > Cat
[Stratigraphic Unit] | meq/L meq/L meq/L meq/L meq/L | meq/L | meq/L | meq/L | meq/L meq/L meq/L
29.5 [Hla] 0.96 0.05 0.01 0.13 0.43 1.58 1.26 0.12 0.12 0.34 1.83
32.0 [H1a] 0.83 0.03 0.01 0.11 0.19 1.17 0.92 0.10 0.11 0.30 1.42
39.5 [Hla] 0.66 0.03 0.02 0.22 0.31 1.24 0.87 0.10 0.10 0.33 1.41
47.0 [H1] 0.58 0.03 0.01 0.04 0.19 0.85 0.55 0.09 0.07 0.26 0.98
56.0 [H1] ND 0.02 0.03 0.02 0.24 0.67 0.19 0.12 0.44 1.42
74.5 [H2] 0.72 0.03 0.14 0.12 0.50 1.51 0.72 0.29 0.11 0.54 1.66
91.5 [H2] ND ND ND ND ND 0.83 0.24 0.09 0.48 1.63
101.5 [H2] ND ND ND ND ND 0.88 0.23 0.09 0.60 1.79
106.5 [H2] 0.68 0.02 0.18 0.08 0.22 1.18 0.62 0.18 0.09 0.48 1.37
115.5 [H2] 0.76 0.02 0.06 0.12 0.26 1.22 0.64 0.19 0.09 0.52 1.44
136.0 [PPlz] 0.80 0.02 0.04 0.37 0.25 1.48 0.72 0.26 0.10 0.64 1.72
143.5 [PPlz] 0.69 0.01 0.02 0.26 0.23 1.22 0.49 0.30 0.08 0.56 1.44
146.0 [PPIc] 0.95 0.05 0.10 1.21 0.92 3.24 0.98 1.00 0.13 1.48 3.58
148.5 [PPIc] 0.83 0.07 0.05 0.69 0.35 1.99 0.66 0.62 0.10 0.92 2.31
151.0 [Rtf] 0.99 0.06 0.05 0.07 0.11 1.28 0.76 0.39 0.16 0.52 1.82
163.5 [Rtf] 0.60 0.03 0.01 0.11 0.04 0.78 0.31 0.22 0.06 0.33 0.93
170.0 [Rtf] 0.62 0.02 0.01 0.12 0.04 0.82 0.31 0.24 0.07 0.36 0.99
172.5 [Rtf] 0.63 0.03 0.01 0.03 0.03 0.74 0.36 0.23 0.09 0.35 1.03
187.0 [Rtf] 0.31 0.03 0.02 0.16 0.04 0.55 0.21 0.04 0.04 0.07 0.35
192.0 [Rwi(e)] 0.37 0.07 0.04 0.15 0.21 0.84 0.61 0.06 0.11 0.09 0.86

(a) Multiply by 0.3048 to convert to meters.

ND = Analysis not done.

Data in bold is average of duplicate extractions.

Table 5.19 summarizes the ranges of major components of water extracts from borehole 299-W22-48
and contrasts the ranges among different stratigraphic units. The data reflects observations made above.

Water extracts from the Hanford formation H1a unit are slightly enriched in sodium compared to the
Hanford formation H2 unit, which is slightly enriched in chloride, magnesium, and calcium. More

discussion is presented in Section 5.1.11 where the dilution-corrected porewaters will be compared to the

actual porewaters obtained by ultracentrifugation.

5.1.10 Acid Extraction

8 M nitric acid extraction data are summarized in Tables 5.20 and 5.21. Two instruments were used
to measure constituents released by acid extraction (see Section 3.2.10; these are the ICP and the
inductively coupled plasma mass spectrometer (ICP-MS). Table 5.20 shows that chromium and lead

analyses using the two independent instruments and techniques give excellent agreement.
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Table 5.19. Ranges of Parameters and Selected lons Found in Water Extracts for

Stratigraphic Units Sampled within Borehole 299-W22-48

Hanford | Hanford | Hanford | Hanford | Upper Plio- | Lower Plio- | Ringold
Formation | Formation ([Formation| Formation | Pleistocene | Pleistocene | Formation
Stratigraphic Unit [ (Unit H1a) | (Unit H1a) | (Unit H1) | (Unit H2) | Unit (PPlz) | Unit (PPlc) (Rtf)
Sand to
Sand and Sand and | Sand and | Fine sand gravelly
General Lithology | gravel Sand gravel silt and silt Caliche sand
Depth Interval
(ft bgs)® 0-9 9-41 41 -61 61-135 135- 146 146 - 149 149 - 192
Units
pH 74-80 [ 72-73 7.4-7.7 7.1-7.2 7.4-7.5 73-7.8
EC uS/cm 170 -220 | 120-140 [ 180 -220 190 - 210 300 - 450 50-200
Alk mg/L 35-45 30-35 35 35-40 40 - 50 15-30
CaCO;
F mg/L 1.5-2.0 0.5-30 | 05-0.7 | 03-0.6 03-04 1-13 05-14
Cl mg/L 0.4 03-1 04-2 2.0-6.0 0.7-1.3 2.0-4.0 04-2.0
NO3 mg/L 6.0-8 4.0-15 1.0-10 5.0-10 16 - 23 43-175 2.0-10
SO4 mg/L 30-6 5.0-20 9.0-18 10.0 - 25 10.0- 12 20 -45 2.0-10
Na mg/L 20 -30 12.0 -15 15-20 11.0-16 15-20 50-17
Mg mg/L 1.2-14 1.1-23 | 22-3.6 3.2-3.7 7.0-12 0.5-5.0
Si mg/L 11.0-18 | 9.0-10 9.0-14 8.0-12 26 - 28 11.0-20
K mg/L 3.8-4.7 30-5 34-4.6 33-38 4.0-5 1.5-6.0
Ca ug/L 6.0 -7 50-9 10.0-12 11.0-13 20-30 1.0-10
Sr pg/L 20 - 30 25-35 50 - 60 60 - 65 120 - 200 7.0 - 60
Ba ng/L 15-30 5.0-20 17-30 30-32 25-30 10.0 - 20
Cr pg/L 0.3 0.1-02 | 04-1.0 0.2-0.7 0.7-2 0.1-0.2
U ng/L 1.5-3.0 | 05-1.5 04-05 0.5-1.0 6.0-8 0.0-1

(a) Multiply by 0.3048 to convert to meters.

The PPIc subunit shows very high acid-leachable calcium, magnesium, sodium, strontium, and sulfur
(likely from sulfate), uranium, copper, and manganese and conversely low leachable iron compared to the
other stratigraphic units measured. The high acid-leachable alkaline-earth cations represent the ready
dissolution of carbonates. The high release rate of copper, manganese, and uranium also may represent
substitution of these trace metals into the carbonate crystal lattice. The coarse-grained facies of the
Hanford formation H1 unit shows relatively lower amounts of leachable aluminum, barium, calcium,

chromium, iron, magnesium, manganese, potassium, strontium and uranium compared to other

stratigraphic units. It is not clear whether this a reflection of the mineralogy (i.e., basaltic), or the fact that
larger grains are not leached as efficiently as fine grains during the acid-leach process. The coarse-
grained Ringold Formation [Rwi(e)] at 58.5 meters (192 feet) bgs produced a relatively small amount of
acid-leachable calcium but a large amount of molybdenum.
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Table 5.20. Major Cations in Acid Extracts of Sediment Samples from Borehole 299-W22-48.
Cation concentration (ug/g ) measured by ICP method.

Ft Ft Ft Ft Ft Ft Ft Ft Ft
Element | Ft bgs® | bgs® bgs® bgs® bgs® bgs® bgs® bgs® bgs® bgs®
ug/g 39.5 47 77 91.5 101.5 136 146 148.5 163.5 192
Hla H1 H2 H2 H2 PPlz PPlc PPlc Rtf Rwi(e)
Na 180.5 278.0 204.2 150.2 197.9 185.1 363.6 355.8 168.6 295.0
Mg 4570 2245 5133 4022 5214 6551 20148 9586 4770 3700
Al 6281 3264 7623 5394 7257 9935 6939 5950 6844 6023
Si 35.8 20.1 26.8 85.5 14.7 7.5 11.0 17.8 15.8 16.4
P 389.1 535.4 467.9 362.8 416.2 450.3 432.8 539.0 319.9 446.7
S 45.0 39.6 31.5 31.4 42.0 27.5 353.4 373.2 18.7 36.3
K 1488 446.6 1467 1214 1522 1912 912.9 810.0 857.2 969.4
Ca 7611 5209 8141 6680 8410 11447 148662 203457 4439 2808
Ti 541.3 563.1 527.7 330.0 512.8 446.8 497.3 380.4 537.1 622.6
Mn 275.5 122.2 273.3 234.5 274.3 274.5 1459.1 230.2 257.8 193.8
Fe 12200 9397 12885 10049 12490 14524 9805 8776 13089 11767
Sr 29.1 18.3 35.2 24.6 33.9 36.7 295.2 390.6 21.2 22.0
Ba 80.3 43.8 69.3 60.5 80.4 107.2 128.0 73.2 46.9 113.3
(a) Multiply by 0.3048 to convert to meters.

Table 5.22 presents the percentage of each element dissolved by the nitric acid compared to the bulk
chemical composition determined by XRF. This comparison is critical to defining whether the strong
acid digestion is in fact dissolving most of a given element. For contaminated sediment, we will compare
the acid extract as a measure of the total concentration of contaminants in the samples. In the companion
reports on SX tank farm containment sediments we will compare the amounts of a given element that are
acid leached from comparable uncontaminated sediment to the values released by the contaminated
sediment to attempt to understand the interactions of tank fluids with sediment and to estimate the degree
of binding between given contaminants and affected sediment.

In general, for the sediment from borehole 299 W22-48 | the acid extraction removes only 1% to 10%
of the total mass of alkali metals (potassium and sodium), about 25% of the major alkaline earth metals
(calcium and magnesium) and about 10% to 15% of the minor alkaline earths elements (barium and
strontium). Among other elements, very little <0.1% silicon, about 15% of the aluminum and titanium,
about 40% to 60% of the iron and manganese, and 25% to 70% of the various trace metals are released
during acid extraction. The amount of any element removed from the Hanford formation H1 unit (coarse
sand and gravel) by acid digestion is less than for the other geologic strata, perhaps signifying that the
larger particle sizes are leached less than smaller-grained particles, which have a relatively greater surface
area.

In the two samples from the PPlc subunit the acid leached almost all the calcium and strontium and
slightly more of several of the other elements when compared to other non-carbonate-rich strata. Most
calcium and strontium in the PPIc appears to be combined with calcite (calcium carbonate) cement, which
easily decomposes on contact with acid. Calcium in the other stratigraphic units is associated with
silicates (e.g., pyroxene, plagioclase, etc.), which do not readily react with the acid leach.
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Table 5.21. Trace Metals (ng/g) in Acid Extracts of Sediment Samples from Borehole 299-W22-48.
Trace metals measured by ICP or ICP-MS methods.

Element Ft

ng/g Ft bgs® | Ftbgs® | Ftbgs® | Ftbgs® | Ftbgs® | Ftbgs® Ft bgs® Ftbgs® | Ftbgs® [ bgs®
39.5 47 77 91.5 101.5 136 146 148.5 163.5 192

Hla H1 H2 H2 H2 PPIz PPlc PPIc Rtf Rwi(e)
Be 0.23 (0.14) 0.27 0.21 0.24 0.39 0.22 (0.19) 0.24 0.21
B (8.66) 1.76 9.35 7.02 7.36 1.11 10.32 15.13 8.62 (1.79)
crY 8.47 3.21 13.86 9.49 12.68 14.17 10.84 11.77 8.63 9.81
Cr 8.59 3.12 12.75 3.86 12.06 13.35 9.87 10.18 8.17 9.28
Co 5.82 4.56 6.61 5.09 6.05 8.23 5.51 4.68 5.64 6.00
Ni 7.29 425 13.07 9.19 11.19 13.26 9.81 9.25 8.04 8.64
Cu 7.26 7.61 8.93 8.34 7.92 13.50 16.93 9.90 6.59 9.21
Zn 33.34 17.94 36.72 29.10 33.83 45.15 24.58 24.79 32.98 26.44
As®9 (2.25) (0.69) 4.41) | (3.02) (2.99) (4.50) (5.96) (19.07) (2.39) (1.20)
Se® (0.16) 0.22 0.16) | (0.15) (0.14) 0.22 0.54 0.71 (0.14) 0.17
Mo™ 0.05 0.05 0.09 0.07 0.08 0.06 0.33 0.08 0.07 0.78
T4 0.00) | <27.11 0.00) | (0.00) (0.00) 2279 | 20.10)° | 17.42)@ | 0.00) | (0.00)

Ru® 0.002) | (0.002) | (0.002) | 0.002) | (0.001) | (0.001) (0.004) (0.005) (0.002) | (0.001)
Ag® 0.03 0.03 0.04 0.04 0.04 0.06 0.06 0.05 0.02 0.04
Ccd® 0.07 0.04 0.06 0.07 0.06 0.12 0.09 0.16 0.05 0.04
pb® 4.42 1.57 5.47 4.58 4.66 9.04 3.19 3.24 4.74 3.99
Pb 430 1.73 5.22 433 4.17 8.47 245 2.44 4.59 3.75
9] 0.53 0.25 0.59 0.50 0.48 0.68 3.55 3.22 0.53 0.48

Values in parenthesis are just below level of quantification but spectra looked good. Thus, a tentative value was attributed to data.
Values in bold are suspect because of poor spike recoveries and for B acid attack on digestion glassware may add additional B.
(a) Multiply by 0.3048 to convert to meters.

(b) ICP-MS instrument was used; when not noted, ICP was used.

(c) Data are suspect because of Ar-Cl molecular species at mass 75.

(d) Check standard was reading high, values are suspect.

(e) Units for Tc are pCi/g.

Water extraction leaches far fewer of the elements shown in Table 5.22 than acid extraction. The
only elements that have water leaches that exceed a few tenths of a percent of the amount that is acid-
leachable are sodium, sulfur (sulfate), and molybdenum; they water leach between 5% to 10%, 10% to
30%, and 10% to 15% as much as the amount that acid leaches. Thus, the percentages of the total
elements in the uncontaminated sediment that leach in water are less than a few percent of the total as
determined by XRF. The contaminated sediment differ in that more mass is water-leachable for
contaminants that are known to be mobile such as chromium (VI), technetium, molybdenum, sulfate, and
nitrate (see Serne et al. 2002 a, b, c).

5.1.11 Porewater Composition

Porewater compositions were determined for two water samples from the Hanford formation H2 unit,
extracted from sediment core with an ultracentrifuge (UFA) method (see Section 3.2.11). These data,
which compared the calculated porewater compositions of the dilution-corrected water extracts, are
presented in Tables 5.23 to 5.26. The chemical composition of UFA-extracted porewater (Table 5.23)
suggest that the nitrate value for the sample from 27.9 meters (91.5 feet) bgs is erroneously high.
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Table 5.22. Mass Percent of Total Element Leached by Acid Extraction Compared to Bulk
Chemical Composition. Bulk chemical composition measured by XRF method.

Element | Ft bgs® | Ft bgs® | Ftbgs® | Ft bgs® | Ft bgs® | Ft bgs® | Ft bgs® | Ft bgs®
% 39.5 47 91.5 101.5 136 146 148.5 163.5
Hla H1 H2 H2 PPlz PPIc PPlc Rtf
Na 1.08 1.40 0.89 1.19 1.54 7.74 4.50 1.13
Mg 22.85 8.80 22.22 25.81 26.20 46.11 38.19 26.65
Al 8.36 4.24 7.76 10.26 14.21 21.03 14.00 9.86
Si 0.01 0.01 0.03 0.00 0.0 0.01 0.01 0.00
P >43 >49 >41 >46 >51 >31 >39 >38
S 14 8 >13 11 >12 23 29 >8
K 7.1 3.6 5.6 7.3 10.0 11.3 6.4 3.6
Ca 33.7 9.4 29.6 36.3 47.5 86.4 136.2 29.9
Ti 14.9 6.1 10.5 14.4 11.7 15.1 16. 16.5
Mn 51.6 11.6 48.0 54.6 63.9 76.4 60.0 65.1
Fe 43.6 13.9 41.5 45.9 50.3 41.1 41.0 55.8
Sr 8.1 5.9 7.2 9.8 14.6 88.8 116.3 8.0
Ba 10.5 7.5 7.6 9.8 17.0 354 17.1 6.7
Cr 28.5 4.9 22.6 20.0 29.7 34.6 30.3 32.9
Co >11.0 >5.1 >10.4 >11.4 >15.2 >9.5 >8.7 >11.3
Ni 45.0 13.3 49.4 50.4 56.0 50.8 61.6 49.0
Cu 53.0 29.3 59.2 49.8 61.1 71.7 52.7 37.4
Zn 63.4 19.4 64.0 62.0 72.7 63.8 60.5 65.8
As >68.2 11.2 70.2 76.8 59.2 78.4 104.2 >77.2
Se >7.0 >7.7 >6.5 >5.6 >9.0 >18.1 >27.2 >6.2
Mo >2.2 1.4 >2.9 >3.2 >2.1 >10.1 >4.4 >3.6
Ru >().0 >0.0 >().0 >().0 >().0 >().0 >().1 >().0
Ag 0.2 >0.4 >0.5 >0.4 >0.6 >0.5 >0.7 >0.3
Cd >().8 >(0.4 >().7 >().6 >1.2 >().6 >2.0 >(0.6
Pb 24.0 28.5 304 24.0 61.1 43.7 34.1 34.3
U >8.0 >3.6 >7.2 >7.0 9.1 >40.8 >53.7 >9.3
(a) Multiply by 0.3048 to convert to meters.

The charge balance for 91.5 ft bgs porewater is poor while that for 101.5 feet is good (see Table 5.24).
The nitrate analysis for porewater 91.5 feet appears to be too high. Further investigation found that the
aliquot used for anion analysis had been mistakenly preserved with nitric acid. Thus the nitrate value is
not correct. The values for all the other constituents are quite similar for the two porewaters. Natural
vadose-zone porewaters are similar in chemical composition to the water extracts and groundwater,
except they are more concentrated. The fluids from these two Hanford formation H2 unit sediment
samples are dominated by calcium, magnesium, and sodium cations and by sulfate, chloride, nitrate, and
bicarbonate anions. The sodium and nitrate values seem somewhat high compared to uncontaminated
groundwater (Hartman et al. 2000) perhaps reflecting some anthropomorphic input of Hanford’s two most
ubiquitous chemical contaminants, sodium and nitrate.
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Table 5.23. pH, Electrical Conductivity, Alkalinity, Anions, Cations, and Trace Metals Measured
in UFA-Extracted Porewater from Two Samples in Borehole 299-W22-48.

Depth (ft bgs)®
Analysis Units 91.5 101.5
Moisture Wt % 19.14 21.62
pH 6.93 7.25
EC uS/cm 1386 1316
Alk mg/L CaCO3 57.11 54.29
F mg/L 0.48 0.46
Cl mg/L 98.2 95
Br mg/L 0.83 0.78
NO2 mg/L <0.1 <0.1
NO3 mg/L 941™ 166
PO4 mg/L <0.1 <0.1
SO4 mg/L 176 154
Na mg/L 88.20 84.51
Mg mg/L 30.12 22.51
Al pg/L ) (13)
Si mg/L 12.91 13.86
P ng/L (147) (80)
S mg/L 68.35 61.32
K mg/L 12.07 11.02
Ca mg/L 104.2 103.1
Mn ug/L (3) (7)
Fe ng/L (18) 29.9
Sr ng/L 521 477
Ba ug/L 82.6 90.9
B pug/L (55) (46)
Cr'? ug/L 2.05 1.74
Co ng/L 22 0.8
Ni ug/L 0) <100
Cu ug/L 3) (6)
Zn png/L 160 75.6
As"® ng/L 6.0 6.8
Se" ug/L 67.6 81.4
Mo"™ ng/L 25.1 25.0
Tc" png/L (0.00) (0.00)
Pb* pg/L (0.65) (0.48)
u© ug/L 2.22 5.00
Ag® ug/L (0.05) 0.140
Cd® png/L (0.13) 0.340
Ru' ug/L
(a) Multiply by 0.3048 to convert to meters.
(b) Subsequent investigation showed in advertant contamination with
nitric acid.
(c) Inductively coupled plasma mass spectrometry (ICP-MS)
instrument was used; when not noted, ICP was used.
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Table 5.24. Charge Balance for UFA-Extracted Porewater from Two
Sediment Samples in Borehole 299-W22-48

Ul;tlts Alk F Cl NO; SO, > Anion Na Mg K Ca > Cation
(bgs)® | (meq/L) | (meq/L) | (meq/L) | (meq/L) | (meq/L) | (meq/L) | (meq/L) | (meq/L) | (meq/L) | (meq/L) | (meq/L)
91.5 1.14 0.03 2.77 15.18 3.67 22.79 3.83 2.48 0.31 5.21 11.85
101.5 1.09 0.02 2.68 2.68 3.21 9.69 3.67 1.85 0.28 5.16 10.98
(a) Multiply by 0.3048 to convert to meters.
Table 5.25. Theoretically Calculated Composition of Vadose-Zone Porewater
(1:1 Sediment-to-Water Extracts Multiplied By Dilution Factor)
Constituent
Units EC Alk F Cl NO; SO, Na Mg K Ca Sr Ba
Sample ft bgs®| pS/em |[mg/L CaCO;| mg/L | mg/L mg/L mg/L | mg/L | mg/L | mg/L mg/L ng/L ng/L
Hanford Formation Unit Hla (Sand)
29.5 2115 452.7 9.0 3.0 74.5 1953 | 273.6 | 134 44.1 64.0 280 261
32 3211 781.1 11.6 4.9 130.9 171.6 | 3962 | 21.8 77.4 112.7 396 229
39.5 2279 419.5 7.0 8.2 174.1 186.7 | 2543 | 157 48.5 843 308 196
Hanford Formation Unit H1 (Sand and Gravel)
47 6705 1538.4 30.9 12.8 146.9 492.8 | 6758 | 569 [ 1559 [ 281.0 1352 1128
56 3632 11.5 26.9 25.6 293.4 [ 3929 [ 58.6 | 1202 | 2274 957 128
Hanford Formation Unit H2 (Fine Sand and Silt)
74.5 3296 549.3 7.6 77.2 111.1 367.1 | 251.0 | 543 66.5 164.0 946 264
106.5 3221 615.8 6.0 117.4 94.4 189.3 | 258.6 | 39.1 65.5 175.6 883 308
115.5 3442 719.9 6.8 43.1 142.8 232.6 | 280.1 | 429 63.5 198.0 1080 528
Upper Plio-Pleistocene Unit (PPlz)
136 3753 704.8 7.9 23.1 398.1 208.7 | 2894 | 56.3 67.3 226.6 1156 566
143.5 4858 902.4 7.1 18.5 423.1 289.9 [ 295.7 | 95.6 85.4 293.3 1593 771
Lower Plio-Pleistocene Unit (PPIc)
146 2972 319.9 6.1 24.1 506.8 299.2 | 1512 | 823 33.7 199.5 1254 199
148.5 2144 306.4 9.4 13.6 3153 1245 | 112.6 | 554 29.4 136.1 891 183
Ringold Formation (Rtf)
151 7430 1762.8 43.2 60.0 148.6 194.7 | 6269 [ 1679 | 2182 [ 371.1 2175 589
163.5 6225 1594.1 26.1 239 369.8 89.9 3852 [ 142.6 | 1314 | 3538 2033 633
170 3878 1037.1 15.4 16.4 245.4 61.5 238.4 | 98.0 94.3 244.1 1381 1491
172.5 3825 638.8 10.1 8.1 39.5 30.2 1655 | 56.4 72.9 141.1 791 383
187 2289 669.9 20.7 25.5 428.1 80.3 204.7 | 22.0 68.2 56.6 302 346
Ringold Formation (Rwi [e])
192 | 5427 | 828.9 | 62.0 | 70.1 | 411.5 | 452.2 | 630.9 | 335 | 190.8 | 79.1 | 452 | 746

(a) Multiply by 0.3048 to convert to meters.
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Table 5.26. Comparison of UFA-Extracted Porewater to Theoretically Calculated
Porewater from the Hanford Formation H2 Unit in Borehole 299-W22-48

Alk F Cl NO; SO, [>Anions| Na Mg K Ca | X Cations

Units |meq/L | meq/L meq/L| meq/L | meq/L | meq/L | meq/L | meq/L | meq/L [ meq/L | meq/L

ft (bgs)®
74.5 1099 | 040 | 2.18 1.79 7.65 23.01 10.91 4.47 1.70 8.19 25.27

91.5% 1.14 | 0.03 | 2.77 | 15.18 3.67 | 22.79 | 3.83 2.48 0.31 5.21 11.85

101.5* 1.09 | 0.02 | 2.68 2.68 3.21 9.69 3.67 1.85 0.28 5.16 10.98

106.5 12.32 | 032 | 3.31 1.52 394 | 2141 | 11.24 3.22 1.68 8.76 24.90

115.5 1440 | 036 | 1.22 2.30 4.85 23.12 | 12.18 3.53 1.63 9.88 27.21

Agreement
? No No Yes Yes Yes No Yes No Yes

(a) Multiply by 0.3048 to convert to meters.
* Actual UFA-extracted porewater.

Table 5.25 shows the theoretical chemical composition of vadose-zone porewater calculated by
assuming that the water extracts represent only solutes present in the native porewater. To convert back
to the concentration in the porewater, one only needs to multiply by the dilution factor for the added
deionized water. In Table 5.26, we compare the theoretical porewater composition for the neighboring
water extracts with the two actual porewater analyses measured. All five data sets in Table 5.26 are from
the Hanford formation H2 unit, composed of a sequence of laminated fine sands and silts above the Plio-
Pleistocene unit (see Figure 2.19).

Table 5.26 suggests that the water extracts do dissolve excess carbonate, potassium, and sodium
during the extraction. The bottom row indicates the qualitative agreement between the calculated
porewater and actual porewater for each macro constituent. The additional carbonate alkalinity in water
extracts is likely partly due to the dissolution of calcite. The excess potassium and sodium may come
from the excess calcium-replacing cation-exchangeable alkali metals, though some potassium dissolution
(source may be potassium-feldspar) has been noticed in longer-term water leach tests. Aside from
carbonate alkalinity, the water extracts may not dissolve excess anions not already present in the natural
porewater. As discussed in the other reports in this series (Serne et al. 2002 a, b, ¢), which characterize
contaminated sediment that have come in contact with highly saline tank liquors, calculated values from
water extracts agree more closely with UFA-extracted porewater data for sediments pore waters
dominated by leaked tank fluids.

The dilution-corrected water extract data, as well as results from the two actual UFA-extracted porewater
samples, versus depth in borehole 299-W22-48, are displayed graphically in Figures 5.7 to 5.9. Figure 5.7
illustrates variations in pH and EC, Figure 5.8 shows anions, and Figure 5.9 shows variations in cations
versus depth. Figure 5.7 shows a fairly narrow range in pH values for the water extracts of the selected
sediment samples. An exception is the 11.3-meter (37-foot) bgs sample within the lower portion of the
Hanford formation H1a unit, which has a significantly higher pH (~8). This may not be significant,
however, since most of the uppermost 18.3-meter (60-foot) sediment, including the Hanford formation
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Figure 5.7. Moisture Content and Comparison of pH and Dilution-Corrected Electrical Conductivity
of 1:1 Sediment-to-Water Extracts and UFA-Extracted Porewater from Sediment
Samples in Borehole 299-W22-48

5.30



Lithology Strati- 299-W22-48 (B8812)
ms graphy

—&- Dilution Corrected —&- Dilution Corrected —&- Dilution Corrected —&- Dilution Corrected
1:1 Water Exiract 1:1 Water Exiract 1:1 Water Exiract 1:1 Water Extract
A UFA™ Porewater A UFA™ Porewater A UFA™ Porewater A UFA™ Porewater

Hla

|

H2

Depth (ft) Below Ground Surface
acpung punois mojag (w) ydag

R

n N S — ===t S
- 60
400 1.200 1,8000 20 40 &0 80 100 1200 200 400 400 800 1,0000 100 200 300 400 500
Alkalinity (mgCaCO,/1) Chloride (mg/L) Nitrate (mg/L) Sulfate (mg/L)
EIMud (m) [Ed sandy Gravel (g) FAcaliche
[Flsand (s) [edClastic Dike % Water added during drilling e bl i

Figure 5.8. Comparison of Dilution-Corrected Anion Concentrations of 1:1 Sediment
to Water Extracts and UFA-Extracted Porewaters from Sediment Samples
in Borehole 299-W22-48

Hla unit, has been removed and mixed to form backfill within the SX Tank Farm. Below this higher pH
spike, the profile is relatively uniform down to the top of the Ringold Formation. Just below the PPlc
subunit, the pH is slightly elevated.

The EC profile shows three spikes, one at 14.3 meters (47 feet) bgs toward the top of the coarse-
grained Hanford formation H1 unit, one each at the top of the two Ringold units (Rtf and Rwi(e)). The
latter two spikes likely represent some evaporite dissolution and the sensitivity to the large dilution
correction for very dry sediment. The spike at 14.3 meters (47 feet) bgs might represent the evaporates
formed during the natural evapotranspiration cycle back when the Hanford Reservation had a natural
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Figure 5.9. Comparison of Dilution-Corrected Cation Concentrations of 1:1 Water Extracts
and UFA-Extracted Porewaters from Sediment Samples in Borehole 299-W22-48

vegetation cycle. This may represent a buried soil horizon or a zone of root penetration that transpired
natural recharge back into the atmosphere leaving salts behind. For both the pH and EC, the values for
the actual UFA-extracted porewaters are lower than the calculated porewaters (dilution-corrected 1:1

sediment-to-water extracts).

Figure 5.8 shows the anion profile for the vadose zone in borehole 299 W-22-48. The alkalinity,
which is a measure of bicarbonate, shows a peak at 14.3 meters (47 feet) bgs and then a second peak right
below the PPlc subunit. The chloride shows a peak near 110 ft bgs near the center of the Hanford
formation H2 unit and a smaller peak just below the PPlc subunit. The nitrate profile does not vary
significantly, except for a minor peak at the top of the PPlc subunit. The sulfate profile shows a similar
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peak as the alkalinity and EC profiles within the Hanford formation H2 unit (47 ft bgs) and second peak
at the top of the Rwi(e) unit. The two actual porewater samples measured show lower values for the
anions than the calculated porewaters based on the water extracts, excepting the nitrate value at 91.5 ft
bgs. As mentioned earlier, this datum is incorrect because of contamination during lab activities. The
water extract procedure overestimates the composition of porewaters in the vadose sediment apparently
because of some dissolution . However, for contaminated vadose zone sediments, the dilution-corrected
water extracts represent a better estimate of actual contaminated porewater because the leaked tank fluids
are much higher in salt content, making any minor contribution from dissolving salts from the sediment
insignificant.

The cation profiles shown in Figure 5.9 show that the sample at 14.3 meters (47 feet) bgs is slightly
elevated in calcium, potassium, and sodium compared to the rest of the Hanford formation sediment. All
four plotted cations appear depleted in the PPlc subunit followed by a significant increase within the
underlying Ringold Rtf unit. As with the anions, the two actual UFA-extracted porewater samples show
lower concentrations of cations than the calculated porewater from the water-extract data. Again, this is
interpreted as the result of dissolution of some of the sediment during water extraction. Therefore,
estimates of porewater composition based on water extracts, presented in Table 5.25 and plotted in
Figures 5.7 to 5.9, are biased high and should be used as upper limit values for the chemical composition
of porewaters from the various strata.

5.2 Analytical Results for Borehole 299-W22-50

Laboratory analytical results of core samples from clean borehole 299-W22-50 are presented in this
section. Sample depths, stratigraphic unit, and types of analyses performed are summarized in
Table 5.27. Sampling depths for laboratory moisture analysis are listed in a separate table (Table 5.28).

5.2.1 Mass Water Content

For borehole 299-W22-50, every core segment between 6.04 and 53.9 meters (between 20 and
177.5 feet) bgs was opened and sampled for moisture content. Unlike borehole 299-W22-48, separate
moisture samples were not collected in the field from the drive shoe. The moisture profile, along with the
lithology, total gamma log, and neutron-neutron moisture log, is illustrated in Figure 2.18. Moisture, in
combinaiton with geophysical logs and particle-size distribution, are useful for helping to define
lithologic contacts. For example, the relatively low field moisture content between 15.8 and 19.2 meters
(or 52 and 63 feet) bgs can be used to delineate coarser-grained strata within the Hanford formation
HI unit (see Figure 2.18).

The moisture content in this borehole is fairly uniform (5% to 15 wt%) between 6.04 and 36.6 meters
(20 and 110 feet) bgs, with the exception of the coarser-grained Hanford formation H1 unit, which ranges
between 2% to 8%. Several moisture spikes occur at depths of about 115, 127, and 140 ft bgs. The
former appears to be within a finer-grained lens within the Hanford formation H2 unit, the middle spike
occurs in the upper PPLz subunit just below the contact with the Hanford formation H2 unit. The
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Table 5.27. Sediment Core Samples Selected from Borehole 299-W22-50 for Laboratory Analysis

Depth (ft
bgs)® Stratigraphic Unit* Analysis
20 Hla WL, CaCO3
22.5 Hla WL, CaCO3
25 Hla WL, CaCO3
27.5 Hla AL, CaCO3
30 Hla WL, CaCO3
32.5 Hla WL, CaCO3
35 Hla WL, CaCO3
37.5 Hla WL, CaCO3
40 Hla WL, CaCO3
42.5 Hla WL, CaCO3
45 Hla WL, CaCO3
47.5 Hla DS, WL, CaCO3
48.5 Hla DS
51 Hla DS, AL,WL, HY, XRD, XRF, PD, CaCO3, EBC
52.5 Hla DS, WL, CaCO3
53.5 H1 DS
54.5 H1 DS, AL, WL, CaCO3
56 H1 DS, WL, CaCO3
57.5 Hl1 DS
58.5 H1 DS
60 HI DS, AL,WL, HY, XRD, XRF, PD, CaCO3, EBC
61 H1 DS
62.5 Hl1 DS
63.5 H2 DS
65 H2 DS
66 H2 DS
67.5 H2 AL, WL, CaCO3
68.5 H2 DS
70 H2 DS
76 H2 WL, CaCO3
96 H2 AL, WL, CaCO3
111 H2 WL, CaCO3
115 H2 WL
116 H2 AL, WL, HY, XRD, XRF, PD, CaCO3, EBC, PW
130 PPIz WL, CaCO3
135 PPIz AL, WL, HY, XRD, XRF, PD, CaCO3, EBC
140 PPlc AL, HY, XRD, XRF, PD, CaCO3, EBC, PW
141 PPlc AL, WL, CaCO3
150.5 Rtf AL, WL, CaCO3
160.5 Rtf AL, WL, HY, XRD, XRF, PD, CaCO3, EBC
174 Rtf WL, CaCO3
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Table 5.27. (Contd)

(a) Multiply by 0.3048 to convert to meters.

* See Table 2.1

AL = Acid leach (8M Nitric Acid Extraction)

CaCO3 = Calcium Carbonate and Organic Carbon

DS = Dry sieve

EBC = Exchangeable Base Cations (Ammonium Acetate Extraction)
HY = Hydrometer/wet sieve

PD = Particle Density

PW = Pore Water Analysis

WL = Water leach (1:1 Sediment to Water Extraction)
XRD = Mineralogy

XRF = Bulk chemical composition

lowermost moisture spike (30 wt%) lies within a finer-grained lens of the PPlc subunit. Below the Plio-
Pleistocene unit, within the Ringold Rtf unit, the moisture content is consistently very low (few wt%);
however, the neutron-moisture log indicates moisture increases again with depth within the gravels of
Ringold Rwi(e) unit (see Figure 2.18).

5.2.2 Particle-Size Distribution

Cores from each of the major stratigraphic units in borehole 299-W22-50 were analyzed for particle-
size distribution. Two methods, dry sieving and wet sieving/hydrometer, were used (see Section 3.2.2).
Most samples were dry sieved (Table 5.29), though many were also wet sieved (Table 5.30). Only two of
the samples (15.5 and 18.3 meters or 51 and 60 feet bgs) were analyzed by both methods; a comparison of
these is in Table 5.31. Dry sieving was limited to the Hanford formation while wet sieving/hydrometer
was performed on the Plio-Pleistocene unit and Ringold Formation, as well as the Hanford formation.

Table 5.31 shows a comparison between the wet sieve/hydrometer and dry sieve data for the two
samples that were analyzed using both methods. There is a significant difference in the two particle-size
distributions for the coarse-grained Hanford formation H1 unit (18.3 meters or 60 feet) bgs. Based on the
wet sieve/ hydrometer results, it appears many of the gravel clasts may be aggregates of sand and/or
silt/clay. This is consistent with wet sieve results in borehole 299-W22-48, which have been
demonstrated to produce more fines under wet sieving (see Table 5.6). However, it is possible that the
large difference in particle-size distribution is because the two samples came from two different lithologic
units within the same 6-inch-long core liner. In general, the wet sieve/hydrometer technique is more
effective at disaggregating the sediment samples and, therefore, is believed to produce more accurate
results.

Almost all past particle-size determinations on the Hanford Site have used the dry sieving technique,

so historical particle-size distributions may be skewed to coarser distributions than obtained using the wet
sieve/hydrometer method.
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Table 5.28. Moisture Content (wt%) Measured in the Laboratory for

Sediment Samples from Borehole 299-W22-50

Depth Moisture Depth Moisture Depth Moisture Depth Moisture
(ft bgs)® | Content (%) | (ft bgs)® |Content (%)| (ft bgs)® |Content (%)| (ft bgs)® | Content (%)
20 7.33 58 1.96 97.5 8.65 136 17.01
21 7.01 60 3.02 98.5 4.51 137.5 16.14
22.5 14.46 61 1.62 100 6.15 138.5 14.08
23.5 8.55 62.5 3.50 101 3.36 140 29.88
25 5.80 63.5 2.43 102.5 5.79 141 8.29
26 5.51 65 5.10 103.5 7.57 142.5 2.59
27.5 11.47 66 3.69 105 7.55 143.5 2.45
28.5 2.76 67.5 7.51 106 6.16 148 6.74
30 12.56 68.5 5.53 107.5 11.52 149 2.86
31 4.64 70 6.38 108.5 7.14 150.5 3.14
32.5 8.72 71 4.50 110 7.18 151.5 2.60
33.5 4.30 72.5 5.60 111 13.86 153 3.14
35 8.94 73.5 4.48 112.5 6.99 154 2.80
36 5.15 75 8.37 113.5 5.88 155.5 2.28
37.5 6.86 76 10.30 115 10.17 156.5 2.18
38.5 5.92 77.5 5.74 116 22.36 158 2.50
40 5.07 78.5 7.32 117.5 5.42 159 2.03
41 441 80 6.94 118.5 7.46 160.5 2.26
42.5 7.14 81 3.61 120 8.09 161.5 1.90
43.5 5.36 82.5 6.48 121 10.77 163 1.84
45 7.87 83.5 6.92 122.5 4.95 164 1.89
46 8.64 85 5.48 123.5 3.81 165.5 1.95
47.5 10.60 86 3.99 125 4.93 166.5 3.48
48.5 9.26 87.5 5.29 126 3.45 168 2.44
50 10.37 88.5 3.65 127.5 10.61 169 1.78
51 7.62 90 6.01 128.5 19.69 170.5 1.67
52.5 2.55 91 2.28 130 6.31 171.5 1.61
53.5 2.08 92.5 5.15 131 5.33 173 1.63
55 8.26 93.5 7.66 132.5 10.85 174 1.74
56 4.25 95 4.30 133.5 10.60 175.5 1.84
57 2.35 96 8.97 135 10.00 176.5 1.92

(a) Multiply by 0.3048 to convert to meters.
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Table 5.29. Particle-Size Distributions (determined by dry sieving) for

Sediment Samples from Borehole 299-W22-50

Depth Stratigraphic Gravel Sand Silt/Clay
(ft bgs)® Unit (Wt%) (Wt%) (Wt%)
47.5 Hla 0.99 96.00 3.01
48.5 Hla 0.01 92.45 7.55
50 Hla 0.56 90.11 9.33
51 Hla 0.23 90.81 8.95
52.5 Hla 4.82 90.55 4.63
53.5 H1 6.06 92.09 1.85
54.5 H1 3.95 96.05 0.00
56 H1 10.69 85.34 3.97
57.5 H1 4.55 93.95 1.50
58.5 H1 48.62 49.38 2.01
60 H1 86.63 12.04 1.33
61 H1 50.91 45.67 3.42
62.5 H2 0.99 96.00 3.01
63.5 H2 1.70 96.75 1.56
65 H2 0.26 94.51 5.23
66 H2 1.35 96.69 1.97
68.5 H2 0.00 92.23 7.77
70 H2 2.28 92.22 5.51
(a) Multiply by 0.3048 to convert to meters.

Table 5.30. Particle-Size Distributions Determined by Wet Sieving/Hydrometer

Method for Borehole 299-W?22-50

Sample | Stratigraphic Gravel Sand Silt Clay
(ft bgs)® Unit (Wt%) (Wt%) (Wt%) (Wt%)
51 Hla 0.03 81.84 15.42 2.71
60 H1 35.93 43.84 17.33 29
116 H2 0.00 63.84 33.86 2.29
135 PPIz 0.00 8.76 80.79 10.46
140 PPlc 0.00 11.91 83.7 4.38
160.5 Rtf 5.17 82.88 9.64 2.31

(a) Multiply by 0.3048 to convert to meters.
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Table 5.31. Comparison of Particle-Size Distributions Using the Dry Versus
Wet Sieving/Hydrometer Methods for Borehole 299-W22-50

Depth Stratigraphic Gravel Sand Silt/Clay
(ft bgs)® Unit Sieve Method (Wt%) (Wt%) (Wt%)
51 Hla Dry 0.23 90.81 8.95
Wet/Hydrometer 0.03 81.84 18.13
60 H1 Dry 86.63 12.04 1.33
Wet/Hydrometer 3593 43.84 20.23
(a) Multiply by 0.3048 to convert to meters.

Figure 5.10 shows the particle-size distribution (determined using wet sieve/hydrometer method) for
the three shallower samples from the Hanford formation units while Figure 5.11 shows the distribution of
the three other samples from the Plio-Pleistocene unit and Ringold Formation. Particle-size distribution
plots confirm that the gravelly sand of the Hanford formation H1 unit is much coarser and more poorly

sorted than the other Hanford formation units. Both Plio-Pleistocene subunits (PPIz and PPIc) are
relatively fine-grained compared to the underlying Rtf unit. However, because the PPlc subunit is
moderately to strongly cemented with pedogenic calcium carbonate, it is not possible to completely

disaggregate the sample prior to wet sieving, thus the particle-size distribution is not totally representative

of this unit.
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Figure 5.10. Particle-Size Distribution Curves of Sediment Samples from the Hanford Formation
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Figure 5.11. Particle-Size Distribution Curves of Sediment Samples from the Plio-Pleistocene

Unit and Ringold Formation at Borehole 299-W22-50

5.2.3 Particle Density

The particle density of bulk grains for selected core samples from borehole 299-W22-50 is presented

in Table 5.32. Results are similar to those reported for borehole 299-W22-48 in this report (see

Table 5.6), but slightly lower than some of those reported previously in Serne et al. (1993), which ranged

from 2.70

to 2.82 g/cm’.

Table 5.32. Particle Densities for Sediment Samples from Borehole 299-W22-50

Particle Density Standard Deviation
Sample Name Stratigraphic Unit (g/cm3) (3 trials)
51 Hla 2.626 0.014
60 H1 2.735 0.016
116 H2 2.694 0.017
135 H2 2.652 0.007
140 PPIc 2.680 0.007
160.5 Rtf 2.656 0.011
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5.2.4 Calcium Carbonate and Organic Carbon Content

The calcium carbonate equivalent and organic carbon content of the bulk sediment for selected depths
from borehole 299-W22-50 are presented in Table 5.33.

Table 5.33. Calcium Carbonate and Organic Carbon Content (wt%) for
Sediment Samples from Borehole 299-W22-50

Sampling Depth | Stratigraphic Total Inorganic | Inorganic as Organic
(ft bgs)® Unit Carbon (%) | Carbon (%) | CaCO; (%) | Carbon (%)
20 Hla 0.28 0.23 1.92 0.05
22.5 Hla 0.29 0.25 2.08 0.04
25 Hla 0.21 0.14 1.17 0.07
27.5 Hla 0.21 0.17 1.42 0.04
30 Hla 0.23 0.19 1.58 0.04
325 Hla 0.18 0.13 1.08 0.05
35 Hla 0.23 0.18 1.50 0.05
37.5 Hla 0.23 0.19 1.58 0.04
40 Hla 0.22 0.19 1.58 0.03
42.5 Hla 0.26 0.21 1.75 0.05
45 Hla 0.28 0.22 1.83 0.06
47.5 Hla 0.29 0.24 2.00 0.05
51 Hla 0.27 0.23 1.92 0.04
52.5 Hla 0.21 0.18 1.50 0.03
54.5 HI 0.26 0.2 1.67 0.06
56 HI 0.25 0.23 1.92 0.02
60 HI 0.32 0.29 2.42 0.03
67.5 H2 0.27 0.22 1.83 0.05
76 H2 0.23 0.21 1.75 0.02
96 H2 0.26 0.24 2.00 0.02
111 H2 0.36 0.31 2.58 0.05
115 H2 0.31 0.25 2.08 0.06
116 H2 0.26 0.22 1.83 0.04
130 PPlz 0.43 0.35 2.92 0.08
135 PPlz 0.49 0.4 333 0.09
140 PPlc 0.28 0.23 1.92 0.05
141 PPlc 1 0.92 7.67 0.08
150.5 Rtf 0.1 0.07 0.58 0.03
160.5 Rtf 0.08 0.04 0.33 0.04
174 Rtf 0.03 0 0.00 0.03
(a) Multiply by 0.3048 to convert to meters.
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The calcium carbonate equivalent (in terms of grams of calcite per gram of oven-dry sediment) are
low for all samples except the depths at 41.2 through 43 meters (or 135 through 141 feet) bgs for borehole
299-W22-50. Geologist descriptions (Appendices A and B) in combination with the geophysical logs
(Figure 2.18) indicate the presence of a carbonate-rich zone (PPlc) at a depth of about 42.1 to 43.5 meters
(138 to 143 feet) bgs. However, unlike borehole 299-W22-48, the data presented in Table 5.33 do not
show a well-defined calcic zone in borehole 299-W22-50. We believe a carbonate-rich zone is present
but representative aliquots with calcic cement dominating were not chosen for analysis.

The method used to measure the organic carbon relies upon subtracting the inorganic carbon from the
total carbon in the sample and for such low carbon values is not accurate. The low values for organic
carbon are within the ranges generally reported for Hanford sediment but if more accurate values are
desired a different method that is more sensitive should be used.

5.2.5 Bulk Chemical Composition

The elemental composition, determined by XRF (see Section 3.2.5) and converted to oxides of the
bulk sediment from borehole 299-W22-50, is shown in Table 5.34. We have assumed that the iron
present in the sediment is all ferric oxide though there may be some reduced iron (ferrous oxide) also
present. The total content has been adjusted to reflect the presence of calcium carbonate by converting
the calcium carbonate in Table 5.33 back to percent carbon dioxide and adding it to the XRF totals.

The bulk chemical composition of the sediment samples from borehole 299-W22-50 show that silica
is most abundant, followed by alumina. These are followed, in decreasing order, by iron, calcium,
magnesium, sodium, potassium, titanium oxides, and carbonate. The calculated mass balances range
between 96.95% and 101.76% with a mean of 99.95 + 1.75 % for the 6 samples. We consider these
measurements as outstanding mass balance. The amount of iron and calcium is greater in the coarser-
grained units of the Hanford formation (Units Hla and H1), which is consistent with a higher
concentration of basaltic particles in these units.

5.2.6 Mineralogy

A total of five bulk sediment samples and the clay fractions (<2 microns) from borehole 299-W22-50
were characterized by XRD methods (see Section 3.2.6). The semiquantitative mass results are presented
in Table 5.35. The mineralogy of both the bulk sediment and the clay-size fraction are quite similar to the
samples from the same stratigraphic units previously reported for borehole 299-W22-48. Therefore, the
reader is referred to the discussion previously presented in Section 5.1.6 for details.

5.2.7 Cation Exchange Capacity

No cation exchange measurements are available for sediment samples from borehole 299-W22-50.
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Table 5.34. Bulk Chemical Composition of Sediment Samples from

Borehole 299-W22-50 (% as Oxides)

Depth (ft bgs)(“) 51 ft 60 ft 116 ft 135 ft 140 ft 160.5 ft
Stratigraphic Unit Hla H1 H2 PPIz PPlc Rtf
Oxides
Na,O 2.09 2.56 2.37 1.47 1.85 3.02
MgO 3.55 3.33 3.80 4.31 3.80 2.67
CO, 0.92 1.16 0.88 1.60 0.92 0.16
AlLO; 12.09 13.08 13.70 14.30 13.26 1141
SiO, 63.86 64.61 69.42 66.00 68.46 68.89
P,0s <0.22 <0.27 <0.21 <0.20 <0.21 <0.20
SO, 0.11 0.15 0.08 0.06 0.06 0.06
Cl <0.016 <0.016 0.046 0.044 0.035 0.020
K,0 1.79 1.77 2.46 2.63 2.33 1.71
CaO 5.30 5.96 3.78 3.76 3.38 3.37
TiO, 1.24 1.10 0.65 0.73 0.81 0.70
V,0;s 0.04 0.03 0.01 0.01 0.01 0.02
Cr,04 0.01 0.01 0.01 0.01 0.01 0.00
MnO 0.12 0.10 0.07 0.08 0.07 0.08
Fe,0; 8.00 7.33 4.13 4.78 4.52 4.51
SrO 0.04 0.04 0.05 0.03 0.04 0.05
BaO 0.07 0.08 0.09 0.07 0.08 0.07
Total 99.46 101.59 101.76 100.10 99.83 96.95
(a) Multiply by 0.3048 to convert to meters.

Table 5.35. Semiquantitative Mineral Content of Sediment Samples from Borehole 299-W22-50

Semiquantification of Minerals in Bulk Samples (wt%)

Sample Depth (ft bgs)®
[Stratigraphic Unit] Quartz K-Feldspar Na-Feldspar Calcite Total
51 [Hla] 60 10 25 ND ~95
60 [H1] 45 10 25 ND ~80
116 [H2] 45 15 30 ND ~90
135 [PPlz] 60 5 15 ND ~80
140 [PPIc] 60 10 15 ND ~85
160.5 [Rtf] 50 10 30 ND ~90
Semiquantification of Minerals in Clay-Size Fraction (wt%)

Sample Depth (ft bgs)®

[Stratigraphic Unit] Quartz Feldspar Calcite Smectite Illite Chlorite Kaolinite Total
51 [Hla] 5 <5 10 30 15 10 10 ~85
60 [HI1] 5 5 25 5 15 10 10 ~75
116 [H2] 10 <5 Trace 30 30 35 10 ~120
135 [PPlz] 5 <5 <5 30 30 30 10 ~115
140 [PPIc] 10 <5 <5 15 10 10 5 ~60
160.5 [Rtf] 5 5 Trace 10 15 15 10 ~60

(a) Multiply by 0.3048 to convert to meters.

ND = Not detected.

Trace = Trace amount detected ~1% to 4%.
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5.2.8 Exchangeable Base Cations

The exchangable base cations and a few selected trace metals obtained using ammonium acetate

extraction (see Section 3.2.8) are shown in Table 5.36. The sum of extractable cations is shown in
Table 5.37. All uncontaminated sediment samples from the Hanford Site show that calcium and
magnesium dominate (>90% of total displaceable cations) the exchange sites. The sum of the base

cations for the sediment from borehole 299-W22-50 cannot be compared with other methods to measure
the cation exchange capacity because further testing was not performed. The sum of the base cations does
not closely follow the trend of increasing total exchangeable cations with finer-grained particle-size
distribution in that the coarse-grained Hanford formation H1 unit shows a relatively high sum compared
to the fine-grained PPlz subunit, which shows a lower sum.

Table 5.36. Exchangeable Base Cations for Sediment Samples from Borehole 299-W22-50

Sampling Depth (ft meq/L pg/L
bgs)(a)

[Stratigraphic Unit] Ba Ca K Mg Sr Na Fe Mn Si
51 [Hla] 0.07 52.20 3.14 10.55 0.13 1.54 <0.25 | 0.015 | 13.90
60 [H1] 0.06 45.90 2.06 6.28 0.07 1.40 <0.25 | 0415 | 22.26
116 [H2] 0.13 31.91 0.66 4.04 0.06 0.85 <0.25 | 0.598 8.42
116 Dup [H2] 0.12 29.76 0.59 3.86 0.06 0.79 <0.25 | 0.540 8.05
135 [PPIz] 0.17 42.18 1.60 11.10 0.09 1.27 <0.25 | 0.484 9.70
140 [PPIc] 0.12 33.08 1.14 7.59 0.06 0.92 <0.25 | 0.413 9.89
160.5 [Rtf] 0.06 24.99 1.16 4.80 0.06 0.65 <0.25 | 2.139 9.82

(a) Multiply by 0.3048 to convert to meters.

Table 5.37. Comparison of the Base Cation Sum and Cation Exchange
Capacity Measurements from Borehole 299-W22-50

Cation Exchange Capacity
Sampling Depth (ft Exchangeable Base Cations P(;llel::)l::l:sn ‘ ai(;n gll:;i:z
bgs)® [Stratigraphic (1977) (1990)
Unit] meq/100 g

Ba Ca K Mg Sr Na Sum ND ND
51 [Hla] 0.017 12.207 0.733 2.467 0.030 0.359 15.81 ND ND
60 [HI1] 0.015 10.745 0.483 1.469 0.015 0.327 13.05 ND ND
116 [H2] 0.030 7.469 0.154 0.946 0.015 0.200 8.81 ND ND
116 Dup [H2] 0.028 6.965 0.139 0.903 0.014 0.186 8.23 ND ND
135 [PPIz] 0.040 10.005 0379 | 2.632 0.022 0.300 13.38 ND ND
140 [PPIc] 0.028 7.742 0.266 1.777 0.015 0.215 10.04 ND ND
160.5 [Rtf] 0.013 5.872 0.272 1.127 0.014 | 0.153 7.45 ND ND

(a) Multiply by 0.3048 to convert to meters.
IND = Not done.
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5.2.9 1:1 Sediment-to-Water Extraction

The 1:1 sediment-to-water extracts results for core samples from borehole 299-W22-50 are presented
in Tables 5.38 to 5.41. Later, we compare the chemical composition of dilution-corrected water extracts
with actual porewater obtained by ultracentrifugation. For some constituents the water extracts, when
corrected for dilution with deionized water, provide an accurate measure of the concentration within the
native porewater. For other constituents, the amount found in the water extract, when dilution-corrected
back to the porewater, over-predicts the porewater concentration because of dissolution of salts/minerals
in the sediment samples. We have also converted them to a per gram of oven-dry sediment and relate the
values reported on a sediment basis to the amount extracted by strong nitric acid and the bulk chemical
composition as determined by XRF.

The data in Tables 5.38 to 5.41 show that the most water-soluble constituents are calcium,
magnesium, sodium, bicarbonate, sulfate, and nitrate. There are minor amounts of chloride, potassium,
and dissolved silicon and no evidence of elevated levels of trace metals. Water extracts from the PPlc
subunit show slightly elevated levels of selenium compared to other strata. The bottom of the PPlc also
shows slightly elevated EC, alkalinity, calcium, magnesium, silicon, strontium, sulfate, and nitrate
compared to the other stratigraphic units. Water extracts from the Ringold Formation show lower
alkalinity, barium, chromium, sodium, and uranium concentrations than those for either the Hanford
formation or the Plio-Pleistocene unit.

Most noteworthy in the water extract profile for borehole 299-W22-50 (Figure 5.12) is highly water-
leachable pH and EC within the coarse-grained Hanford formation H1 unit at 18.3 meters (60 feet) bgs
(Figure 5.12). Alkalinity and a number of other constituents (i.e., calcium, chromium, strontium,
potassium, sodium, sulfate and chloride) are also elevated at this depth. Possible causes for these high
values are the presence of gypsum (calcium sulfate) at the 18.3-meter (60-foot) depth, introduction of
disposed wastewater via lateral spreading from nearby waste sites, or leaking water lines in the area.

Table 5.42 presents the range in concentration for several constituents for the different stratigraphic
units sampled in borehole 299-W22-50. Ringold Formation sediment samples show low values for water-
leachable alkalinity, sulfate, sodium, potassium, and alkaline earths (barium, calcium, and strontium). The
PPlc water extracts are low in potassium compared to other stratigraphic units. Conversely, water extracts
of the Plio-Pleistocene unit have high alkalinity and uranium concentrations. Of particular interest are
water extracts from the Hanford formation H2 unit (i.e., 96, 111, and 115 ft bgs), which indicate
anomalously high chloride and nitrate concentrations compared to other stratigraphic units (Table 5.38).

In 17 of 28 instances, the cation-anion balance from water extracts listed in Table 5.41 agrees within
15%, suggesting an internally consistent data set. The remaining 11 data sets show a low anion charge,
however, perhaps reflecting some bias in the alkalinity measurements. Because the ratio of water to
sediment used in the water extracts was 1:1, the data in Tables 5.38 through 5.41 with the units of mg/L
and pg/L or meq/L also represent milligrams or milliequivalents per kilogram of soil.
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Table 5.38.

pH, Electrical Conductivity, Alkalinity, and Anions in Water
Extracts of Sediment Samples from Borehole 299-W22-50

Constituent Sample pH EC Alk F Cl NO, NO; PO, SO,
Stratigraphic mg/L
ft (bgs)® Unit uS/em CaCoO; mg/L mg/L mg/L mg/L mg/L mg/L
20 Hla 7.78 188 52.88 0.72 0.45 <0.1 5.89 0.1 8.56
22.5 Hla 7.72 221 26.79 0.74 1.08 <0.1 451 <0.1 13.52
25 Hla 7.68 214 31.73 0.72 0.76 <0.1 3.42 0.2 9.78
27.5 Hla 7.60 214 48.65 0.7 1.88 <0.1 0.63 0.1 19.56
30 Hla 7.65 217 39.48 0.63 4.85 <0.1 2.64 0.15 20.5
32.5 Hla 7.67 186 43.01 0.56 1.62 <0.1 2.51 0.33 11.64
35 Hla 7.49 222 50.06 0.68 0.82 <0.1 0.68 0.29 13.85
37.5 Hla 7.84 203 45.12 0.61 0.67 <0.1 0.57 <0.1 12.51
40 Hla 7.03 184 47.24 0.5 0.57 <0.1 0.36 <0.1 11.49
42.5 Hla 7.11 223 54.29 0.58 0.99 <0.1 1.15 0.16 17.54
45% Hla 7.4610.1 22443 35+19 0.60+0.05 | 0.82+0.01 <0.1 1.46+0.52 <0.1 17.6£1.1
47.5 Hla 7.40 224 34.55 0.57 0.83 <0.1 0.46 <0.1 16.37
51 Hla 7.90 181 56.40 0.59 0.45 <0.1 3.09 0.1 8.62
52.5 Hla 7.44 181 32.43 0.39 0.85 <0.1 0.72 <0.1 16.15
54.5 H1 7.32 216 54.99 0.47 1.34 <0.1 0.25 <0.1 19.18
56 H1 7.35 129 25.38 0.28 0.54 <0.1 1.25 0.12 8.37
60 H1 10.33 553 60.63 0.41 9.33 <0.1 1.82 <0.1 35.71
67.5 H2 9.00 276 0.38 4.84 <0.1 5.49 0.21 21.9
76 H2 8.55 223 21.86 0.36 44 <0.1 8.85 0.18 29.7
96* H2 7.44£0.02 [ 298%15 35+5 0.39+0.06 | 23.7+13 <0.1 10.0£1.0 | 0.20+0.06 | 28.7£1.0
111 H2 7.45 296 58.52 0.49 11.47 <0.1 2551 0.15 23.01
115 H2 7.51 309 55.70 0.51 14.41 <0.1 29.8 0.17 16.6
130 PPlz 7.66 231 89.54 0.41 2.01 <0.1 6.32 0.16 9.63
135 PPlz 8.50 226.5 62.04 0.46 2.31 <0.1 20.99 0.2 18.02
141 PPlc 8.12 246 67136 0.80£0.08 [ 3.3+0.5 <0.1 11£1.3 <0.1 2242.8
150.5 Rtf 7.77 191 6.35 1.1 1.49 <0.1 <0.1 <0.1 8.62
160.5 Rtf 7.74 135 31.02 0.62 0.76 <0.1 <0.1 <0.1 3.13
174 Rtf 7.75 88 18.33 0.99 4.77 <0.1 10.9 0.13 2.57

(a) Multiply by 0.3048 to convert to meters.

* Average of duplicate extracts.

5.2.10 Acid Extraction

The results of 8 M nitric acid extraction for sediment samples from borehole 299-W22-50 are

presented in Tables 5.43 and 5.44. Samples of the PPlc subunit in borehole 299-W22-50 contain less
calcium carbonate cement than in borehole 299-W22-48 and, thus, shows only mildly high acid-leachable
calcium, lead, and strontium as well as conversely low-leachable iron, compared to the other stratigraphic

units. The high acid-leachable alkaline-earth cations represent the rapid dissolution of carbonates.

Unlike the PPlc subunit in borehole 299-W22-48, there is no high release of copper, manganese, and
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Table 5.39. Major Cations in Water Extracts of Sediment Samples from Borehole 299-W22-50 (ICP)

Depth | Strati-
ft graphic [ Na Mg Al Si P S K Ca Mn Fe Sr Ba
(bgs)® | Unit |(mg/L)| (mg/L) | (ug/L) | (mg/L) | pg/L | (mg/L) | (mg/L) | (mg/L) | (ug/L) | (ug/L) | (ug/L) | (ug/L)
20 Hla 19.63 1.65 (29) 16.34 | (33) 3.11 5.40 7.14 (0) 33.9 31.6 16.9
22.5 Hla 2474 | 2.08 (45) | 16.61 | <500 | 4.76 6.48 9.49 (1) 96.2 | 402 | 20.0
25 Hla 20.05 | 1.40 30) | 1422 | (91) 3.51 5.41 6.32 0) 30.6 | 275 18.5
27.5 Hla 2240 | 2.35 (38) | 15.60 | (42) 7.10 6.69 | 10.72 2) 76.7 | 48.1 28.8
30 Hla 20.15 2.42 (20) 17.47 | (59) 7.18 5.98 11.24 (0) 45.6 52.1 19.9
3255 Hla 19.79 | 1.67 (23) | 1540 | (91) 4.48 4.86 7.95 (0) 263 | 34.6 18.2
35 Hla 2540 | 2.15 30) | 16.63 | (54) 5.56 6.82 10.91 €] 31.7 | 49.0 | 263
375 Hla 2252 | 1.97 21) | 16.02 | (80) 5.08 6.37 9.98 0) 332 | 447 19.8
40 Hla 18.18 2.07 (28) 1541 (37 4.72 6.18 9.98 (0) 27.5 46.3 23.5
42.5 Hla 2212 | 2.62 (25) | 17.63 | <500 | 6.85 7.09 | 12.86 (0) 22) | 559 17.5
45 Hla 21.62 | 2.52 (30) | 18.01 | (50) 7.06 7.19 | 12.28 0) (22) | 555 | 213
47.5 Hla 2233 | 2.63 (25) | 17.90 | (41) 6.47 7.31 13.13 0) 23) | 599 | 21.1
51 Hla 17.25 1.84 (22) 17.61 | (126) | 3.39 5.20 9.15 (0) 35.2 39.9 13.7
52.5 Hla 1517 | 2.17 (34) | 13.94 | (52) 6.26 5.57 10.12 (0) (19) | 463 | 203
54.5 H1 1945 | 2.79 (36) | 15.40 | (56) 7.31 6.56 | 12.72 e)) 337 | 583 | 275
56 H1 11.06 | 1.77 47) 9.01 (76) 3.20 4.09 5.74 (1) 21) | 268 14.6
60 H1 28.12 0.03 379 28.04 | (145) | 13.61 10.05 | 51.55 <10 @) 176 44.9
67.5 H2 16.36 | 3.03 103 10.67 | (154) | 8.21 4.69 | 12.62 (1) 109 56.8 15.3
76 H2 1634 | 2.79 75.1 | 10.51 | (81) | 10.64 | 4.01 14.10 0) 59.7 | 58.7 16.4
96 H2 23.18 | 4.29 27) 995 | (139) | 11.20 | 5.93 | 19.17 ) (18) | 85.6 | 26.7
111 H2 | 2241 393 | (14) | 1151 | 67) | 9.01 | 566 | 1785 | (0 | an | 79.7 | 30.1
115 H2 2433 | 4.15 (26) | 10.23 | (51) 6.75 549 | 18.50 (3) 33.1 854 | 355
116 H2 1748 | 2.14 308 14.43 | (257) | 4.05 2.66 | 1045 2) 98.6 | 46.1 25.8
130 PPIz 1837 | 4.03 29) 9.96 (78) 4.13 3.78 16.15 2) 19) | 71.8 | 28.6
135 PPlz 20.96 | 4.61 (13) 10.58 | (179) | 7.07 4.72 15.73 (0) (12) 70.3 28.7
140 PPlc 17.01 | 3.51 277 1499 | (131) | 6.16 3.04 | 11.41 (3) 117 574 | 34.0
141 PPlc 20.13 | 5.28 (20) | 21.56 | (33) 8.93 471 | 17.09 0) 13) | 829 | 227
150.5 Rtf 1733 | 3.31 370 | 13.81 | (129) | 3.87 4.63 1044 | 152 352 59.6 15.3
1605 | Rif [ 1002 | 233 | 38) | 1398 [ 88) | 152 | 360 | 841 | @ | 4 | 405 | 168
174 Rtf 6.69 0.90 106 13.81 | (123) | 1.13 2.20 2.98 2) 447 | (14) 5)

(a) Multiply by 0.3048 to convert to meters.

Values in parenthesis are just below level of quantification but spectra looked good. Thus, a tentative value was attributed to
data. Data in bold are the average of duplicate extractions.
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Table 5.40. Trace Metals in Water Extracts of Sediment Samples from Borehole 299-W22-50

Depth Strati-
ft graphic B Cr* Co Ni Cu Zn As* Se* Mo* Te* Pb* u*
(bgs)® Unit | (ng/L) | (ng/L) | (ng/L) | (ng/L) | (ng/L) | (ug/L) | (ng/L) | (ng/L) | (ug/L) | (ng/L) | (ug/L) | (ug/L)
20 Hla ®) 0910 | <10 () o) 30.3 39.3 <5 1.89 | (0.00) | (035 | 111
225 Hla ©6) 0.31) 0.5 ©6) ) 414 34.4 <5 4.81 (0.00) | (0.28) 1.73
25 Hla “ (0.28) <10 “ ()] 48.8 413 (0.02) 3.52 (0.00) | (0.84) 1.55
27.5 Hla 3) 0.47) 0.1 2) (€))] 33.6 34.0 (0.14) 6.57 (0.00) | (0.13) 1.44
30 Hla ) | 032) | <10 @3) @) 315 135 | 027) | 1.62 | (0.00) | (0.09) | 0.805
325 Hla 3 0.41) 0.4 3) (@) 30.8 27.0 0.24) 2.12 (0.00) | (0.01) 1.61
35 Hla 2) 0.510 0.0 2) (€)) 313 243 (0.28) 9.68 (0.00) | (0.03) 2.08
375 Hla 3) 0.625 <10 2) 3) 28.6 22.8 0.21) 12.8 (0.00) | (0.25) 1.72
40 Hla ) 0535 | <10 @3) o) 424 101 | 007) | 432 | 0.00) | 0.02) | 1.07
42.5 Hla ©6) 0.590 <10 “ (€)) 46.7 11.5 0.17) 6.74 (0.00) | (0.00) 1.15
45 Hla 5) (0.49) <10 Q) 3) 35.2 13.2 (0.58) 6.05 (0.00) | (0.22) 1.15
475 Hla 5) (0.49) <10 3) (€)) 29.8 11.2 (0.13) 12.54 | <0.02 | (0.08) 1.21
51 Hla © | 039 | <10 @3) (0) 26.7 124 | 018) | 1.03 | (0.00) | (0.00) | 0.710
52.5 Hla ) (0.32) <10 3) <25 34.8 9.60 (0.50) 3.35 (0.00) | (0.25) | 0.565
54.5 H1 “ (0.48) <10 “) 2) 26.9 7.09 (0.31) 14.9 (0.00) | (0.02) | 0.820
56 H1 <100 | (0.15) <10 2) <25 333 9.16 (0.42) 2.81 (0.00) [ (0.02) | 0.565
60 HI an 48.8 <10 %) @3) 335 295 | (0.66) | 1021 | (0.00) | (0.02) | 0.000
67.5 H2 ©) 0.715 <10 “ ) 343 16.6 (0.66) 9.96 (0.00) | (0.21) | 0.885
76 H2 “ 0.760 <10 “ 0) 31.4 14.7 (1.14) 4.77 (0.00) | (0.14) | 0.565
96 H2 (11) 0.775 <10 @) <25 30.2 12.7 (1.22) 14.5 (0.00) | (0.10) | 0.567
111 H2 12) 1.85 <10 ®) ®) 27.7 138 | (1.64) | 202 | (0.00) | (0.00) | 0.615
115 H2 (14) 0.500 0.0 ©6) “ 28.7 11.7 (3.40) 17.6 (0.00) | (0.05) | 0.810
116 H2 2161 0.705 0.1 3) “) 19.9 29.7 (1.43) 11.1 (0.00) 0.348
130 PPlz [©)] (0.39) <10 3) “) 25.5 9.81 (3.12) 15.1 (0.00) | (0.02) | 0.935
135 PPlz (12) 1.65 <10 6) @3) 333 6.76 5.38 28.1 | (0.00) | (0.07) | 0.870
140 PPlc 2089 0.925 1.2 <100 (@) 21.1 9.51 (2.00) 25.7 (0.00) 0.975
141 PPlc ®) 0.725 <10 “) 3) 34.9 18.1 3.14) 63.6 (0.00) | (0.17) | 10.24
150.5 Rtf 5) 0.565 <10 5) 3) 314 3.61 (0.10) 8.23 (0.00) | (0.10) | 0.775
160.5 Rtf G) | (029 | 00 6) ) 30.8 382 | (095 | 596 | (0.00) | (0.04) | 0.438
174 Rtf e 0.610 <10 ®) ®) 32.0 3.44 (3.41) 1.61 (0.00) | (0.24) | 0.005

(a) Multiply by 0.3048 to convert to meters.
*ICP-MS instrument was used.

Values in parenthesis are just below level of quantification but spectra looked good. Thus, a tentative value was attributed to data. Data in

bold type average of duplicate extractions.

5.47




Table 5.41. Charge Balance for Water Extracts of Sediment Samples from Borehole 299-W22-50

Depth | Strati-
ft graphic Alk F Cl NO; SO, Y Anion Na Mg K Ca Y Cation
(bgs)® Unit (meq/L) | (meq/L) | (meq/L) | (meq/L) | (meq/L) | (meq/L) | (meq/L) | (meq/L) | (meq/L) | (meq/L) | (meq/L)
20 Hla 1.06 0.04 0.01 0.10 0.18 1.38 0.85 0.14] 0.14 0.36 1.49
22.5 Hla 0.54 0.04 0.03 0.07 0.28 0.96 1.08 0.17] 0.17 0.47 1.89
25 Hla 0.63 0.04 0.02 0.06 0.20 0.95 0.87 0.12| 0.14 0.32 1.44
27.5 Hla 0.97 0.04 0.05 0.01 0.41 1.48 0.97 0.19| 0.17 0.54 1.88
30 Hla 0.79 0.03 0.14 0.04 0.43 1.43 0.88 020 0.15 0.56 1.79
32.5 Hla 0.86 0.03 0.05 0.04 0.24 1.22 0.86 0.14] 0.12 0.40 1.52
35 Hla 1.00 0.04 0.02 0.01 0.29 1.36 1.10 0.18| 0.17 0.55 2.00
37.5 Hla 0.90 0.03 0.02 0.01 0.26 1.22 0.98 0.16| 0.16 0.50 1.80
40 Hla 0.94 0.03 0.02 0.01 0.24 1.23 0.79 0.17] 0.16 0.50 1.62
42.5 Hla 1.09 0.03 0.03 0.02 0.37 1.53 0.96 022 0.18 0.64 2.00
45 Hla 0.99 0.00 0.00 0.00 0.00 0.99 0.94 0.21 0.18 0.61 1.95
47.5 Hla 0.69 0.03 0.02 0.01 0.34 1.09 0.97 022 0.19 0.66 2.03
51 Hla 1.13 0.03 0.01 0.05 0.18 1.40 0.75 0.15] 0.13 0.46 1.49
52.5 Hla 0.65 0.02 0.02 0.01 0.34 1.04 0.66 0.18| 0.14 0.51 1.49
54.5 H1 1.10 0.02 0.04 0.00 0.40 1.57 0.85 023 0.17 0.64 1.88
56 H1 0.51 0.01 0.02 0.02 0.17 0.73 0.48 0.15| 0.10 0.29 1.02
60 H1 1.21 0.02 0.26 0.03 0.74 227 1.22 0.00| 0.26 2.58 4.06
67.5 H2 0.00 0.02 0.14 0.09 0.46 0.70 0.71 025 0.12 0.63 1.71
76 H2 0.44 0.02 0.12 0.14 0.62 1.34 0.71 023 0.10 0.70 1.75
96 H2 0.61 0.00 0.00 0.00 0.00 0.61 1.01 035 0.15 0.96 2.47
111 H2 1.17 0.03 0.32 0.41 0.48 2.41 0.97 032 0.14 0.89 2.34
115 H2 1.11 0.03 0.41 0.48 0.35 2.37 1.06 034 0.14 0.93 2.47
116 H2 - - - - - - 0.76 0.18| 0.07 0.52 1.53
130 PPz 1.79 0.02 0.06 0.10 0.20 2.17 0.80 033 0.10 0.81 2.04
135 PPlz 1.24 0.02 0.07 0.34 0.38 2.04 0.91 038 0.12 0.79 2.20
140 PPlc - - - - - - 0.74 029 0.08 0.57 1.68
141 PPlc 1.85 0.00 0.00 0.00 0.00 1.85 0.88 043 0.12 0.85 2.29
150.5 Rtf 0.13 0.06 0.04 0.00 0.18 0.41 0.75 027 0.12 0.52 1.67
160.5 Rtf 0.62 0.03 0.02 0.00 0.07 0.74 0.44 0.191 0.09 0.42 1.14
174 Rtf 0.37 0.05 0.13 0.18 0.05 0.78 0.29 0.07| 0.06 0.15 0.57

(a) Multiply by 0.3048 to convert to meters.
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Table 5.42. Ranges of Parameters and Selected lons Found in Water Extracts for
Stratigraphic Units Sampled Within Borehole 299-W22-50

Hanford Hanford Hanford | Hanford | Upper Plio- Lower Plio- Ringold
Stratigraphic Formation | Formation | Formation | Formation| Pleistocene Pleistocene | Formation
Unit (Unit H1a) | (Unit H1a) | (Unit H1) | (Unit H2) | Unit (PPlz) Unit (PPlc) (Rtf)
Sand to
Sand and Sand and | Sand and Fine Sand Gravelly
Lithology Gravel Sand Gravel Silt and Silt Caliche Sand
Depth Interval
(ft bgs)® 0to 14 14 to 53 53 to 62 62 to 126 126 to 138 138 to 143 143 to 175
Units
pH --- 7.7-1728 73-103 | 7.4-9.0 7.6-8.5 8.1 7.7-1.8
EC uS/cm - 180 -220 130 -550 | 220-310 220-230 250 100 - 200
Alk mg/L - 30-56 25 -60 22 - 60 60 - 90 60 - 70 6-30
F mg/L - 0.5-0.7 03-0.5 0.4-0.5 0.4-0.5 0.8 0.6-1.2
Cl mg/L --- 0.6-4.8 05-93 4-23 2-3 3 1-5
NO3 mg/L --- 0.4-5.9 02-2.0 5-30 6-21 11 0-10
S04 mg/L - 8.6-20.5 8-36 16 - 30 9-18 20-25 2-10
Na mg/L - 15-25 11-28 16 - 24 18-21 17 -20 6—-10
Mg mg/L --- 14-2.6 0-3 2-4 4-45 35-55 1-25
Si mg/L --- 14-18 9-28 10- 14 10-11 15-22 13-14
K mg/L - 50-75 4-10 4-11 3.8-48 3.0-4.7 2-4
Ca mg/L -—- 6-13 6-50 10 - 20 15-16 11-17 3-8
Sr ng/L - 27 - 60 25-175 45 -85 70 -72 55-85 15-40
Ba ng/L - 13-26 15-45 15-35 28-29 23-34 5-17
Cr pg/L - 04-09 0.2-50 0.7-1.8 04-1.6 0.7-0.9 0.3-0.6
U ng/L - 0.6-2.0 0-0.8 0.4-0.9 09-1.0 1-10 0.0-0.8

(a) Multiply by 0.3048 to convert to meters.

---No samples collected from this unit.

uranium that may represent substitution of these trace metals into the carbonate crystal lattice. The
coarse-grained Hanford formation H1 unit produced relatively low amounts of leachable aluminum,
calcium, iron, manganese, potassium, and strontium compared to the other units. This is probably a

function of the relatively larger particle sizes and less surface area of the Hanford formation H1 unit,
which are not leached as efficiently as fine particles during the acid-leach process. The Ringold
Formation shows lower amounts of acid-leachable aluminum, barium, calcium, manganese,
potassium,and strontium than other units. The finer-grained Hanford formation unit Hla shows high
acid-leachable iron and sodium , unlike the same strata at borehole 299-W22-48. Again, the Plio-
Pleistocene unit shows high acid-leachable aluminum and magnesium, perhaps coincident with higher
clay content.
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Table 5.43. Major Cations (ug/g) in Acid Extracts of Sediment Samples
from Borehole 299-W22-50. Measured using ICP method.

ft ft ft ft ft ft ft ft ft
ft bgs® | ftbgs® | bgs® bgs® ft bgs® | bgs® bgs® bgs® bgs® bgs® bgs® bgs®
Element 275 51 545 60 67.5 9 116 135 140 141 150.5 | 160.5
(ug/g) Hla Hla H1 H1 H2 H2 H2 H2 PPIc PPlc Rtf Rtf
Na 332.4 4252 2402 | 309.4 209.4 218.7 | 2278 | 2720 | 2126 | 2529 | 3653 | 2517
Mg 5523 5318 4293 | 2,717 6,360 5137 | 6,507 | 7,766 | 7,019 | 5020 | 3,333 3,823
Al 8,245 10,251 | 6,311 3,711 9,097 8,388 | 10,940 | 16268 | 9,828 | 6,220 | 5402 | 5,939
Si 64.67 18.22 37.68 10.56 23.37 27.19 4.59 13.34 13.46 11.00 | 22.83 32.66
p 915.7 773.0 630.8 | 834.4 565.2 502.5 | 553.0 | 4849 | 864.6 | 489.8 507.1 510.9
S 73.75 71.86 49.10 | 229.95 51.92 3336 | 2578 | 27.00 | 3227 | 102.13 | 36.99 | 37.47
K 1,486 1,435 1,132 561 1,998 1696 | 2,302 | 2,541 1,926 887 718 701
Ca 10,577 | 1,1316 | 8421 | 14,424 | 10,802 8,622 | 9,991 | 13,341 | 11,254 | 34412 | 3,862 | 3,954
Ti 1,2032 | 1,818.8 | 789.1 464.9 601.1 677.1 | 748.1 872.1 507.9 | 470.7 | 809.0 | 783.6
Mn 4244 4445 293.7 144.9 3493 280.4 | 310.1 4123 3003 | 430.0 1987 | 2269
Fe 12,89
23,264 | 26451 | 14,965 | 10,619 | 15,069 8 17,210 | 21,168 | 16,361 | 10,439 | 11,380 | 12,401
Sr 4232 47.63 33.07 | 31.44 43.61 3712 | 4675 | 4517 | 3845 83.65 | 25.88 | 24.99
Ba 1215 107.1 747 63.2 80.3 744 101.9 1245 109.1 78.4 48.8 50.5
(a) Multiply by 0.3048 to convert to meters.
Table 5.44. Trace Metals (ug/g) in Acid Extracts of Sediment Samples from
Borehole 299-W22-50. Measured using ICP or ICP-MS method.
ft bgs® | ftbgs® | ftbgs® | ftbgs® | ftbgs® | ft bgs® | ft bgs® | ft bgs® | ftbgs® | ftbgs® | ftbgs® [ ft bgs®
Element 27.5 51 55 60 67.5 96 116 135 140 141 150.5 160.5
(ng/g) Hla Hla H1 H1 H2 H2 H2 H2 PPlc PPlc Rtf Rtf
Be® (0.37) (0.33) (0.40) (0.24) (0.16) (0.33) (0.30) (0.36) (0.56) (0.40) (0.22) (0.17)
B® 1.64 0.28 3.86 4.98 9.70 6.38 2.72 5.55 4.75 7.56 3.78 4.98
Cr 9.78 8.97 8.78 425 14.96 15.69 19.49 19.32 16.65 9.36 7.44 7.88
Cr 10.45 8.79 8.43 8.30 425 14.59 15.14 18.62 18.45 16.89 8.41 7.06
Co 12.17 10.91 13.79 7.74 5.62 7.65 6.86 8.70 10.48 8.99 7.15 6.41
Ni 11.17 10.33 8.94 8.49 5.36 13.69 12.61 17.45 15.87 16.94 9.70 8.25
Cu 10.91 10.86 9.45 7.92 10.58 9.98 8.41 13.38 18.79 17.23 10.86 9.17
Zn 47.71 43.65 47.50 32.14 35.96 44.08 35.76 49.19 55.24 45.14 25.27 25.39
As© (4.76) (2.04) (1.65) (1.00) (3.78) (4.02) (6.16) (4.56) (2.65) (3.64) (1.06) (1.30)
Se® 0.35 0.33 0.24 0.35 0.15 0.16 0.18 0.27 0.29 0.16 0.22 0.17
Mo® 0.10 0.09 0.09 0.12 0.10 0.09 0.10 0.09 0.08 0.28 0.22 0.14
Tc® 1.20 2.52 0.00 0.00 2.49 0.00 229 2.39 0.00 5.93 0.00 <29.80
Ru® 0.001) | (0.001) | (0.001) | (0.001) [ 0.001) | (0.001) | (0.001) [ (0.001) | (0.002) | (0.001) | (0.001) | (0.001)
Ag® 0.06 0.06 0.05 0.05 0.05 0.04 0.05 0.06 0.07 0.03 0.03 0.05
[ 0.09 0.08 0.06 0.06 0.07 0.06 0.12 0.14 0.11 0.07 0.04 0.05
Pb® 5.06 428 3.69 2.65 6.28 5.16 6.31 10.45 8.34 2.93 2.52 3.96
Pb 5.57 4.94 4.09 3.96 2.89 5.70 478 5.64 9.33 8.79 2.44 2.28
U 0.82 0.68 0.51 0.45 0.74 0.82 0.78 0.97 1.20 1.29 0.40 0.39

(a) Multiply by 0.3048 to convert to meters.

(b) B check standard was reading high values are suspect.

B.)

(B values are suspect because of acid attack on digestion glassware may add additional

(c) ICP-MS instrument was used; when not noted, ICP was used.
Values in parenthesis are just below level of quantification but spectra looked good. Thus, a tentative value was attributed to data.
(d) Arsenic data are suspect because of Ar-Cl molecular species at mass 75.
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Table 5.45 expresses the percentage of each element released during nitric acid extraction in relation
to the bulk chemical composition of the sediment as determined by XRF. In general, the acid extraction
removes only 1% to 10% of the total alkali metals (potassium and sodium), about 25% of the major
alkaline earth metals (calcium and magnesium), and less (about 10% to 20%) of the minor alkaline earths
(barium or strontium, very little of the silicon , about 15% of the aluminum and titanium , about 40% to
60% of the iron and manganese, and 25% to 70% of the various trace metals. The amount of any element
removed from the Hanford formation H1 unit and to some degree the Ringold Formation coarse sands by

Table 5.45. Percent of Total Element (XRF) in Sediment Samples Leached
by Acid Extraction of Sediment Samples in Borehole 299-W22-50

Depth (ft bgs)® 51 60 116 135 140 160.5
Stratigraphic Unit Hla H1 H2 PPlz PPlc Rtf
Na 2.7 1.6 1.3 2.5 1.6 1.1
Mg 24.9 13.5 28.4 29.9 30.6 23.7
Al 16.0 5.4 15.1 21.5 14.0 9.8
Si 0.0 0.0 0.0 0.0 0.0 0.0
p >79.7 71.9 >60.1 >55.7 >95.0 >57 4
S 16.7 38.3 7.6 >10.8 >12.4 >14.4
K 9.7 3.8 11.3 11.6 10.0 4.9
Ca 29.9 33.9 36.9 49.7 46.6 16.4
Ti 24.4 7.1 19.1 19.9 10.5 18.7
Mn 46.6 17.9 56.3 67.0 57.4 39.1
Fe 473 20.7 59.6 63.3 51.8 39.3
Sr 14.6 9.4 11.9 17.7 12.3 5.9
Ba 17.4 9.3 13.3 18.7 15.6 7.7
cr® >21.7 8.3 33.3 33.5 34.5 >26.8
Co >13.5 >9.9 >12.0 >14.3 >17.8 >10.9
Ni 46.6 26.4 37. 60.2 59.0 423
Cu 443 34.3 422 46.6 88.2 51.5
Zn 48.9 34.4 55.2 64.0 86.9 46.8
As®9 35.8 23.8 68.4 46.5 32.3 40.8
Se® >12.8 | >13.4 >7.5 >11.3 >12.2 >7 .4
Mo™® >4.5 3.0 >4.9 >4.1 >3 .4 >8.0
Ru® >0.0 >0.0 >0.0 >0.0 >0.0 >0.0
Ag® 0.8 0.5 >0.7 >().8 >1.0 >0.6
Ccd® >0.9 >0.7 >1.4 >1.6 >1.3 >0.6
pb® 62.1 26.5 48.6 59.7 57.2 34.1
U >12.4 >8.0 >14.3 >16.4 21.4 >7.7
(a) Multiply by 0.3048 to convert to meters.
(c) ICP-MS instrument was used; when not noted, ICP was used.
(d) Arsenic data are suspect because of Ar-Cl molecular species at mass 75.
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acid digestion, is less than for the other geologic units signifying that the coarse sand consists of mostly
unweathered primary minerals. The acid leach process releases most of the calcium and magnesium , and
slightly more of several of the trace metal elements from the calcic PPlc subunit (42.6-meter or

140-foot depth) compared to noncalcareous strata. These relationships hold true for sediment samples
from borehole 299-W22-48 as well.

Nitric acid is much more effective at leaching than 1:1 sediment-to-water solutions, which were
discussed in Section 5.2.9. The only elements where water extraction exceeds a few tenths of a percent of
the amount that the acid leached are sodium , sulfur (sulfate), and molybdenum; they water-leach between
5% to 10%, 10% to 30%, and 10% to 15% as much as the amount that acid leaches, respectively. Thus,
the percentages of the total elements in the uncontaminated sediment that leach in water is less than a few
percent of the total as determined by XRF. The contaminated sediment differs in that more mass is water-
leachable for contaminants that are known to be mobile, such as chromium (IV), molybdenum, nitrate,
sulfate, and technetium (see Serne et al. 2002 a, b, ¢ for further discussion).

5.2.11 Porewater Composition

Actual porewater was extracted and measured from two sediment samples in borehole 299-W22-50
via ultracentrifugation (Table 5.46). The two samples selected for analysis came from the Hanford
formation H2 unit (35.3 meters or 116 feet bgs) and the PPlc subunit (42.6 meters or 140 feet bgs).

The pH, EC, and alkalinity, as well as concentration of cations, anions, and trace metals, were
measured using the same techniques as used for the water extracts (see Section 5.2.9); these are listed in
Table 5.46. The charge balance for UFA-extracted porewater from the two sediment samples is presented
in Table 5.47.

The chemical composition of the UFA-extracted porewater suggests that the nitrate values for both
the 35.3 and 42.6 meters (116 and 140 feet) bgs are higher than normal for uncontaminated vadose zone
sediment (see Table 5.45). The values for all the constituents are quite similar for the two porewaters
despite the fact that the shallower sample is from the Hanford formation H2 unit and the deeper sample is
from the PPIc subunit. Natural vadose-zone porewaters are quite similar in chemical composition to
sediment water extracts and groundwater, except they are more concentrated. These two fluids are
dominated by calcium, magnesium, and sodium cations and by bicarbonate, chloride, nitrate, and sulfate
anions (see Tables 6.46 and 6.47). The nitrate and sodium values seem somewhat high compared to
uncontaminated groundwater, perhaps reflecting some manmade input of Hanford’s two most ubiquitous
chemicals — nitrate and sodium.

The UFA extractions represent actual porewater that may have been in contact (and in equilibrium)
with the sediment for hundreds to thousands of years. However, it may be difficult to nearly impossible,
and thus costly, to extract porewater from some of the drier vadose-zone sediments on the Hanford Site.
Therefore, we attempted to compare UF A-extracted porewater with the dilution-corrected 1:1 sediment
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Table 5.46. pH, Electrical Conductivity, Alkalinity, Cations, Anions, and Trace Metals for
UFA-Extracted Porewater from Sediment Samples within Borehole 299-W22-50

ft bgs®
Constituent Units 116 140
Moisture wt% 22.61 29.67
pH 7.21 7.49
EC pS/cm 1415 956
Alk mg/L CaCO3 |46.53 88.84
F mg/L 0.58 0.38
Cl mg/L 119.4 25.47
Br mg/L 0.69 0.34
NO, mg/L <0.1 <0.1
NO; mg/L 243.8 96.5
PO, mg/L <0.1 0.96
SO, mg/L 122.3 178
Na mg/L 90.31 69.21
Mg mg/L 23.23 22.02
Al pg/L <100 (13)
Si mg/L 15.07 17.07
P ug/L (175) (178)
S mg/L 49.98 67.73
K mg/L 12.16 9.53
Ca mg/L 109.2 75.2
Mn ng/L (7) 13.1
Fe pg/L (13) 43.1
Sr png/L 498 328
Ba ug/L 144 90.1
B ug/L (46) (54)
Cr* pg/L 0.675 1.10
Co pg/L <10 <10
Ni ug/L (8) (6)
Cu ug/L (8) (11)
Zn png/L 51.0 45.4
As* pg/L 8.7 4.16
Se* ug/L 20.4 35.7
Mo* ug/L 37.3 59.8
Tc* pg/L (0.04) (0.00)
Pb* pg/L (0.35) (0.27)
U* ug/L 1.26 4.86
Ag* ug/L (0.10) (0.05)
Cd* pg/L (0.26) (0.16)
Ru* pg/L (0.02) (0.02)
(a) Multiply by 0.3048 to convert to meters.
*ICP-MS instrument was used.
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Table 5.47. Charge Balance for UFA-Extracted Porewater from
Sediment Samples in Borehole 299-W22-50

ft Alk F Cl NO; SO, > Anion Na Mg K Ca > Cation
(bgs)® | (meq/L) | (meq/L) | (meq/L) | (meq/L) | (meq/L) | (meq/L) | (meq/L) | (meq/L) | (meq/L) | (meq/L) (meq/L)

116 0.93 0.03 3.37 3.93 2.55 10.82 3.93 1.91 0.31 5.46 11.62

140 1.78 0.02 0.72 1.56 3.71 7.78 3.01 1.81 0.24 3.76 8.83

(a) Multiply by 0.3048 to convert to meters.

to water extracts. This comparison is shown in Tables 5.48 to 5.50 where the dilution-corrected water
extracts (i.e., calculated porewater compositions) are listed along with the values obtained from actual
porewater extracted with the UFA.

Table 5.48 shows the theoretical chemical composition of vadose zone porewater calculated by
assuming that the water extracts represent the actual solutes present in the native porewater. To convert
back to the concentration of the porewater, multiply by the dilution factor for the added deionized water.

We did not perform water extracts on aliquots of sediment from the same core sleeves that we ultra-
centrifuged so we cannot make direct comparisons. However, if we assume that the sediment in
proximity should have similar pore chemistry, then comparisons can be made. In Tables 5.49 and 5.50,
we compare calculated porewater compositions for neighboring water extracts with the two actual UFA-
extracted porewater samples. The comparisons require that we look at data from three different
stratigraphic units: the Hanford formation H2 unit, and the upper and lower Plio-Pleistocene subunits
(PPlz and PPIc, respectively). Tables 5.49 and 5.50 indicate that water leaching does dissolve excess
carbonate, fluoride, potassium, and sodium from sediment within the Hanford formation H2 unit,
compared to the native porewater. For the calcic (PPIc) sample, all the major chemical species are higher
in the theoretically calculated pore fluid suggesting that water leaches material and, thus, we cannot
accurately predict the actual porewater composition for this sediment type. The theoretically calculated
composition is much higher than the actual porewater because the water leaching dissolves a significant
portion of the carbonates and other salts. The additional carbonate alkalinity is likely due to partial
dissolution of calcite. The excess potassium and sodium may come from the excess calcium replacing
cation-exchangeable alkali metals during the water extraction process, though some potassium dissolution
(perhaps potassium-feldspar is the source) has been noticed in longer-term water leach tests.

Aside from carbonate alkalinity, the water extracts may not dissolve excess anions not already present
in the native porewater of non-calcareous sediment. As will be discussed in the other reports in this series
(Serne et al. 2002 a, b, c¢), which report on contaminated sediment that contain highly saline tank fluids,
water extracts multiplied by the dilution factor agree more closely with UFA-extracted porewater from
vadose zone contaminated sediment because the tank fluid in porewaters contains such high
concentrations that it dwarfs the contribution from dissolution/ion exchange displacement from the
sediment during the water extraction process.
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Table 5.48. Calculated Composition of Vadose-Zone Porewater (1:1 Sediment-to-Water
Extracts Multiplied By Dilution Factor)

Constituent
Units EC Alk F Cl NO3 S04 Na Mg K Ca Sr Ba
Sample mg/L
ftbgs® | puS/em | CaCO; |[mg/L | mg/L | mg/L | mg/L | mg/L | mg/L | mg/L | mg/L | ug/L | pg/L
Hanford Formation Hla Unit (Sand)

20 2,799 787 10.7 6.7 87.7 127.4 2922 | 24.6 | 804 | 106.3 | 470.4 | 251.6
22.5 1,679 203 5.6 8.2 343 102.7 | 187.9 | 15.8 | 49.2 72.1 3053 | 1519
27.5 4,165 617 14.0 14.8 66.6 1903 [ 390.2 [ 27.2 | 1053 | 123.0 | 535.2 | 360.0

30 2,626 597 8.6 23.1 7.7 240.1 | 2749 | 28.8 | 82.1 131.6 | 590.3 | 3535
32.5 2,301 419 6.7 514 28.0 2174 | 213.7 | 257 | 63.4 | 119.2 | 5525 | 211.0

35 2,298 531 6.9 20.0 31.0 143.8 | 244.5 | 20.6 | 60.0 98.2 427.5 | 224.8
37.5 2,527 570 7.7 9.3 7.7 157.7 | 289.1 | 245 | 77.6 | 1242 | 557.8 | 2994

40 2,839 631 8.5 9.4 8.0 175.0 | 315.0 | 27.6 | 89.1 139.6 | 6252 | 276.9
42.5 3,470 891 9.4 10.7 6.8 216.7 | 342.8 | 39.0 | 116.5 | 188.2 | 873.1 | 443.1

45 3,570 869 9.3 15.8 18.4 280.8 | 354.1 | 419 | 113.5| 2059 | 894.8 | 280.1
47.5 2,804 438 7.5 10.3 18.3 220.3 | 270.6 | 31.5 | 90.0 | 153.7 | 694.7 | 266.6

51 2,510 387 6.4 9.3 5.2 183.4 [250.2 | 29.5 | 81.9 | 147.1 | 671.2 | 2364
52.5 2,675 833 8.7 6.6 45.7 127.4 [ 2549 | 27.2 | 76.8 | 1352 | 589.6 | 202.4

Hanford Formation H1 Unit (Gravel and Sand)

55 3,289 837 7.2 20.4 3.8 292.0 |296.2 | 425 | 99.9 | 193.7 | 887.7 | 418.7

56 4,219 830 9.2 17.7 40.9 273.7 | 361.7 | 579 | 133.8 | 187.7 | 876.5 | 477.5

60 18,009 1,974 13.4 | 303.8 59.3 11,1629 9157 1.0 |327.3|1,678.7|5,731.5 | 1,462.2

Hanford Formation H2 Unit (Sand and Silt)

67.5 3,591 - 4.9 63.0 71.4 2849 [ 2129 394 | 61.0 | 1642 | 739.0 | 199.1
76 2,113 207 34 41.7 83.9 2814 | 1548 | 26.4 | 38.0 | 133.6 | 5562 | 1554
96 3,743 440 4.9 297.7 | 125.6 | 360.5 [ 291.1 | 53.9 | 74.5 | 240.8 | 1,075.1| 3353
111 2,914 576 4.8 1129 [ 251.2 | 226.6 |220.6 | 38.7 | 55.7 | 175.7 | 784.7 | 296.4
115 1,933 348 32 90.1 186.4 | 103.8 [ 152.2 | 26.0 | 343 | 115.7 | 5342 | 222.1
116 -- -- - -- -- -- 7309 | 89.5 [ 111.2 | 4369 |1,927.5(1,078.7

Upper Plio-Pleistocene Unit (PPlz)

130 2,801 1,086 5.0 24.4 76.6 116.8 [ 222.7 | 48.9 | 45.8 | 195.8 | 870.6 | 346.8

135 1,829 501 3.7 18.6 169.5 | 1455 [ 169.2 | 37.2 | 38.1 127.0 | 567.5 | 231.7
Lower Plio-Pleistocene Unit (PPlc)

140 -- -- - -- -- -- 288.0 | 594 | 51.5 | 1932 | 971.8 | 575.6

141 3,955 1,077 12.9 53.1 176.8 | 353.7 [ 323.6 | 84.9 | 75.7 | 274.7 |1,332.7| 3649
Upper Ringold Unit (Rtf Member) (Sand)

150.5 6,403 213 36.9 49.9 <34 289.0 | 581.0 | 111.0 | 155.2 | 350.0 [ 1,998.0 | 512.9

160.5 5,867 1,348 26.9 33.0 <43 136.0 | 435.5 [ 101.3 | 156.5 | 365.5 | 1,760.1 [ 730.1
174 5,003 1,042 56.3 | 2712 | 619.6 | 146.1 | 380.3 | 51.2 | 125.1 [ 1694 | (796) | (284)

(a) Multiply by 0.3048 to convert to meters.
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Table 5.49. Comparison of UFA-Extracted Porewater to Calculated Porewater Based
on Water Extract Data from Sediment Samples in Borehole 299-W22-50

Constituent
Units EC Alk F Cl NO; NN Na Mg K Ca Sr Ba

Sample
ft bgs® uS/em [mg/L CaCO;| mg/L | mg/L | mg/L | mg/L | mg/L | mg/L | mg/L | mg/L | pg/L | ng/L

Hanford Formation H2 Unit (Sand and Silt)

111 2,914 576 4.8 1,12.9 | 251.2 | 226.6 | 220.6 | 38.7 55.7 | 175.7 | 784.7 | 296.4
115 1,933 348 3.2 90.1 186.4 | 103.8 | 152.2 26 343 115.7 | 534.2 | 222.1
116 1,415 46.53 0.58 | 1194 | 243.8 | 1223 | 90.3 23.2 12.2 | 109.2 498 144
Upper Plio-Pleistocene Unit ( PPlz Facies) (Fine Sand and Silt)
130 2,801 1,086 5 24.4 76.6 | 116.8 | 222.7 [ 48.9 45.8 195.8 | 870.6 | 346.8
135 1,829 501 3.7 18.6 | 169.5 | 1455 | 169.2 | 37.2 38.1 127 567.5 | 231.7
Lower Plio-Pleistocene Unit (PPlc) (Caliche)
140 956 88.84 0.38 | 25.47 | 96.5 178 69.2 22 9.5 75.2 328 90.1
141 3,955 1,077 13 53 177 354 324 85 76 275 1,333 365

(a) Multiply by 0.3048 to convert to meters.

(b) The two values in bold are the actual UFA-extracted porewater while the other values are calculated from the 1:1 sediment-
to-water extracts by dilution correction.

Table 5.50. Comparison of UFA-Extracted Porewater to Calculated Porewater Charge Balance
Based on Water Extracts of Sediment Samples from Borehole 299-W22-50

Constituent Anions | Cations
Units Alk F Cl NO3 S04 Na Mg K Ca 2 2
Sample
ft bgs(”) meq/L | meq/L | meq/L | meq/L | meq/L | meq/L | meq/L | meq/L | meq/L | meq/L | meq/L
Hanford Formation Unit H2 (Sand and Silt)
111 11.52 0.25 3.18 4.05 4.72 9.59 3.19 1.42 8.77 23.73 22.97
115 6.96 0.17 2.54 3.01 2.16 6.62 2.14 0.88 5.77 14.84 15.41
116 0.93 0.03 3.37 3.93 2.55 3.93 1.91 0.31 5.45 10.81 11.60
Upper Plio-Pleistocene Unit (PPIz) (Fine Sand and Silt)
130 21.72 0.26 0.69 1.24 2.43 9.68 4.02 0.92 9.77 26.34 24.39
135 10.02 0.19 0.52 2.73 3.03 7.36 3.06 0.97 6.34 16.50 17.73
Lower Plio-Pleistocene Unit (PPlc) (Caliche)
140 1.78 0.02 0.72 1.56 3.71 3.01 1.81 0.24 3.75 7.78 8.81
141 21.54 0.68 1.50 2.85 7.37 14.07 6.99 1.94 13.71 33.94 36.70

(a) Multiply by 0.3048 to convert to meters.

The two values in bold are the actual UF A-extracted porewater while the other values are calculated from the 1:1 sediment-to-
water extracts by dilution correction.
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In Tables 5.49 and 5.50, we present calculated porewater compositions for two samples from the PPlz
subunit, even though we have no actual UFA—extracted porewater data for this unit in borehole 299-W22-
50. The data are shown to allow some comparison between the porewater from the two mineralogically
and granulometrically diverse sediment types. It can be seen from the two tables that chemical
composition of the porewaters for the different sediment types is quite variable and more samples would
need to be run to narrow the variability to the point that subtle differences could be used to aid in fate and
transport predictions for the contaminants of concern.

Figure 5.12 shows the pH and the dilution-corrected EC in the water extracts versus depth in borehole
299-W22-50. The data in Figure 5.12 suggests that there is either a high pH, readily water-leachable
natural mineral near the bottom of the coarse-grained Hanford formation H1 unit or that manmade fluids
have migrated laterally along the contact with the underlying finer-grained Hanford formation H2 unit.
The pH of the two UFA-extracted porewater samples are lower (more neutral) than the pH values for the
water extracts but the actual porewater EC is not very different from the dilution-corrected water extracts.
As mentioned, the PPIc subunit does promote some extra dissolution during water extraction. Figure 5.13
shows the dilution-corrected anion concentrations in the water extracts versus stratigraphy. All the anions
excepting nitrate, show a sharp peak at the bottom of the Hanford formation H1 unit, which suggests that
this sample has some readily soluble carbonate and sulfate (i.e., calcite and/or gypsum) or some other
evaporites. The anion data for the actual UFA-extracted porewater sample from the Hanford formation
H2 unit agrees very well with the calculated porewater composition from water extracts but the other
UFA-extracted sample from the PPIc unit shows lower anion concentrations than the calculated porewater
based on water extraction because the calcic sediments are especially prone to dissolution. Figure 5.14
shows the dilution-corrected cations in the water extracts vs. depth in borehole 299-W22-50. Again, there
is a significant spike in calcium, potassium and sodium in the calculated porewater at the base of the
Hanford formation H1 unit. In contrast, the magnesium concentration is depleted for this sample. If the
material that is readily dissolving in this sample is the typical calcite and gypsum, we would expect
elevated magnesium and perhaps only small enrichments in potassium and sodium. We speculate that
this zone is enriched in readily soluble calcium, potassium, and sodium carbonates, chlorides, and sulfates
from natural evapotranspiration. The sediment calcium carbonate data for the base of the Hanford H1
unit in Table 5.33 shows a slight enrichment in carbonate (0.5% to 1%) compared to adjacent samples but
the XRD mineralogical analyses did not show any distinct differences.

As with the anions, the actual cation composition of the UFA-extracted porewaters show good

agreement for the sample from the Hanford formation H2 unit but lower cation values than calculated
porewater samples from the calcic PPlc subunit.
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Figure 5.13. Calculated and UFA-Extracted Porewater Concentration

of Anions Versus Depth in Borehole 299-W22-50

5.3 Discussion: Comparison Between Boreholes 299-W22-48 and
299-W22-50

The moisture profiles in the two RCRA boreholes show similar trends in the same sediment types,
though the moisture spikes in borehole 299-W22-48 within the Hanford formation H2 unit indicate a
greater absolute moisture content. Both boreholes show several moist zones in the Hanford formation H2
unit, associated with thin finer-grained lenses that are common in this facies of the Hanford formation.
Both boreholes also show higher moisture within the PPlc subunit. Another higher-moisture zone occurs
at the contact between the Hanford formation H2 unit and underlying fine-grained Plio-Pleistocene mud
(PPlz) subunit. As discussed in companion documents on contaminated sediment, the moisture content
itself is not indicative as to whether a certain strata is draining or accumulating water.
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No significant differences were detected in particle-size distribution, total chemical composition
(oxide content), or mineralogy between samples from the same stratigraphic units in the two boreholes.
The PPIc subunit in borehole 299-W22-48, however, is much better defined and more enriched in calcite
compared to borehole 299-W22-50.

The water extract data for the sample at the base of the Hanford formation H1 unit in borehole 299-
W22-50 shows a high pH and high EC/anion/cation spike that is not present in borehole 299-W22-48,
though there is a muted increase in EC at about the same relative position. Currently, we do not have an
explanation for the high water extract values at the base of the Hanford formation H1 unit. We did not
observe pedogenic alteration upon visual inspection that might indicate past evaporation might be the
cause. The other cause may be the lateral spreading of Hanford waste waters or water line leakage along
the geologic contact. Both borehole water extract profiles suggest that there are higher water-leachable
nitrate concentrations in the lower portion of the Ringold Formation (Rwi[e]) than within shallower strata.
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We speculate that the elevated nitrate is manmade nitrate that was present in the groundwater when the
water table was much shallower (closer to the ground surface). Aside from the one spike (elevated
concentrations) in the Hanford formation H1 unit at borehole 299-W22-50, the calculated porewater
cation concentrations are quite similar in the same sediment types for the two boreholes. There are higher
concentrations of magnesium and potassium leachable in the Ringold Formation at both boreholes than in
the overlying Hanford formation sediment. This undoubtedly is related to geologic age and degree of
weathering.
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6.0 Summary and Conclusions

Cores from two boreholes near the SX Tank Farm and four large-quantity grab samples from outcrop
sediment on the Hanford Site have been characterized to better understand the fate of contaminants that
have leaked from underground storage tanks at the Hanford Site. Completion of a suite of physical,
mineralogical, and geochemical analyses on two “clean” boreholes has resulted in well-characterized
samples that can be considered as standards for geologic strata that underlie waste facilities at Hanford.
Many of these standards are now available to researchers throughout the country for experiments relative
to environmental problems at the Hanford Site. In general, these standards represent baseline or
background sediment mostly free of contact with any fluids associated with Hanford’s waste facilities.

The geology under the SX Tank Farm forms the framework through which the contaminants move,
and provides the basis with which to interpret and extrapolate the physical and geochemical properties
that control the migration and distribution of contaminants. Of particular interest are the
interrelationships between the coarser- and finer-grained facies, and the degree of contrast in their
physical and geochemical properties. For the two boreholes, lithologic sections were constructed using
detailed geologic descriptions and geophysical logs. In some cases the results of laboratory analyses
(e.g., particle-size distribution, moisture, calcium carbonate content) helped to refine the resulting
stratigraphic and lithologic interpretations.

Our conceptual model of the 67-meter (220-foot)-thick vadose zone beneath the SX Tank Farm
consists of seven stratigraphic units. These include two members of the Ringold Formation (member of
Wooded Island/Unit E [Rwi(e)] and member of Taylor Flat [Rtf]), two Plio-Pleistocene subunits (very
fine sand to mud sequence [PPlz] and a carbonate-rich paleosol sequence [PPIc]), and three units of the
Hanford formation (H1a, H1, and H2). Most of the Hanford formation H1a unit was removed during
excavation of the SX Tank Farm and replaced with backfill to a depth of about 17 meters (55 feet). All
but the Hanford formation strata dip slightly toward the southwest.

Sediment samples from the various stratigraphic units were analyzed and characterized in the
laboratory for the following parameters:

e mass water content

e particle-size distribution

o particle density

e calcium carbonate and organic carbon contents
o bulk chemical composition

e mineralogy

e cation exchange capacity

e exchangeable base cation distribution

o water leach (1:1 sediment-to-water extraction)
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e acid leach (8M nitric acid extraction)
e UFA-extracted porewater composition.

Physical properties, such as particle-size distribution and moisture content, also vary according to
lithology. Strata with finer particle sizes (e.g., lower Hanford formation), and the top of PPlc subunit
with its high cement/clay content, retain more moisture in the vadose zone. High moisture is also
associated with a sub-vertical clastic dike within the upper Ringold unit (Rtf) in borehole 299-W22-48.
Of the two methods used to determine particle size distribution (dry sieve and wet sieve/hydrometer), the
wet sieve method is superior to the dry sieve method, especially in fine-grained sediments, which tend to
cling together during dry sieving. Unfortunately, almost all earlier particle size characterization at
Hanford was done using the dry sieve method.

Past studies have shown that sediments in the vadose zone are dominated by quartz, potassium- and
plagioclase-feldspar, basalt, and other lithic fragments with minor amounts of mica, amphibole, calcite,
and other trace minerals (Tallman et al. 1979). The x-ray diffraction (XRD) work done for this study is in
agreement with past work and shows that the sediment is 25 to 95 wt% quartz, 5 to (possibly) 40 wt%
potassium feldspar, 10 to 20 wt% plagioclase feldspar, and 0 to 40 wt% calcite with trace to minor
amounts of amphibole, mica, and chlorite.

Mineralogical and geochemical variations, some significant, exist between the different stratigraphic
units, as a result of differing depositional environments and sources for the sediments. For example,
calcite-rich samples are associated with the lower Plio-Pleistocene subunit (PPlc), which unlike other
stratigraphic units, underwent significant pedogenic alteration. In addition to high calcium oxide the PPlc
subunit is relatively high in magnesium oxide, which co-precipitated with calcium during pedogenesis.
Vadose-zone sediments contain very little organic carbon. The organic carbon is slightly greater for the
PPIc subunit (up to 0.2 wt%), compared to all the other units, which are all <0.1 wt% carbon. Calcium
carbonate content, calculated from the amount of inorganic carbon present, approaches 40 wt% for the
PPlc subunit; all other units are generally less than a few wt% calcium carbonate. The concentration of
major elements such as silica, iron, and calcium, varies significantly because of different ratios of
quartzo-feldspathic to basaltic detritus in the Hanford versus Ringold formations. Samples high in
potassium oxide may reflect the relatively high illite content of the Ringold Formation and finer-grained
portions of the Hanford formation.

Clay minerals, measured semiquantitatively using XRD, include smectite, illite, chlorite, and
kaolinite. Overall, within the clay sized fraction of the sediments smectite ranged in concentration from
10 to 30 (wt%). lllite concentrations ranged from ~10% to 50% and chlorite concentrations were a little
less (~5 to 35 wt%). Minor amounts of kaolinite (~5% to 10%) were also detected. Quartz, feldspar, and
amphiboles made up less than ~15 wt% of the clay fraction. The only consistent trend in the mineral
content of samples is the substantial increase in calcite, relative to other minerals, for the PPlc subunit.
This trend is noted in both the bulk sample as well as the <2-micron fraction.
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Base cations, displaced via ammonium acetate extraction, are dominated by alkaline earth elements
(calcium and magnesium), especially within the PPlc subunit. The relative contribution of the alkali
metals (sodium and potassium) to the natural distribution of exchangeable cations is small (<10%).

Though some relationships can be made comparing cation exchange capacity to the lithology,
mineralogy and grain-size distribution of some samples, enough discrepancies exist to make most
comparisons tentative. Cation exchange capacity was measured using two analytical techniques, each of
which provided significantly different results. More work is needed to establish the best way to measure
cation exchange capacities on sediments from the Hanford Site.

The results from the 1:1 sediment-to-water extracts are similar for samples from both of the clean
boreholes. This gives credence to the representativeness of the results. Also, most, but not all, results
yield a reasonable charge balance among cations and anions. There is one sample in borehole 299-W22-
50 near the base of the coarse-grained Hanford formation H1 unit that shows high pH, electrical
conductivity (EC), and water-leachable cations and anions, but it appears to be natural and perhaps was
caused by dissolution of natural evaporites (see below).

Porewater in the vadose zone was evaluated via a comparison of a few actual UFA-extracted
porewater samples with a larger data set of 1:1 sediment-to-water extracts. Water extracts are in
agreement with actual porewaters for only a limited number of constituents and the water extracts
generally produced higher chemical concentrations than those found in the actual porewater sampled from
the same interval and thus the water extracts should be considered maximum values. The concentrations
of many constituents in the water extracts of the four composite sediment samples are similar to those in
the two sampled boreholes. A few exceptions are higher calcium, chloride, magnesium, sodium, and
sulfate in the sediment composite samples relative to the clean borehole samples, probably as a result of
natural near-surface recharge and leaching, which does not occur at depth within borehole samples. As
expected, the calcic PPlc subunit yielded significantly different water extract results than the Hanford or
Ringold formation samples. Water leachate from the PPlc produced relatively higher EC, alkalinity,
cations (silicon, calcium, magnesium), anions (nitrate and sulfate), as well as trace elements (selenium,
strontium, copper, manganese, and uranium). Elevated concentrations of these parameters, combined
with depleted aluminum, are a reflection of the pedogenic origin for the PPlc subunit. Differences among
samples from the Ringold and Hanford formations are generally small (except water-extractable
magnesium and potassium, which are higher for the older Ringold Formation) and not consistent among
all samples. This is not surprising considering the wide range in mineral and physical properties for these
samples.

Most noteworthy in the water extract profile for borehole 299 W22-50 is high water-leachable pH,
alkalinity, EC, calcium, chloride, chromium, strontium, and sulfate at the base of the coarser-grained
facies (H1 unit) of the Hanford formation. We speculate that one possible cause is natural evaporites or
gypsum in the sediment from past pedogenic processes. However, no paleosols or anything else unusual
was observed in geologic/geophyscal logs at this depth. However, gypsum and other evaporites were not
observed in these Hanford sediments, except for calcite in PPlc subunit. The other explanation is
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horizontal spreading of waste water from Hanford activities or from water line leaks. Thus, the elevated
porewater concentrations at the base of the H1 unit at borehole 299 W22-50 warrants further study.

In general, acid extraction is effective at removing from sediment samples, in decreasing order, 25%
to 70% of the total trace metals, 40% to 60% of the iron and manganese, about 25% of the major alkaline
earth metals (calcium and magnesium), about 15% of the aluminum and titantium , about 10% to 15% of
the minor alkaline earths (barium and strontium), 1% to 10% of the alkali metals (potassium and sodium).
In contrast, negligible amounts of silicon (<0.03%) are removed during acid extraction. The amount of
any element removed from the coarse-grained Hanford formation H1 unit by acid digestion is less than
for the other stratigraphic units, perhaps due to the larger particle sizes, which have overall less surface
area and are thus less prone to leaching. Acid extraction within the calcic PPlc releases almost all the
calcium and strontium and slightly more of several of the other elements when compared to other non-
calcic sediment samples. Most calcium and strontium in the PPlc subunit are combined with carbonate,
which readily decomposes in contact with acid. Calcium in the other units is associated with silicates
(e.g., pyroxene, plagioclase, etc.), which do not readily react with the acid leach.

For researchers interested in performing additional analyses on the four composite sediment samples,
~30 kilograms of Ringold Silt, 200 kilograms of Hanford Coarse Sand (roughly equivalent to the Hanford
formation H1 unit), 200 kilograms of Hanford Fine Sand (equivalent to the Hanford formation H2 unit),
and 60 kilograms of the Borehole Fine Sand (also representative to the Hanford formation H2 unit) are
available for scientific study. Also available are 30 kilograms each of caliche (equivalent to the PPlc
subunit) and Ringold Formation sands (equivalent to the Rtf unit) from the White Bluffs that have yet to
be characterized. Interested researchers may also obtain core samples from the remaining sleeves in the
two clean boreholes (299-W22-48 and -50) reported herein.
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Appendix A

Summary of Field Geologists’ Sample Descriptions for
Borehole 299-W22-48 (contains 8 pages) and
Borehole 299-W22-50 (contains 8 pages)



Page | of 7 |
BOREHOLE LOG TN
WelllD:  Egg|2 ‘Well Name: 299-W23-4Y8& = ‘Location:m 50 m Easi of 241-S Tank Fars,
Project: RCRA cﬂr(”{hq F \{ 2000 lReference Measuring Point: Grol—(hcﬁ SUf‘Fqce
Sample ’ Sample Description Comments:
D?:m Type Blows Griaphic Group Name, Grain Size Distribution, Soil Classification, Color, N?eetg:)r;o:\d(;?;;régétpggizgg
(Ft) No. |Recovery °g Moislu.re Content, Sosr}ing,é\ngul'arity, ﬂigfralogy‘ Max Particle Sampl'ing Tool, Sampler
ize, Reaction to Size, Water Level
, 7 )
o 0’ 3.0t Silty Sandy GRAVEL (ws§)Cable dool .5 casa]
# 7
- S’S 1, 40 % aravel Y45 7o send, 15% si/t. Grave Shoe 0Dz 12" Ipsiok]
_|loe=a0 , ’ 7. )'éj
10s tr cobble, 30% v.cse peb, 30% cre, Ho% [ dla spld spoon
-| B8 N med- v, Fu; Sand 1090 vcser cte, HOZ0 med, —Contiuas
o . ;
- SS, 2 (00 o 505 fu-v.¥n, Dk oray bru (10YR L//z);m;ﬂ@ vad contas, < cfefect
S 3'05:'5' rec ‘voor./y SDP-’I'Ccﬁ;' arave | rucf , saucl Sub'ah_c}) 4" dia. le xan [iners
. S #3 £0% Ea;a/f"; HY0% q?l“Ll, qraniie ;01‘45:-; maX SP['.\L Spoon 2-0/
_ 5 5. | 1007 ch.ve( v b cm ., commomg cedlche coc"}rhj ’chf.;H\ w/ g xbL”
-l g.07 rec. on 3mw[. lexay lthPS‘
. SS#—-q Ehog IO/II/QC/
! 7 7
lo ¥, 13.0'> 70" SAND (S), 95% sand,| Beosn t0/12(aq
i P 5% sct. Tr v.cse sanc/, 107 Cse, Yot 10,5 > moisture
- 10.51—7 Wiec/) 409 Fu , 109 v.fu. Browm (luYgl//:;\ SQMPIQ
=l 13.07 LK moist | well Sor‘h’_aﬂ) Sué-anju/ar' Yo7
—|SS ¥ HOMM 30% LasQ/{, 709 qfa/o+/1cr s max size No rad (cmfcun Jr/e(zlré'
(5 — '3':75—; leoz, A 2 oyM< detect
- 55%7 140 bl 7.0 0.0 Sfinc/,v GRAVEL /sé) Simslap | 18" wmoisture sad
“|i5,5' 1007 to Qéove oo b solE chzem/l preeﬂo». cse |l Drive splid spoem
- 180" . rec. to med. sand Sam'b/er)'; thes
- 35 ;;#8 160 bhus IO-OI"‘> /0«5‘ ! Silty SAND (= 5> 609 sancl. | Lrive “y/YIIOD Casild
IS0 — , ~ 7 / 7
20 | 105|109 Y0 2% sift b /10 YRS/BB worst, well sorted then c/ea;, l)atc bole
rec. 7 ? s
- ss #q Sand prceﬂtrrm Fn-v.in, S'l‘rm_cj rxh__HC]. L«-’/ 1o “op Core L:h‘z .
(YR, 39
12055, ™ 1o 5,"’2/§AND (53 90 % thc/] 5% Srape repeat.
] 23.0° lmZ‘%. 5% s/ft Sand  sredom med- th. with ‘M:’A
] ’ {
oSS #;:'O {40 blows layers of cse~vitce (less than o.1 " Hhickur}) 200> moishype Saip.
25 =101 o Groyish bra (10YR 5/3) , moist, well sorted sul | 25.0'->moishure sam
255 rec. ; / ’ 4
SS H 11 | 150 Yy .“ 1 ahgq{al-; 252 basa /i,‘ 75% ?fz/oﬁcbl h
~| 25,5~ L wmiCa , wax aqravel v | om s Wealk HC| rxh
_ 2?'0( IDO;‘;.CC . ,, 3 B .
. 23 " v.cse Sqnef; Yol Ba:o/f)éola of2 follds
_|ss# 2 srentll
28 v Lot \ P
Reported By: /. D. Wq/ker Reviewed By: M@Wi pC{,(/cC,é&f
Title:  Geo /f’j st Title: 580/09 st
Signature: /@ lDate: 10/;2[73 Signature:

Al

|Date: ////5/7?



b _d

. e e
BOI "HOLE LOG Date: 10-12-9¢
WelllD:  Bgg]2 IWelI Name: - 299 -W22-48 Location: ~ 50w East of 2Y41-S Tank Farm |
Projectt RCRA  drillfme. FY 2000 Reference Measuring Point:  Gporpdd  Surface
Sample 7 Sample Description Comments:
B | e | o | OU5" | o e Sy S it St Clsacalon, S0 s 1 g
' v Size, Reaction to HC1 Samphng Tool, Sampler
' Size, Water Level
30 ig;: loote 23,0~ 370" - SAND (S} 95 % sand, | Cable feol, 11400 cs
- SS“I‘B 190. blows 5% silt. Sanct 10% v. cre,30 7 cse, 50% Cam\g; cont. 5%p
- 3°-5"I' 100 T mecl 109 Fi- v.fn. Ak QPau;JA bew 1oYR | splt spooy e/ 4%p
- 53535/4 rec f; 4/2) sl woist, wodd~ we :ar-?e;ﬂ, suh= | lexan [iners
3300 : angular Yo angu/al-) HO -Y5% hasa/l, [300" moisture Sasple
35 36 5" too 2 L 55-402 ?%L, Felds, other: wmax size '
_|ss ’f'ls 1 e 2 wim - weak  Fxn HC| = loca) S-l»r-m:; *Xh. 350 mor's fure Sanp,
i |- 1 395" br orange - poss. (ron oxide stain
- e | 3.0 390" L SAND (S), 100% sand tr| OVM < detect
- g;j_‘_f : | st 10% viese- med, 50% fu, Ho% v. Fr. |a, ¥ B <Lelect
HO =" wes! loo | Lrale brown (10YR 6/3)  woist, well sorted,| 400" morsture
S| 220 sch-angular ; 10-15 %o basalt, 25907 sample
“[Hos | M 3otz t—fc/J:par rxito HCl weak $o pone
H3.o| 1ov72 L res
rec. (5500 39.0%5 4.5 SAND (S) 1009 Sand., | End 10/12/99
- {i;zz ; : similar to med/cse sancl above
45 =| “yss| 1997, (65050 Ho- 4590 baselt, coeak run fc YS proittre Somple
o Eoanr e 40:0:| UL5'% ¥9 " Sandy GRAVEL (s6),
m Al | 602 7,30%5 (02 51t Cravel (s 202 b,
| Vo5 | 9% (5991102 o 5R-54 kit coctisg commns (o)
| P O:| Some. PNt Het [5154 s med ], Sipnd 05
50 Tlyas5 | 109 [itivi|Seselirich , segn, [YRG v () 1 bpnicf | Scbimoistve sompte
P si rec. It Ve, meoist, /Oor/lf Sorded, max pert = 30 mm,
- sS#E 2 5 A\A? c/¢§-/- Srie InCVMSeS' Jownﬁola
. 5};?' /ﬁeoéf R 5523 SANDG), 1009 5o, trgrprd,
= % [0YR7 /o @ry) Ikt aray prist; 16% v, e,
55 — §3§‘,) [00 Do '- &DPM -P /0?0 v /O%y//-/ 309 A,g‘ 70,3 ‘Mx, S5 preisture .Tlrnv,ﬁ/a
5 5, | rec. :-g:' Simaxsra 5;1"7: 54 '55 ffmny xnto HC?M’J"VA& rerted
“|gs#23 el g 5@” Zodgrael, 292%, 208
"N <] 10070 |2 s 2 Sy bt 5 o b ek, s
- ‘g o0l b}oL.s 5fi -5&; ran.:éoﬁéqu-sre,M-fm,l,f/ceéﬁw
Reported By: [/ I Walker /D(’M@Qéef Reviewed By: 'P& + A%ﬁf
Tille: GCo/oql_“L Title: Goo ¢ on s
Signature: ﬁWMIDate 1913179 Signature: (Pet Smeoeu lDate: ([// ?(57
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Page 2 |of 1
BOR_AOLE LOG Date: 10 /13/97
welllD:  B8@ |2 lWeH Name: 299_[4)22— Y-8 |Location: ~sp,, Eost of 24/=S Tank Firm
Project: RCQA D,n,lfmq Y 2ooo Reference Measuring Point: &rovnd Surfa ca
Sample Sample bescription ' Comments:
Depth Graphi s T . T Depth of Casing, Drilling
& Type Blows rl_a(fg|C aro.utp Nacr:n e‘tGrf"s‘ Sr'?e D":tanm?F ' i;" Clz:ssmc;t 1on',DCr(t7.lol|; Method, Method of Driving
. No. |Recovery ‘oisture Lontent, oS.mg.R ngulartty, Hg}fra gy, Max Fartic Sampling Tool, Sampler
ize, Reaction to Size, Water Level
% To o SHZE ar
gl oA QOB S 01 's Sercly CEAVELGG) 502 3| BT e, ik
A ' 7 (4
s pp 509 Sond, mefst, coloras shoue, Vpoorly sored, ?Z Growmn clrlat baree/
“l6os> /OOC%' avels o éﬁyx@nd SA-R; Siadis berals i, A- K]
e Tl Wl b sy ey AU torge rocks @ S5 afert o cn i
- Z’*‘% ” 161 % 76" “SAND (5) 4o rav, Zo% verc 302 :
és 2{{ /,08060 SRy HoR F-uE J0BSil, 6 is /wg//md sAs5R; Sind b5 ‘proistore rva/a
os#z i Lis 302 bacaogte vothe, A3, ﬂmnqm«v‘uH(ﬁ
- é{g’ J00% | max oaff' HFrmy 51(?‘”'1 Ofn"a.l/C/ .
“,;,,: ég rec. : @égsqqd/: moﬂ%ic -m E;K/deﬂ /?/’/??
-ZSI“—?S (8- weak rxn Hel Begin 19/14/99
88—
— | 1o 2
70 T0.5 rc(.c ,
- p #_zq 70.0 Mc,'j{u“a Samlb/g
705~ | |o0%
3 23’ rec, .
-|5S 730 93.5'> 711.5,‘ Sand 'prcdjom. wmed ~ Fine
— 3 —’r oo 7, 1S% basa/l ,85% ofzfother , weak Hil ryn 750" wmoisture sauple
KA 75.5 rCC. ' 7
“I'sg #3 45 Sand cSe-med as above,
=| 75,5~
, |00 7o y 7
o 787 | rec, 76" 79": SAND (5);100% sand, dr silt.
~|Ss 732 20% med LO% fn 209 v.fu: pale l,—am//ayu/g) 20.0" woisture sqmple
78— : 7 ’ ” ¢ 7~ I
8o soc| I [ moist, wel] sorfed | SA- SRy 10-15% basett,
: SS 3 e 1 ¥5-97% ‘?ﬁ,/o”“'} wax Size - [wmm, wea £ roy HY.
?O-Sl—’ IUD 70 X I
- &3 tec. 79>31.5 SAND (5) med- cse  saud as
—|5S#3y chove., ~
ey - " ’
g5 8385 5 e /o 85— 89.0 1 SAND (S)C Im-uoom. fine sancl] 5.0 waisture SQM;J
¥ : rec. -
S5 #2g as. 76-79
855> | 100%
-| 98,0 rec,
. -lss 3¢ 1o % | ¥
,Reported By: DC L{_/e)ggéej / L. D.Walfep |ReviewedBy: D at- proork
Title: 6@0(09{5?" Title: Gealoq S
Signature: MW/ /Al/éJDate ///5/79 Signature: Dq}"‘ Ve lDate: U//-}/”
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BO :IHOLE LOG e T

WellID:  BRZ|2 lWeIl Name: 299-Wiz2- 49 Location:~5p,, £ of 241-3 Task Farm
Project: RCRA Drilling FY 2voo Reference Measuring Point: (5 round svrface.
' Sample Sample Description Comments:
Depth Graphic . R . N Depth of Casing, Drilling
(F_;t)-) Type Blows ng Group Name, Grain Size Distribution, Soil Classification, Color, Method, Method of Driving

No. |Recovery Moisture Content, Sorting, Angularity, Mineralogy, Max Particle

Size, Reaction to HCI -Sampling Tool, Sampler

Size, Water Level

G — {tsrz:; o070 $9.0'— 91,5+ SAND (5) med-cse as 8¥%“0p Cs casing
ss 437 it ‘%’""" bedd ‘*éDUE 900" wolsbure _Scm,o/e,
“lags,| 1097 | 1 915> 925" Stiohtly 51/7’-5/ SAND/K«)S)
| aat| re SR goge sand 159 st similar fo Fy
-|Ss¥3g| sand  described above. No ries HCI

95— ?39/5"’5, 22,5~ 93.0": SAND (s) predhu._cse= | 950" moisture_sawple
—1ss #3q _ 'Mea?, S{rong ren Hc| Ss #38 very
“las.5| 100 % 93.0'> 018" ¢ SAND (5) 1r vcs- cse, | loose sand
-|__ 98] rec.| 209 weed , 50% th, 30% V. fn, tr s/l
- Ss’f'*tlo Brown (10YR5/3); 5| moist  esell sorted-

IIOO—— qi]:s, IUOZ:C' mod ,Yor)t.)' SA~SR; IS % 6&5:,/{ 857 q;lz ( IOOI mof}M Samlpfe
— 53 #yy v O’HB" fr vmcq , May Size "‘/W"x | v HEL End_10/14/99
Tlioos 5| 100% lol.g®s 134,51 SAND (5) 1p0s vt 5erd, |Shary cortactatore’ |

103’ ree. 'ILY'I(’I"L /07’715/3/'«0,57“)1%%% mayﬂ" Vell j
%ﬁf’ 166D 40V+€<{ 57Lf0n9 rxn o el | thin ) zones of

1'05— /O{S,ﬂ“ﬁzw‘ x5 redivm v ;"’CL : los /maffﬁ/r& Sap fe}.
Z 5150%5_ 1007
- j09%’ rec.

ST 002

Ho— e /( lféc ) //O/Mor.s‘ﬁ@ Sq&m/(’

o 1105 J2
|7 oo
- 113
_ss#lslé .

HE— l:?;s /'O'gc% //5'//770?57[(/@ f-rrvsvol
- Z?:ﬂ 100% Bssible clestic Jikelrt
- neT | e, et QIS il by
|55 oot i st (e

a Reported By:  /, D, L()a/KGr- /DC(A/QQée_g Reviewed By: P 4 i~ ‘NGR,E
Title: . Ceofoq st ‘ Title:  (yr o (©gaSY
Signature: /4% ﬁWDate: lf%‘{/‘?? Signature: P&A—J ST lDate: ((// ?’(ﬁ
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_ rage D_ OF
BOi.-HOLE LOG Date: ,Ol/|§'/9g>
Well 1D: 5@817—- lWeII Name: 299-W22-4 D Location: ~~§0 g E_of 244-S Taak. Firm
Projectt RCRA D rAlle mq FY zooco Reference Measuring Point: Gy ound Surface
Sample Sample Description Comments:
D;‘:‘h Type | Blows GrLaphic Group Name, Grain Size Distribution, Soil Classification, Color, MD;&ZO;AC;:;ZQ&D 6’:&22
(F) No. |Recovery g Moisture Content, Sogmg Ff{\ngularlty, I;A-lg'era!ogy Max Particle Sampling Tool, Samplerg
ize, Reaction to . Size, Water Level
Ss# 0 -|i7:
20— uawzﬁ' e /0].8> 134.5: SHNQ/S) sce p. ‘7La’e,¢c~/fmn J:vs’ftc(ﬁrﬂphcfoq‘pnn
- 5#1{9 mwovs page. [?,O
- lz];g” loraezo m015+ure Sqmple.
- S3#S0
T[22 jooR .
125 —|125.5 | rec. /Zb/ proisTure wﬂzp/e.
—| 5557 7
_| 55| (00 |
128" | rec. |. :

. Sterting gf ~/2g° V¢
“fzsé;z 1002 |- Snd 1% mvchdrien
130—|i305" | fEC. | 120" pmoistue sprple,

+,
- 7;055,13 o9 , 151" Jry sand -l
.5 —> © .
N rec, 1 134.5 = I‘{é, : S'H“Y SAND (MS)) 6o/, to Lra‘hg out with co
|57 | _Send, 40% silt Savd) is 80%v.fu, | bavvel. Add 2 \
133’ | 100% 202 fn, Rle brocn (IOYR é/3>, S/ m('ﬂ[‘ qcc”OVlS WCULC" /
13—} 1355 ;1~re§-'— well Sor"‘ecdl; Sulz-qu.c}u./qr,.' ?r:c@'m 77‘?_, ’35 "M"ﬂl”"t SQ“’P{
- SS#,SS Tlagh) | Je (D¢ Chase/t < 575) strong  rxn HC|.
_lI35.0—=} |00, . 7. 7
137.5 rec A > di Feicalt fo keep n core barrel
|55 #s¢ g0% ;
=l marewrw
o' | indrives I l :
|c(-o—55 Py ¢ [Yo no moSfure Samp/c
“{Ho | lvo%e |t 12’ trace laminotions =~ lwm_in thickness | = no meferial in drive
- 142,5]  rec, EIAET ' shoe,
~|sS #5g8
_ “{):5,—’ 1009 1§
ws' | rec [ 7 ' ,
45— =S #29 : 196 = 149" ¢ Calrclhe N s,/7‘v sand. 145" moicdure JQ"',#/¢
s’ | jeoge It brn (1.5YR /LA ¢ mk s/mmaa\, very diéherd dhifling
- LS| kec. violewt rxn HCl. Gravel 5{”{,'113.\,,:./3 , |55 skoe Flaffened,
%
- ;?75{‘;‘: 100 % max Size X250 cm, Sub~ rauucpl Ca/;'c.(! cewedt,
—| 15e’| rec [T Qe 37‘4“7‘0 predem, 150" woisture S"“‘?!
Reported By: £.D. Lalke Reviewed By: &d é(/é@éef
Title:  Geoloq, s+ Title: eo/QZ/S'?[ p
Signature: Z Date: |- [9-9q|Signature: Date:/(//6
ignature /@M l ate: Jo- [q-9q|Signature: | ,// /é?
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Page _b of 9
BC. .EHOLE LOG Date: |p-(9-9qg
Well ID: ngl_? lWelI Name: 90Q. (22 -4 & |Location: ~50,,, EGI'I‘of 24]-S Tauk Farm,
Project: [eC{?A D,.,'//,'hq Fy 2000 Reference Meaguring Point: gfounbé Sur;ac::
Sample ] ’ Sample Description Comments:
Di?th Type | Blows GrLaphic Group Name, Grain Size Distribution, Soil Classification, Color, MD;E;ZO;A(;?;;ZQAP E;l:::g
(Ft) No. |Recovery 09 | Moisture Content, Sosrt.ing,é\ngutl.aritz', lr{igleralogy. Max Particle 'SampJ;ng Tool, Samplerg
z¢, Reaction to Size, Water Level
SS #He { ’
150 — ss#éol 149 = 161 © Slightly Silty SAD (o 5) 8% ‘op cs casing
- !So’~>' wrich 85% sand  15% st fr 3mv‘e[. Sand 102 Cmd- 5'op Sp]‘-[;:'g_&
-{ 1525 - clcse 0% wmed, 40 %o fn, 30% v. Fn; qravel SaMp!:hq cable ool
-|SS #¢2 A v.Fa-Fu peb. 27 brucsd qprey (loyr 6/2\)/4v
_|1525%| 10070 | ; ’ 1 e moish .
: rec. |t i ¥imod) sorded): aravel SR, sancl SA-SR, e [S5" moisture Sample
lSS C(.' ] g + 7> T 1
155 1 s #ex - otz (0% basalt ; sirmg fo violent rxn to
155 . lo 7 : HCl - calcareous
- 1575 rec. 57 4! Sandf ac aéwe; but weak o no
—fijg o076 | rxnwith HCL
) 5'-60' - rec, | 159 Ft: sand becomes |oose and ﬂrv. ”"0 moisture S‘“‘"’/
leo ~ |5z . 5,/{ com‘eml gracduly decreasug End_tof12/9g
oo | 1oo7e |ZE 161 ' 10850 SAND (s); 90-95% Sa.nc/
-| 16251 Trec S5-10% silt. 07 cse, 407 mecﬂ Yo% fi,
-|5S #’46 163, 1 109 y.fu  scnd, [ ‘Nl Qrey /OYRG/Z\ chy
~|1625> S f o- | |
165 rec. |* | mo well Serh’(ﬂ} sub- Cmsu ary 10~ 15%0
. . /
le5 — SS #v ] | mafics, 85290 Z0 qfz feldspar, ofkes, tr 165 woisture scuple
“lles -5 | 100%6 S mica. No rxn to HCJ, .
- 161.5¢ rec. / 166~ 167" trace wed - fn peé“fr w‘/ca/ic[g
- 5‘5#%’8 oy : Ccaiz{'hgj'- S\erq rxn HC| . vae/ tr free wocder of
161.5% e L A ’ /cdhqu ot
T oarer | rec, A rounded gfeife, ' ~170 H (o)
170 _SS #iq - " 1638,51-—-3' 170 ! Sild (M» mixeed e tracer|lT0 MOIS{ur( SQMplE
Tl | oy, | dof scud. Probakle clastic fike. Very pale i
. =
-|Ls rec f()l&M/'OYR_’/q\ v—\o(.S"' {o we‘}' S‘f‘f‘u\q rxv C/q;;‘,‘c Jf'll'rc (?)
_55#7? loo9 | to Hu
. /
o LT I 170'~ 139" SAND /53 as _descriled
175 ' . , oo
}75_55#7, : 161> (685" trace of s.'/z‘,ﬂja;ﬂc (75 MO!S‘lure Sa by [e
“175 s | 100 % [ drke  17(= 172", then only sand) Dry.. .
-l 1775'  rec. | e rxn ~/»° Hc) {No radd confgm,
35712 100% |- defected at clasticdike
1775 o
._ 80 rec, |:%% .
Reported By: .. D WQ/KC}- Reviewed By: ma,é&ée_f
Title: Geolrgist Tile: Geolparst |
Signature: /A%%L ]Date: (0 - 20~Fo Signature: |Date: ///é/??
+ 174 - T
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7 7 ' Page _7_of 9.
BOF\.—HOLE LOG Date: 10-20-~99
WelllD: B 8812 |Well Name: 299- W22-4% Location: ~ 50y, East oF 241-5 TauK Fam
Project: RCRA Drilliwg - FY2cro Reference Measuring Point:  Ground Surface
Sample Y ‘ Sample Description Comments:
Dg_t)h Type | Blows Grfggic Group Name, Grain Size Distribution, Soil Classification, Color, MZ?LZ?{;;;;?&F g:::/rlxgg
. No. |Recovery Moisture Content, Sogi?(eg,é:g;liirrl‘t){é ﬁlgleralogy, Max Particle Sampling Tool, Sampler
! Size, Water Level
|go—= 712 i | 8%" 0D ¢S5 casing
- 5N5&#73 70" 182" SAND /5) see_page b Cmrf 5"op 'yl,,[;-,l 7
{13t~ 1002 Hescription Samp[r'na 3 cable fool
-{ 1835’ rec T 1807 wmoisture Sam'o[c
—|SS ¥y .
| 185 — !8138'27 ID:Z: 135.5" vhofs""ur: 5“"‘,’"8
Ss# .
'—ISB'E 1009, | ' End 10,/20,/Q9
-| 18e5| e 2 189"~ (1.5 Sligl#l, Silby SAND/3S) | Begin 1ofaifas
-|%5%76 : ) Seud as olove ,ioith sift coutert '
1285 | |00% } . [ .
|]90— 197° rec, b ‘hcrease  fo 15-20%. Dry i ne rxu Hcil 1%0.5 Morslwt Sab-ffe
NI 1917: 4+ wed, pefhfes
“hgrs | 507 192" moisture sample
-| 135 Tec 191.5 —24a": Sty Sandy GRAVEL (sG] '
-l HT L NA oA 56- 6090 Grave[, 30-90% sand, 20% s¢/t. l‘iB.Sl swich to
195 — 3 ikne o brilling iudicetes some cobbles, Seme rowd| Hatd Tool Cdm'”?'%
—|-Grak pebbles fa-v.fn are wubrokey tn  haed fuol 1145 ~IQ{=/.'.C0[/CC"
- RT . S{u,zrr\'/. Sand is [0%e v.Cse, 307 cse, BT slurry scmple
- Gl 4070 wed, 207 Fa- v.fh Ipwn—l\/ sorted, | for archive
- ) grave| round- sub rm{i Scncf SA-SR,
200" [&rchive A 20-30 %0 basall, 70-809, ¢fz , felds, other 0% 201"+ archive
~—frab #r micg | driecd slurry o _rxa to Hel. gmL- Sqm,nfe
-| HT C Begin 10/22/4¢
- Dr:‘“t’m/; incicates more
- A gmve/ +Aan Sand
205— Aﬁm 205"t Waghe charactes
| et ; Sah'p/e#BOwPB l
- = 2095~ 210" _illing isdicates sa ud, then |and arhive sample
|- HT s
il back to gravel
1] Ao
Reported By: LD Walker Reviewed By: DQ /(,éezéﬁf
Tie Geolog/st : Tite:  (Gealo9/St
Signature: 9 Wa/%, IDate: 10/22/99 Signature: / M |Dale~/1//él/??

A7



BOR.AOLE LOG

Page 8 of G

Date:  (0/22/99
welllD: 38812 lWeII Name: 299. \WJ22-Yyg Location: ~ 50w Fast of 24|-S TanK Farm
Project: RCRA D""//LQL , FY 2000 Reference Measuring Point:  Grouud  Surface

Sample Sample Description Comments:
D;_ft)h Type | Blows foghic Group Name, Grain Size Distribution, Soil Classification, Color, &iﬁg},"&?ﬁ;’;ﬁ?gﬂﬂ%
. No. | Recovery 9 | Moisture Content, Sog.mg,gngul.am){, !\:lg;eralogy, Max Particle Sampling Tool, Sampler
ize, Reaction to Size, Water Level
110— ATC‘\;V: NA S%l:OD CS CQSI.IP\a
| Grub (215" 244"t Silly Sandy, GRAVEL cable tool- hard fool
| BT (1sE) a5 Lesceihed o page
7/
= l 7 210 Archive Sa'M'p’f
15— Ag:;:;e 1!5’ Arch fue Sawlp[;-
Tl HT
- 220" Archive Sfth./?/e
e
220— &é“t‘; End Iol/zz,/qq
- THT
- O] 225 silt and Sand) content ihuea:/ng
4 ’
225 [Zrchivd o the hard Yool slun-\/ , otherioise 12259226 ° fArckive
— ek as__above aucd Near Water
- HT Ta“t SQh'n)e
230 Archive 2301 ATCAI'VE Sawlolr
-l HT .
4
- 231 drillihg indica
- Sand] /5"1{ o
, o, (.=
= S;Hy Sqnoﬂy GRAVEL (ms (',) 133~ wafer sample 323 b'
] 4 \
235 Isieve #) us_ @ bove. No rw HCI 234Y~236.5 Firgd
- 33:.{'.,_23&5; s?l{'} Sperm * Sipve ang
| obT 7 23¢" slurry qrech saumple for Waste Alss archive 235’
- S characterization: Bopg'™ Also pNL hyclral.
- 4;")',;.‘ K BOWFBQ\ BOWBR CU)\Jucl-[Vl"ly.
Reported By: /. e [Ker Reviewed By: Mw&‘ée_y
Title: Geolog.'s il Title:  (Soofoo/st
Signature: 32 /pé/%., IDate: Io/z ¢/ 9 9 |Signature:

BHI-EE-183 (12/97)

A8

‘Date:/(/é/??
7




BOR_HOLE LOG e Lo

WellID: RRR]2 IWenName: 299-w22-4§& Location: ~50 m Fast of 241°S Tank Farm
Project  R¢RA  Drilly ha FY 2000 Reference Measuring Point:  Groune! Su T;ch
Sample Sample Description Comments:
Depth Graphic Group Name, Grain Size Distribution, Soil Classification, Color, Depth of Casing, Dnl!u'_ng
(Ft) Type Blows tog Moisture Content, Sorting, Angularity, Mineralogy, Max Particle Method, Method of Driving
No. |Recovery ! ling, Angu'a ity, Mi 9y, Sampling Tool, Sampler
Size, Reaction to HCI

Size, Water Level

240 —[Zrckive g%"op CS Casihng
—Sisve#.l 807 SH‘V Sqncau GRAVE[ /MSG) QL/c %w/-éc.yg foe
“hosang  rec Al 40 % qrquel .Z—a'?‘ Sczucﬂ ;&070 5,/{ (PNNL ma/yn: also
- HT oédd? greve [ dr coblle 2070 v.cse peb, 50% 290.6'> 242,57 Sieve
- L Sren] cse - med | 3090 fu= V. fu; Sand 10% v.cse - S"““blﬁ #2 (SP!"( SP"“"S

RL{S_M cse 409 med , 307 Fn , 2070 v. Fh 25)’5/3 2yp ‘> CcrcAn/E Slurrv
o) HT (It l’/:w: lrown\ wel, very poorly serfed, Sawmple.,

- l -, q\ravt‘ rouud - Suﬁ hoccmﬁ SQMP SA-SR, 245’ gpchive S}hrry
- 8! Squcﬁ 857 gte, -PcM;. 15 0 La;a/?‘: tr wica Samy\t
_A%ch B-iast vaef 60%0 3ran(-[e)c_nlz‘#e ,40% bosalt, 245’ mereage  (h

250— B mafiles o meax grave| oper 200 wx ‘“’“f”"' P"°‘1“"‘l’°“
- 243 doilltng  becomes more Jifficalt S::? sand heave
- HC [ rxh L:JIEQK ot 243’ {hto borehole .

) - : '

Z"I?If Drive Larrc}
255— TD= 24% feet Archive Sqmple_
246’ water Sczm’p/e,
w[{ec'{'eJ 10-28-99

Uxuq Kebrs Sqwxnlc
wc&cr level= 2261{

' Reported By: LD Wealker Reviewed By: Dca/e&éej

Tite:  Geolog,'s{ . Title: Geo/oty ST |

Signature: /;Q 18, lDate: /o/? 7/99 Signature: MW |Date://‘77
. 4 7

BHI-EE-183 (12/97)
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BHI-EE-183 (12/97)

BC..EHOLE LOG e Lo A

WelllD: B8y |welName: 299 - W22~ 50__|tocstion: oudside SE corner 241- Sy Fark

Project RCRA  Drilling FY 20&0 Reference Measuring Point: Greoundd Surface

Sample - Sample Description Comments:
Depth Graphic | Group Name, Grain Size Distribution, Soil Classification, Color, | ,DePth of Casing, Drilling
(Ft) ngge RZ]:Z\C/I:ry Log | Moisture Content, Sorting, Angularity, Mineralogy, Max Particle M;;‘::i: Mefll_hq? gf Dn\;mg
’ Size, Reaction to HC! plng * 001, Sampler
Size, Water Level

o — g fg,sé.:: o> /.51 Samﬁv GRAVEZ (563 402 | Cable tool , 1% op
B NA SN 3rc«ve!' 607 Samd) A sl Cons frucdien 1 €S casing , 10"drie
- lmq,lcma(/PQ-CO Fell, Foorly Scr"’tcg'. Law—e/

- A geay ish ba (1O0YR 5/2), c?tv
- : Archive Sqm’ole

5 ‘—ajr-'c"akgi .5 > 9.0( SAND /S)f lco Yo sand, kollected Frum drive
- fr silt, +r v, cse Sand , 207 cse, 407 barre/ ol 5’
1o med 409, Fa~ v. fiu ; Lark 3myzsé e |(Froo Loping jarS)
- : (lDYR Lf/.ﬂ w\mS'f' ol 50r+cc0§ gug -~
- swb auQquy- N ‘{070 Lasu/f Lo 7 q?LZ {e«:ﬂ

JO —|orehrue ther 5 way size 2 i pxn Yo HCJ o cellcet archrve
- wea k to s{-rong sample
- %0 =1y " Gr‘aueH\/ SAND (357); I5‘iojmb
-LY .‘: 85 Do _Sencl. Gravel 40% cse~ mecl pek,

15 —| 25k | 6096 Tu-vfu pel, saudd 759 v.cse | 157 collect archud
- 209, €58, S90 med-vyv. £y very cﬁ/{g«ra}/ SQWIDIQ
- [0YR 3/1) . WoiS'[,L mod ;oJea(); SA- SR
- 5qncﬂ)‘ (0% Aaja/f,. ‘/é 7o ?z‘zl/m‘,(er,

BERm IR Max size % 3 em, weak rxn HCJ. ’ —

20 Ss #) SQH aud Pepper <ppeapauce. (4.0 14.57 Silty
Tlaow | 0070 : Thin /auu- Fine seud corth silt SAND (nS)
-laas'| "“5" 155"+ SAnp () Pra:ﬁom cse similel
~|SS ’T-’{ o send [ 9014’ 20 collect archive
o '(ff 15.5"— 30"+ SAND ( s) predos el fo | sample

25_55#3 Similer 4o 1.5-9’ sand 20" Bra 'y Confinuaus
Tage [ov7e Thin Iﬂyers otcasimal of cse  sandl | 5"ep x2.5" slck
-l 275 M@ 27"t thin (o) layer sifly sancd tube camples For
—;Sjj oo s Us PV NL chem. anqéxs/s
T} 30.0] ¥l el

Reported By: /.D. W= //{e,p- Reviewed By: jé({/éc/é_:;‘

Title: Geolog st Tille: (GeolaorST,

Signature: /;/{9 J%%_, lDate: 1)- 10-9 9| Signature: |Date:;/? (/e]

A.10



Pageiof_[ﬁ
BC .EHOLE LOG Date: [[-1l-2¢9
WelllD:  B&&|Y4 [We" Name: 299- W22~50 Location:pu fsife SE_corner 24[-SX Tank Farm
Project: RCRA  Dpi/ /mo FY 2000 Reference Measuring Point: Grownd Surfucd
Sample Sample Description Comments:
Depth Graphic s o . - Depth of Casing, Drilling
(F_Ft).) Type Blows ng arci:utp Nage,tGrflrS\S;e D/l:tnb\;hc.){w, iﬁo‘” Cle:ssmc;honﬁycr?.lolr, Method, Method of Driving
No. |Recovery oisture Content, os_mg,Rngu.any| Hlcr;leraogy. ax Particle | g ting Tool, Sampler
ize, Reaction to Size, Water Level
30 ~r= : - Cerble ool ; 1% 0D
SSTS (o0 7o ’ ‘.
ozel rec 30'— 53 : SAND /5); (00 2 Sqnc{, Cs ms;m 5 107 Driye
- +F silt, 109 v.Cse, 209 cse 3070 maJ LG'H‘(:’ 'FDI‘ C/CGM'UL{I‘
-|Ss¥¢ 1669 } 40 %0 fu~v. fuy Occasional Jayeprs less |Coutinuous 570D
t 7 7
- 32'53‘; rec. A thew 057 fhrekk  predom, cse sand. splrt fube .S'&M,D[ES
35 — 55#7 M Med-fn sand Lrou,», (fOYR L{/g)l cse Sqsg
- . 1o 2 gr. Lrh} !MQ('S'!‘} mod- we (] Sor‘!’:d" SA-
-l zus| Tee SR ; 30°40% basalt, €0-70%s gt2,2ld/|
- 558 uH\eh Max Sfze & A mn ywoeek iy HCL
315 | (007
B L{O' ree -/'" MI-CQ No chp. Ca‘ifai"
L/O - SeHt Jf; 7’::[54 Ld/fl'r/ﬁ
- L{O'-—j [09 9o fnstruments
i rec
- # 4
SS™IO| e ovm & detect
—| 4.5 rec.
ys5 ys/
Ss#
- ,7,5{_’ loo 7o
-|_yzs] ¢
-{SS#13
w15 | o7
50' h(' I’ R
50 — $SF3 ! %, CaSing set
7 7 v
“lsow | 1707 53 59" % SAND (S), 4r-5% gemel] ot 50.0"45
rec.
|S535 ¢ 95- 1009 Sand), Grav:l Fn-v. fu ‘Deb.j Sauc] fw#/uqc with 8%
BE #;‘1' [60% |- 302, v. cse _30%0 cse, 0% med)- v, fn, Ob C§ casiug,
PS> Fec, . |t mv.sl Lrh/IUYRS/ﬂ SqH‘/Debper ppear,
55 AR
55 - SSH (5 ! ] Cpr\l Imocp Sor"'Cc{] SA- SR 407, éa!a/l‘l
- 55'_., oo 70 .. 307a q)tz 307 FCILPJ/O)LAEF 3 '/’f‘ lron_oxide
! ! M .
-| 57s rec. R S‘l’qwx;w? i max peb T8 wm , weak
| 4 7 v LA t
SS#e | pon | L rxn HC) SS refusol of 575
_57?‘?5" rec. \0';"’30‘ >9rve| at 59°
ReportedBy: /. D. lJalke r Reviewed By: j(’(&éé,éej‘
Title: Ggo/oq"s-'l- Title: 6’@/0?/5“7( :
7
Signature:  Z O AL e Date: //-11- ¢ |Signature: %M |Date: 2/9/00



BC “EHOLE LOG

Pagej_ ofﬁ

Date: Jj-1/-99

WelllD: BE&IY lWeII Name: 299-w22-50 Location:Cidsife SE corner 241-SX Tank Farm
Project: KCRA Drilliug FY 20v0 - Reference Measuring Point: G o, cf Surfoce
Sample Sample Description Comments:
Depth Tyoe | Blows Graphic | Group Name, Grain Size Distribution, Soil Classification, Color, M[)eetgz)%o;/‘ce:?;g;gégg\iﬂg
(Ft) l\{g Recovery Log | Moisture Content, Sorting, Angulanty, Mineralogy, Max Partlcle Sampling Tool Samplerg
’ Size, Reaction to HC} " Size Waten: Level
7 7 )
60— Y 59 (2,5" Sandy, GRAVEL /sa) Cable dool; 3%
Koy 7
| bo—> “:_@7°‘ 0% greave /} 407 SQM«”’, TLV' Sz/i 3rqve[ cs CQ'S“’Q 5 Con?.
— 62.5‘ cc 2070 V.CSe ~CSe 'pe[;[, S0 % Vnc&} 3(;70 )rh- 5 OD —(P/Ht %QAC
- SS?‘IT‘!S 002 - Y. fu s Send) 20% v.cse, Y0 %o cse, Y0 9o med Sampley For
-2 Y ’ T T T
235 re . Bn, dey , poorly sorbed s seuwd sa, | pawi chon. ana/
és—ss# qrave[ SR- rownd | 40-50% basetd, - '
- o5 19 lop9, |1 éo 7 cfi[z,[.,- qrqm{-e a%ef wex Sizex Begin_ 1l=12-99
- o
— VI T 5cm_, wcak HCL rxn briller notes Frmel
6715 )
|58 ¥y .IUO‘? Jm‘ﬂ,‘hg concletioy,
—lers> | Lk b2.5"—= 129" 1 SAND (S> lo% _saund.
, .
70— 55? Predon wmed-cse , then Fu by 707 4t 70
~22 72 o0y, (02 csc-mec, 807 Fi, 102 v da_Browom,
0= rec. S
—| 72.5] (lo¥R 5/3 s/ w.msf, woell sorded, <p-
—( 55 #22 SR, 209 gfz, Felds 202 faselt | max
—{125 | lo070l: scze ~ [mm , fr micq tr fe shitning
15 ! rec. f, 4 7/
75 — ; teall rxn HCJ
_|S5¥23) (conl:
5= | rec. [
= 7.5
—|ss #2y o3 OYM & Letect
‘ oo .
|47.5% re: No rel. contam.
. .
SO0— ZO Leteded Lu/ Feld
Ss ) '
- ?Ojs \cO%0 70 181-82" el cand, then lLock 4o fu lnstrume uts,
—| %a.5 rec. Sand g chove
S TA -
~|82.5" ":"?" :
85’ cC.
85— # i
__SS ’27 lUU?u .
> | rec.
- s ,
~|ss#2g8| (007, |}
- 5’75‘“’ rec. | ? ' .
Reported By: Z .D Luh/lﬁer Reviewed By: ﬂc d{/e@ée_f
THe Geolog st Tile:  Seo/ao/' 57
Signature: %{9 M IDate: l{~1 2-9 9|Signature: WM -lDate: Z/?/OO
7

BHI-EE-183 (12/97)
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Page _Y of /4
BC EHOLE LOG Date: ||~{2~99
Well 1D: . ngw |Wen Neme: 299. wW22-50 |location: Oufs;fe SE corner 24[- SY Tenk Frd
Project.  RCRA DNNMQ FY 2000 Reference Measuring Point:  Girocud) Surface
Sample Sample Description Comments:
Depth Graphic . - . . . Depth of Casing, Drilling
(Ft) Type Blows ng . ﬁrqu{p Na(r:ne,tGrtalgSrltge D:mbl;t“?{" ?ﬁ" Clz?ssmc;:lonbcr?l;g Method, Method of Driving
No. |Recovery olsture Lontent, os.mg,Rngu.any, Hl&eraogy, ax Fart "Sampling Tool, Sampler
’ ize, Reaction to Size, Water Level
7 [
%W —|zcx 625 129"+ SAYD(S) as Cable teol; 8% 0p
2 L
~l90m T 1009 described on Pace 3. Predom. fu cs CO'S/“S!)
- bec. .
~| 9.5’ Sand Iw,';[\ fafervals <1 Ft med-cse | Couttnuows 5 oD
—|ss#30 oo Saund. S_p/fi- Ffube Scwples
0 %o ' : : !
—-'73'5{;, rec 90-97" et sand  thew Flue sanf  |For PNNL CAC,’”’-_ :
75—-- 55#3 an‘/y.s‘zs‘.
- S (ovo%
5> |-
- 215 ec.
—|S$#32
475 \ooy,
00—
ss #
— 33 10070
_ oo~ rec.
fo2.5
—| S8 #3lf
o o B Y 105t silt 54?1‘&36&' noted u Split dube.
1
lo5 — l:,ts Shoe, Lless thah o1’ Yhick, Hhi
SSF35| 100, [ i s '
- 105 QWi gt m s
rec. ‘ . . . .
= 1e7.d (0G": Very thiw silt /“yer 107.5: sand (o
—Iss# 3¢ SS shoe very mois
_ w7.s,—~ ﬂéj" Begly  11-15-99
: : / .
llo — \‘:3 il 'Hu'h s/ [m/u- s veM/ Imcuhl;
SS#37 K
- o | 100 |5 off hoe'zonful a‘hgle
~ s oree [§ Silt Fragmeate ia
~lss¥3% N core_barrel cleas-
- )’3~5:’ ‘::’70 : sul runs bedireen
- - rec,
15— 551‘153'1? Sp[[a( Me Iam‘r)/ef
H N s
=l 15— (00 % |l6>":. yery fine SahJ) iy seft .S"'iTMC}
= 7.5 rec, [ rXn_ HCI
—{5s#Yyo ' .
ns=| 95%;: : ' .
- {20 reca|n t
Reported By: L.D Walke r Reviewed By: ﬁéﬂe@é&f
Title: Geolog st Tite:  Seo/apst,
Signature: Date: Signature: Date: Z/7/00
gawe 20 242, [oate wrae P2t oo 25/

BHI-EE-183 (12/97)
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BHI-EE-183 (12/97)

A14

e Page o5 _of (7
BO™SHOLE LOG b [ ]5 93
Well ID: B3Ry lWell Name: 29G-WRQ~50 |tocation: 25X 4 <& corner 2Y1-5X Tank Kil
Projectt.  RCRA D!‘l'/,l'hq FY RAooo Reference Measuring Point: Groendd Surface
Sample 7 Sample Description Comments:
D?:th Type | Blows GrLaphic Group Name, Grain Size Distribution, Soil Classification, Color, Miiﬁézo&ita:;ggéfl)sirl‘:\iﬂgg
(F) No. |Recovery °3 | Moisture Content, Sosmng Qngulanty l\}glgleralogy Max Particle -Sampling Tool, Sampler
ize, Reaction to Size, Water Level
Ro I 62.5>129": SAND [s) Cable deol S%'er cs
TiRo- 0% Siwilar  to ape_(crt‘lp Lra o CQS/'h? . continuces
—_ lJQ.S’ rec. d IPQ?Q 3. . 'S_(/ oD Sp/‘{ #Q‘C
—|Ss #42 1’ very  fine Sahcgl. S%rmg bh MC) | mples for Pryt
- 122.5-: oo 7o | 123,57 Fo-med  Sand | s/ worsst 4o C.Aem aha/w,;
- LA P dry ’ 4
Tl g SRR ’
B '15‘, / P
—| 1215 l,’z7’~ sredom, Fo sond
—[Ss#yq :
—‘175_’/ 1129 130" SILT (M); (002, _si/f, +n
30— 130 V. 51 _sand 22, c//ve Lrown /2 5Y5/3)
55 #ys
EEES 0ist, well Sorfed , way size + 0. /‘Mm
=l 32,5 tr fine Aoruu»nla/ /qwnm[,cm; . s!rmq
~|ss#Yp rxn_ HC| .
—Pass 11305 130": Sildy SAND (.5); 70% suud
: ] 7
135-55‘25{7 0% silk_ Seud v med, 259 fn, 759,
—| 125 v. Fa ; 4 Ue/ Lr—mw;, [2. 5Yé/3) S/Mo:n"
—| 137.5° . N we I SOP"}‘E(& , SA~Sp | Precﬁom. c’nlL’/FzM{;
—|ss¥yg| | SOZ8H_tr basell | Strorg  pen He| Beg/n l-1t-99
1375 | 19970 P ' ’ 7
Tl juo’| Pec. B9- Gl 135 ¢ cpr\/ y 136> 137 2 s confent increast
MO — = el (34, 1387 Sancpv SILT(SM\
5 # 49 2204
Tll4e ~ 1009 lfo\"d"; As QL:)VE S XXCe b'}' 46 % sand 607,’5:/// l’Samp/o:. /s Se barated
¢ oA i ut,
T | rec. [ERA0I38 > 142 C’a/(arcous Sclby Sanﬁu GRAVEL|-ne¥ enough rocter
—|Ss # 50 do . ("\SG) 409, qravc[ Y070 SQHJ 2070 s/t For e~+up¢ PCQC{;]Q
~|r25= | 95% i -b-" grave | V.cse pekb~ v fh yround [ soud predbu| ~bry LY 1925’
jus_| ms’ rec, RSy
5 (NERY Pu-vidn; gk ben(25Y50), et pool,
- ss#Hs(| o0 : { Sorfedy sqncp 306-%02 qu , (O~ -wz, AO-J‘&/Z( 145 % made piol Céf_}f_l
- lle—) - rec. 5}-;5€§(>);_uo/en% Ny //C/ \ mar qmua/ =z Sey lm)ft , cas'ng drived
PO 2 = . 7
= ssﬂ'?; 6066 = Silt content d’ecreare ymolsture clecreasy very hardl-coftles
' ] o7 .‘|“ 008
=05 Tree ISR Ma's 1527 Sedy GRAVEL (sG) .
Reported By: /. p, bt/ Ke Reviewed By: ﬂc%elég
Title: Geefecf 17( Title: Geo/q9/;7‘
Signature: %Q% |Date: Signature: %M lDate: %/00
Ld T /



- Page _6 of []
BO LHOLE LOG Date:  //-16-99
Well ID: BgslY IWeII Name: 299- w22~ 50 Location:f,ii:}l‘[ﬁ SE cotner 2¥[~SX Tank Farm
Projectt RCRA DH“MS EY 2000 Reference Measuring Point: G round Surface
Sample Sample Description Comments:
DEZ‘)“ Tybe Blows Graphic Group Name, Grain Size Distribution, Soil Classification, Color, M[)eetgg‘dozﬁcéta:gzg("%ig\izgg
: No. |Recovery Moisture Content, SoSrt.mg,Sngull‘anty, ﬁgfralogy, Max Particle Sampling Tool, Sampler
’29' eaction to Size, Water Level
SSH . —
|50 — 5 "'}27?15:2'4' So.nd’\'/ GRAVt[.[SG) 507 Eu—avc( Gable 7100/ Z%I'DD &)
—|ss #53 45% scad, S Silt ) grave| tr locof, |casing; coutimuscs
sos—» | [0O% ' 1 - ! o
Tl 153’ rec Pl'Ccﬁc‘M med- v, cse paé rou.uo@ ; Scudd prezﬁu. s%p splid dube Sanrpfé
- med- cse , SA- SR, c@rv 1t z(rmsA gray | for PNNL analysis
SSH5Y A / /
|53 | 1007 | (loYRL/2), $0% q%z/vf"cfcd.r lo%éa,ra/z’ ot
155—| 555 "¢ Vi mex apavel 720 ewm | wealk rxn HC/
—|ss #s55 152 2:53"0 SAND - simielar to sand
11555 | lvo7e | : Fraction o boye.
4 rec,
-—szgé 153%> 156" Sandl, CRAVEL [s6) | Beorn 11-17-9¢
_158—) 759, /'m/'/czr- 7[0 142> /5.‘2' w/)éﬂ/dcd[ Co[é/e_r
o —| wag| rec. 150" > [75.5" SAND (3)_ 5% 9rave
—lss #s] : 9GS5 96 Sond. 10% y. cse sczmll 20% cse,
—|160.5> lo':i" . H0% med), 3070 fu-v. ¥t g ray (1oYR é/l\l
- ’:il -y apr\/ » Mocp Sor%e:ﬁ SA 0% q?lz/f'e/tﬁ 20 &
SS 8 :
Tl 163~ too9e|/o, LOSO [t '}"' Fe~ S‘l‘qm , HC/ rx4 wt’a/(/hcne
b5 —|1655 | TR
~ISs #¥59 Qi %) Je4- b5 ¢ Short tntcrved qravelly sancl.
—|le55—>| 100% |. Sauncd as aboue, 3mvc/ wmed-cse peh ased
‘ rec. |.° ) ,
—|_le rounded | predom. etz le [apenite Sand s Lry and
SS #4o ' ' - I
“He8—> ooy, goie
170 — 1705 vec,
—[SS#G| )
_|mosw| looZo |-
{73/ rec.
T[sseez
Tz~ | fo0%
|7T5—| l155| ‘rec. 175" Gravelly Senc
e es . 1775
55| 60 <00 7 ) -
-l nz.5' vee. [08230 1755 — 224" SiHy Sancﬂ\/ GRAVEL  |Switch over o
I HT NA (W‘ISG\ Lad ‘{'00{ Cgf‘[”l'ha
- ¥ aye|
Reported By: LiD. Wa (Kep Reviewed By: Dd [(/ee,ées
Title: GCO'L()Q-[S'[' Title: 6’30/@9,’5‘7“
Signature: M/W lDate: //-/3-9:2 Signature: 1Datetw o0
> A

BHI-EE-183 (12/97)
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- page 7 of (9
BO._CHOLE LOG Date:  J)- (g~ 99
Well ID: B 831Y lWeII Name: 299~ \W22- 50 Location: om‘:n{)c SE corner 2%41-SX Temle Ry
Project:  RCRA Drilline FY 2ooo Reference Measuring Point: Growundg Sur face
. Sample 7 Sample Description Comments:
Depth Graphic | Group Name, Grain Size Disfribution, Soil Classification, Color, Depth of Casing, Drilling
(Ft) ngg? RS(l:z\cesry Log | Moisture Content, Sorting, Angularity, Mineralogy, Max Particle MSe;l;:)dh Me.lﬁho? gf Drl\;mg
Size, Reaction to HCI pling ' 00, Sampler
! Size, Water Level
o——) " ISHG] 1usse 220" sipy Seindy € GRAVEL Ls¢)|Catle too) "o
- g:;ab:va g 0% gravel, 359 Sqncﬁ wﬁa s,/f casing | hard tol
- onb From lecst splid speem: gravel 107 cobble, ;
- L& Y® 75 vy.cce-cse 'peé) 30% med, 207 fi-v fu, |1805° Grab SamP(e
- ) Seud 20%0 v.csc-csey 209 wed, Yo% fu, | for archive
|86 — Achiue |20 70 v, I, Z(L grh,'_;K gray (/OYR 6/2) ‘
-| b cpr\/‘ poor/v Sorhcﬂ ‘arave K-SR, ;amﬂ 185 " Archive qrat
Tl BT SR~SA | 707° QIZZ/araklllfl 30% LQJ‘Q/{ 5almF/P
- May qmue{ Seze 2 locm /hfrwmf’ by c/n//m
- Ol Ml pxyy  woeale to none. %'5 Archive greb
190 —|6rab sample _cnd chem.
- '.~‘..' Dm‘/(:'hs ‘odicates  Swaller g rove fs~ aﬂa/ysr'f for Prme
= HT no cobhles, but pevhons cemented:
d - oS o
- o%’.??r;% 195': Grab Sqmple -
195 —|.Erah g*%"g’ Avchiup ard chewm .
_ Foe Oy
HT sor s
- e
- fé)ov .
- ;fgf_};;ai; 200"t _Grah Sapaple =
200— Grab 2. ‘O-w archive_cucl
- o chemical ana /Ium
- (
- ?05,5 Gral Samlolp~
205—|Grab archive and
- cllem,‘c_q[ LY /IL/J/_(
— T 203" 209" : vetll rate  lwcrcase - dhen slows Begtn  11~23-~ 49
- ‘ ot 209’ Tosccble sand content
- : 508 Iheregse 2089269 ¢
Reported By: L.D. wq/ku. Reviewed By: }d&(/ggég_{
Title: Gzolos, o] Tile: Seobp/st , |
Signature: %) M Date: |(- 22-9q|Signature:

A geatasl

BHI-EE-183 (12/97)
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B( EHOLE LOG T
: e J1-22- 99
WelllD:  B8Z1Y ‘Well Name: 299- wW22- 50 Localion%tr‘_l:zs;dc SE corner 24/~ SX Tank Fups)
Project: RCRA Dry IMQ FY 2000 Reference Measuring Point:  GroLene/ Surface
Sample " Sample Description Comments:
Depth Graphic Group Name, Grain Size Distribution, Soil Classification, Color, Depth of Casing, Dril!ir}g
(Ft) Trzge RSL?)V\\/I: Log Moisture Content, Sorting, Angularity, Mineralogy, Max Particle M;;rrfdlinM?II‘EZ? gfal;m{mg
’ v Size, Reaction to HCI ping X pier
S Size, Water Level
20— | Grab NA 175 5"’ 226/-' S;N-y Sthg‘i/ GRAVEL ("""SG> (aL/c Lool 35" 6D (.é
- 520 ('an 551220?5’-9.223/) é07a3 rave,/'. C,C(Sl'he H ’mrd’ too |
- LR 35% send, 5% i/t Grave] dr s cob, Y05 uce]
- ,:. 3 ~cse peL) 30% h.:d; 20% fu-v.Fu . seud 10% r.e-cie 210" Gral Saw.l,,/f- -
- <3| 30% wed, Yo% Fu, 200 v. fu; brows (10YR /) wet| archive and chem
215 —|ruh | 955%-@#\/ sordedd; orgue] rud- SR, seud SA-A, cnalysis. '
- .'i. 'o gravé/ 3602 basuit 3¢9, j"’“l’?l“(, Yol c,ﬁ,'/f'/c#u,:
- O Sanef 707, ofz, 309 baselt fthes o ity | MPS e 215" Grgh samplr -
- . Hel rn Luch/nane,: we )l thberated, archive auf chen
- N ana/ysz‘s.
220—| ko R Pessl (s sed matnt | nesse
[ss: b5 b iy o sedonted tors. 2207 Gt oonplel
_ s;ive I o9 . - Mct\.v:e_ P
e | T BRSS! 200> 229 ¢ Sancly ERAVEL [56); 50t grave | eremizr@ ot Lo
- | 50% sand s Frsilt . Gravel s aéwc; seud 2206 223": SP\H'J-
225—|Grab OFu V.csc-cse b0 wmed, Bow fa-vfiy jwet | tube 5<4|M,D’ﬁ"' si'eve
- "~ lomse ; mod sorded sand [)evr werqus)gme ana{ys(s [ cheam. anal.
e ted - SR, Sand Sh- SR ; saa) $07 gbr, 20% [11-23-99 Wofer
- S-‘:vt 2] 90 % qu/,! Jothes , MPS % 8-10 ¢ So.m'p/e collected wl/
—| chem rec. - basley - Casiug shoe
230—[Grab 2295 231" _SAND (S); joo70 sand. of 2200, w.e.zai1.5”
- tik Stwilar do squd) above - predom wed), 225" Gra b somp= arcfi
i 2 SA-se s wmod=well sorted 221% 2295 splid hbl
- E:S‘;ch 0% | D E"’l" drilling indicades  reburn of 5mvelj ~-Sieve nna/yr/; /4/‘01 aug f
_| chem. ek O L 230"t Gra ) sawp = archiy
235—{Gral ' "d 231 5%, "IwSancﬂ\‘, GRAVEL [s 63’, 5070 232 234" splid Fube
- O grave | [4T% saud, 2-3 70 Sl [ similar o [*Sitve anal/ chema
- S 5 G ef 220> 229",
- 234% 235" ;x”r:lliuJa twdietes S:/zm:ﬂ/ lens 235"t Grab Samy.” archiye
- (sand _heaving) P35°2675C 55 -sestng drives ngl),
ReportedBy: /. p. Wha/ker " Reviewed By: ﬂd ﬂ@é@j‘
Tile:  Geplogps Tile:  Goofop 15T,
Signature: /4@ WW%,_\ |Date: 11-24- G| Signature: WM IDate: Z/?/OO
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Appendix B

Summary of Geologists’ Core Sample Descriptions
from Borehole 299-W22-48
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Pacific Northwest DAILY Boring/Well No 299-W22-45 (R=512)  Depth Date 57/25/‘” Sheet
National Laboratory | BOREHOLE LOG | Location 724)-< 200 W Project } of
Logged by_& Al Lot _ ~ | _ - Drilling Contractor WA
Reviewed by ' Date Driller _ . ]

Prnt Seon
Lithologic Class. Scheme }_',,n‘,'/p,,gm,,,h Procedure D715V 0! Rev O Rig/Method (
Steel Tape/E-Tape N / N& Field Indicator Equip. 1) N 2) N Depth Control Point )
DEPTH SAMPLES  [CONTAMINATION | GRAFHIC LITHOLOGIC DESCRIPTION wo DRILLING COMMENTS
TIME TURE (particle size distribution, sorting, mineralogy, appep| CASING (drilling rate, down time, blow counts,
(¥r ) 1vpe| 10 nuMBER |iINsTR] READING lelzlsla color, to HCI, etc.) water level drili fiuid, etc.)
w511z CcoesA. oY 2D, me‘.ha Cogrsetp Moy Seel BL Ladwols Cove 21, ?)gw?fia(_d
éZ' in alwrey sy Srree wiNea 'HQLK (1), 513‘;55 omd &ce& bu R.b,
Par) o).,Je,. Sardk Nus, e rashern-l, ‘Hﬂ)-\ = Geluse aken [;u&;%.@ -4 2 _
l:pb )\h.ue o sresk 47- wa’f
ToM’)m -pm calar e, 2% é/?—‘
No steocbure prmcsns) p("-sggg_ag«a’(i'
2 |135|  |cec®2 DRy Stn. Prmardy Mediwode Fre Beb Leabard's Loce™2 . Drsagaoedhd
l‘-‘-;’ (?v\‘)u.agm ‘ | saed, Mnpr s Some rica. s dvied bv!?bb
wp,ra,--irg:\ No fcaal%’v\ 'jb HC’ ai‘ce’?')' =H -P)n#‘ﬁ) W{#’Mlﬂ '7—
Sode — weak 4o M:dv.«eﬁe iet‘li‘sﬂ
Dn.b cAny e 259 LIZ. :
S}r\m( wre. _?rfsern) - k\ﬂjﬁ'flﬁl}d \.
Rs-| 115 T ST ERe T Ry P S Cid fore cag Tall, Misshy
Ns’ Moesh Fine dp Vors Fove Sovd ondrip. Seve. 1
S Weak reacdipm 4o Hol Mot D- gz Prhere 2
| Olr 12 2504 /2, -
— T -
Sher 7 Uj
P I o f 41 fw/
T LOBNY, ame af Wk dp Mpdegd
Yoadie 4o . Mot coler 56 ?;GYé/Zl

W = Wet, M = Moist, D = Dry

1998/DCUPROC/DBLI001



DAILY Boring/WeI] No 799-ul22-498 (88212) Depth 175 -174, Date 5/ )5}00 Sheet

Pacific Northwest

cd

National Laboratory BOREHOLE LOG Location z4}s o W ) Project )} of 4
Logged by &X. LdsT . | A Drilling Contractor N A
. Prrt S Pant Segn
Reviewed by Date Driller
Prck S " -_—
Lithologic Class. Scheme T/ wedwedh Procedure Y9[p1-92-BJL-ot  Rev_¢> | Rig/Method
Steel Tape/E-Tape wWh / NA Field Indicator Equip. 1) M- 2) W& Depth Control Point v
DEPTH saMPLES  [conTaminaTioN | SRATHIC LITHOLOGIC DESCRIPTION ' ho DRILLING COMMENTS
TIME TURE (particle size ion, sorting, mi logy, ADbep] CASING (drilling rate, down time, biow counts,
( FT) TYPE| 1D NUMBER |INSTR] READING clzlsla roundness, color, reaction to HC, etc.) water level, drili fluid, etc.)
115°-|]3:25 L Af:) e &gﬁﬂ SHp §l£‘% Sonl. Bothn Cortst 5'&"?';\6 desiped gﬁ Lo vephs
\2% : L Vi‘r-g Mt eaid m'ﬂw"@f . B?spﬁ'wv
5 . g&« V’W Oe
il .
Ty colrAore = Cﬂ%? bearnatizns bud
AT . dawd % APWQ eevel.
U
’1? Mppiyes dp Fne GQud . Brodes, wowad,
' 0
(
!
{
\:>‘l//
- \\\

é:')nr[\ frne éggrgg% % %&

L 4‘!"' od 4. 2 L@LIIJ'

{

-

I . dey | 0
7 L

71 [14g o weX ’“‘ . edmn dpTwe binde coe ’)’C‘"’mﬁ'@‘:‘l—%—&‘
i ) ' Lenhd A

T ]
|
|

W = Wet, M = Moist, D = Dry 1988/DCUPROC/DBLIOO1
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Pacific Northwest

DAILY

Borinngell No 299-W22-4% (‘Bﬁa)Z)

Depth - Date QZEZQQ Sheet

National Laboratory BOREHOLE LOG Location Project : ] of 1
Logged by g; ! Lﬁ w I Drilling Contractor
. Part Son
Reviewed by Date Driller
Pk Son
Lithologic Class. Scheme Procedure Rev Rig/Method
Steel Tape/E-Tape / Field Indicator Equip. 1) 2) Depth Control Point
DEPTH SAMPLES CONTAMINATION | G“{‘gg“’ LITHOLOGIC DESCRIPTION 5 DRILLING COMMENTS
TIME TURE (particle size distribution, sorting, mineralogy, AI’J‘E)ED CASING (drilling rate, down time, blow counts,
(¢1) 1vee! 1o NumBER liINsTR] READING cizlisla roundness, color, reaction to HCI, etc.) water level, drill fluld, etc. )
8449828 *2 Wk | 7V} [SheTu! CRVELY SARD, 152, Case Snoeple A
24,5 " o It Sty | 152, VES = Guan w\eee, 10% 102D, Bob Lol . Dfumn ©xGvinath
’ . 5% P o 22 men .,
No shuchere prove e samole s
L’ch,;zo\f‘g n/ﬁ(/ L Wiy BemalRe |
et cooc1s 25Y 2, $j| (Buw),
No eeadizn S B,
5’7— Blya "ro-').?“ L av '?mq,g:\’ 5@4‘*’54{ :Dr“wpl tm &:«r} 3:154-" MM.,J‘!
575 Lowrse o Pne Sond, Winlesh shrrdes Hep v rvond.

| neas et — vieak (aqtionts Vel

et -~}

Some g'aw‘n’s"a:?’w’sﬁ D -,
coler K &/2. . Spmp M)

‘mg&hn.? Copvae o Modium SAND.
° . )/ c P
] . No fr
iz ALl

W = Wet, M = Moist, D = Dry

19968/DCL/PROC/DBL/001
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Pacific Northwest DAILY |BoringWellNo_299-wW22-48 (22rn2) Depth_|’ = 12.5’ Date 1/7/ex Sheet
National Laboratory | BOREHOLE LOG | Location 24)-S--200 W Project {\ of
Logged by@i Lot M’cé | _ - Drilling Contractor NA
Reviewed by . e - ~ Date Driller )

Lithologic Class. Scheme o)k Jie.duspc¥hh Procedure JPTA1-92-EUL.-2) Rev_0 Rig/Method
Steel Tape/E-Tape NA I NA Field Indicator Equip. 1) N 2) NP Depth Control Point N
DEPTH SAMPLES CONTAMINATION | o G"fgg'c LITHOLOGIC DESCRIPTION Ho DRILLING COMMENTS

TIME . TURE (panlcls size distrib sorting, ADDED| CASING (drilling rate, down time, blow counts,
(F17) 1vee! 0 NuMBER linsTR] READING clzlisla color, to HCI, etc) water level, drill fluld, etc.)
1,015 |22 ‘ 7105, 4 §Sandy Srnvel Yo b 2% Ganel wike LeprSie 252 R,

28 536 e Tim la»o/ a—f—-ﬁm*}a
v L vy, %&_"M_éfé b Snedy
3":. %.‘_’2-'?[- Week- reaction~tn '90\ .
2N % 4) v4)
S8 o Gamel 2 WOR-4Y[), Sogl js 2.5 "}5
o D Famgle 1=, 3abke [“vﬁ('”bhdn)f’ds
T~
LTS :
6050721 m E:[ Firee Sﬂ%ﬁ#&ndp{. e ele toamban Drvec rs Sl Ty be apdde
: ™ e N ol w2251 %)?x Sarre. Ao Spqe o of f{rﬂhg
wek lontndhene, ; arderal. c@ded Lovetlong
9.5-blo%a 21 Sonl dp 1", Thiy, VE Seng . vith -Pre bagr 73 Z0% fhdl . Whsog
4 no d
& . <4 bo‘i’m ) N
. Cotee 2and o 2.5V 4],
Very Jine tund % 2.5Y 4z, No
veg rom ‘Sp Nl A
[225 |35 Vory frre . Lang @ Livie e 700 Lol Mizsm g
ler 34 Z'f[l'i!t. Ne_riack + boNarn 1% :
ol
> .
W = Wet, M = Moist, D = Dry 1998/DCLPROC/DBL/0O1
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Pacific Northwest DAILY Boring/Well No _299-(]22-9R Depth_)4.5-22.5" Date_) )7 )w Sheet
Natorai Labosioy | BOREHOLE LOG [Location _201-% , 200 - Projec 2 o &
Loggedby L) Vpod- M I - - Drilling Contractor NA
Reviewed by = Date Driller
Lithologic Class. Scheme Ei)gb&_p,&wor\‘k ProcedureP3T8)-9%-EJL-01 Rev_ O Rig/Method
Steel Tape/E-Tape R I _NA Field Indicator Equip. 1) NA 2) NA Depth Control Point v
DEPTH SAMPLES  [CONTAMINATION GRAPLIC LITHOLOGIC DESCRIPTION o V DRILLING COMMENTS

TIME TURE (partlcle size distribution, sonlng mlneralogy ADDED| CASING _ (drllling rate, down time, blow counts,
(FT) 1vee| 1D NUMBER |INSTR] READING clzls color, 1 to HC, etc.) water Ievel drill fluld, etc.)
WS-hpo| ot L Fine cNo oueds) beney s 252 L)), Micghpy |
15’ P13 | s cdecis 25V 82 Leveak by Do 11,
__tgcl%ﬁ 'z o)
~—
12-25 | ipro M | 14 Foe Sud omhe overlxhg Neeybone Lnpe ne 20000 LLLIT 3\ P
ﬁé— Serrl_wMch oradec, downumﬂ(‘!; botlanny 17
Bone Senll, Frem Hhiq lisze oF [ers,
(!aum ip ), Lo M. z2sY 4)7.
T3
"]
S
9.5~ 1015 m | = Vemiu sond. Foneln Vomindad | tner e 0T, £ll. Mo,
20! Coler <er 259 4)2. Liepdk cearfom b 1%
4> 0
<1
P
e
1 p: %)
P o m |1 | Nory b cund qeodes to Lol s Lowor re 200 beAle M\ resny
225 ¥ ’} Hhe cembubs Dsarp smd . Thm )»ﬂgrmJ'/. o
v / ? | neav Yerbigle dvader o, )u.g{z Al
_zi ‘
(,,;_é],;) | moidd color of € saedi s 2ﬂq_h.
: 1998/DCU/PROC/DBLIOO

W = Wet, M = Moist, D = Dry



Boring/WellNo _299- W22-43

_ Depth 24,5 - 22,5  Date 1_/7/oo Sheet

9d

Pacific Northwest .
National Laboratory | BOREHOLE LOG {Location 2:41-S 260w Y of 4
Logged by GN Ltq;'" M I = Drilling Contractor NA
Reviewed by Date Driller 3 |
Lithologic Class. Scheme ﬁz‘l&l!t:! géwafh\ Procedure DI978|-97-&JL-OF Rev O Rig/Method \
Steel Tape/E-Tape Field Indicator Equip. 1)  NA 2) NA Depth Control Point . ‘&
DEPTH CONTAMINATION LITHOLOGIC DESCRIPTION DRILLING COMMENTS
(particle size distri sorting, (drilling rate, down time, blow counts,

(;T ) color, ion to HCI, elc) water Ievnl drill Iluld etc.)
24,5+ Conre Somd . Lamonnared. One. Livey 75 02 f), Mr3ging
25 s () w»bk [l men), Wi} ol bohrow, 1Y

Y% 25V 40U Vo randiom da Do

-t <\
P
- = Fine te Vorn G Loy 12 D02 Bl M\sg*n.",
2.5’ = Wit Medivasi Suoncly Sradie 2 Mobnu bt )%
(s ) s CO)W -
N 259 '4)2, V3 egk cenchimn Jo HO)

29.5-|1: inm S oe) 1. Por. L,.;,,/ v 95% fall Wisareyg )x»an
2’ _ﬁ_rmm '”DIk 5'”/& lmwf. Color 1% I/L

2.5% )1 Peah” ceacrne n BEL
2-314) brner 12 0% du)l. Mg doman

- ' 14
magl‘s cilsr I8 259 91 Np Irar/}??um
1o HEL

W = Wet, M = Moist, D = Dry

 1998/DCL/PROC/DBLIOO1
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Pacific Northwest DAILY ) Boring/WellNo_299-wWtir-44 Depth_24.5 - 45’ Date_|/7/o5 Sheet
National Laboratory BOREHOLE LOG | Location Z241-<, 2 W) Project 4 of &
Logged by_G,V Lﬁg—"m JI/»@P" I : - Drilling Contractor NA
Reviewed by - - Date Driller
Lithologic Class. Scheme B_HMM Procedure P912)-77-QUL-0! Rev » Rig/Method
Steel Tape/E-Tape NA / NA Field Indicator Equip. 1) N 2) WA ' Depth Control Point

DEPTH SAMPLES  [cONTAMINATION [ CGRAFTIC LITHOLOGIC DESCRIPTION ho DRILLING COMMENTS
TIME TURE (partlclo size distri sorting, apbeo] CASING (drilling rate, down time, blow counts,
(1) tvee| 10 NumBER fiNsTR] READING clzlslag color, to HC, etc) water level, drili fluid, etc.)
1245~ |0y h-D Mefigm ¥e Ned. Linev “ia 909':., Cau-'.‘u(de.
35’ Thw lgero;cmse wtnd mpov
Yot Mewrt rolor vz 25Y 4)),
Ll [ 86 courtion dn PCI.
/>\
=7- [Img m ¥ ! Fiwr samd. ook dovly mossive. Liner w2, 0% _cavgloe.
375 i Wiesd Ihes W 2one v cevilav, (e %\@ﬁw’\
yot Vst recemblos clasihve ke —
; bw)r rO__Agy s, SiHiey on
| . * JfP‘P Snne C‘%_l!ﬂgdj-
><\ MFI‘;‘)' Aaley 14 2-5\1 Yz, W Ly
275~ (Y m 1 ' Mer v Sond . Lawingred . Top Lixer v, P67 c,b«'pléﬁ:-
i 1) ,,.7§s ; _*&;E_n'ﬁ_ﬁp&al Seamonces L"
1} 7z 25 Y
(FF— - rmzh‘s‘n ‘47» ”C)
. e :
2- | ilz2p m || lﬂnb_ézqmifi@aﬂ Lligds wp h Liner % _20% L
42.5 P i&m&m&.&h&k_)_ﬁml 14
‘ f:h;_Lm.%;mse, 2577 7@»\«@»)
- Colvhe zlys
o
gas- 3¢ m ‘ asd ¢ (ck) Uney 50 0 Hdl.
4¢ Gh L 4 i FV0. (oloria 25 4]
h —H

W = Wet, M = Moist, D = Dry

1998/DCL/PROC/OBL/0O
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Pacific Northwest ‘ DAILY | BoringWellNo _299- W22-4R Depth_47- 565’ Date 1/7/c0 Sheet
National Laboratory BOREHOLE LOG Location 2H-SX -w . 5 of L
Logged by_GV LisT_ ' ‘,,/4// ;%‘V | - - Drilling Contractor = NA
Reviewed by - ' Date Driller '

Poek Son
Lithologic Class. Scheme _Folk) Wevwywrih Procedure JJTRI1-99-&VL-5)  Rev_ O Rig/Method
Steel Tape/E-Tape _ NA 1 _NA Field Indicator Equip. 1) Nf 2)  NA Depth Control Point \
DEPTH SAMPLES  |CONTAMINATION LITHOLOGIC DESCRIPTION DRILLING COMMENTS
TIME TURE (panlcle size di , sorting, (drllllng rate, down time, blow counts,
(eT) 1vee! 10 Numser [InsTr] READING c color, to HCI, etc) water level, drill ﬂuld, etc.)
4145 g . m 6«&(\\ Grevel = wnanbe more sast- Liver 5o 202,00,
live kﬁ‘)’ Sonple . Onsts
| epdp V18 e, Sned 1o P
7 Weak reachiom 36 NC M st clor
s 15 2.5Y 4),
>
50— |y o [T Mrdvass $uwf We RISVCPR Lv)S, 1
505 TT] [2pebbles o) dep. mﬁah»w A
535-1ns5 m | 5 f . Ve (errvs DL &i, batt 01
54’ ﬁ? > 2 s P e Sud.. T Ck\!u_t? i, op QDP anddlee odlas
& Color 72 2.5¢ ﬁ;lz ng,a wak
Ra _m.A’EzL'}p He)
Cwvi
%-24p m Sevd, Mertwen Sz Logme . No rbraas [ihev ta b
- o}rm\lur/ A )itk -ftm/ YA Nﬁt’ff/ﬁo
. __mLéefkc__gmﬂ.@ng&z_ '“‘z\
o 14
T 4 HA-
] ;

W = Wet, M = Moist, D = Dry

1998/DCL/PROC/DBLAO01
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Pacific Northwest DAILY , Boring/WellNo  2.92-wW22- 48 Depth 572.5-5%°' Date \/7/co Sheet
Nalonai Laborstory | BOREHOLE LOG |Location _241-% _zem-wl Project 6 o b
Logged by CN. Last /)i W ' | Drilling Contractor NA

T Pan Park Son

Reviewed by = Date Driller ] \

Lithologic Class. Scheme E_)EI_MM ProcedureIPT18~72-EUL-0!  Rev D Rig/Method (

Steel Tape/E-Tape __ NA- N& Field Indicator Equip. 1)  NA 2) b Depth Control Point -
DEPTH SAMPLES  [CONTAMINATION | GRAFHIC LITHOLOGIC DESCRIPTION wo DRILLING COMMENTS

TIME TURE (panlcle size distribution, sorting, mineralogy, apbep| CASING (drilling rate, down time, blow counts,

(Fr) 1vre| 1D NUMBER lINsTRI READING] - clzlsla color, to HCJ, etc.) water level, drill fluld, etc.)
5.5-\ep : 0-D) - MNedr e Somd. 'Pogr)-n dorrwrrides. Loy g 9_!770_1&,\) . Mﬁ [

B i - Wiz rolor s 2.5 Y- 5/'2. Weale 1~

L | | resedmn 9 WY Ligdes cpband,
: Lﬁ&‘z b‘?‘ H"l

I\

1938/DCL/PROC/DBLIOCT

W = Wet, M = Moist, D = Dry
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Pacific Northwest DAILY . Boring/WellNo 299-W22-483 Depth_&2 =70’ Date 1 /i0 )oo Sheet
Natlonal Laboratery { BOREHOLE LOG |Location 2:41-¢, 2p0-w) Project § of 5
Logged by &N. LA<T ' ﬁ%,é,,p" | - - Drilling Contractor N
Reviewed by - Date Driller

(273 S
Lithologic Class. Scheme ik /wend v Procedure P7T$1-97-6VL-D) Rev_O Rig/Method
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Appendix C

Summary Geophysical Logs for Borehole 299-W22-48 (9 pages)
and Borehole 299-W22-50 (9 pages)



RLS S

pectral Gamma Survey

Waste Management Technical Services

Project: RCRA drilling 1999

LOG HEADER

Well: 299-W22-48

Borehole Information

Well # 299-W22-48

Elevation Reference n/a

Depth Reference _Ground Surface
Casing Diameter 11.75 in.
Casing Diameter 8.625 in.

Water Depth 226 ft
Elevation n/a ft
Casing Stickup _11.75 in. —0.38", 8.625 in. — 1.0’

Depth Interval 01050 fi Thickness _0.5 in
Depth Interval 0t0245 ft Thickness _0.5 in

Total Depth 245 ft

Logging Information

Log Type:
Company
Logging Enginee

Instrument Series

Logging Unit
Depth Interval

Instrument Calib

Calibration Report

HPGe Spectral Gamma
Waste Management Technical Services

rs J.E. Meisner
RLSG07000S00.0
RLS-1
0’ to 166.0° Prefix A678
161.0" to 245.5° A679

October 8, 1999
WHC-SD-EN-TI-292, Rev. 0

ration Date

Analysis Information

Company
Analyst

Date

Depth Reference

Notes

Waste Management Technical Services
Steven Kos

March 13, 2000

Ground Surface

Spectral ganima measurements were acquired at 0.5-ft depth intervals at a logging speed of 1.0 ft. min.

C.1




Depth (feet)

RLS Spectral Gamma Survey
Waste Management Technical Services

Project: RCRA Dirilling 1999 Log Date: Oct. 27, 1999
Well: 299-W22-48 Depth Datum: Ground Level
Total Gamma Potassium Uranium Thorium
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RLS Spectral Gamma Survey
Waste Management Technical Services

Project: RCRA Drilling 1999 Log Date: Oct. 27, 1999
Well: 299-W22-48 Depth Datum: Ground Level

Total Gamma Potassium Uranium Thorium
c/s pCilg pCilg pCilg
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Depth (feet)

KLS Spectral Gamma Survey
Waste Management Technical Services

Project: RCRA Dirilling 1999 Log Date: Oct. 27, 1999
Well: 299-W22-48 Depth Datum: Ground Level

Total Gamma Potassium Uranium Thorium
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RLS Neutron-Neutron Moisture Survey
Waste Management Technical Services

Project: RCRA drilling 1999

LOG HEADER

Well: 299-W22-48

Borehole Information

Well#  299-W22-48

Elevation Reference n/a

Depth Reference _Ground Surface
Casing Diameter 11.75 in.
Casing Diameter 8.625 in.

Water Depth 226 ft
Elevation n/a ft
Casing Stickup _11.75 in. —0.38’, 8.625 in. — 1.0’

Depth Interval 0to 50 ft Thickness _0.5 in.
Depth Interval 0t0245 ft Thickness _0.5 in.

Total Depth 245 ft

Logging Information

Log Type:
Company

Logging Engineers
Instrument Series

Logging Date
Logging Unit
Depth Interval

Instrument Calibration Date
Calibration Report

Neutron-Neutron Moisture

Waste Management Technical Services
J.E. Meisner
RLSMO00.0
October 27, 1999
RLS-1

0" to 100°

50" to 150°
145710 225.75°
May 13, 1999
WHC-SD-EN-TI-306, Rev. 0

Prefix MS45
MA46
MA47

Analysis Information

Company
Analyst
Date

Depth Reference

Notes
minute.

Waste Management Technical Services
Steven Kos

March 15, 2000

Ground Surface

The moisture measurements were acquired at 0.250-ft depth intervals at a logging speed of 1.0 ft per
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Neutron-Neutron Moisture Survey
Waste Management Technical Services

Project. RCRA Dirilling 1999 Log Date : October 27, 1999
Borehole: 299-W22-48 Depth Datum: Ground Level

Moisture Vol. %
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Neutron-Neutron Moisture Survey
Waste Management Technical Services

Project. RCRA Drilling 1999 Log Date :October 27, 1999
Borehole: 299-W22-48 Depth Datum: Ground Level

Moisture Vol. %
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Neutron-Neutron Moisture Survey
Waste Management Technical Services

Project: RCRA Dirilling 1999 Log Date :October 27, 1999
Borehole: 299-W22-48 Depth Datum: Ground Level

Moisture Vol. %
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Neutron-Neutron Moisture Survey
Waste Management Technical Services

Project: RCRA Drilling 1999 Log Date : October 27, 1999
Borehole: 299-W22-48 Depth Datum: Ground Level

Moisture Vol. %
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RLS Spectral Gamma/Sodium Todide Survey
Waste Management Technical Services

Project: RCRA drilling 1999

LOG HEADER

Borehole Information

Well: 299-W22-50

Well#  299-W22-50
Elevation Reference n/a
Depth Reference _Ground Surface

Casing Diameter 11.75 in.
Casing Diameter 8.625 in.
Casing Diameter 6.625 in.
Casing Diameter 3.75 in.

Water Depth 218 ft
Elevation n/a ft

Total Depth 547.35_fi

Casing Stickup 11.75” - 0, 8.625” — 0’ 6.625”- 0.67°. 3.75 — 4.2°

Depth Interval 0to 50 ft
Depth Interval 0 to 241 ft
Depth Interval 0to 474 fi
Depth Interval 0 to 547.35 ft

Thickness _0.5 in
Thickness _0.5 in
Thickness _0.5 in
Thickness _0.375 in

Logging Information

Log Type:
Company
Logging Engineers
Loggmng Dates
Instrument Series
Logging Unit
Depth Interval

Instrument Calibration Date
Cahbration Report

HPGe Spectral Gamma

Waste Management Technical Services
J.E. Meisner

November 30, 1999, January 14, 2000
RLSG07000S00.0/RLSN2.0*

RLS-|

0" to 145.0° Prefix A682
1250’ to 240.5° A683
230.0"to 353.5 A695
350.0°to 475.5° A696
440.0’ to 545.57# A694

October 8, 1999/January 18, 1999*
WHC-SD-EN-TI1-292, Rev. 0
WHC-SD-EN-TI-293, Rey. 0%

*Bottom of the borehole was logged with a sodium iodide detector designated RLSN2.0

Analysis Information

Company
Analyst

Date

Depth Reference

Waste Management Technical Services
Steven Kos

March 13, 2000

Ground Surface

Notes  HGPe spectral gamma and sodium iodide logging tools were utilized to log this borehole. Measurements
were acquired with both of these tools at 0.5-ft depth increments at a logging speed of 1.0 ft per minute.
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Depth (feet)

RLS Spectral Gamma Survey

Waste Management Technical Services

Project: RCRA Drilling 1999 Log Date: Nov. 30, 1999,

Jan. 14&15, 2000
Well: 299-W22-50 Depth Datum: Ground Level

Total Gamma Potassium Uranium Thorium
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Depth (feet)

KLS Spectral Gamma Survey
Waste Management Technical Services

Project: RCRA Drilling 1999 Log Date: Nov. 30, 1999,

Jan. 14&15, 2000
Well: 299-W22-50

Depth Datum: Ground Level

Total Gamma Potassium Uranium Thorium
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kLS Spectral Gamma Survey
Waste Management Technical Services

Project: RCRA Dirilling 1999
Well: 299-W22-50

Total Gamma

Log Date: Nov. 30, 1999
Jan.14&15, 2000

Depth Datum: Ground Level
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RLS Neutron-Neutron Moisture Survey
Waste Management Technical Services

LOG HEADER

Project: RCRA drilling 1999 Well: 299-W22-50

Borehole Information

Well # 299-W22-50 Water Depth 218 fi Total Depth 547.35 ft
Elevation Reference n/a Elevation n/a ft

Depth Reference _Ground Surface Casing Stickup 11.75”-0’, 8.625” — 0°, 6.625” — 0.67°, 3.75” — 4.2’

Casing Diameter 11.75 in. Depth Interval 0to 50 ft Thickness 0.5 in.
Casing Diameter 8.625 in. Depth Interval 0to241 ft Thickness _0.5 in.
Casing Diameter 6.625 in. Depth Interval 0to 474 ft Thickness _0.5 in.
Casing Diameter 3.75 in. Depth Interval 0 to 547.35 ft Thickness _0.375 in.

Logging Information

Log Type: Neutron-Neutron Moisture

Company Waste Management Technical Services

Logging Engineers J.E. Meisner

Instrument Series RLSMO00.0

Logging Date November 30, 1999

Logging Unit RLS-1

Depth Interval 0 to 150° Prefix MASO
1457 t0 218.3” MASI

Instrument Calibration Date May 13, 1999

Calibration Report WHC-SD-EN-TI1-306, Rev. 0

Analysis Information

Company Waste Management Technical Services
Analyst Steven Kos

Date December 16, 1999

Depth Reference Ground Surface

Notes  The moisture measurements were acquired at 0.250-ft depth intervals at a logging speed of 1.0 ft per
minute.
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Neutron-Neutron Moisture Survey
Waste Management Technical Services

Project: RCRA Drilling 1999 Log Date: November 30, 1999
Borehole: 299-W22-50 Depth Datum: Ground Level

Moisture Vol. %
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Neutron-Neutron Moisture Survey
Waste Management Technical Services

Project: RCRA Drilling 1999 Log Date: November 30, 1999
Borehole: 299-W22-50 Depth Datum: Ground Level

Moisture Vol. %
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RLS Neutron-Neutron Moisture
Waste Management Technical Services

Project: RCRA Drilling 1999  Log Date: November 30,1999
Borehole: 299-W22-50 Depth Datum: Ground Level
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Neutron-Neutron Moisture Survey
Waste Management Technical Services

Project: RCRA Drilling 1999  Log Date : November 8,1999
Borehole: 299-W22-50 Depth Datum: Ground Level
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Appendix D

Particle-Size Results from Seven Boreholes in Vicinity
of the S-SX Tank Farm



I'd

Gravel Sand Mud
Very

Fine Fine Very Very Silt &

Pebble Pebble | Coarse  Coarse  Medium Fine Fine Clay

5 10 18 35 60 120 230 Pan

0.0625-
Sample Depth |CaC0; 0.5-1.0 0.125-  0.125 | <0.0625 Sand:Mud Hydrogeologic
Borehole Type (f) [wt.%|[>4mm 2-4mm| 1-2mm mm 0.25-0.5mm 0.25mm mm mm__ | % Gravel % Sand % Mud Ratio CLASS® Unit

299-W22-39 45 0.00%  0.00% 0.20% 6.53% 26.89% 48.39% 13.93%| 4.06% 0.00%  95.94% 4.06% 23.7 S Hla]
50 0.00% 0.35% 2.82% 8.65% 24.51% 32.93% 22.73%| 8.03% 0.35%  91.62% 8.03% 11.4 S Hla]
55 62.85% 5.15% 5.25% 5.51% 4.66% 10.40% 3.39%| 2.80%| 68.00% 29.21% 2.80% 10.4 sG H1
60 0.15% 0.24% 0.98% 9.27% 4730% 22.80% 10.04%| 9.21% 0.39%  90.39% 9.21% 9.8 H2
65 0.44% 1.24% 7.03% 22.98% 32.55% 16.98% 12.83%| 5.95% 1.68%  92.36% 5.95% 15.5 H2
299-W22-46 50 0.30% 0.34% 0.59% 0.92% 23.26% 40.84% 27.53%|  6.21% 0.63% 93.15% 6.21% 15.0 S Hla
55 8.03% 13.56%| 26.40% 25.01% 11.57%  9.70%  4.75%| 0.97%| 21.60% 77.43% 0.97% 79.8 gS H1
60 95.36% 1.91% 1.27% 0.43% 0.10%  0.80%  0.05%| 0.08%| 97.27% 2.64% 0.08% 32.0 G| H1
65 94.51% 2.30% 1.81% 0.85% 0.22% 0.11% 0.08%| 0.14%| 96.80% 3.06% 0.14% 224 G| H1
70 0.43%  0.04% 0.45% 0.23% 6.49% 56.83% 27.30%| 8.22% 0.48%  91.30% 8.22% 11.1 S H2
75 0.00%  0.01% 0.17% 1.50% 2523% 36.83% 28.56%| 7.69% 0.01%  92.30% 7.69% 12.0 S H2
299-W22-48 SS 37 0.20%  0.40% 0.60% 3.89% 13.83% 43.84% 29.54%| 7.71% 0.60%  91.69% 7.71% 11.9 S Hla
B8812 SS 39.5 0.02% 1.40% 0.74% 2.00% 2521% 40.12% 21.73%|  8.78% 1.42%  89.80% 8.78% 10.2 Hla
SS 42425 63.17% 36.83%| 63.17% sG| H1
SS 44.5 63.26% 36.74%| 63.26% sG| H1
SS 47 63.69%  9.69% 7.25% 6.53% 3.73%  291%  2.55%| 3.64%| 73.38%  22.98% 3.64% 6.3 msG H1
SS 50 18.51%  0.96% 2.45% 8.42% 40.00% 20.94%  4.89%| 3.84%| 19.46%  76.70% 3.84% 20.0 gs H1
SS 53.5 7.32% 13.90%| 19.31% 34.85% 17.87%  4.15%  1.53%| 1.07%| 21.22% 77.71% 1.07% 72.7 gs H1
SS 56 435% 5.10%| 16.32% 36.19% 24.03%  7.90%  3.58%| 2.52% 9.46%  88.02% 2.52% 349 (2)S H1
SS 57.5 2.42% 0.54% 8.25% 37.56% 3237% 9.20% 5.01%| 4.66% 2.96% 92.39% 4.66% 19.8 S Hl
SS 62 0.00% 0.29%| 13.29% 43.59% 2595%  7.55%  4.15%| 5.19% 0.29%  94.52% 5.19% 18.2 S H2
SS 64.5 0.06%  0.00% 1.31% 31.13% 4590% 11.85%  5.18%| 4.56% 0.06%  95.38% 4.56% 20.9 S H2
SS 67 0.39%  0.59% 8.19% 25.40% 42.95% 12.43%  7.08%| 2.95% 0.98%  96.06% 2.95% 3255 S H2
SS 69.5 0.36% 1.21% 7.32% 39.39% 34.53%  8.84% 4.18%| 4.17% 1.58%  94.26% 4.17% 22.6 S H2
SS 70 0.36%  0.61% 8.31% 43.13% 32.80%  8.73%  3.17%| 2.89% 0.96%  96.15% 2.89% 333 S H2
SS 74.5 0.18% 1.56%| 13.92% 6.86% 25.05% 25.78% 14.84%| 11.81% 1.74%  86.46% 11.81% 7.3 (m)S H2
SS 77 0.00%  0.02% 0.15% 0.10% 1.56% 48.28% 39.67%| 10.21% 0.02%  89.77%  10.21% 8.8 (m)S H2
SS 91.5 0.09% 0.30% 4.40% 24.23% 42.87% 15.11%  7.99%| 5.00% 0.39%  94.60% 5.00% 18.9 S H2




ca

Gravel Sand Mud
Very

Fine Fine Very Very Silt &

Pebble Pebble | Coarse  Coarse  Medium Fine Fine Clay

5 10 18 35 60 120 230 Pan

0.0625-
Sample Depth |CaC0; 0.5-1.0 0.125-  0.125 | <0.0625 Sand:Mud Hydrogeologic
Borehole Type (f) [wt.%|[>4mm 2-4mm| 1-2mm mm 0.25-0.5mm 0.25mm mm mm__ | % Gravel % Sand % Mud Ratio CLASS® Unit

SS 101.5 0.00% 0.01% 0.35% 24.14% 47.54% 13.83% 12.25%| 1.88% 0.01% 98.11% 1.88% 52.1 S H2
SS 136 0.01% 1.05% 0.27%  6.12% 4.00% 9.11% 40.88%| 38.56% 1.06%  60.38%  38.56% 1.6 mS PP|
SS 163.5 0.00%  0.03% 0.27% 13.84% 53.61% 20.11%  6.35%| 5.79% 0.03%  94.18% 5.79% 16.3 S Rwi(e)
299-W22-50 SS 47.5 0.00%  0.00% 0.28% 1.81% 11.66% 26.35% 37.76%| 22.14% 0.00% 77.86%  22.14% 3.5 S Hlal
B8814 SS 47.5 1.22% 4.16% 5.01% 4.66% 10.48% 39.04% 27.34%|  8.09% 538%  86.53% 8.09% 10.7 (2)S Hlal
SS 48.5 0.01%  0.00% 0.03% 0.76% 10.58% 35.82% 45.25%|  7.55% 0.01%  92.45% 7.55% 12.3 S Hla
SS 50-51 0.20%  0.36% 0.84% 5.76% 31.29% 29.26% 22.97%| 9.33% 0.56%  90.11% 9.33% 9.7 S Hla]
SS 51 0.01% 0.23% 0.64% 3.03% 23.34% 29.43% 34.38%| 8.95% 0.23%  90.81% 8.95% 10.1 S Hla]
SS 52.5 1.34% 3.48%| 14.12% 25.98% 23.20% 17.35% 9.90%|  4.63% 4.82% 90.55% 4.63% 19.6 S Hlal
SS 53.5 0.43% 5.63%| 28.21% 45.22% 13.56%  3.28%  1.82%| 1.85% 6.06%  92.09% 1.85% 49.7 (2)S H1
SS 55345'5 0.48% 3.46%| 28.40% 50.45% 1290% 2.81%  1.49%| 0.00% 3.95%  96.05% 0.00% 96052.4 S H1
SS 56 4.02% 6.67% 0.52% 62.35% 1237%  598%  4.12%| 3.97%| 10.69%  85.34% 3.97% 21.5 gs H1
SS 57 1.38% 3.17%| 24.29% 41.55% 16.67%  7.49%  3.95%| 1.50% 4.55%  93.95% 1.50% 62.5 S H1
SS 58 37.16% 11.46%| 16.45% 19.19% 836%  3.18%  2.21%| 2.00%| 48.62%  49.38% 2.00% 24.6 sG| H1
SS 60 81.68% 4.95% 436% 3.37% 2.14%  1.14%  1.04%| 1.33%| 86.63% 12.04% 1.33% 9.0 G| H1
SS 61 33.76% 17.15%| 14.50% 13.81% 9.58% 4.50% 3.29%| 3.42%| 50.91% 45.67% 3.42% 13.4 sG H1
SS 62.5 0.07%  0.92% 4.81% 26.29% 46.08% 13.88% 4.93%| 3.01% 0.99%  96.00% 3.01% 31.9 S H2
SS 63.5 0.94%  0.76% 6.54% 38.28% 41.57%  8.17%  2.19%| 1.55% 1.70%  96.74% 1.55% 62.2 S H2
SS 65 0.00%  0.26% 2.44% 21.41% 45.41% 18.51%  6.74%|  5.23% 0.26%  94.51% 5.23% 18.1 S H2
SS 66 0.30% 1.05% 3.15% 14.22% 40.04% 29.71%  9.56%| 1.97% 1.34%  96.69% 1.97% 49.1 S H2
SS 68.5 0.00%  0.00% 0.01% 0.02% 2.58% 52.17% 37.44%| 7.77% 0.00%  92.23% 7.77% 11.9 S H2
SS 70-71 1.00% 1.28% 1.04% 1.79% 17.03% 51.16% 21.19%| 5.50% 2.28%  92.22% 5.50% 16.8 S H2
299-W23-14 65 0.8%| 0.01% 0.01% 0.03% 0.38% 3.46% 36.02% 44.16%| 15.93% 0.02%  84.05% 15.93% 5.3 (m)S Hlal
70 0.9%| 0.00% 0.06% 0.24% 0.51% 10.86% 39.81% 38.68%| 9.84% 0.06%  90.10% 9.84% 9.2 S Hla
75 0.5%| 0.01% 0.13% 1.64% 8.88% 40.81% 37.75%  8.07%| 2.71% 0.13%  97.15% 2.71% 35.8 S Hla]
81 1.0%| 0.07% 0.26% 1.77% 8.97% 12.97% 31.29% 21.95%| 22.74% 0.32% 76.94%  22.74% 3.4 mS Hla]
85 0.5%| 2.39% 8.99%| 23.99% 16.58% 8.61% 16.46% 15.76%| 7.21%| 11.38% 81.41% 7.21% 11.3 gs H1
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Pebble Pebble | Coarse  Coarse  Medium Fine Fine Clay
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0.0625-
Sample Depth |CaC0; 0.5-1.0 0.125-  0.125 | <0.0625 Sand:Mud Hydrogeologic
Borehole Type (f) [wt.%|[>4mm 2-4mm| 1-2mm mm 0.25-0.5mm 0.25mm mm mm__ | % Gravel % Sand % Mud Ratio CLASS® Unit

90 0.3%]| 18.39% 22.33%| 33.34% 16.41% 539% 1.89% 1.11%| 1.13%| 40.73%  58.15% 1.13% 51.7 sG H1
95 0.5%| 12.09% 16.22%| 34.27% 21.89% 7.35% 4.15%  2.52%| 1.53%| 28.30% 70.17% 1.53% 46.0 gs H1
101 0.9%| 0.06% 0.00% 0.05% 1.37% 9.82% 38.48% 36.84%| 13.39% 0.06%  86.55% 13.39% 6.5 (m)S H2
105 1.7%| 0.02% 0.02% 0.05% 0.37% 9.03% 34.81% 17.87%| 37.84% 0.03%  62.13% 37.84% 1.6 mS H2
111 2.0%| 0.00% 0.01% 0.26% 1.00% 4.01% 20.35% 55.21%| 19.15% 0.01% 80.84%  19.15% 42 (m)S H2
299-W23-15 50 0.6%| 0.77% 0.61% 1.72%  8.48% 49.50% 22.83%  9.16%|  6.94% 1.38%  91.68% 6.94% 13.2 S Hla
55 0.4%| 0.01% 0.09% 0.62% 2.80% 17.43% 37.94% 29.21%| 11.91% 0.10% 88.00% 11.91% 7.4 (m)S Hla
60 0.07%  0.44% 6.89% 36.38% 30.10% 17.81%  4.57%| 3.74% 0.51%  95.75% 3.74% 25.6 S H1
65 31.27%  6.27%| 16.52% 21.33% 10.81%  5.09%  3.55%| 5.16%| 37.54% 57.30% 5.16% 11.1 sG| H1
70 16.44%  7.15%| 19.46% 19.16% 13.52%  9.66%  9.14%| 5.48%| 23.59%  70.93% 5.48% 12.9 gs H1
75 0.4%| 5.17% 9.46%| 26.48% 23.42% 11.91%  8.52% 11.84%| 3.20%| 14.63% 82.17% 3.20% 25.7 gs H1
80 0.4%| 0.00% 0.03% 0.00% 10.33% 31.59% 26.53% 21.31%| 10.20% 0.03%  89.77%  10.20% 8.8 (m)S H2
85 0.6%| 0.00% 0.42% 1.58% 9.22% 28.93% 22.20% 24.22%| 13.43% 0.42%  86.15% 13.43% 6.4 (m)S H2
299-W23-19 SS 72725 0.00% 0.14% 1.94% 19.79% 46.48% 18.92%  9.13%|  3.60% 0.14%  96.27% 3.60% 26.8 S Hla
B8809 SS  72.5-73 1.50% 0.65% 5.39% 32.79% 40.70% 12.14%  4.28%| 2.54% 2.15%  9531% 2.54% 375 S Hla]
SS  73-735 1.38% 0.61% 5.45% 34.81% 32.68% 11.49%  8.08%| 5.49% 1.99%  92.52% 5.49% 16.8 S Hla]
SS  73.5-74 0.00%  0.30% 1.01% 3.88% 10.14% 34.37% 32.32%| 17.98% 0.30% 81.72% 17.98% 4.5 (m)S Hla]
SS  74-745 0.00%  0.10% 0.95% 3.12% 8.83% 27.18% 36.67%| 23.14% 0.10%  76.76%  23.14% 33 mS Hla]
SS  74.5-75 0.00% 0.01% 0.55% 2.66% 13.15% 27.90% 34.82%| 20.90% 0.01%  79.09%  20.90% 3.8 mS Hlal
SS 75755 0.00% 0.25% 1.43% 7.87% 28.16% 31.73% 20.33%| 10.22% 0.25%  89.52% 10.22% 8.8 (m)S Hlal
SS  75.5-76 0.43% 2.17% 9.80% 34.37% 36.75%  8.78%  4.16%|  3.55% 2.60%  93.85% 3.55% 26.5 S Hlal
SS  76-76.5 0.00% 0.92% 6.60% 41.05% 3533% 7.71% 4.38%| 4.00% 0.92%  95.07% 4.00% 23.8 S Hla
SS  78.5-79 0.51% 1.26% 7.57% 15.32% 28.85% 27.37% 12.19%|  6.93% 1.77%  91.31% 6.93% 13.2 S H1
SS  78-78.5 15.63% 14.24%| 20.03% 19.98% 12.51%  8.10%  5.65%| 3.85%| 29.88%  66.28% 3.85% 17.2 gs H1
SS  79-79.5 0.00%  0.70% 3.63% 6.62% 11.07% 28.16% 32.42%| 17.40% 0.70%  81.90%  17.40% 4.7 (m)S H1
SS  79.5-80 0.00% 2.37% 4.13% 5.06% 5.74% 32.30% 37.05%| 13.36% 237%  8427% 13.36% 6.3 (m)S H1
SS  80-80.5 0.00%  0.13% 0.58% 1.01% 4.76% 19.18% 51.99%| 22.34% 0.13%  77.53%  22.34% 35 mS H1
SS 81.5- 18.20% 6.41%| 20.39% 31.35% 1542%  4.09%  2.01%| 2.14%| 24.61% 73.25% 2.14% 34.2 gS H1
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Sample Depth |CaC0; 0.5-1.0 0.125-  0.125 | <0.0625 Sand:Mud Hydrogeologic
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82.5
82.5-
SS 83.5 43.22% 11.18%| 15.03% 14.85% 9.67%  3.29%  1.51%| 1.24%| 54.40% 44.36% 1.24% 35.8 sG H1
83.5-
SS 84.5 4.76% 9.89%| 25.35% 32.66% 17.65%  4.55%  2.42%| 2.71%| 14.65%  82.64% 2.71% 30.5 gS H1
84.5-
SS 85.5 7.07% 13.74%| 33.04% 29.62% 9.03% 3.00% 1.94%| 2.55%| 20.82% 76.63% 2.55% 30.0 gs H1
85.5-
SS 86.5 18.29% 11.03%| 25.59% 29.77% 8.69% 2.80%  1.69%| 2.15%| 29.32%  68.53% 2.15% 319 gs H1
86.6-
SS 87.6 23.23% 523%| 11.54% 16.58% 11.17% 15.54% 11.53%|  5.02%| 28.47%  66.35% 5.02% 13.2 2S H1
87.6-
SS 88.6 0.00%  0.11% 0.10% 0.56% 291% 20.35% 56.16%| 19.80% 0.11%  80.08%  19.80% 4.0 (m)S H2
88.6-
SS 89.6 0.00%  0.02% 0.09% 4.73% 48.59% 25.40% 14.05%| 7.13% 0.02%  92.86% 7.13% 13.0 S H2
89.6-
SS 90.6 0.00%  0.03% 0.06%  0.90% 21.81% 43.78% 23.65%| 9.76% 0.03%  90.21% 9.76% 9.2 S H2
90.6-
SS 91.6 0.00%  0.00% 0.05% 0.33% 32.22% 45.68% 13.94%|  7.78% 0.00%  92.22% 7.78% 11.9 S H2
92.5-
SS 93.5 2.62%  0.73% 329% 5.76% 14.05% 30.81% 33.81%| 8.93% 3.35%  87.72% 8.93% 9.8 S H2
93.5-
SS 94.5 0.00%  0.45% 1.40% 4.94% 16.67% 33.04% 32.33%| 11.17% 0.45%  8838% 11.17% 7.9 (m)S H2
94.5-
SS 95.5 0.00%  0.00% 0.01% 0.29% 1.02% 13.13% 63.23%| 22.32% 0.00%  77.68%  22.32% 3.5 mS H2
95.6-
SS 96.6 13.78%  0.22% 021% 2.74% 25.02% 29.20% 21.85%| 6.79%| 13.99%  79.03% 6.79% 11.6 gS H2
96.6-
SS 97.6 0.00%  0.00% 0.11% 1.74% 21.65% 38.58% 30.87%| 7.04% 0.00%  92.96% 7.04% 13.2 S H2
97.6-
SS 98.6 0.00%  0.01%) 0.10% 1.53% 22.71% 33.59% 34.64%| 7.43% 0.01%  92.56% 7.43% 12.5 S H2
98.6-
SS 99.6 0.00%  0.02% 0.24% 1.20% 21.75% 36.34% 32.58%| 7.88% 0.02%  92.10% 7.88% 11.7 S H2
99.6-
SS 100.6 0.00%  0.04%| 1.18%  2.60% 14.90% 28.12% 33.08%| 20.09% 0.04%  79.87%  20.09% 4.0 (m)S H2

(a) Folk-Wentworth classification.

CB
HT
SS

Core Barrel
Hard tool
Splitspoon




Appendix E

Inventory of Core Sleeves from Borehole 299-W22-48
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299-W22-48

BOREHOLE B&8812 SAMPLE INVENTORY

STORAGE LOCATION IN BLDG 3720/rm 608

SAMPLE # Depth (ft)| Container
B8812-0.5 0.5-1 6" Liner
B8812-1 1-1.5 6" Liner
B8812-1.5 1.5-2 6" Liner
B8812-3 3-3.5 6" Liner
B8812-3.5 3.5-4 6" Liner
B8812-4 4-4.5 6" Liner
B8812-4.5 4.5-5 6" Liner
B8812-5.5 5.5-6 6" Liner
B8812-6 6-6.5 6" Liner
B8812-6.5 6.5-7 6" Liner
B8812-7 7-7.5 6" Liner
B8812-8 8-8.5 6" Liner
B8812-8.5 8.5-9 6" Liner
B8812-9 9-9.5 6" Liner
B8812-9.5 9.5-10 6" Liner
B8812-10.5 10.5-11 6" Liner
B8812-11 11-11.5 6" Liner
B8812-11.5 11.5-12 6" Liner
B8812-12 12-12.5 6" Liner
B8812-13 13-13.5 6" Liner
B8812-13.5 13.5-14 6" Liner
B8812-14 14-14.5 6" Liner
B8812-14.5 14.5-15 6" Liner
B8812-15.5 15.5-16 6" Liner
B8812-16 16-16.5 6" Liner
B8812-16.5 16.5-17 6" Liner
B8812-17 17-17.5 6" Liner
B8812-18 18-18.5 6" Liner
B8812-18.5 18.5-19 6" Liner
B8812-19 19-19.5 6" Liner
B8812-19.5 19.5-20 6" Liner
B8812-20.5 20.5-21 6" Liner

SAMPLE # Depth (ft)| Container SAMPLE # Depth (ft)| Container
B8812-49 49-49.5 6" Liner B8812-110.5 110.5-111.5 | 12" Liner
B8812-49.5 49.5-50 6" Liner B8812-111.5 111.5-112.5 | 12" Liner
B8812-50 50-50.5 6" Liner B8812-113 113-114 12" Liner
B8812-51 51-51.5 6" Liner B8812-114 114-115 12" Liner
B8812-51.5 51.5-52 6" Liner B8812-115.5 115.5-116.5 | 12" Liner
B8812-52 52-52.5 6" Liner B8812-116.5 116.5-117.5 | 12" Liner
B8812-52.5 52.5-53 6" Liner B8812-118 118-119 12" Liner
B8812-53.5 53.5-54 6" Liner B8812-119 119-120 12" Liner
B8812-54 54-54.5 6" Liner B8812-120.5 120.5-121.5 | 12" Liner
B8812-54.5 54.5-55 6" Liner B8812-121.5 121.5-122.5 | 12" Liner
B8812-55 55-55.5 6" Liner B8812-123 123-124 12" Liner
B8812-56 56-56.5 6" Liner B8812-124 124-125 12" Liner
B8812-56.5 56.5-57 6" Liner B8812-125.5 125.5-126.5 | 12" Liner
B8812-57 57-57.5 6" Liner B8812-126.5 126.5-127.5 | 12" Liner
B8812-57.5 57.5-58 6" Liner B8812-128 128-129 12" Liner
B8812-58.5 58.8-59 6" Liner B8812-129 129-130 12" Liner
B8812-60.5 60.5-61 6" Liner B8812-130.5 130.5-131.5 | 12" Liner
B8812-61 61-61.5 6" Liner B8812-131.5 131.5-132.5 | 12" Liner
B8812-61.5 61.5-62 6" Liner B8812-133 133-134 12" Liner
B8812-62 62-62.5 6" Liner B8812-134 134-135 12" Liner
B8812-63 63-63.5 6" Liner B8812-135 135-136 12" Liner
B8812-63.5 63.5-64 6" Liner B8812-136 136-137 12" Liner
B8812-64 64-64.5 6" Liner B8812-137.5 137.5-138.5 | 12" Liner
B8812-64.5 64.5-65 6" Liner B8812-138.5 138.5-139.5 | 12" Liner
B8812-65.5 65.5-66 6" Liner B8812-140 140-141 12" Liner
B8812-66 66-66.5 6" Liner B8812-141 141-142 12" Liner
B8812-66.5 66.5-67 6" Liner B8812-142.5 142.5-143.5 | 12" Liner
B8812-67 67-67.5 6" Liner B8812-143.5 143.5-144.5 | 12" Liner
B8812-68 68-68.5 6" Liner B8812-145 145-146 12" Liner
B8812-68.5 68.5-69 6" Liner B8812-146 146-147 12" Liner
B8812-69 69-69.5 6" Liner B8812-147.5 147.5-148.5 | 12" Liner
B8812-69.5 69.5-70 6" Liner B8812-148.5 148.5-149.5 | 12" Liner
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B8812-21 21-21.5 6" Liner B8812-70.5 70.5-71 6" Liner B8812-150 150-151 12" Liner
B8812-21.5 21.5-22 6" Liner B8812-71 71-71.5 6" Liner B8812-151 151-152 12" Liner
B8812-22 22-22.5 6" Liner B8812-71.5 71.5-72 6" Liner B8812-152.5 152.5-153.5 | 12" Liner
B8812-23 23-23.5 6" Liner B8812-72 72-72.5 6" Liner B8812-153.5 153.5-154.5 | 12" Liner
B8812-23.5 23.5-24 6" Liner B8812-73 73-73.5 6" Liner B8812-155 155-156 12" Liner
B8812-24 24-24.5 6" Liner B8812-73.5 73.5-74 6" Liner B8812-154 156-157 12" Liner
B8812-24.5 24.5-25 6" Liner B8812-74 74-74.5 6" Liner B8812-157.5 157.5-158.5 | 12" Liner
B8812-25.5 25.5-26 6" Liner B8812-74.5 74.5-76 6" Liner B8812-158.5 158.5-159 12" Liner
B8812-26 26-26.5 6" Liner B8812-75.5 75.5-76 6" Liner B8812-160 160-161 12" Liner
B8812-26.5 26.5-27 6" Liner B8812-76 76-76.5 6" Liner B8812-161 161-162 12" Liner
B8812-27 27-27.5 6" Liner B8812-76.5 76.5-77 6" Liner B8812-162.5 162.5-163.5 | 12" Liner
B8812-28 28-28.5 6" Liner B8812-77 77-77.5 6" Liner B8812-163.5 163.5-164.5 | 12" Liner
B8812-28.5 28.5-29 6" Liner B8812-78 78-78.5 6" Liner B8812-165 165-166 12" Liner
B8812-29 29-29.5 6" Liner B8812-78.5 78.5-79 6" Liner B8812-166 166-167 12" Liner
B8812-29.5 29.5-30 6" Liner B8812-79 79-79.5 6" Liner B8812-167.5 167.5-168.5 | 12" Liner
B8812-30.5 30.5-31 6" Liner B8812-79.5 79.5-80 6" Liner B8812-168.5 168.5-169.5 | 12" Liner
B8812-31 31-31.5 6" Liner B8812-80.5 80.5-81 6" Liner B8812-170 170-171 12" Liner
B8812-31.5 31.5-32 6" Liner B8812-81 81-81.5 6" Liner B8812-171 171-172 12" Liner
B8812-32 32-32.5 6" Liner B8812-81.5 81.5-82 6" Liner B8812-172.5 172.5-173.5 | 12" Liner
B8812-33 33-33.5 6" Liner B8812-82 82-82.5 6" Liner B8812-173.5 173.5-174 12" Liner
B8812-33.5 33.5-34 6" Liner B8812-83 83-83.5 6" Liner B8812-175 175-176 12" Liner
B8812-34 34-34.5 6" Liner B8812-83.5 83.5-84 6" Liner B8812-176 176-177 12" Liner
B8812-34.5 34.5-35 6" Liner B8812-84 84-84.5 6" Liner B8812-177.5 177.5-178.5 | 12" Liner
B8812-35.5 35.5-36 6" Liner B8812-84.5 84.5-85 6" Liner B8812-178.5 178.5-179.5 | 12" Liner
B8812-36 36-36.5 6" Liner B8812-85.5 85.5-86.5 12" Liner B8812-181 181-182 12" Liner
B8812-36.5 36.5-37 6" Liner B8812-86.5 86.5-87.5 12" Liner B8812-182 182-183 12" Liner
B8812-37 37-37.5 6" Liner B8812-88 88-89 12" Liner B8812-183.5 183.5-184.5 | 12" Liner
B8812-38 38-38.5 6" Liner B8812-89 89-90 12" Liner B8812-184.5 184.5-185.5 | 12" Liner
B8812-38.5 38.5-39 6" Liner B8812-90.5 90.5-91.5 12" Liner B8812-186 186-187 12" Liner
B8812-39 39-39.5 6" Liner B8812-91.5 91.5-92.5 12" Liner B8812-187 187-188 12" Liner
B8812-39.5 39.5-40 6" Liner B8812-93 93-94 12" Liner B8812-188.5 188.5-189.5 | 12" Liner
B8812-40.5 40.5-41 6" Liner B8812-94 94-95 12" Liner B8812-189.5 189.5-190.5 | 12" Liner
B8812-41 41-41.5 6" Liner B8812-95.5 95.5-96.5 12" Liner B8812-192 192-193 12" Liner
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B8812-41.5 41.5-42 6" Liner
B8812-42 42-42.5 6" Liner
B8812-43 43-43.5 6" Liner

B8812-43.5 43.5-44 6" Liner
B8812-44 44-44.5 6" Liner

B8812-44.5 44.5-45 6" Liner
B8812-46 46-46.5 6" Liner

B8812-46.5 46.5-47 6" Liner
B8812-47 47-47.5 6" Liner

B8812-47.5 47.5-48 6" Liner

B8812-48.5 48.5-49 6" Liner

B8812-96.5 96.5-97.5 12" Liner B8812-195 195-196 2-1 gal.
plastic
B8812-98 98-99 12" Liner B8812-200 200-201 2-1 gal.
plastic
B8812-99 99-100 12" Liner B8812-205 205 2-1 gal.
plastic
B8812-100.5 | 100.5-101.5 | 12" Liner B8812-210 210 2-1 gal.
plastic
B8812-101.5 | 101.5-102.5 | 12" Liner B8812-215 215 2-1 gal.
plastic
B8812-103 103-104 12" Liner B8812-220 220 2-1 gal.
plastic
B8812-104 104-105 12" Liner B8812-225 225-226 3-1 gal.
plastic
B8812-105.5 | 105.5-106.5 | 12" Liner B8812-230 230 2-1 gal.
plastic
B8812-106.5 [ 106.5-107.5 | 12" Liner B8812-235 235-236 12" Liner
B8812-108 108-109 12" Liner B8812-241 241-242 12" Liner
B8812-109 109-110 12" Liner




Appendix F

Inventory of Core Sleeves from Borehole 299-W22-50
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BOREHOLE B&8814 SAMPLE INVENTORY

STORAGE LOCATION IN BLDG 3720

299 W-22-50
SAMPLE # Depth (ft)] Container SAMPLE # Depth (ft) Container SAMPLE # Depth (ft)] Container
B8814-20 20.0 -21.0 12" liner B8814-102.5 | 102.5-103.5 12" liner B8814-230 230 2-1 pt. glass
B8814-21 21.0-22.0 12" liner B8814-103.5 | 103.5-104.5 12" liner B8814-232.5 | 232.5-233.5 12" liner
B8814-22.5 22.5-23.5 12" liner B8814-105.0 | 105.0 - 106.0 12" liner B8814-235 235 2-1 pt. glass
B8814-23.5 23.5-24.5 12" liner B8814-106.0 | 106.0 - 107.0 12" liner B8814-240 240 2-1 pt. glass
B8814-25 25.0-26.0 12" liner B8814-107.5 | 107.5-108.5 12" liner B8814-245 245 2-1qt. glass
B8814-26 26.0 -27.0 12" liner B8814-108.5 | 108.5-109.5 12" liner B8814-250 250 2-1qt. glass
B8814-27.5 27.5-28.5 12" liner B8814-110.0 | 110.0-111.0 12" liner B8814-255 255 2-1qt. glass
B8814-28.5 28.5-29.5 12" liner B8814-111.0 | 111.0-112.0 12" liner B8814-260 260 2-1qt. glass
B8814-30.0 30.0-31.0 12" liner B8814-112.5 | 112.5-113.5 12" liner B8814-265 265 2-1qt. glass
B8814-31 31.0-32.0 12" liner B8814-113.5 | 113.5-114.5 12" liner B8814-270 270 2-1qt. glass
B8814-32.5 32.5-33.5 12" liner B8814-115.0 | 115.0-116.0 12" liner B8814-275 275 2-1 pt. glass
B8814-33.5 33.5-34.5 12" liner B8814-116.0 | 116.0-117.0 12" liner B8814-280 280 2-1 pt. glass
B8814-35.0 35.0-36.0 12" liner B8814-117.5 | 117.5-118.5 12" liner B8814-285 285 2-1 pt. glass
B8814-36 36.0 - 37.0 12" liner B8814-118.5 | 118.5-119.5 12" liner B8814-290 290 2-1 pt. glass
B8814-37.5 37.5-38.5 12" liner B8814-120.0 | 120.0-121.0 12" liner B8814-295 295 2-1 pt. glass
B8814-38.5 38.5-39.5 12" liner B8814-121.0 | 121.0-122.0 12" liner B8814-300 300 2-1 pt. glass
B8814-40.0 40.0-41.0 12" liner B8814-122.5 | 122.5-123.5 12" liner B8814-305 305 2-1 pt. glass
B8814-41 41.0-42.0 12" liner B8814-123.5 | 123.5-124.5 12" liner B8814-310 310 2-1 pt. glass
B8814-42.5 42.5-43.5 12" liner B8814-125.0 | 125.0-126.0 12" liner B8814-315 315 2-1 pt. glass
B8814-43.5 43.5-44.5 12" liner B8814-126.0 | 126.0-127.0 12" liner B8814-320 320 2-1 pt. glass
B8814-45.0 45.0 - 46.0 12" liner B8814-127.5 | 127.5-128.5 12" liner B8814-325 325 2-1qt. glass
B8814-46.0 46.0 -47.0 12" liner B8814-128.5 | 128.5-129.5 12" liner B8814-330 330 2-1qt. glass
B8814-47.5 47.5-48.5 12" liner B8814-130.0 | 130.0-131.0 12" liner B8814-335 335 4-1qt. glass
B8814-48.5 48.5-49.5 12" liner B8814-131.0 | 131.0-132.0 12" liner B8814-340 340 2-1qt. glass
B8814-50.0 50.0-51.0 12" liner B8814-132.5 | 132.5-133.5 12" liner B8814-345 345 2-1qt. glass
B8814-51.0 51.0-52.0 12" liner B8814-133.5 | 133.5-134.5 12" liner B8814-350 350 I pt& Iqt
glass
B8814-52.5 52.5-53.5 12" liner B8814-135.0 | 135.0-136.0 12" liner B8814-355 355 2-1qt. glass
B8814-53.5 53.5-54.5 12" liner B8814-136.0 | 136.0-137.0 12" liner B8814-360 360 2-1qt. glass
B8814-55.0 55.0-56.0 12" liner B8814-137.5 | 137.5-138.5 12" liner B8814-365 365 2-1qt. glass
B8814-56.0 56.0 - 57.0 12" liner B8814-138.5 | 138.5-139.5 12" liner B8814-370 370 2-1qt. glass
B8814-57.0 57.0-58.0 12" liner B8814-140.0 | 140.0 - 141.0 12" liner B8814-375 375 2-1qt. glass
B8814-58.0 58.0-59.0 12" liner B8814-141.0 | 141.0-142.0 12" liner B8814-380 380 2-1qt. glass
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BOREHOLE B&8814 SAMPLE INVENTORY

STORAGE LOCATION IN BLDG 3720

299 W-22-50
SAMPLE # Depth (ft)] Container SAMPLE # Depth (ft) Container SAMPLE # Depth (ft)] Container

B8814-60.0 60.0 - 61.0 12" liner B8814-142.5 | 142.5-143.5 12" liner B8814-385 385 2-1qt. glass
B8814-61.0 61.0 - 62.0 12" liner B8814-143.5 | 143.5-144.5 12" liner B8814-390 390 2-1qt. glass
B8814-62.5 62.5 - 63.5 12" liner B8814-148.0 | 148.0-149.0 12" liner B8814-395 395 2-1qt. glass
B8814-63.5 63.5 - 64.5 12" liner B8814-149.0 | 149.0 - 150.0 12" liner B8814-400 400 2-1qt. glass
B8814-65.0 65.0 - 66.0 12" liner B8814-150.5 | 150.5-151.5 12" liner B8814-405 405 2-1qt. glass
B8814-66.0 66.0 - 67.0 12" liner B8814-151.5 | 151.5-152.5 12" liner B8814-410 410 2-1qt. glass
B8814-67.5 67.5 - 68.5 12" liner B8814-153.0 | 153.0-154.0 12" liner B8814-415 415 2-1qt. glass
B8814-68.5 68.5 - 69.5 12" liner B8814-154.0 | 154.0-155.0 12" liner B8814-420 420 2-1qt. glass

B8814-70 70.0 - 71.0 12" liner B8814-155.5 | 155.5-156.5 12" liner B8814-425 425 2-1qt. glass

B8814-71 71.0-72.0 12" liner B8814-156.5 | 156.5-157.5 12" liner B8814-430 430 2-1qt. glass
B8814-72.5 72.5-73.5 12" liner B8814-158.0 | 158.0-159.0 12" liner B8814-435 435 2-1qt. glass
B8814-73.5 73.5-74.5 12" liner B8814-159.0 | 159.0 - 160.0 12" liner B8814-440 440 2-1qt. glass
B8814-75.0 75.0-76.0 12" liner B8814-160.5 | 160.5-161.5 12" liner B8814-445 445 2-1qt. glass
B8814-76.0 76.0 - 77.0 12" liner B8814-161.5 | 161.5-162.5 12" liner B8814-450 450 2-1qt. glass
B8814-77.5 77.5-78.5 12" liner B8814-163.0 | 163.0 - 164.0 12" liner B8814-455 455 2-1qt. glass
B8814-78.5 78.5-79.5 12" liner B8814-164.0 | 164.0 - 165.0 12" liner B8814-459 459-460 12" liner
B8814-80.0 80.0 - 81.0 12" liner B8814-165.5 | 165.5-166.5 12" liner B8814-460 460 2-1qt. glass
B8814-81.0 81.0-82.0 12" liner B8814-166.5 | 166.5-167.5 12" liner B8814-465 465 2-1qt. glass
B8814-82.5 82.5-83.5 12" liner B8814-168.0 | 168.0 - 169.0 12" liner B8814-475 475 2-1qt. glass
B8814-83.5 83.5-84.5 12" liner B8814-169.0 | 169.0 - 170.0 12" liner B8814-490 490 1 pt. glass
B8814-85.0 85.0 - 86.0 12" liner B8814-170.5 | 170.5-171.5 12" liner B8814-500 500 3-1 pt. glass
B8814-86.0 86.0 - 87.0 12" liner B8814-171.5 | 171.5-172.5 12" liner B8814-505 505 3-1 pt. glass
B8814-87.5 87.5-88.5 12" liner B8814-173.0 | 173.0-174.0 12" liner B8814-510 510 3-1 pt. glass
B8814-88.5 88.5-89.5 12" liner B8814-174.0 | 174.0-175.0 12" liner B8814-515 515 3-1 pt. glass
B8814-90.0 90.0-91.0 12" liner B8814-175.5 | 175.5-176.5 12" liner B8814-520 520 3-1 pt. glass
B8814-91.0 91.0-92.0 12" liner B8814-176.5 | 176.5-177.0 12" liner B8814-525 525 3-1 pt. glass
B8814-92.5 92.5-93.5 12" liner B8814-210 210 2-1 pt. glass B8814-530 530 3-1 pt. glass
B8814-93.5 93.5-94.5 12" liner B8814-215 215 2-1 pt. glass B8814-535 535 3-1 pt. glass
B8814-95.0 95.0 - 96.0 12" liner B8814-215 215 2-1 gal.plastic B8814-540 540 3-1 pt. glass
B8814-96.0 96.0 - 97.0 12" liner B8814-220 220 2-1 gal.plastic B8814-545 545 3-1 pt. glass
B8814-97.5 97.5-98.5 12" liner B8814-220 220 2-1 pt. glass
B8814-98.5 98.5-99.5 12" liner B8814-221.5 221.5-222.5 12" liner
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BOREHOLE B&8814 SAMPLE INVENTORY

STORAGE LOCATION IN BLDG 3720

299 W-22-50
SAMPLE # Depth (ft)] Container SAMPLE # Depth (ft) Container SAMPLE # Depth (ft)I Container
B8814-100.0 | 100.0-101.0 [ 12" liner B8814-225 225 2-1 pt. glass
B8814-101.0 | 101.0-102.0 | 12" liner B8814-228 228-229 12" liner
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Some Mineralogical Analyses of the Composite Sediment Samples



Appendix G

Some Mineralogical Analyses of the Composite Sediment Samples

Table G.1. Semiquantification of Non-Clay Minerals in Composite Samples (wt%)

Sample ID Quartz K-Feldspar Na-Feldspar Calcite
Borehole Fine Sand 50 10 20 nd
Hanford Fine Sand 80 10 20 nd
Hanford Coarse Sand 55 5 15 nd
Ringold Sand 30 5 5 <5

Table G.2. Semiquantification of Minerals in the Clay Fraction from Composite Samples (wt%)

Sample ID Quartz | Feldspar | Smectite [llite Chlorite | Kaolinite
Borehole Fine Sand 5 <5 30 40 20 5
Hanford Fine Sand 5 <5 30 15 15 10
Hanford Coarse Sand 5 <5 30 15 15 5
Ringold Sand 10 <5 35 35 20 nd

G.1




XRD Tracings of Hanford Composite Sediments

b{ Hanford Coarse
A —n et Y A A

l AnAon AJA - l | P | A ,L A qanford Flﬂe Sand

Ringold Silt
l.l l _ULLL.L Mt N A N 1 J A

Borehole Fine Sand

L P . A 2
22 32 42 52 62 72
Degrees 2 Theta

Figure G.1. Bulk Sediment XRD Patterns
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XRD Tracings of Hanford Fine Sand Clay Fraction
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Figure G.2. Diffractogram for Clay-Size Particles in Hanford Fine Sand

XRD Tracings of Hanford Coarse Sand Clay Fraction
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Figure G.3. Diffractogram for Clay-Size Particles in Hanford Coarse Sand
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XRD Tracing of Borehole Fine Sand Clay Fraction

lite —— Mg Saturated, Ethylene Glycol
—— Mg Saturated, Air Dry

—— K Saturated

— K Saturated, heated

Quartz &
. Chlorite & lite:
Smectite .
Kaolinite )
(|
\ Chlorite

Chlorite

Kaolinite

| lite
lorite

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44
Degrees 2 Theta

Figure G.4. Diffractogram for Clay-Size Particles in Borehole Fine Sand

XRD Tracing of Ringold Silt Clay Fraction
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Figure G.5. Diffractogram for Clay-Size Particles in Ringold Silt
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Appendix H

Some Mineralogical Analyses from Boreholes 299-W22-48 and -50



Appendix H

Details on XRD for Boreholes 299-W22-48 and -50

Table H.1. Semiquantitative Mineral Content for Boreholes 299-W22-48 and —50 Bulk Sediment (wt%)

Borehole 299-W22-48 Quartz K-Feldspar Plagioclase Calcite Total

39.5° (Hla) 60 <5 20 ND* ~85

47’ (H1) 20 <5 15 10 ~50

91.5* (H2) 45 40 15 ND ~100

101.5* (H2) 95 <5 20 ND ~115

136’ (PPLz) 80 30 10 ND ~120

146’ (PPIc) 25 <5 10 40 ~80

148.5° (PPIc) 25 10 20 40 ~95

163.5” (Rtf) 65 20 10 ND ~95
Borehole 299-W22-50

50’ (Hla) 60 10 25 ND ~95

60’ (H1) 45 10 25 ND ~80

116’ (H2) 45 15 30 ND ~90

135° (PPlz) 60 5 15 ND ~80

140’ (PPlc) 60 10 15 ND ~85

160.5* (Rtf) 50 10 30 ND ~90

*ND = none detected

Table H.2. Semiquantitative Measurements of Minerals in the Clay Fraction from
Boreholes 299-W22-48 and -50 (wt%)

Depth (ft) | Quartz | Feldspar | Calcite | Smectite | Illite | Chlorite | Kaolinite | Total
Borehole 299-W22-48

39.5° (Hla) <5 <5 Tr 25 20 15 <5 ~75
47°* (H1) <5 <5 5 10 10 10 <5 ~50
91.5° (H2) <5 <5 Tr 20 35 20 <5 ~90
101.5> (H2) 10 <5 Tr 25 35 35 10 ~120
136’ (PPlz) 10 <5 Tr 20 30 20 10 ~95
146°* (PPlc) <5 <5 40 15 10 10 <5 ~90
148.5"* (PPIc) <5 <5 40 <5 10 <5 <5 ~85
163.5° (Rtf) 10 <5 Nd 30 50 30 <5 ~130
Borehole 299-W22-50

50’ (Hla) 5 <5 10 30 15 10 10 ~85
60’ (H1) 5 5 25 5 15 10 10 ~75
116> (H2) 10 <5 Tr 30 30 35 10 ~120
135> (PPlz) 5 <5 <5 30 30 30 10 ~115
140’ (PPlc) 10 <5 <5 15 10 10 5 ~60
160.5" (Rtf) 5 5 Tr 10 15 15 10 ~60
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Table H.3. XRF Analysis of Clay Fraction from Borehole 299-W22-48 (wt%)

Sample Depth (ft bgs) | Hla | HI1 H2 H2 | PPIz | PPlc | Rtf
Strat. Unit 39.5 | 47 915 | 101.5] 136 | 146 |163.5
Oxide

Na,O NM | NM | NM | NM | NM | NM | NM

MgO NM | NM NM NM NM | NM | NM

CO, NM | NM | NM | NM | NM | NM | NM

AlLO; 13.74 | 13.57 | 16.66 | 15.23 | 17.43 | 5.61 |13.90

Si0, 42.50 | 50.38 | 48.78 | 46.00 | 51.24 [25.62|45.89

P,0s 047 | 0.75 | 0.67 | 0.71 | 0.58 | 0.82 | 0.49

SO, 0.16 | 0.19 | 0.22 | 0.21 | 0.21 | 0.35 ] 0.18

Cl 1.31 | 0.35 | 1.00 | 2.50 | 0.13 | 0.44 | 1.54

K,O 209 | 1.60 | 2.76 | 242 | 2.61 | 0.57 | 2.44

CaO 298 | 446 | 1.94 | 1.15 | 1.95 |29.05] 1.19

TiO, 0.76 | 1.07 | 0.80 | 0.81 | 0.76 | 0.17 | 0.72

V,0:;s 0.03 ] 0.02 | 0.02 | 0.02 | 0.02 | 0.01 | 0.02

Cr04 0.01 | 0.01 | 0.01 | 0.01 | 0.01 | 0.00 | 0.01

MnO 0.18 ] 0.15 | 0.17 | 0.18 | 0.11 | 0.30 | 0.31
Fe,0; 10.78 | 12.01 | 10.24 | 10.19 | 10.10 | 2.98 |10.20

SrO 0.02 | 0.03 | 0.02 | 0.01 | 0.01 | 0.03 | 0.02

BaO 0.03 ] 0.05 | 0.04 | 0.04 | 0.04 | 0.01 | 0.05

NM-Not measured
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Table H.4. XRF Analysis of Clay Fraction from Borehole B8814 (wt%)

Sample Depth (ftbgs) | Hla | H1 | PPlz | PPlc
Strat. Unit 50 60 | 135 | 140
Oxide

NaO NM | NM | NM | NM

MgO NM | NM | NM | NM

CO, NM | NM | NM | NM
Al204 12.90 | 11.55]17.69 | 14.98
Si0, 46.96 | 43.54[48.46 | 45.14

P20s 0.58 | 0.71 | 0.60 | 0.55

SO; 0.22 | 0.27 | 0.21 | 0.19

Cl 020 ] 0.14 | 1.14 | 044

K20 1.36 | 1.62 | 2.30 | 2.02

CaO 5.51 |12.76] 2.10 | 3.02

TiO, 0.82 | 0.85 | 0.67 | 0.68

V20;s 0.02 { 0.02 | 0.02 | 0.02

Cr20; 0.01 | 0.01 | 0.01 | 0.01

MnO 0.15]0.14 | 0.12 | 0.10
Fe20; 11.79] 9.78 | 9.39 [10.67

SrO 0.02 | 0.04 | 0.01 | 0.02

BaO 0.03 | 0.06 | 0.03 | 0.04

NM-not measured
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XRD Tracings of Bulk Samples From Borehole B8812
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Figure H.1. XRD Pattern for Bulk Samples from 299-W22-48 (B8812)
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XRD Tracings of the Silt Fraction From Selected Depths in Borehole B8812
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Figure H.2. XRD Patterns for the Silt Fraction from 299-W22-48
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B8812 XRD Tracings of Clay Fraction
(Mg Satruated, Ethylene Glycol)
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Figure H.3. XRD Patterns for Clay Fraction from 299-W22-48
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XRD Patterns of Sediments from Borehole B8814
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Figure H.4. XRD Patterns for Bulk Sediment from 299-W22-50 (B8814)
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XRD Patterns of the Silt Fraction From Sediments in Borehole B8814
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Figure H.5. XRD Patterns for Silt Fraction from 299-W22-50
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XRD Patterns of the Clay From B8814
(Mg Saturated & Ethlyene Glycol)
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Figure H.6. XRD Patterns for Clay Fractions from 299-W22-50 (B8814)
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