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 1.0 Introduction

One new Resource Conservation and Recovery Act (RCRA) groundwater monitoring well was
installed at the 216-S-10 pond and ditch during November and December 1999 in fulfillment of Tri-Party
Agreement (Ecology 1996) milestone M-24-42.  The well is 299-W26-13 and is located at the northeast
corner to the 216-S-10 pond, southwest of 200 West Area.  The well is a new downgradient well in the
monitoring network.  Figure 1 shows the locations of all wells in the 216-S-10 pond and ditch monitoring
network.

The new well was constructed to the specifications and requirements described in Washington
Administrative Code (WAC) 173-160 and WAC 173-303, the groundwater monitoring plan for the
216-S-10 pond and ditch (Airhart et al. 1990), and the description of work for well drilling and installa-
tion.1  During drilling and construction of well 299-W26-13, sampling and analysis activities were done
to support remedial action, closure decisions at treatment, storage and disposal facilities, and to confirm
preliminary site conceptual models developed in the 200-CS-1 Work Plan (DOE/RL 1999).

This document compiles information on the drilling and construction, well development, pump
installation, and sediment and groundwater testing applicable to well 299-W26-13.  Appendix A contains
the Well Summary Sheet (as-built diagram), the Well Construction Summary Report, and the geologist’s
log.  Appendix B contains results of field and laboratory determinations of physical and chemical proper-
ties of sediment samples.  Appendix C contains borehole geophysical logs.  Additional documentation
concerning well construction is on file with Bechtel Hanford, Inc., Richland, Washington.

English units are used in this report to describe drilling and well completion activities because that is
the system of units used by drillers to measure and report depths and well construction details.  Conver-
sion to metric is made by multiplying feet by 0.3048 to obtain meters or multiplying inches by 2.54 to
obtain centimeters.

 2.0 Well 299-W26-13

2.1 Drilling and Sampling

Well 299-W26-13 was drilled with a cable tool drill rig and drive barrel between 0 and 52 ft, 90.7
and 152 ft, and 170 to 240.7 ft below ground surface (bgs).  Air rotary was used to drill between 52 and

                                                  
1 Letter from R. M. Smith, Pacific Northwest National Laboratory, Richland, Washington, to G. C.

Henckel, Bechtel Hanford, Inc., dated May 26, 1999, “Description of Work for Drilling of CY 1999
RCRA Groundwater Monitoring Wells.”
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Figure 1.  Map of 216-S-10 Pond and Ditch and Locations of Wells in the Groundwater
Monitoring Network
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90.7 ft and between 152 and 170 ft bgs.  Temporary 11 ¾-in.-outside-diameter, carbon steel casing was
placed from 0 to 36.3 ft bgs and temporary 8 5/8-in.-outside-diameter, carbon steel casing was used
between 0 and total depth (240.7 ft bgs).

Grab samples of sediment for geologic description and archive were collected at approximately 5 ft
intervals from 40 ft to total depth.  Also, nine 2-ft-long spoon samples were collected for chemical and/or
physical properties analyses.  Section 3.0 describes the details of sampling and analysis of vadose zone
sediments in support of the 200-CS-1 Operable Unit.  The results of laboratory analyses are in
Appendix B.

Sediments encountered during drilling were predominantly silty to slightly silty sand with minor sand
and gravelly sandy silt of the Hanford formation from the surface to about 110 ft bgs; Plio-Pliestocene
sandy silt and calcareous sandy silt and silty sand from about 110 to 139 ft bgs; and gravelly sand and
sandy gravel of the Ringold Formation from 139 to 240 ft bgs (total depth).  A geologist’s log is included
in Appendix A.  The groundwater monitoring plan for the 216-S-10 pond and ditch (Airhart et al. 1990)
describes the hydrogeology of the 216-S-10 pond and ditch area.

The borehole and drill cuttings were monitored regularly for organic vapors and radionuclide
contaminants.  No man-made contamination was noted.  The well was geophysically logged using high
resolution, spectral gamma-ray and neutron-neutron moisture instrumentation.  No man-made radio-
nuclides were detected.  The geophysical logs are in Appendix C.

2.2 Well Completion

The permanent casing and screen were installed in well 299-W26-13 in December 1999.  A 4-in.-
inner-diameter, stainless steel, continuous wire-wrap (0.01-in. slot) screen was set from 237.3 to 202.2 ft
bgs.  The permanent casing is 4-in.-inside-diameter, stainless steel from 202.2 ft bgs to 2.9 ft above
ground surface.  The bottom of the screen has a 4-in. PVC end cap to facilitate later deepening of the well
if necessary.

The filter pack is 20 to 40 mesh silica sand from 237.3 to 190.7 ft bgs.  The annular seal is bentonite
crumbles from 190.7 to 10.3 ft bgs and Portland cement from 10.3 ft to the surface.  A 4 ft by 4 ft by 6 in.
concrete pad was placed around the well at the surface.  A protective casing with locking cap, four pro-
tective steel posts, and a brass marker stamped with the well number were set into the concrete.  The Well
Construction Summary Report and the Well Summary Sheet (as-built) are included in Appendix A.

The vertical and horizontal coordinates of the well were surveyed in March 2000.  The horizontal
position of the well was determined by Global Positioning System observations referenced to horizontal
control stations established by Rogers Surveying, Inc., Richland, Washington.  The coordinates are
Washington Coordinate System, South Zone, NAD83(91) datum.  Vertical datum is NAVD 1988 and is
based on existing bench marks established by the U.S. Corps of Engineers.  Survey data are included in
Table 1.  The static water level was 200.05 ft bgs on December 13, 1999.
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Table 1.  Survey Data for Well 299-W26-13 at the 216-S-10 Pond and Ditch

Well Name
Easting
m (ft)

Northing
m (ft)

Elevation
m (ft)

566,424.387
(1,858,342.122)

133,293.598
(437,313.635)

Center of Casing

199.815
(655.559)

“X” on Casing
299-W26-13

566,424.589
(1,858,342.784)

133,293.974
(437,314.869)

199.037
(653.007)

Brass Cap

2.3 Well Development and Pump Installation

Well 299-W26-13 was developed in December 1999.  A temporary, submersible pump was used to
remove approximately 9,850 gal of formation water from the well at an initial rate of 18 gal/min and a
final rate of 11 gal/min.  The pump intake was at 227.9 ft bgs.  The approximate drawdown was 12 ft and
the final turbidity was 11.5 NTU.

A dedicated Hydrostar sampling pump was installed in well 299-W26-13 in January 2000.  The
sampling pump intake is at about 205 ft bgs or about 5 ft below the water table.

 3.0 Vadose Zone Sampling and Analysis

3.1 Sampling

This section describes the collection and analysis of vadose zone samples from well 299-W26-13 in
support of the 200-CS-1 Operable Unit.

3.1.1 Field Screening

Soil samples were screened in the field prior to sample collection for indications of contamination and
to assist with the determination of sample points during drilling.  Samples were screened for volatile
organic contamination, beta-gamma activity, and alpha activity.  Radiological screening was performed
by radiation control technicians with an E-600 ratemeter using a SHP380-A/B scintillation probe.  Beta-
gamma activities during drilling were at or below background (200 to 300 counts per minute) for all
sampled intervals.  However, a zone of natural occurring radiation was encountered at approximately
197 ft bgs.  Radiological field screening indicated a reading of 1,400 cpm of beta-gamma activity.  A
sample of the material (sample number RCF6872) was sent to the Radiological Counting Facility for
analysis.  The results indicated that the activity was associated with naturally occurring short-lived
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daughter products of uranium-238 and thorium-232.  Volatile organic screening was performed with a
photoionization detector.  No volatile organics were detected during drilling.

3.1.2 Borehole Sampling

Soil samples were collected for analysis of chemical and radiological constituents and for deter-
mination of physical properties.  The chemical and radiological analyses were done to assess the nature
and vertical extent of chemical and radiological contamination.  Analyzed constituents included volatile
organic and semi-volatile organic compounds, including polychlorinated biphenyls (PCBs), inorganics
(metals), total petroleum hydrocarbons, anions, and radionuclides.  Physical properties analyses were
done to provide input parameters for flow and transport models.  Sample collection was guided by the
sample schedule in DOE/RL 1999, Appendix B, Tables B.3 to B.5.  Samples were analyzed selectively
for the following physical properties:  field bulk density (using the Bechtel Hanford, Inc. procedure
EIP 3.9, Determination of Field Bulk Density Using a Split-spoon Sampler), particle size distribution
(by the method ASTM D422), and moisture content (by the method ASTM D2216).

All soil samples were collected with a split-spoon sampler according to BHI-EE-01, Procedure 4.0,
“Soil and Sediment Sampling.”1  A total of 10 soil samples were collected from the borehole including 3
quality control samples.  The sample locations with respect to ground surface are shown in Figure 2.  All
analytical results are in Appendix B.

3.1.3 Geophysical Logging

Spectral gamma-ray and neutron-neutron geophysical surveys were conducted in borehole 299-W26-
13.  Logging was performed between December 9 and 10, 1999.  The spectral gamma-ray and neutron-
neutron tools were used to determine the concentration of individual man-made and naturally occurring
gamma-emitting radionuclides and the volume fraction of moisture (volume of water/volume total) in the
soil column.  The spectral gamma-ray tool was run from ground surface to a depth of 240.5 ft bgs.  Data
were collected in four log runs within the temporary, 11- and 8-in.-diameter casings.  Two of these log
runs were repeat sections to assess repeatability of measurements.  Measurements were made at a move-
stop-acquire mode and at a rate of 100 seconds per 0.5 ft.

The moisture tool was run from the bottom of the 11-in.-diameter casing to groundwater (36.3 ft to
~200.5 ft).  Data were collected in two log runs that include a repeat section.  Moisture data were acquired
at a continuous logging speed of 1.0 ft per minute.  Ground surface to 36.3 ft was not logged with the
moisture tool because it is not calibrated for an 11-in. casing.  A detailed report of logging operation is
provided in Appendix C.  The report describes calibration requirements, data processing, and log plots.

                                                  
1 Bechtel Hanford, Inc., Richland, Washington.
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299-W26-13

Figure 2.  Well Summary and Sampled Vadose Zone Intervals
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3.2 Results

Results from the soil sampling and analyses phase of the 299-W26-13 borehole are described in this
section.  The section includes a discussion of chemical and radiological analyses, physical property
testing, geophysical logging data, and quality control.

3.2.1 Chemical Analyses

Samples for chemical analyses were sent to an offsite laboratory.  All of the analytical results are
provided in Tables B.1 through B.7 of Appendix B.

Metal analyses were conducted on all samples and the results are provided in Table B.1.  Silver was
the only metal not detected in any sample.  Arsenic, barium, beryllium, cadmium, total chromium, copper,
mercury, nickel, lead, vanadium, and zinc were detected in most of the samples.  The concentrations of
these metals are generally near or below the Hanford Site background concentrations (DOE/RL 1995).
Cadmium and selenium were detected in four samples from 135 to 199 ft bgs with maximum concentra-
tions of 0.5 mg/kg and 1.9 mg/kg, respectively.  Hexavalent chromium was detected only in the 197 to
199 ft bgs interval (directly above the water table) at a concentration of 0.97 mg/kg.  Hexavalent chrom-
ium is present in the aquifer at this location, and its occurrence in the deepest sample may represent
residual contamination in the vadose zone as the aquifer drops.

No polychlorinated biphenyls or diesel range organic compounds were found in any of the samples
(Table B.2 and Table B.3, respectively).

Analyses for the anions ammonia, chloride, cyanide, fluoride, nitrate, nitrite, phosphate, sulfate, and
sulfide were conducted for the majority of samples and are presented in Table B.4.  Cyanide, fluoride, and
nitrite were not detected in any sample.  The concentrations of the remaining anions were generally less
than 5 mg/kg with a maximum concentration of 12.4 mg/kg for sulfate.

Analyses for semivolatile organic compounds were conducted on all samples with the exception of
the 135 to 137 ft bgs interval.  The only contaminant detected was bis (2-ethylhexyl) phthalate with
concentrations ranging from 24 to 230 µg/kg (Table B.5).  Bis (2-ethylhexly) phthalate is a common
laboratory contaminant and was also detected in the quality control blank for the detected maximum
value.  No other semivolatile organic compounds were detected in any of the samples.

Analyses for volatile organic compounds were conducted on all samples with the exception of the
135 to 137 ft bgs interval.  Three target volatile organic contaminants including acetone, 2-butanone, and
methylene chloride were detected (Table B.6).  Of these, acetone, and methylene chloride were also
detected in the quality control blanks and are likely the result of laboratory cross-contamination.
2-butanone was detected once at a concentration of 12 µg/kg.  No other volatile organic compounds were
detected in any of the samples.

The laboratory reported a limited number of volatile and semivolatile tentatively identified com-
pounds.  No compounds of significant concern were identified as tentatively identified compounds.
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3.2.2 Radiological Analyses

Samples for radiological analyses were sent to an offsite laboratory.  All of the results for the
radionuclide analyses are provided in Appendix B.

Analyses for both man-made and naturally occurring radionuclides were conducted on all radiological
samples.  The man-made radionuclides strontium-90, nickel-63, and plutonium-239/240 were each
detected once at concentrations of 1.57 pCi/g, 2.46 pCi/g, and 0.117 pCi/g, respectively (Table B.7).  The
nickel-63 and strontium-90 were detected in the duplicate sample at the 50 to 52 ft bgs interval and the
plutonium-239/240 was detected in the 99.5 to 101.5 ft bgs interval.  No other man-made radionuclides
were detected.

The concentration of total uranium was determined for each sample and ranged from 0.46 to
2.14 µg/g (Table B.7).  Isotopic analysis for uranium-234, uranium-235, and uranium–238 was conducted
for two samples that contained total uranium concentrations above the background level.  The concentra-
tions of isotopic uranium compounds detected were less than 0.5 pCi/g.

The concentrations of uranium-238 are generally consistent with those of total uranium (when
converted to activity units of pCi/g).  The presence of uranium-238 daughter products thorium-230 and
radium-226 throughout the vadose zone indicates that the majority of the uranium-238 present is a result
of natural rather than nuclear waste disposal processes.  Other naturally occurring radionuclides
(potassium-40 and thorium-232 plus decay products thorium-228, radium-228, and radium-224)
were also detected throughout the vadose zone.

3.2.3 Physical Properties

Samples for determination of pH, particle size distribution, and gravimetric moisture content were
sent to an offsite laboratory.  Bulk density was calculated for three samples based on field measurements.
All of the results are provided in Appendix B.

The field pH measurements ranged from 8.61 to 8.85 (Table B.8).  The laboratory pH measurements
ranged from 8.1 to 9.1 (Table B.4).  The gravimetric moisture content ranged from 2.5 to 11.6%; and bulk
density ranged from 1.48 to 2.07 g/cm3 (Table B.8).  Volumetric moisture was also calculated by multi-
plying the bulk density with the moisture content and dividing by the density of water.  Calculated
volumetric moisture content ranged from 4.9 to 24.1 (Table B.8).  Particle size distribution data are
provided in Appendix B.

3.2.4 Geophysical Logging

No man-made radionuclides were detected in borehole 299-W26-13.  Plots of naturally occurring
radionuclides indicate there are several distinct activity changes at depths of about 50, 102, 133, 195 and
237 ft.  Major changes correlate to stratigraphic features and with the moisture log data.  Potassium-40
activities typically ranged between 5 and 21 pCi/g; however, a maximum of 34 pCi/g was detected at a
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depth of 237 ft.  Uranium-238 and thorium-232 activities ranged between 0.5 to 1.8 pCi/g and 0.3 to
1.5 pCi/g, respectively.  Background values of potassium-40, uranium-238, and thorium 232 are 16.1, 1.1
and 1.32 pCi/g, respectively (DOE/RL 1996).

Volumetric moisture content ranged between 2 and 15% throughout the logged interval.  The maxi-
mum value was measured at a depth of 134 ft and correlates to the top of a carbonate-rich zone (caliche).
The most obvious features on the moisture plot are the fluctuating values between depths of 90 and 130 ft.
These depths correlate to a zone of sand with 1 to 2 in. thick beds of silt to slightly silty sand.  Peaks of
high moisture are indicative of the finer grained material within the sand.

3.2.5 Quality Control Samples

Quality control samples were collected to evaluate the cross-contamination and laboratory perform-
ance.  One trip blank and equipment rinsate blank was collected during the field activities.

The trip blank was analyzed only for volatile organics for which no contaminants were detected.  The
equipment blank was analyzed for volatile and semivolatile organic compounds, anions (except cyanide),
metals (excluding hexavalent chromium and mercury), pH, gross alpha and gross beta.  One semivolatile
compound, di-n-butylphthalate, was detected at an estimated concentration of 1 µg/L.  Barium and zinc
were also in the equipment blank at concentrations of 1.1 µg/L.  No other contaminants were detected.

Comparison of the analytical results for the sample and the field duplicate were acceptable (relative
percent difference values within 35%) for most chemical and radiological constituents.
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Appendix B

Sediment Samples Physical and Chemical Properties Data

This appendix includes the results of laboratory testing for chemical and physical properties of
sediment samples collected during drilling of well 299-W26-13.  The analytical methods and the results
are discussed in Section 3.0 of this report.
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Table B.1.  Results of Analyses for Metals in Soil Samples from Well 299-W26-13

SAF B99-078

Silver Arsenic Barium Beryllium Cadmium
Total

Chromium Copper Mercury Nickel Lead

CAS 7429-90-5 7440-38-2 7440-39-3 7440-41-7 7440-43-9 7440-47-3 7440-50-8 7439-97-6 7440-02-0 7439-92-1
Sample
Interval
(ft bgs)

HEIS
Number

Sample
Date Units mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg

35-37 B0X099 11/19/99 0.09 U 3 97.4 0.34 0.04 U 9.4 12.6 0.02 U 10.2 4.2
(Dup) B0X0B0 11/19/99 0.08 U 3.1 87 0.28 0.04 U 7.9 11.3 0.02 U 9.3 3.9
(Split) B0X0X4 11/19/99 0.09 U 2.5 45.1 0.30 B 0.03 U 8.9 12.6 -- 9.3 3.3
50-52 B0X0B1 11/22/99 0.06 U 2.4 67.2 0.2 0.03 U 12.1 12.1 0.02 U 10.6 10.3
(Dup) B0X0B2 11/22/99 0.06 U 2.6 52.4 0.2 0.03 U 11.9 10.6 0.02 10 7.2
99.5-101.5 B0X0B3 11/23/99 0.07 U 5.3 85.1 0.35 0.04 U 15.9 13.9 0.02 14 7.3
135-137 B0X0B4 11/30/99 0.07 U 4 95.7 0.3 0.23 7 12.1 -- 9.4 3.2
150-152 B0X0B5 12/01/99 0.07 U 3.3 82 0.45 0.28 12.5 18.9 0.02 U 12.3 4.5
180-182 B0X0B6 12/02/99 0.07 U 2.2 124 0.43 0.5 15.5 18 0.02 U 14.7 3.3
197-199 B0X0B7 12/07/99 0.07 U 2.8 70.2 0.2 0.17 39 15.4 0.02 U 25.2 5.2

SAF B99-078

Selenium Vandium Zinc
Hexavalent
Chromium

CAS 7782-49-2 7440-62-2 7440-62-2 7440-47-3
Sample
Interval
(ft bgs)

HEIS
Number

Sample
Date Units mg/kg mg/kg mg/kg mg/kg

35-37 B0X099 11/19/99 0.45 U 63.7 42.7 0.45 U
(Dup) B0X0B0 11/19/99 0.42 U 53.9 36.5 0.43 U
(Split) B0X0X4 11/19/99 0.78 56.8 38.3 0.10 U
50-52 B0X0B1 11/22/99 0.30 U 41.9 31.8 0.41 U
(Dup) B0X0B2 11/22/99 0.29 U 37.4 29.5 0.41 U
99.5-101.5 B0X0B3 11/23/99 0.38 U 36.9 42.8 0.44 U
135-137 B0X0B4 11/30/99 0.85 58.6 32.2 0.44 U
150-152 B0X0B5 12/01/99 1.9 87.5 49.6 0.47 U
180-182 B0X0B6 12/02/99 2 87.1 52.5 0.42 U
197-199 B0X0B7 12/07/99 1.1 25.4 201 0.97

-- = Not analyzed.
U = Analyzed for but not detected.  Value reported is the
       quantitation limit.
B = The analyte was detected in the associated QC blank and in the
       sample.
SAF = Sample Authorization Form.
CAS = Chemical Abstract Service registry number.
Dup = Duplicate.
Split = Duplicate sample for quality control purposes.
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Table B.2.  Results of Analyses for Polychlorinated Biphenyls in Soil Samples from Well 299-W26-13

SAF B99-078

Aroclor
1016

Aroclor
1221

Aroclor
1232

Aroclor
1242

Aroclor
1248

Aroclor
1254

Aroclor
1260

Sample
Interval (ft

bgs) HEIS Number Sample Date
CAS
Units

674-1
µg/kg

11104-
28-2

µg/kg

11141-
16-5

µg/kg

53469-
21-9

µg/kg

12672-
29-6

µg/kg

11097-
69-1

µg/kg

11096-
82-5

µg/kg

35-37 B0X099 11/19/99 49 U 99 U 49 U 49 U 49 U 49 U 49 U
(Dup) B0X0B0 11/19/99 36 U 72 U 36 U 36 U 36 U 36 U 36 U
(Split) B0X0X4 11/19/99 -- -- -- -- -- -- --
50-52 B0X0B1 11/22/99 34 U 68 U 34 U 34 U 34 U 34 U 34 U
(Dup) B0X0B2 11/22/99 34 U 69 U 34 U 34 U 34 U 34 U 34 U
99.5-101.5 B0X0B3 11/23/99 33 U 67 U 33 U 33 U 33 U 33 U 33 U
135-137 B0X0B4 11/30/99 -- -- -- -- -- -- --
150-152 B0X0B5 12/01/99 39 U 78 U 39 U 39 U 39 U 39 U 39 U
180-182 B0X0B6 12/02/99 35 U 71 U 35 U 35 U 35 U 35 U 35 U
197-199 B0X0B7 12/07/99 34 U 68 U 34 U 34 U 34 U 34 U 34 U
-- = Not analyzed.
U = Analyzed for but not detected.  Value reported is the quantitation limit.
SAF = Sample Authorization Form.
CAS = Chemical Abstract Service registry number.
Dup = Duplicate.
Split = Duplicate sample for quality control purposes.

Table B.3.  Results of Analyses for Diesel Range Organic Components in Soil Samples from
Well 299-W26-13

SAF B99-078 Diesel Range Organics
Sample
Interval
(ft bgs)

HEIS
Number

Sample
Date

CAS
Units DRO mg/kg

35-37 B0X099 11/19/99 4.5 U

(Dup) B0X0B0 11/19/99 4.3 U

(Split) B0X0X4 11/19/99 --
50-52 B0X0B1 11/22/99 4.1 U

(Dup) B0X0B2 11/22/99 4.1 U
99.5-101.5 B0X0B3 11/23/99 4.4 U

135-137 B0X0B4 11/30/99 --

150-152 B0X0B5 12/01/99 4.7 U
180-182 B0X0B6 12/02/99 4.2 U

197-199 B0X0B7 12/07/99 4.1 U

-- = Not analyzed.
U = Analyzed for but not detected.  Value reported is the quantitation limit.
SAF = Sample Authorization Form.
CAS = Chemical Abstract Service registry number.
Dup = Duplicate.
Split = Duplicate sample for quality control purposes.
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Table B.4.  Results of Analyses for Anions in Soil Samples from Well 299-W26-13

SAF B99-078

Sample
Interval
(ft bgs)

HEIS
Number

Sample
Date

CAS
Units

Chloride
mg/kg

Fluoride
mg/kg

Nitrite
N02-N
mg/kg

Nitrate
N03-N
mg/kg

Cyanide
57-12-5
mg/kg

Phosphate
mg/kg

Sulfate
14808-79-8

mg/kg

Nitrate-
Nitrite

N02+N03-
N mg/kg

Ammonia
as Nitrogen

NH3-N
mg/kg

Sulfide
mg/kg

pH
-

35-37 B0X099 11/19/99 1.4 U 2.8 U 1.4 U 5.4 0.56 U 1.5 3.4 1.1 1.4 U 4.3 8.7

(Dup) B0X0B0 11/19/99 2.3 2.7 U 1.4 U 4 0.54 U 1.4 U 3 0.73 1.3 U 4.1 8.7

(Split) B0X0X4 11/19/99 2.0 U 1.0 U 0.2 U 0.98 -- 5.0 U 5.73 0.5 U -- -- 8.88

50-52 B0X0B1 11/22/99 1.9 2.6 U 1.3 U 1.5 0.51 U 1.3 U 7.5 0.29 1.3 U 2.0 U 9.1

(Dup) B0X0B2 11/22/99 2 2.6 U 1.3 U 1.3 0.52 U 1.3 U 9 0.31 1.7 2.2 U 9

99.5-
101.5

B0X0B3 11/23/99 1.7 2.8 U 1.4 U 1.4 U 0.55 U 1.4 U 2.6 0.27 1.4 4.3 8.8

135-137 B0X0B4 11/30/99 1.5 2.7 U 1.4 U 1.6 -- 1.4 U 7.7 -- -- -- 8.7

150-152 B0X0B5 12/01/99 1.7 2.9 U 1.5 U 2.3 0.58 U 1.5 U 2.4 0.64 1.4 4.3 8.5

180-182 B0X0B6 12/02/99 2 2.7 U 1.3 U 1.3 U 0.53 U 2.6 12.4 0.22 U 1.3 U 8.3 8.1

197-199 B0X0B7 12/07/99 2.5 2.6 U 1.3 U 1.3 U 0.51 U 1.4 8.2 0.22 U 1.3 U 4 8.6

-- = Not analyzed.
U = Analyzed for but not detected.  Value reported is the quantitation limit.
SAF = Sample Authorization Form.
CAS = Chemical Abstract Service registry number.
Dup = Duplicate.
Split = Duplicate sample for quality control purposes.
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Table B.5.  Results of Analyses for Semi-Volatile Organic Compounds in Soil
Samples from Well 299-W26-13

SAF B99-078Sample
Interval
(ft bgs)

HEIS
Number Sample Date

CAS
Units

Bis
(2-ethylhexyl)

phthalate
35-37 B0X099 11/19/99 370 U
(Dup) B0X0B0 11/19/99 370 U
(Split) B0X0X4 11/19/99 --
50-52 B0X0B1 11/22/99 24 J
(Dup) B0X0B2 11/22/99 27 J
99.5-101.5 B0X0B3 11/23/99 370 U
135-137 B0X0B4 11/30/99 --
150-152 B0X0B5 12/01/99 570 U
180-182 B0X0B6 12/02/99 260 J
197-199 B0X0B7 12/07/99 230 JB
-- = Not analyzed.
J = Value reported is an estimate.
B = The analyte was detected in the associated QC blank and in the sample.
U = Analyzed for but not detected.  Value reported is the quantitation limit.
SAF = Sample Authorization Form.
CAS = Chemical Abstract Service registry number.
Dup = Duplicate.
Split = Duplicate sample for quality control purposes.

Table B.6.  Results of Analyses for Volatile Organic Compounds in Soil
Samples from Well 299-W26-13

SAF B99-078

Sample
Interval
(ft bgs)

HEIS
Number

Sample
Date

CAS
Units

Acetone
67-64-1
µg/kg

2-Butanone
78-93-3 µg/kg

Methylene
Chloride 75-
09-2 µg/kg

35-37 B0X099 11/19/99 11 U 11 U 8 B
(Dup) B0X0B0 11/19/99 6 J 11 U 10 B
(Split) B0X0X4 11/19/99 -- -- --
50-52 B0X0B1 11/22/99 30 10 U 6 B
(Dup) B0X0B2 11/22/99 22 11 U 7 B
99.5-101.5 B0X0B3 11/23/99 33 12 19 B
135-137 B0X0B4 11/30/99 -- -- --
150-152 B0X0B5 12/01/99 22 B 12 U 15 B
180-182 B0X0B6 12/02/99 6 JB 11 U 4 JB
197-199 B0X0B7 12/07/99 5 J 11 U 20 B
-- = Not analyzed.
J = Value reported is an estimate.
B = The analyte was detected in the associated QC blank and in the sample.
U = Analyzed for but not detected.  Value reported is the quantitation limit.
SAF = Sample Authorization Form.
CAS = Chemical Abstract Service registry number.
Dup = Duplicate.
Split = Duplicate sample for quality control purposes.
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Table B.7.  Results of Analyses for Radionuclides in Soil Samples from Well 299-W26-13

SAF B00-006

Sample
Interval
(ft bgs)

HEIS
Number

Sample
Date

CAS
Units

Tritium
10028-17-8

pCi/g

Technetium
9914133-76-7

pCi/g

Neptunium
237 13994-
20-2 pCi/g

Total
Uranium
7440-61-1

µg/g

Plutonium
238 13981-
16-3 pCi/g

Plutonium
239/240

PU-
239/240
pCi/g

Nickel 63
13981-37-8

pCi/g

Americium
241

14596-10-2
pCi/g

Total
Strontium
SR-RAD

pCi/g

Thorium
228

14274-82-9
pCi/g

Thorium
230

14269-63-7
pCi/g

Thorium
232

TH-232
pCi/g

35-37 B0X099 11/19/99 -- -- -- 0.460 J 0.033 U 0.014 U -- 0.004 U -0.057 U 0.87 -- 0.536

(Dup) B0X0B0 11/19/99 -- -- -- 2.14 0.036 U 0.009 U -- 0.025 U -0.052 U 0.637 -- 0.829

(Split) B0X0X4 11/19/99 -- -- -- 0.614 J 0.00226 0 U -- 0.0094 U 0.0264 U -- -- --

50-52 B0X0B1 11/22/99 0.064 U -0.062 U 0.030 U 1.94 0.026 U 0.015 U 0.758 U 0.028 U -0.015 U 0.475 J 1.06 0.387 J

(Dup) B0X0B2 11/22/99 0.040 U -0.144 U 0.028 U 0.804 J 0 U 0.016 U 2.46 J 0.029 U 1.57 0.564 J 0.432 0.344

99.5-
101.5

B0X0B3 11/23/99 0.038 U -0.132 U 0.013 U 0.772 J 0.005 U 0.117 J 2.14 U 0.020 U -0.065 U 0.580 J 0.812 J 0.534 J

135-137 B0X0B4 11/30/99 -- -- -- 0.806 J -0.006 U 0.006 U 0.019 U -0.068 U 0.623 -- 0.606

150-152 B0X0B5 12/01/99 -0.046 U 0.118 U 0.004 U 0.589 J -0.014 U 0.021 U 1.4 U 0.024 U -0.027 U 0.484 J 0.436 J 0.390 J

180-182 B0X0B6 12/02/99 -0.001 U 0.114 U 0.008 U 0.782 J 0.004 U 0.012 U -0.088 U 0.007 U -0.023 U 0.484 J 0.738 J 0.387 J

197-199 B0X0B7 12/07/99 0.012 U -0.049 U -0.016 U 0.377 J -0.007 U 0.007 U 1.41 U 0.033 U -0.133 U 0.516 J 0.243 J 0.531 J

SAF B99-078

Sample
Interval
(ft bgs)

HEIS
Number

Sample
Date

CAS
Units

Potassium
40 13966-
00-2 pCi/g

Cobalt 60
10198-40-
0 pCi/g

Cesium 137
10045-97-3

pCi/g

Europium
152 14683-
23-9 pCi/g

Europium
154 15585-
10-1 pCi/g

Europium
155 14391-
16-3 pCi/g

Radium
226 13982-
63-3 pCi/g

Radium
228 15262-
20-1 pCi/g

Uranium
233/234

U-233/234
pCi/g

Uranium
235

15117-96-
1 pCi/g

Uranium
238 U-238

pCi/g

Gross
Alpha

12587-46-1
pCi/g

Gross
Beta

12587-47-
2 pCi/g

35-37 B0X099 11/19/99 13.7 0.12 U 0.084 U 0.18 U 0.29 U 0.11 U 0.589 0.536 -- 0.19 U 11 U 3.93 J 12.8 J

(Dup) B0X0B0 11/19/99 12.4 0.071 U 0.062 U 0.16 U 0.24 U 0.16 U 0.396 0.829 0.407 J 0.055 U 0.434 J 7.2 J 14.4 J

(Split) B0X0X4 11/19/99 -- 0.0155 U 0.0326 U 0.023 U 0.0839 U 0.0376 U -- 0.834 -- -- -- 10.6 22.1

50-52 B0X0B1 11/22/99 12.9 0.059 U 0.047 U 0.12 U 0.17 U 0.12 U 0.428 0.566 0.452 J 0.022 J 0.381 J 5.61 J 19.8

(Dup) B0X0B2 11/22/99 12.5 0.048 U 0.043 U 0.11 U 0.15 U 0.089 U 0.362 0.492 -- 0.15 U 5.4 U 7.62 J 21.9

99.5-
101.5

B0X0B3 11/23/99 13.1 0.030 U 0.029 U 0.070 U 0.10 U 0.067 U 0.564 0.907 -- 0.10 U 3.8 U 9.15 J 16.8

135-137 B0X0B4 11/30/99 9.14 0.092 U 0.075 U 0.20 U 0.26 U 0.19 U 0.533 0.606 -- 0.26 U 8.7 U 10.7 40.3

150-152 B0X0B5 12/01/99 10.7 0.014 U 0.12 U 0.29 U 0.34 U 0.28 U 0.311 0.667 -- 0.36 U 15 U 3.02 J 24.0 B

180-182 B0X0B6 12/02/99 8.51 0.29 U 0.22 U 0.41 U 0.91 U 0.30 U 0.515 1.2 U -- 0.49 U 27 U 9.03 J 8.18 J

197-199 B0X0B7 12/07/99 13.9 0.13 U 0.098 U 0.21 U 0.39 U 0.13 U 0.344 0.523 -- 0.21 U 14 U 6.58 J 33.1 B

-- = Not analyzed. SAF = Sample Authorization Form.
U = Analyzed for but not detected above the minimum detectables activity CAS = Chemical Abstract Service registry number.

in the sample.  The value reported as the result. Dup = Duplicate.
B = The analyte was detected in the associated QC blank and in the sample. Split = Duplicate sample for quality control purposes.
J = Concentration is estimated.
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Table B.8.  Soil Physical Properties for Three Samples from Well 299-W26-13

Sample Interval

Top
(ft bgs)

Bottom
(ft bgs)

HIES
umber Field pH

Moisture
Content

(wt. %) (a)

Calculated
Volumetric
Moisture
(vol. %)

Calculated Dry
Bulk Density

(g/cm3)
Particle Size

Analysis

35 37 B0X0C0 8.61 6.5 9.64 1.48 Yes

135 137 B0X0C1 8.80 11.6 24.1 2.07 Yes

197 199 B0X0C2 8.85 2.5 4.9 1.96 Yes

(a) Water  content reported on a gravimetric basis: (mass of water/mass of dry soil x 100).
HEIS = Hanford Environmental Information System
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Figure B.1.  Particle Size Distribution for the 35 to 37 ft Interval in Well 299-W26-13
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Figure B.2.  Particle Size Distribution for Interval 135 to 137 ft in Well 299-W26-13
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Figure B.3.  Particle Size Distribution for the 197 to 199 ft Interval in Well 299-W26-13
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Figure B.4.  Particle Size Distribution for the 199.5 to 200.5 ft Interval in Well 299-W26-13
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Figure B.5.  Particle Size Distribution for the 216 to 217 ft Interval in Well 299-W26-13
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Figure B.6.  Particle Size Distribution for the 231 to 233 ft Interval in Well 299-W26-13
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Appendix C

Borehole Geophysical Logs

This appendix contains the borehole geophysical logs obtained from borehole 299-W26-13.  The
gamma-ray log was run and analyzed by MACTEC-ERS, Inc.  The neutron-neutron moisture log was run
and analyzed by Waste Management Federal Services, Inc.  Included with the logs are Log Header sheets
and Log Analysis Summary Reports.
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Waste Management Technical Services
MACTEC

Report of Geophysical Logging for the 200-CS-1/RCRA Project

This report presents a summary of spectral gamma and neutron-neutron moisture logging that was
conducted in borehole B8817 at the 216-S-10 Pond southwest of the 200 West Area.  This borehole was
utilized for characterization of this waste facility, and at the completion of drilling a monitoring well with
the designation 299-W26-13 was constructed.

Summary of Logging Operations

Spectral Gamma Surveys

A spectral gamma survey was conducted in borehole B8817 utilizing a MACTEC operated logging unit
designated Gamma 2B.  The borehole was logged in four individual log runs in 11-in.- and 8-in.-diameter
casings when drilling was complete.  Two of these log runs were repeat surveys that were logged to
assess the repeatability of the measurements. The depth intervals logged in each log run are indicated on
the Spectral Gamma-Ray Borehole Log Data Report for borehole B8817.

All spectral gamma measurements were acquired in a move-stop-acquire mode, at a measurement
acquisition rate of 100 seconds (s) live time per 0.5 ft of depth.  In the move-stop-acquire mode the
logging tool is stationary at each 0.5 ft depth increment throughout the depth interval logged.  In the live
time acquisition mode, system dead time is accounted for in the acquisition time for each spectrum, e.g., a
100 s live time acquisition with 50 percent dead time would result in a real time measurement of 150 s.

The zero depth reference for all the spectral gamma logging surveys is ground surface.  The zero position
of the logging is the center of the germanium detector, which is about 5 in. above the bottom of the
logging tool.  This location is scribed into the tool housing and ensures consistent tool positioning.

The pre- and post- survey field verification spectra met the acceptance criteria established for the peak
shape and detector efficiency, confirming that the spectral gamma logging system was operating within
specifications.  The energy calibration and peak-shape calibration from these spectra were used to
establish the channel-to-energy parameters that were used to process the spectra acquired during the log
surveys.

Neutron-Neutron Survey

Neutron-neutron moisture logging was conducted in borehole B8817 utilizing a logging system operated
by Waste Management Technical Services that is designated Radionuclide Logging System unit 1 (RLS-
1).  The neutron-neutron moisture-logging tool is calibrated in moisture models with 6-in.- and 8-in.-
diameter casing configurations.  Since there is no direct calibration standard for 11-in.-diameter casing,
the section of well B8817 with 11-in.-diameter casing (ground surface to a depth of 36.3 ft) was not
logged.  The section of the borehole with 8-in.-diameter casing was logged with the moisture tool from
the bottom of the 11 in.-diameter casing to groundwater (36.3 to 200.5 ft).  The interval logged and the
repeat survey interval are indicated on the Borehole Survey Data Sheet for borehole B8817.

The neutron-neutron moisture data were collected at 0.25-ft depth increments.  The data were acquired in
a continuous logging mode at a logging speed of 1.0 feet per minute (ft/min); this logging speed resulted
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in a data sample time of 15 seconds real (clock) time.  Given the count rate of the instrument and sample
time, the statistical accuracy is within the specified precision.  The guidelines for conducting the neutron-
neutron survey are outline in WMNW-CM-004, Operational Environmental Monitoring, Section 22.0,
Rev. 0, Vadose Neutron Moisture Logging Procedure.

The neutron-neutron moisture logging tool is depth zeroed at the top of the cablehead (the cable to
logging tool connection) to minimize exposure to the logging operator or other personnel to the
americium-beryllium (AmBe) neutron source.  The distance from the top of the cablehead to the scribe
line zero of the neutron instrument (half distance between the source and the detector) is entered for the
depth datum of the borehole.  The neutron-neutron log survey zero reference is ground surface.

The source shield is used as a pre- and post- survey field verification of proper instrument performance.
Consistent results for the pre- and post-survey verifications that were conducted before and after the
moisture survey was conducted in borehole B8817 indicated the system was operating properly.

Data Processing

The spectra acquired in borehole B8817 during the spectral gamma survey were processed utilizing a
variety of software to calculate concentrations of individual gamma-emitting radionuclides.  Details
regarding the algorithms used to calculate the concentrations and their application are presented in the
Hanford Tank Farms Vadose Zone, Data Analysis Manual (MAC-VZCP-1.7.9, Rev. 1).

Equipment calibrations are conducted annually and the data acquired during the calibrations are used to
derive the factors that convert measured peak area countrate into radionuclide concentrations in
picocuries per gram (pCi/g).  The calibration dates and calibration reports that present the mathematical
functions that determine the calibration factors for the logging unit utilized for logging for this project are
referenced on the log headers for each borehole/well log.  The details of the base calibration are discussed
in Vadose Zone Characterization Project at the Hanford Tank Farms, Calibration of Two Spectral
Gamma-Ray Logging Systems for Baseline Characterization Measurements in the Hanford Tank Farms
(GJPO-HAN-1).  The current calibration report for the logging tool utilized for logging borehole B8817 is
Hanford Tank Farms Vadose Zone, Sixth Biannual Recalibration of Spectral Gamma-Ray Logging
Systems Used for Baseline Characterization Measurements in the Hanford Tank Farms (GJO-HAN-26).

Casing corrections were applied to the data to compensate for the gamma-ray attenuation by the casing.
The wall thickness of each casing string utilized in borehole B8817 was measured with a micrometer.
The resulting values were applied to correct the data at the appropriate depth intervals.  Additionally,
constants determined for casing corrections during calibrations are determined for a single-cased
borehole/well configuration.  In wells where there are depth intervals where more than one casing is in
place, the wall thicknesses are assumed to be additive to derive the proper correction.  Although this
assumption approximates the proper correction, it is known this correction could be slightly in error.  The
exact casing configuration and wall thicknesses used during data processing are discussed later in this
report.

Water corrections were applied to the log data where appropriate.  Attenuation of gamma rays from water
can be significant and corrections to log data are derived for various borehole/well diameters during
system calibrations.  This correction is applied to the log data during data processing.

Repeat sections were conducted during some log surveys to document the logging system repeatability.
Additionally, there are depth overlaps of log data where separate log runs were conducted.  These
overlaps are also useful to evaluate system repeatability.
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Neutron-Neutron Moisture Data

The neutron-neutron moisture data were acquired in spectral form and converted to gross counts for each
0.250-ft log interval.  The counts for each log interval were converted to volume fraction moisture
(volume water/volume total) using the calibration transform described in Radionuclide Logging System
In-Situ Vadose Zone Moisture Measurement Calibration (WHC-SD-EN-TI-306, Rev. 1).

Descriptions of the accuracy and precision estimates for the neutron-neutron measurements are presented
in the following discussions.  Accuracy is the instrumentation response compared to the calibration model
values.  The precision is a function of the counting statistics and the instrument response.  Both of these
characterizations of the instrumentation utilized for this project are quantified and displayed.

Accuracy

The accuracy of the instrumentation as established by the Data Quality Objectives (DQO) for moisture
logging instrumentation is to be determined by the comparison of calibrated instrument response to the
assigned model values of moisture content as per PNNL assignment during construction PNL-10801,
UC606, “Calibration Models for Measuring Moisture in Unsaturated Formations by Neutron Logging”,
Engleman, et al., October, 1995).  The following table provides the results for the 8-in.-diameter casing
calibration data that was collected on May 13, 1999 for the logging tool utilized for this project.

8-in. casing model moisture
(volume fraction water in %)

Calibrated logging tool results
(volume fraction water in %)

 Percent difference between model
 value and instrument measurement

                 19.7                 19.66                      -0.2
                 11.9                 11.79                      -0.9
                  5.0                  5.01                      +0.2

The largest difference between the moisture model values and the logging tool measurements in the three
Moisture Models is less than 1% volume fraction of moisture.  These observed deviations are within the
limits of accuracy established by BHI for this project.

Precision

Precision is the ability of an instrument to reproduce a given measurement; therefore, the variance
observed for a given repeat sequence is used to determine the system or instrument’s precision.  During
model data collection, 10 samples or repeat measurements are acquired in each model.  These data are
then used to compute a root mean square or estimated observed standard deviation.  These data are also
used to compute a theoretical standard deviation based solely on counting statistics, and the comparison
agreed within statistical limits of sample size.

The model data collected for the calibration demonstrated that the observed deviations for any model
were the same as predicted by the counting statistics (i.e., no extraneous instrumentation error were
introduced).  Therefore it is possible to predict the statistical precision for any given logging condition.
The total counts observed for each depth sample determine the statistical  precision.  Furthermore,
because the countrate is a function of the observed moisture content, it is possible to derive the statistical
precision as a function of moisture for either calibrated casing configuration.

The sample acquisition time per depth increment is multiplied by the projected countrate from the
calibration coefficients.  This results in the number of counts for each logging sample as a function of
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moisture content.  Since the moisture log countrate follows a Poisson distribution, the standard deviation
for each sample location is equal to the square root of the number of counts measured in the sample.
For the given borehole logging, the highest logging speed was 1.0 feet per minute (ft/min) with a
sampling frequency of one sample per 0.25 ft.  The resulting sampling time is therefore 15 seconds or
more.  The casing thickness correction for the 0.500-in. wall thickness casing is 0.833.  The countrate to
volume fraction of moisture content conversion is performed by the following equation:

V = FaCα,

Where V is the instrument reading of volume fraction of moisture, F is the casing correction factor, C is
the observed countrate, and the coefficients a and α are the calibration coefficients.  For the logging tool
utilized for this project, the calibration coefficients were determined to be:

F = 1.2
a = 1.597E-05
α = 2.537

The precision (or repeatability) of the neutron moisture measurements were determined for each of the
measurements, and are indicated on the moisture plots as error bars showing the uncertainty at +/- 1
sigma (67 percent confidence interval).  The values of volumetric moisture content in borehole B8817
range from less than 1 percent to as high as 15 percent at a depth of 132 ft.  The neutron countrate
increased sharply at a depth of 200 ft as groundwater was encountered.  The calculated moisture values
were not plotted at the bottom of the borehole since a higher scale would reduce the resolution of features
for the rest of the moisture plot.

Bulk Density Effects

The assumed bulk density for the moisture log is the bulk density of the moisture calibration models and
is 1.76 grams per cubic centimeter (g/cc).

Due to the lack of continuous measurements of bulk density over the interval logged bulk density
corrections to the moisture data are not possible.

The document Radionuclide Logging System In-Situ Vadose Zone Moisture Measurement Calibration
(WHC-SD-EN-TI-306, Rev. 1) provides a density correction curve in Figure 6 that is based on computer
modeling.  This data could be used to provide an estimate of how the density assumption affects accuracy
but is not provided herein because accuracy and precision statements of recommendations made per the
Geophysical Logging Master Agreement are for “performance under known conditions such as in
calibration models.”

Casing Thickness Corrections

A casing thickness correction for the 8-in.-diameter casing was applied to the moisture measurements in
accordance with WHC-SD-EN-TI-306, Rev. 1.  Since there was no direct calibration of the neutron
moisture logging tool in 11-in.-diameter casing, the region of borehole B8817 with 11-in.-diameter casing
was not logged.
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Log Plots

Separate log plots show the man-made and naturally occurring radionuclides potassium-40 (40K),
uranium-238 (238U), and thorium-232 (232Th).  The heading for each of the radionuclide log plots indicate
the energy peak utilized to identify the specific radionuclide.

Various log plots show the concentrations of the individual radionculides, the total gamma count rate, and
the volumetric moisture content.  The total gamma count rate for each 0.5-ft depth increment is a sum of
the counts from the spectrum for the particular depth increment divided by the counting time.  However,
the total gamma countrate is not corrected for water or casing, so a direct relationship between
concentration and countrate does not exist.  For example, in a borehole that was logged in two separate
log runs, one run within a single casing and the other within two casings, the KUT concentrations will
approximately repeat in both configurations as a result of the casing corrections.  However, the total
gamma rate will be much lower in the two-casing configuration run when compared to the single-casing
log, because no casing correction is applied to the total gamma log data.

The KUT plots allow correlation of the log data with lithologic features, with intervals of man-made
contamination, if it exists, and with moisture content.  The statistical uncertainty for gamma-rays emitted
from low-concentration radionuclides such as 238U and 232Th can be high for the 100-s acquisition time
utilized for logging and the plots of the concentration of these radionuclides show high levels of
uncertainty.  This uncertainty is shown on the KUT plots by scattering of the data and large error bars.
Nevertheless, these data are useful for correlation with geologic data or other borehole logs, e.g. moisture
content, contamination intervals, etc.

Error bars shown on the log plots include the error associated with calibration measurements, and error
associated with the casing and water corrections as well as counting error.  Therefore, increased
measurement error as shown on the log plots is the result of data collection that occurred in regions of
boreholes containing water, containing casings of greater wall thickness (compared to conventional steel
casing), and regions of boreholes where overlapping casings occur.  This error is enhanced with
increasing radionuclide concentrations.

The minimum detection limit (MDL) of a radionuclide represents the lowest concentration at which
positive identification of a gamma-ray peak for that radionclide is statistically defensible.  The spectral
analysis program calculates the MDL for a particular peak on the basis of a statistical comparison with the
background energy in the vicinity of the peak.  An MDL for a particular radionuclide increases when
additional gamma attenuation is introduced as a result of multiple casings or water in the borehole.
Additionally, an MDL may increase with increasing radionuclide concentrations.  The MDL’s for the
radionuclides are indicated on the plots by open circles.

The plots of the volumetric moisture content measured in borehole B8817 is provided with error bars for
approximately every fifth moisture measurement.  More frequent presentation of measurement error
(error bars) obscures features of the log plot.  The error bars represent the 68-persent confidence level (+/-
1 standard deviation), which was determined by converting the square root of the counts in each interval
to equivalent moisture content.  The definition of “Detection Limit” or threshold limit is defined as the
minimum concentration or level at which a contaminant or natural element can be positively be identified.
Since moisture can be measured to zero volume fraction, threshold limit is not applicable to moisture
measurements and is not indicated on the log plots.



C.16

Results

Borehole B8817 is located at the 216-S-10 Pond southwest of the 200 West Area.  The borehole was
drilled in November and December 1999 to a depth of 240.7 ft.  A nominal 11-in.-diameter casing was
used to advance the borehole from ground surface to a depth of 36.3 ft, and an 8-in.-diameter casing was
used to drill to a depth of 240 ft.  A short section of the borehole between depths of 240.0 and 240.7 was
uncased.  Casing wall thickness was measured in the field using a micrometer; the wall thickness of each
of the casings is 0.5 in.  At the time of logging, both casing strings were set approximately flush with
ground surface.  The depth to groundwater on the day the borehole was logged was measured at 200.49 ft.

Spectral gamma logging in borehole B8817 was conducted in four log runs.  Log runs 1 and 2 were
conducted on December 9, 1999 inside the 8-in.-diameter casing.  Log run 1 covered the depth interval
from 240.5 to 119.0 ft.  Log run 2 was a repeat survey between depths of 205.0 and 193.0 ft.  Log runs 3
and 4 were conducted on December 10, 1999 inside the 11-in.- and 8-in.-diameter casings.  Log run 3
covered the interval between ground surface and a depth of 125.0 ft.  Log run 4 was a repeat section
between depths of 34.0 and 46.0 ft.  In addition, a short overlap of data occurs between depths of 119.0
and 125.0 ft where the survey  intervals of log runs 1 and 3 overlapped.

A generalized casing correction function was used to determine casing correction factors.  Log runs 1 and
2 were analyzed using a correction for casing with a wall thickness of 0.5 in.  Log runs 3 and 4 were
analyzed using a correction for 0.5 in.-thick casing in the 8-in.-diameter section of the surveys (between
depths of 36.3 and 125.0 ft); a correction for 1.0-in-thick casing was applied to the data acquired in the
section of the borehole where both the 11-in.- and 8-in.-diameter casings were present (ground surface to
a depth of 36.3 ft).  With more than one casing in place, the wall thickness is assumed to be an additive of
both casings to derive the proper correction factor.  These corrections are applied to the raw data that are
recorded in counts per second to adjust the countrates for the attenuation that is caused by the presence of
the casing.

Water corrections were applied to the log data collected between depths of 200.49 (the measurement on
the day of logging) and 240.5 ft.  Attenuation of gamma rays by water can be significant, which is
reflected by the sporadic uranium-238 (238U) concentrations below a depth of 200.5 ft.

Separate log plots show the man-made and naturally occurring radionclides potassium-40 (40K), uranium-
238 (238U), and thorium-232 (232Th)(KUT); there were no man-made radionuclides detected in borehole
B8817.  For calculating 238U concentrations between ground surface and a depth of 36.5 ft, the 1764.51-
keV bismuth-214 (214Bi) gamma ray was utilized instead of the routinely used 609.32-keV 214Bi gamma
ray.  For many of the spectra in this depth region of the borehole, the 609.32-keV 214Bi peak was not
detected because of the attenuation resulting from the 1.0-in.-thick double casing.  Although the yield
(intensity) is lower for the 1764.51-keV peak, the higher energy level results in less attenuation by the
double casing.  The headings of the plots indicate the specific gamma peak that is used to determine the
concentrations of the radionuclides.  The error bars on the plots represent counting errors as well as errors
associated with casing corrections, deadtime corrections, and the calibration function.  The error bars
represent the statistical uncertainties for the measurements as 95-percent (2-sigma) confidence intervals.
Open circles on the plots indicate the minimum detectable level (MDL) of the particular radionuclide. The
MDL for a specific radionuclide represents the lowest concentration at which positive identification of the
gamma-ray peak is statistically defensible.  MDLs generally increase in areas of higher gamma activity,
and where additional gamma-ray attenuation occurs as a result of the presence of water or casing with
greater wall thickness.

The standard combination log plot includes both the man-made and naturally occurring radionuclides, as
well as a plot of the total gamma-ray activity as derived form the gamma spectra.  The total gamma count
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rate for each 0.5-ft depth interval is a sum of the counts from the spectra divided by the counting time.
The combination plots are composites of data acquired in log runs 1 and 3.

Repeat log plots compare the repeat surveys from runs 2 and 4 with log runs 1 and 3, respectively.
Repeat surveys were conducted to document the logging system’s repeatability.  These plots show good
repeatability for the calculated radionuclide concentrations and depth control.

The plot of the naturally occurring radionculides shows several distinct concentration changes at depths of
50 ft, 102 ft, 133 ft, 195, and near the bottom of the borehole at a depth of 237 ft.  Some of these changes
correlate to lithologic features recorded on the borehole geologic log and with the moisture log data.
Error bars representing the 2-sigma uncertainty in the measurements increase above a depth of 36 ft and
below a depth of 200 ft as a result of additional error introduced by the corrections for double casing and
the presence of water.

The combination plot is intended to show both the man-made and naturally occurring radionuclides
(KUT), in addition to the total gamma countrate.  Because the total gamma countrate is not corrected for
casing or water, the total gamma decreases above a depth of 26 ft and below a depth of 200 ft where the
double casing and water are present, respectively.  The changes observed in the KUT concentrations are
reflected in the profile of the gross gamma countrate in particular at the depths mentioned previously.

Moisture logging was conducted in borehole B8817 in the region of the borehole with 8-in.-diameter
casing, below the 11- in. diameter casing (36.3 ft) and above the groundwater level (200.5 ft).  The
logging tool utilized for moisture logging for this project is not calibrated for use in 11-in.-diameter
casing.  Vigorous calibration has been performed with this logging tool in 6-in.- and 8-in.-diameter
casings.  A short interval of the borehole between depths of 34 and 36.3 ft was logged to identify the
bottom of the 11-in.-diameter casing, and a repeat survey was conducted between depths of 100 and 121.5
ft to verify system performance.

The volumetric moisture content ranges between 2 and 15 percent throughout most of the logged interval.
The highest moisture content value of almost 15 percent was measured at a depth of 134 ft.  Error bars
representing one standard deviation are presented for every fifth moisture measurement for clarity of data
presentation.

A short interval was logged in both the 11-in.- and 8-in.-diameter casings (34 to 36.3 ft) to identify the
bottom of the 11-in.-diameter casing.  A decrease in the moisture content values should have been
noticeable due to the attenuation resulting from the presence of both casings; however, a peak of elevated
moisture content was observed at a depth of 35 ft.  The reason for these elevated moisture values is
unknown since the sediments at this depth are described as slightly moist.

The most obvious features on the moisture content plot are the fluctuating moisture values between
depths of 90 and about 130 ft where several narrow peaks occur.  In this region of the borehole, the
moisture content values range between 2 and 14 percent.  The geologic log for this borehole indicates the
sediments in this region of the borehole range from mostly sand (95 percent) with 1 to 2 in.-thick beds of
silt, to slightly silty sand, sandy silt, and silty sand.  The peaks of higher moisture content are most likely
indicating finer grained materials that retain moisture.  There is a very distinctive increase in the KUT
concentrations in this region of the borehole.

The highest volumetric moisture content value of almost 15 percent occurs between depths of 134 and
136 ft.  A caliche zone is identified on the geologic log between depths of 134 and 139 ft.  Sediments of
elevated moisture appear to lie on top of this caliche zone.  Below the caliche zone to the bottom of the
borehole, the sediments are mostly silty sandy gravel, sand, gravelly sand, and sandy gravel. There are no
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definitive lithologic features within this region of the borehole with which to correlate the features on the
moisture plot, e.g. the peaks of elevated moisture content at depths of 151 and 176 ft, and the region of
elevated moisture content between depths of 154 and 169 ft.  The moisture content values increase at the
bottom of the logged interval as groundwater is encountered.

Data

One compact disk is provided with this report and it contains the following data files:

B8817.JNB SigmaPlot version 4.0 format of spectral gamma plots for data acquired in
borehole B8817

B8817M.JNB SigmaPlot version 4.0 format of neutron-neutron moisture and moisture-total
gamma plots for data acquired in borehole B8817

B8817NNLH.DOC Word 97 format of the neutron-neutron moisture log header for borehole B8817

B8817NNRpt.DOC Word 97 format of the neutron-neutron moisture summary report for borehole
B8817

B8817LH.PDF Adobe Acrobat PDF format of the spectral gamma log header for borehole
B8817

B8817ANA.XLS Microsoft Excel 97 spreadsheet of analysis (spectral) data for borehole B8817

B8817MANA.XLS Microsoft Excel 97 spreadsheet of analysis (moisture) data for borehole B8817

200-CS-1RCRARPT.DOC Word 97 format of the report text
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