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Abstract: The objective of this effort was to delineate the vertical
distribution and concentration of anthropogenic radionuclides in the
subsurface surrounding nine boreholes in the 100-N Area available for
geophysical logging with the Radionuclide Logging System (RLS). Cesium
was defined in eight boreholes, and the ninth hole was found to not
contain any such radionuclides.
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1.0 ODUC ION

The purpose of the project was to collect and analyze gamma-ray radiation detected in
the nine 100-N Area boreholes listed in Table 1. The interpreted Radionuclide Logging
System (RLS) data detailed in this report provides a basis for subsurface contamination
characterization. Of the nine boreholes logged, eight were identified with the radioisotope
cobalt in them with the majority of it in the 50- to 70-ft range. No other man-made isotope
was identified. Only borehole 100-N-56 appears to e "clean”.

The data were collected and analyzed from October 1992 through February 1993, and
the data and results were transmitted to the appropriate group upon completion of the
analysis. This report is intended to put the data in the public domain for future reference.

The contents of this report are limited to the description of the survey results for each
borehole logged. A description and details of the RLS System and how it worked in this
project and the limitations to radioelement analysis are contained in Appendix B. Readers
unfamiliar with this Ic—7ing system are refer ~ to this appendix and urged to review it fi
pertinent information to familiarize themselves with the capabilities of the RLS and the data
limitations.

Details of equipment configuration, calibration, logging procedures, casing- and
water-correction factors, spectral analysis software, and data management have been
excluded from this report. The de 'Is of these topics are described in the Koizumi, et. al.
(1991, 1992) and Brodeur, et. al. (1991, 1992), papers cited in the References.

2.0 GEOLOGY

The Hanford Site lies within the Pasco Basin, a regional, structural and topographic,
sediment-filled basin. The sediments for the Pasco Basin are underlain by Miocene-age
basalt. The sediments overlying the basalt are from oldest to youngest as follows: Miocene-
Pliocene Ringold Formation, post-Ringold pre-Hanford sediments, glacio-fluvial deposits of
the Hanford formation, and surficii Holocene eolian and fluvial sediments.

The vadose zone beneath the 100-N Area in the northern part of the Hanford Site is
comprised primarily of unconsolidated sediments of the Hanford formation. This highly
permeable unit is composed of mainly cobbles, boulders, gravel, and course sand. Drilling
data indicate that isolated lenses of silty sand and gravel are also present. Moisture content
ranges from 1 to 3 percent in the vadose zone (Hartman 1992a, 1993).
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Figure 1. Location Map.
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RLS Spectral Gamma—Ray Borehole Survey

Project: 10C N Log Date: Nov 18, 1992
Borehole: 199—-N-27 ' Anal. Date: Dec 1, 1992
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RLS Borehole Survey Report
Borehole: 199-N-27

Casing Depth: 69’ Size: 8" Thickness: 0.30"
Water Depth: 48’
Survey Depth: 0 - 66’ Date: 11/18/92

Station 66’
General Notes:

Man-made Radionuclides:

Cesium (Cs-137) was detected only at the surface near the threashold of
detection.

~

Cobalt (Co-60) was detected at the surface, 0 to 0.§'feet, and from 24 to 63
feet. The indicated activity was less than 1 pCi/g~at the surface and the
maximum activity detected was 63 pCi/g at 50 feet.

No Europium (Eu-152) detected, template presented for uniformity of
presentation only.

No Europium (Eu-154) detected, template presented for uniformity of
presentation only.
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RLS Spectral Gamma—Ray Borehole Survey

Project: 100-N | Log Date: Nov 3, 1992
Borehole: 199—-N-28 Anal. Date: Dec 2. 1992
Total Gamma Cs=-137 Co-60 "Eu—-152 Eu-154
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R1S Boref '~ _Survey Report
Borehole: 199-N-28

Casing Depth: 48’ Size: 8" -Thickness: 0.31"
Screen Depth: 43 - 83/
Water Depth: 637
survey Depth: 0 - 45/ Date: 11/03/92
45 - 80’

General Notes:

No correction is available for the well screen and activities may be higher
than indicated.

Man-made Radionuclides: :

Cobalt (Co-60) was detected at the surface and from-58 to 80 feet. The
indicated activity was less than 1 pCi/g at the surface and the maximum
activity detected was 13 pCi/g at 68 feet.

No -opium (Eu-152) detected, template resented for uniformity of
presentral n only.

No Europium (Eu-154) detected, template presented for uniformity of
presentation only.

No Cesium (Ce-137) detected, template presented for uniformity of presentation
only.
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~nLS Spectral Gamma—Ray Borehole Survey

Project: 100-N Log Date: Nov 18, 1992
Borehole: 199-N-29 ‘ Anal. Date: Feb 15, 1993

Total Gamma Cs=137 Cec 50 Eu-152 Eu-154
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RLS Spectral G_..1ma—Ray Borehole Survey

Pr;‘)ject: 100-=N Log Date : Nov 19, _1992
Borehole : 100-N-29 Anal Date: Feb 15, 1993
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R1S Borehole Survey Report

Boreﬁb]e: }j99-* ~"

Casing Depth: 85’ Size: 8" Thickness: 0.30"
Screen Depth: 47.5 to 84’ Size: telescoping screen unknown
Water Depth: 64’ thickness
Survey Depth: 0 - 82’ Date: 11/19/92

Station: 82°

General Notes:

High activity at surface contributed to the borehole survey spectra to the
depth of 1 foot. No gamma-ray photo peaks were associated with the elevated
count rate. It is unclear whether the source is backscattered gamma rays or
bremsstrahiung radiation induced from the high-energy beta emissions of
strontium-90. -

A cement grout extends from e surface to approximately 20 feet and its
effect is detected as a zone of decreased gamma activity as indicated in the
total gamma plot curve. The 8 inch diameter casing extends to 49 feet and a
telescoping screen extends from 47.5 to 84 feet.

No correction factor is applied for the telescoping screen thus calculated
gamma activities are probably higher than those present in the formation.

This RLS survey indicates a change has occured in the subsurface conditions
since the previous survey, a gross-gamma log acquired by PNL on 2/23/84. The
change is identifiable inspite of the differences in the survey specifications
that include logging speed, time constant averaging, detector response
characteristics, sample increment, and recording format. The 1984 survey
indicated three depths of elevated gamma activity. They are located at 64, 67
and the maximum survey depth of 85 feet. The RLS survey terminated at 82 feet
due to :tector location within the probe. Consequently the elevated gamma
activity at 85 feet was not evaluated. The RLS survey identified four depths
of elevated activity. They are located at 61.5, 64.5, 69 and 77.5 feet. The
depths do not match identically bet' :n the two surveys but are within 3
precent of each o r.

The primary depth zone at 64 feet appears to be unchanged when compared with
the background interval from 30 to 40 feet. The 8.5 year time difference and
" the source radionuclide of cobalt-60 with a 5.3 year half live is apparently
being replenished from some source. e depth zone at 61.5 feet is indicated
on the gross gamma survey but was not resolved as a separate peak. The depth
zone at 69 feet appears to have moved from 67 feet on the gross gamma. The
depth zone at 77.5 feet appears to correlate with the beginnings of an
elevated count at 80 feet. The indicated peak depths correlate well between
the tv  surveys but the observed activity in the peaks are significantly
different. A copy of the gross gamma survey is included.

Man-made Radionuclides:

Cobalt (Co-60) was detected from 48 to 82 feet. The maximum calculated
activ vy was less than 10 pCi/g at 65 feet.

A-12
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RLS Spectral Gamma Ray Borehole Survey

Project: 100-N Log Date: Dec 16, 92
Borehole: 199—-N-39 Anal. Date: Jan 07, 93
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Borehole : 199-N-39
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RLS Spectral Gamma—Ray Borehole Survey
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RLS Borehole Survey Re---*
Borehole: 199-N-°°

Casing Depth: 64.5' Size: 8" Thickness: 0.254"
Water Depth: none
Survey Depth: 0 - 61’ Date: 12/16/92

Stations: 58.57, 61’

General Notes:

The well was monitored at fixed positions at 0.5-foot intervals from ground
level (0 ft) to 61.5 feet, for real counting times of 80 seconds. Naturally
occurrii  thorium and uranium are present at normal Hanford activities of less
than one pCi/g. Potassium is observed at slightly elevated near the bottom of
the log survey from about 50 feet to ( .5 feet. As.shown on the second plot
the total gamma count rate 1lows the potassium activity profile closely.

The first plot shows the total gamma count rate along with the activity
profile for Co-60,which is described below. By comparing these results with
the well-construction diagram for well 199-N-39 on p. @ 232 of document WHC-
SD-ER-TI-006, Rev. 0, it mi be seen that increased readings of potassium, Co-
60, and total gamma begin at a depth of about 50 feet, where the well casing
ends a teles: ing screen :gins, extending to the bottom of the well.
This aepth also uenotes the interface between the Hanford and Ringold
formations. An increase of Potassium activity is expected in the Ringold
formation. Both of these ructural effects 1ikely elevate the calculated
activity values.

Man-made Radionuclides:
Cobalt (Co-60) decay activity was observed from approximately 45 to 61 feet.
The maximum activity, which occurred at 48 feet,is = ;s than one pCi/g.

No Cesium (Cs-137) was observed in the well. The template is shown for
uniformity of presentation only.

No Europium (Eu-154) was observed in the well. The template is shown for
uniformity of presentation only.

No Europium (Eu-152) v ; observed in the well. The template is shown for
uniformity of presentation only.
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RLS Spectral Gamma—Ray Borehole survey
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RLS Borehole Survey Report

Borehole: 199-N-44 100-N Area

Casing De; 1: 82/ Size: 8" Thickness: 0.28"
Water Depth: none

Survey Depth: 0 - 69’ Date: 12/15/92

Stations: 50 & 69’

General Notes:

The plots for potassium, thorium, and uranium show that the calrulated
potassium activities vary be een out 7 and 25 pCi/g over the >gged
interval, and the thorium an uranium activities are much smaller than 5 pCi/g
over the logged interval. T activity variations are within the statistical
uncertainties of the measure nts. The Potassium, uranium, and thorium
activities are typical of background due to naturally occurring

radioele nts in the sediments in the area.

Man-made Radionuc™ les:

Cobalt-60 (Co-60) was identified in the borehole from 0 to 51 feet with the
only continuous zone being 51 to the maximum depth of 69 feet. The decay
activity detected was less * in 5 pCi/g at 66 feet.
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RLS Spectral Gamma—Ray Borehole Survey
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RLS Borehole Surve "port

Borehole: 199-N-56

Casing Depth: 737 Size: 6" Thickness: 0.28"
Water Depth: 72.4’
Survey Depth: 0 - 70’ Date: 10/14/92

Stations: 48,50 & 70

General Notes:

The plots for potassium, uranium and thorijum show that the calculated
potassium decay activities vary between about 5 and 20 pCi/g over the logged
interval, and the uranium and thorium decay activities are less than 5 pCi/g.
The computed potassium decay activity varies inversely with the uranium and
thorium activities which is not common to the Hanford environment. - The
elevated uranium and thorium decay activity is believed to orginate from the
bentonite sealing material. .

The total gamma activity did not exceed 200 cps in the borehole survey with
the exception of the spectrum at 0.0 feet with total activity of 580 cps, which
is believed to be shine from another source.

Man-made Radionuclides:
No man-made radionuclides jdentified
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RLS Spectral Gamma—Ray Borehole Survey

Project: 100-N Log Date: Dec 2, 1992

Borehole: 199—-N-70 Anal. Date: Dec 3, 1992
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RLS Spectr ‘amma—Ray Borehole Survey

PrOjeCt: 100-N Log Dote : Dec 2, 1992
Borehole : 199-N Anal Date: Dec 3, 1992
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RLS Borehole Survey Report

Borehole: 199-N-70

Casing Depth: 103° Size: 6" Thickness: 0.25"
Water Depth: 59’
Survey Depth: 0 - 98’ Date: 12/02/92

Station 96’

General Notes:

Survey of this borehole was based on a gross gamma survey containing elevated
activity acquired earlijer.

The lower zone at 89 feet, below the water depth of 59 feet, containing the
maximum cobalt-60 activity is not the depth of the maximum total gamma
activity. :

The high total gamma activity from 17 to &7 feet correlates with an increase
in natural uranium and thorium activity at is greater than normally present
in Hanford environment. The presence ot stainless steel casing may indicated
bentonite sealing material between casing and formation. mtonite contains
natural uranium and thorium at higher concentrations than common to Hanford.

The plots for potassium, uranium and thorium show that the calculated
potassium decay activities vary between about 3 and 23 pCi/g over the logged
interval, and the uranium and thorium decay activities are less than 4 pCi/g.
The computed potassium decay activity varies inversely with the uranium and
thorium activities, which is not common to the Hanford environment. The
elevated uranium and thorium decay activity is believed to originate from the
bentonite sealing material.

Man-made Radionuclides: )

Cobalt (Co-60) was discontinuous from 1 foot to 86 feet with calculated
activities less than 1 pCi/g. Cobalt was indentified continuously from 87 to
96 feet with a maximum detected activity of 2.7 pCi/g at 89.5 feet.

No Cesium (Cs-137) detected, template presented for 1 formity of presentation
only.

No Europium (Eu-152) detected, template presented for uniformity of
presentation only.

No Europium (Eu-154) detected, template presented for uniformity of
presentation only.
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RLS Spectral Gamma—Ray Borehole Survey

Project: 100~NR-2 Log Date :May 1, 1992
Borehole: 199—N—=75 Anal Date: Aug 18, 1992

Tofdé Gsdmmo Potucs‘s/ium Urgr/lum th:c;y'um
P g T p g P
0 50 {)OO 150 2000 1020300 2 4 0 2 4

i T T H T T

10 —
20 -~
30
40
50 -
60
70 -+

80 -

I T
I |
\\\.\N v‘—f'/ \/_/\-WJV'\W\/\WN\]' -V\,./\\rf
T I T T I
| 1 1 1 1
~M’V\-MW\/«V\W\J\, \/"‘VV\V ~
T T I T T

90 s R s B o R

130 - - i : | A :

A-29



[-261, Rev. 0

RLS Spe ‘Ray Boreho e Survey

Project: 1 Log Date: May 1, 1992
Borehole: Analysis Date: Aug 18, 1992
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WHC-SD-EN-TI-261, Rev. 0

RLS Borehole Survey Report

199-N-75

Casing Depth: 20’ Size: 12" Thickness: 0.40"
Depth: 89° Size: 10" Thickness: 0.38"

Water Depth: 68.7°

Survey Depth: 0 - 86° Mode: MSA 80sec LT Date: 5/01/92

General Notes:
Very high total gamma activity observed on the surface is identified in the
borehole survey from 0 feet to 1 feet.

Man-made Radionuclides: ’
No Cesium (Cs-137) was encountered in the borehole survey The plot track is
present only for uniformity of the displayed data.

Cobalt (Co-60) was encountered in the borehole from 52 feet to 85 feet. The
cobalt decay activity detected is less than 1 pCi/g.

No Europium-152 (Eu-152) was encountered in the borehole survey. The plot
track is present only for uniformity of the displayed data.

No Europium-154 (Eu-154) was encountered in the borehole survey. The plot
track is present only for uniformity of the displayed data.
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RLS Spectral Gamma—Ray corehole Survey

Project: 100—N Log Date: Dec 03, 19 2
Borehole: 199—-N-76 Anal. Date: Jan 19, 1993
Total Gamma Co—-60
1X100 ceps pCi/g
0 10 20 30 40 50 0 10 20 30 40 50
0 2 4 6 8 10 0 10 20 30 40 50 0 10 20 30 40 50
10 — 7 ; — 10
20 — - 20
30 - L 30
40 L 40
50 — )
60 — )
70 - : 70
80 : - 80
30 ~ 5 | 90
100 - L 100
110 L 110
120 - 1 L 120
0 2 4 8 8 10 0 1 2 3 4 8

01t 2 3 4 5 01 2 3 45
1x10,000

A-33



Project:

RLS Spectra

C-SD-EN-TI-261, Rev. 0

100-N

Borehole : 199—-N-—
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WHC-SD-EN-TI-261, Rev. 0

RLS "---%""- “irvey Report
Borehole: 199-N-76

Casing Depth: 82’ Size: 4" Thickness: 0.28"
Water Depth: 67.1°
Survey Depth: 0 - 78’ Date: 12/03/92

Stations: 56 & 78’

General Notes:

The plots for potassium, uranium and thorium show that the calculated
potassium decay activities vary between about 5 and 27 pCi/g over the logged
interval, and the uranium and thorium decay activities are less than 5 pCi/g.
The computed potassium decay activity varies inversely with the uranium and
thorium activities, which is not common to the Hanford environment. The
elevated uranium and thorium decay activity is believed to orginate from the
bentonite sea11ng material.

The total gamma activity did not exceed 225 cps in the borehole survey.
Man-made Radionuclides:
Cobalt-60 (Co-60) was identified in the orehole from 4 to 77 feet with the

only continuous zone being 52 to 62 feet,with all calculated activities less
than 1 pCi/g.
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APPENDIX

HE RLS SYSTEM

The Radionuclide Logging Svstem (RLS) is a passive, high-resolution gamma-ray
energy-spectrum logging system. ...e system utilizes a semi-conducting crystal of high-
purity germanium (HPGe); the crystal is cooled during logging with liquid nitrogen, and an
electrical potential is imposed across the crystal. Gamma-ray interaction with the crystal
produces sharp electrical charge pulses with amplitudes in relation to the gamma-ray energy.
Since each radionuclide emits a gamma ray with a distinct energy for that element, the
charge pulse is recorded at a distinct point along the energy axis of the spectrum and thus
permits the discrete identification of each radioelement present. (See Figure B-1.) With
appropriate calibration, radioelement assay cc entrations, as well as radionuclide
identification, can be determined.

The logging cable equipped on : RLS was specifically designed for the system. It
suspends the detector in the well, conducts power to the detector, receives electrical signals
from the detector, and | )vides the conduit for venting the gaseous nitrogen from cooling the
logging sonde. Errors in the depth-measuring system of the RLS are mainly related to cable
stretch, cable and sheave wheel contact, and electronic encoding components. The recorded
depth of the detector is estimated to be accurate to 98.5 percent, with a precision
(repeatability) of 99 percent. Comparisons with drilling measurements, other logging
equipment, and secondary measuring systems have verified the accuracy.

There are two configuration in which the logging sonde can be used. One is in the
as-built state (standard) and the other (alternate) is with an external "shield" (gamma-ray-
absorbing material) placed around it.

The standard logging configuration optimizes the counting system for detecting low

decay activities of radioelements. The F | as frequently detected man-made radioelement
activities of 0.3 pCi/g for nu " les emitting gamma rays havir~ energies greater than 500
keV and the number of naray ni 1per ° :ay being at least one for each two decays

(greater than 50 percen.. ... max m decay activity the RLS has detected is about 1,000
pCi/g in this standard configuration.

The alternate logging configuration at present employs a lead shield and changes the
counting system to maximize the count rate. Configuring the counting system to maximize
the count rate compromises its ability to detect radioelements at low decay activities
(concentrations). The RLS as frequently detecte man-made radioelement activities
exceeding 33,000 pCi/g in this shielded configuration. The alternate logging configuration
was not employed for the surveys included in s report because of the low count rates
encountered.
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