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1.0 Introduction

1.1 Background

The U.S. Department of Energy (DOE) Richland Operations Office tasked the DOE Grand
Junction Office (GJO) with characterizing and establishing a baseline of man-made radionuclide
concentrations in the vadose zone surrounding the single-shell tanks (SSTs) at the Hanford Site.
These tasks are being accomplished using spectral gamma-ray borehole geophysical logging
measuren s made in the boreholes surrounding the tanks. The primary objective of this
project is to provide data on the tanks for use by DOE organizations. These data may also be
used to develop an SST Closure Plan in compliance with the Resource Conservation and
Recovery Act and to prepare an Environmental Impact Statement for the Tank Waste
Remediation Systems program.

1.2 Scope of Project

The scope of this project is to locate and identify the gamma-ray-emitting radionuclides and
determine their concentrations in the vadose zone sediment by logging the monitoring oreholes
around the SSTs with a Spectral Gamma Logging System (SGLS). Additional details regarding
the scope and general approach to this characterization program are included in the project
management plan (DOE 1997¢) and baseline monitoring plan (DOE 1995b). This project may
help to identify possible sources of any subsurface contamination encountered during the logging
and to determine the implications of the contamination for Tank Farm operations. = e acquired
data will establish a contamination baseline that can be used for future data comparisons, for
tank-leak verifications, and to help develop contaminant flow-and-transport models.

1.3 Purpose of Tank Summary Data Report

A Tank Summary Data Report (TSDR) will be prepared for each SST to document the results of
the spectral gamma-ray logging in the boreholes around the tank. Each TSDR provides a brief
review and a summary of existing information about a specific tank and an assessment of the
implications of the spectral gamma ;s log infi  ition, including recomm  lat 1son ture
data needs or immediate corrective action, where appropriate. Appendix A of each TSDR
presents logs of radionuclide concentrations versus depth for all boreholes around that specific
tank. A comprehensive Tank Farm Report will be prepared for each tank farm after completion
of characterization logging of all boreholes in the subject farm,

DOE/Grar  function Office Tank Summary Dat:  eport for 1ank C-107
QOctober 1997 Page |






Long data acquisition times can reduce the uncertainties in the calculated concentrations
presented on the logs. However, economic and time constraints limit the amount of time
available for data collection. The statistical uncertainty for gamma rays emitted from low-
activity radionuclides such as 2*U and ***Th can be high for this counting time, and the logs for
these radionuclides will show high levels of statistical uncertainty, as evidenced on e gs by
scatter in the plotted data and wide confidence intervals.

The minimum detection level (MDL) of a radionuclide represents the lowest concentration at
which the positive identification of a gamma-ray peak for that radionuclide is statistical
defensible. The spectrum analysis program calculates the MDL for a particular pe.  on the basis
of a statistical analysis of the spectral background level in the vicinity of the peak. The same
equations that translate peak intensities into decay rates per unit-sample mass also translate the
MDLs from counts per second (cps) to picocuries per gram. A description of the MDL
calculation is included in the data analysis manual (DOE 1997a).

The gamma-ray spectra measured in a borehole are processed using a variety of software
programs to obtain the concentrations of individual gamma-ray-emitting radionuclides. All the
algorithms used in the concentration calculations and their application is discussed in the data
analysis manual (DOE 1997a). These calculated data, which are usually presented as vertical
profiles, are used to make an interpretation of vadose zone contamination associated with each
borehole. When data from all the boreholes associated with a. cific tank have been processed
and interpreted, a correlation interpretation is made of the vadose zone contamination
surrounding each tank.

The initial SGLS calibr. on report (DOE 1995a) contains the results obtained from of ng tl
logging tools in calibration models. The calibration report presents the mathematical functions
used to convert the measured peak area count rates to radioefement concentration in picocuries
per gram. The SGLS is routinely recalibrated 2 1997d) to ensure the accuracy of the
calculated radionuclide concentrations. The calculated radionuclide concentrations derived with
these conversion factors may be as much as 14 percent higher than the actual in situ
concentrations because the concentrations of the calibration models are expressed in terms of
gamma-ray activity per unit-sample mass of dry  1lk material. However. the measurements
made in the calibrati  models were in a water-saturated environment. . u€ conversion ICtors in
the calibration report (DOE 1995a) are strictly applicable only when the )gged formation has the
same water content as the calibration-model test zones. The vadose zone contains pore-space
water in various percentages of saturation from near O percent to near ) percent, and the
boreholes are logged dry. Corrections for pore-space water cannot presently be applied to the
vadose zone measurements because the in situ water coutent is nol :ing measured.

The calibration data from which conversion factors were derived were recorded w 1alo; ng
tool in a borehole drilled through a uniform homogeneous isotropic gamma-ray-source material.
If the gamma-ray sources in the borehole being logged are not uniformly distributed in the
sediments, the conversion factor produces apparent concentrations. The concentrations
calculated for the top and bottom of a borehole are also apparent concentrations, because the
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correlation of these data with the man-made contamination. Rerun sections in selected boreholes
are used to check the logging system for data acquisition repeatability.

The log plots show the concentrations of the individual radionuclides or the total gamma count
rate in counts per second in each borehole. Where appropriate, log plots show the statistical
uncertainties in the calculated concentrations at the 95-percent confidence level (2 standard
deviations).

A combination plot for each borehole shows the individual natural and man-made rad u de
concentrations, the total gamma log, and the Tank Farms gross gamma log. The total gamma log
is a plot of the total number of gamma rays detected during each spectrum measurement. The
combination plot provides information on the relative contributions of individual radionuclides
to the total gamma-ray count. The total gamma log also provides a means for comparing the
spectral data with the historical Tank Farms gross gamma log data.

Separate plots showing the results of shape factor analysis of some of the SGLS dataa i uded
with each set of borehole plots. The values of CsSF1, CoSF1 (as applicable), { , the

radionuc ¢ abundance expressed as counts per second, and applicable quality indicators are
shown on graphs on these plots. The general expected values for the CsSF1, CoSF] (as
applicable), and SF2 parameters for radionuclides distributed uniformly in the formation or on
the outside of the casing are shown on the pli  as vertical lines.

The Tank Farms gross gamma log data were collected with a nonspectral logging system
previously used by DOE contractors for leak-detection monitoring at the}  ford Tank Farms,
This system does not identify specific radionuclides, but its logs provide an important hi  ic
record for the individual boreholes and offer a basis for temporal comparison. The gross nma
logs shown on the plots in Appendix A are the latest data available,

Rerun sections in selected boreholes are used to check the logging system for data acquisition
repeatability and are provided as separate plots. Radionuclide concentrations shown on these
plots are calculated independently from the separate gam  -ray spectra provided by the original
and repeated logging runs.

ie Log Data Report provides borehole construction information, casing information, logging
system identification, and data acquisition parameters used for each log run. A log run is a set of
spatially sequential spectra that are recorded in the borehole with the same data acquisition
parameters. A single borehole may have several log runs, often occurring on different days
because of the length of time required to log the deeper boreholes. The Log Data Report also
contains analysis information, including analysis notes and log plot notes.
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Man-Made Radionuclide Concentrations
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30-04-12 Combination Plot
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Man-Made Radionuclide Concentrations
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- Spectral Gamma-Ray Borehole
mocrec-ers Log Data Report Page 3of 3
7 og Event A
coincide with the SGLS data.

A plot showing the resuits of the shape factor analysis is included with the set of plots for s borehole.
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Shape Factor Analysis Logs
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Rerun Section of the Man-Made and Natural Gamma .o 5
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- Spectral Gamma-Ray Borehole
LS e ] Log Data Report

,,,,, Borehole 30_0 7_ 1 1 Log Event A

Page 3of 3

A plot showing the resuits of the shape factor analysis is included with the set of plots for this borehole.

A plot of representative historical gross gamma-ray logs from 1979 to 1993 is included.
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