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1.0 INTRODUCTION

The purpose of this document is to provide guidance to Health Physicists (HPs) or Nuclear
Scientists in the process of selecting, using, and analyzing energy specific radiation emissions data
using spectroscopy. This guidance is used in conjunction with standard operating procedures such
as:

e SOP-R-MCA-02, Gamma Spectroscopy Instrument Operation, Parsons Infrastructure
and Technology Group, Inc., Richland, Washington current version.

e SOP-R-MCA-02, Gamma Spectroscopy Instrument Operation, Parsons Infrastructure
and Technology Group, Inc., Richland, Washington current version.

This document addresses the use of radiation spectroscopy for collection of radiological data use in
Parsons’ field activities to support various clients. Radiation spectroscopy allows the collection of
radiation flux data as a function of energy for energetic photons (i.e., gamma rays and X-rays),
alpha particles, beta particles, and neutrons. The sections of this document addressing the various
types and methods of spectroscopy will be included in this document, as the equipment is obtained
and the need is identified. The change history will only indicate sections actually containing
information.

This document is written for the use of professional Health Physicists and Nuclear Scientists and is
not intended for use by others. It assumes a significant level of background information. This
document is intended to provide guidance for completion and ensure the consistency of these
activities. Specifically it will assist in the generation of reproducible and accurate data of the highest
quality. The information in this document is addresses professional scientific decision, for which
proceduralization is not practicable.

The major sections of this document address:

Gamma Rays/ X-rays Spectroscopy,
Alpha Spectroscopy,

Beta Spectroscopy,

Neutron Spectroscopy,

Modeling,

Survey Techniques, and
Uncertainty.

Each section is intended to provide the support information and the process for implementation of
spectroscopy in these areas to provide the data required by Parsons’ various projects.

P:/InstSOP/GD-R-MCA-01-a 09/17/015:27 PM



=> TECHNICAL GUIDANCE DOCUMENT Page: 1-2 of 3

Parsons in this Section
Title: GUIDANCE FOR SPECTRUM ANALYSIS PROCESS

No. GD-R-MCA-01 | Revision: 0 draft A | Date: August 31,2001

1.1 Definitions

Geometry as used in this procedure refers to the relative configuration between:
e The radiation source and the detector (e.g., point source beneath detector centerline a 1
cm from the detector face) and the material,
e The distribution of the radioactive material in the radiation source.
e The type and amount of any materials between the source and the detector.
The materials associated with the radiation source and any associated container including back-
scatter surfaces.

Health Physicist is professional with at least 2 years of experience in implementing health physicist
(radiological safety activities and/or radiological laboratory analysis) activities as described by the
National Health Physics Society.

Mutichannel Analyzer (MCA) is an instrument with the capability of collection of radiation flux
data as a function of radiation energy when attached to a suitable detector. These instruments
typically have associated hardware/software for the identification of radionuclides in addition to
the assessment of detected flux.

Nuclear Scientist is an individual with a background in nuclear engineering or radiochemisty and
at least 2 years of experience in the implementation of radiological analyses.

Photomultipler (PM) tube receives light pulses from a detector and produces a current pulse
proportional to the energy of the photons received by the tube and this pulse can then be sorted
and counted by equipment such as an MCA. The solid state equivalent is the photodiode.

Region of interest (ROI) is a set of spectral data peak typically associated with a radionuclide.
This set of peaks is used when quantifying activity.

Resolution is a measure of the ability of the detector, photomultipler tube, and MCA system to
include a discrete energy count in the appropriate MCA channel. In other words how
uncertain (i.e., wide) the energy peak is. The resolution is the full width at half maximum of
the full energy peak (FWHM) divided by the height of the energy peak (see Knoll, 1989).

1.2 Selection of Spectroscopy Types

To assess if spectroscopy is applicable and if applicable the appropriate types and methods to be
used to collect the data it is essential to:

e review the projected radiological conditions at the site,

o identify the type of data necessary to meet the project objectives, and

e establish the appropriate data quality objectives (e.g., a method for establishing data quality
objectives can be found in EPA, 2000 and EPA, 1987).
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Then the determination of the viability of the process based on the projected DQOs can be evaluate
using the following steps:

1. Identify the radionuclides that maybe present due to past activities at the site in the
samples.

2. Project the credible range of activities and activity ratio for these radionuclides.

3. Identify the projected background radiation levels (i.e., radionuclides, ambient flux, and
activity concentration) associated with the general environment and specific materials
(e.g., uranium decay series, thorium decay series, K-20) including decay progeny.

4. Review the radiation emissions of the materials present and assess the feasibility of

detection using the various methods based on this data.

Evaluate interferences related to background and potential material present.

6. Project system geometries for in situ measurements and collected samples, to assess
required correction for flux attenuation and impact of source dispersion on detection
capability, measurement accuracy, modeling costs, and regulatory acceptance.

7. Identify viable mechanism for radionuclide identification and quantification.

8. Identify interferences and limitations associated with the method that would limit the
viability of an approach.

9. The feasibility of obtaining confirmatory data (e.g., 2 spectral peak, radiation flux of a
specific type) to reduce the uncertainty in the results.

10. Identify potentially cost effective alternative methods (i.e., sampling and analysis,
controlling various radiation fluxes based on a conservative upper bound).

11. Identify relationship that would allow extrapolation of radiation data for a radionuclide
from other radionuclide data, including reliability, defensibility, and regulatory
acceptance.

12. Assess equipment, procedures, standards, and trained personnel availability for the
various approaches.

13. Assess the approaches cost, schedule, safety, and regulatory compliance impacts to
implement and defend.

14. Based on this data identify approach for various radionuclides that provide the best
solution for project success, with emphasis on schedule, cost, technical feasibility, and
regulatory acceptance.

W

In assessing the approach it is helpful to sort types and energies of radiations based on range in
materials, well as interference (i.e., spectral overlaps) associated with the suite of expected radiation
emissions.

The survey/analysis approach is typically documented in the work plan for the activity. In all cases
the basis for the decision should be formally documented. Note, as project conditions change the
approaches may need to be modified to provide a cost effective and safe mechanism for meeting the
project goals.
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2.0 GAMMA RAYS/X-RAYS SPECTROSCOPY

Gamma Ray/X-ray spectroscopy can be done with various types of detectors associated with a
multichannel analyzer (MCA). Typically the MCA will use software to identify radionuclides and
assess activity rather than permanently encode analysis routines. In some cases two software
packages maybe involved one for use when the MCA is attached and the other for use with just the
computer. This software package(s) is subject to the same requirements for verification and
validation that is applicable to other types of software, under the applicable Parsons quality
assurance (QA) program, such as QA-19.2.

2.1 Nal Based Spectroscopy

A typical Nal based Spectrometer consists of 6 pieces as shown in Figure 1 with associated cables
and Nal crystal/PM-Tube packaging. Parsons currently has a Universal Radiation Spectrum
Analyzer (URSA) which integrates the High Voltage supply, Pre-amplifier, and MCA into a single
unit. The Fidler detector currently owned by Parsons has a beryllium window on the Nal crystal's
integrated PM-Tube package.

2.1.1 Detector Selection

In choosing a Nal based spectroscopy system it is important to consider the detector characteristics,
particularly crystal size and window material. Thin crystal, such as the Fidler, tend to be more
effective at characterizing low energy photon emissions while large crystals such as the 3 X 3 (i.e,,
a 3 inch diameter cylinder 3 inch high) crystal is more effective at characterizing the higher energy
portions of photon spectra (i.e., gamma rays and X-rays). In addition, the lower the thickness and
atomic number of the surface coatings (i.e., typically measured as density thickness) the more
effective the detector is at measurement of lower energy emissions. Crystal size typically needs to
increase as:

e the flux to be detected decreases,
e the speed of travel (i.e., for surveys) increases,
e or the counting times (i.e., for static counting and surveys) decreases

The exception to this is when the photons of interest are low energy and then large diameter thin
crystal allow the large detection area but decrease the background associated with the higher energy
photons that would be detected in the additional volume of a larger crystal. Crystals with a well
within the crystal allow the detection efficiency based on crystal geometry to exceed 2O thus
significantly increasing the detection efficiency. Very large and specialized crystal shapes and sizes
are often cost prohibitive. Detector selection is often the balances of what is practicable with the
technically ideal solution, with detector selection being controled by the data quality objectives and
considerations of practicality. If the choice of crystal size and shape is not obvious or addressed by
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Figure 1 Typical Nal Spectrometer Package
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specific guidance then it is typically appropriate to select a detector based on simple Monte Carlo
modeling (see Section 6.0) of the detector response to determine what detector will allow you to
meet your DQOs and schedule, within the acceptable range of costs.

Parsons currently has a Fidler crystal (see technical information in the Technical Manual section of

the Parsons SOP manual). 1 X 1 (i.e., a 1 inch diameter cylinder 1 inch high),2 X 2. and 3 X 3
crystal are readily available for sale or rent.

2.1.2 MCA Setup

The setup of an MCA system is dependent on the equipment to be used. Each system currently
used by Parsons will be addressed briefly. In all cases setup should be based on a through review of
the manufacturer provided documents.

2.1.2.1 Universal Radiation Spectrum Analyzer (URSA) with Nal Detector

Most of the setup parameters for the URSA system are addressed in procedure SOP-R-MCA-01,
Gamma Spectroscopy Instrument Operation (URSA) and SOP-R-MCA-02, Gamma Spectroscopy
Instrument Calibration (URSA). As part of the setup process for the URSA (see
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Figure 2) the Project Health Physicist (PHP) will need to provide some specific direction on the
setup of the equipment. Sections 1.2, 2.0, 2.1, and 2.1.1 address the initial identification of the
required equipment.

Smoothing factors are used to remove some of the spurious statistical fluctuations in the spectral
data. A smoothing factor is basically some type of moving average. Smoothing is most important
during the peak identification process of the spectral analysis and the analyst will typically look at
various values to so that the most effective credible peak identification can be obtained. The
smoothing factor for data collection is typically set so that the low energy peaks in the Cs-137
spectra can are just below the resolution of the instrumentation. The URSA peak smoothing scales
are 1, 8, 16, 24, 36, and 48. Based on past experience and a review of resolution of the Cs-137
spectra the PHP will establish the appropriate smoothing factor.

During setup the PHP will need to provide the projected initial operating High Voltage and
Maximum High Voltage for the detector. This information should be present in the detector’s
manual/literature or from the manufacturer, although the initial operating high voltage may be more
effectively determined based on past experience with the detector once sufficient data is available.
The PHP may elect to reduce the Maximum High Voltage recommended by the manufacturer to
reduce the noise at low energies. This will typically result in the need to increase the pre-amplifier
gain during the setup activities (see SOP-R-MCA-02).

The recalibration period for the equipment setup is typically based on manufacturer
recommendations, although this should be modified in experience with the equipment or similar
equipment for the intended usage indicates other values are more appropriate. For the activities
associated with setup and calibration of the URSA (see SOP-R-MCA-02) the recalibration periods
in Table 1 have been established pending better data.
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Figure 2 URSA MCA General Operations Screen

URSA MCA

Table 1 Calibration Expiration Period
Typical Re-
- Setup/Calibration Period
i (chol:)se less those listed)
(months)
Setup 12
Energy Calibration 12 or Setup expiration
ROI 12 or Energy Calibration
expiration
Efficiency 6 or ROl expiration
Calibration

Choice of the calibration source must be based on the projected radionuclides of interest and those
potentially present in the background materials and the ambient environment. The selection of the
calibration source(s) should be to span the energy range of interest as determined based on Sections
1.2 and 2.1.3. Where feasible a peak every 200 to 300 keV is preferred with a total activity of less
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than 500,000 cpm in the detector corrected for the area and projected position of the source. In
addition a 1 KICi Cs-137 source is helpful for setup and calibration of the system. These sources
must be traceable to the National Bureau of Standards and Technology (NIST) or an equivalent
organization. If quantification is not required then, the source traceability need only address
identification/purity of the radionuclides and a general indication of the radionuclides relative
activity. When specifying spectra lines for radionuclide identification the specification of a
primary and secondary line with a known relative activity ratio is preferred.

To establish the count times (or required number of counts) for spectral collection the PHP must
consider:

o the established data quality objectives and how to effectively achieve them including the
balancing of background data count times and location/sample count times.

e practicable limitations of cost, schedule, and personnel exposure.

e whether it is feasible to review results and then re-initiate data acquisition at a later time
if further data is needed for a location/sample to meet the data quality objectives.

o the projected radioactivities of the various radionuclides that may be present.

e the level at which the activity can be treated as not requiring detailed quantification (i.e.,
the point at which only a less than number is required) for the limiting case
radionuclides, and

e atypical count time is about 30 minutes for in situ measurements at environmental levels
and about 5 to 10 minutes for sample counting but is dependent on source activity.

It is important to recognize that count time (or required number of counts) is always a balance
between practicality and data accuracy, which must reflect the data quality objectives.

2.1.3 Analysis of Nal Spectra

The software associated with MCA provides an integrated system of peak analysis for the
identification of radionuclides and peak height analysis to assess activity of the radionuclide. When
interpreting Nal spectrometer results various effects, which may be dependent on crystal size and
geometry, must be considered. These peaks are best characterized based on experimental data but
can be projected using Monte Carlo analyses. The discussions in this section are based on
Shafroth,1967; Knoll, 1989; and Crouthamel, 1970.

2.1.3.1 Peak Identification and Quantification Interferences

When attempting to identify and quantify radionuclides in the environment or a sample, the
potential interferences associated with Nal spectroscopy will need to be considered. This includes
the continuums and peaks produced that are not useful for the identification and quantification of
the radionuclides present and the presence of ambient background radiation and radioactive
material. These interferences result in peaks that do not support radionuclide identification and
quantification and effect that significantly reduce the resolution of the peaks of interest. In some
cases for low count rate peaks the peak may be totally obscured by these interferences. In addition,
background or source material of interest may also produce peaks that totally obscure a peak of
interest. Also a peak may result in the identification of several radionuclides most or all of which
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are not present or not of interest. Thus the review of spectral data to identify radionuclides and
quantify the activity present must involve a detailed analysis of the results with support information
to provide an assessment of radionuclides present, their quantity, and the uncertainty associated
with this determination. The sections that follow provide a brief introduction to some of the
potential interferences.

The characteristic X-ray escape peaks are one effect (see Figure 3). In the photoelectric
absorption process, the absorber (i.e., about 29 keV) emits a characteristic X-ray for Nal. If this X-
ray escapes before absorption (i.e., many of the X-rays emitted near the detector surface may
escape) this energy is not detected. Thus energy deposited in the detector is decreased by the
energy of these X-rays, that escape; resulting in a second peak with energy equal to the photopeak
minus the energy of the characteristic X-ray. This peak is generally called the X-ray escape peak
and is most significant in low incident gamma ray energies and for detectors, like the Fidler, with
high surface to volume ratios.

Figure 3 X-ray Escape Peak (Shafroth,1967)
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The compton continuum is another characteristic of the interaction of radiation with the affects the
spectra. Compton scattering produces a continuum of energies from the scattering of radiation (see
Figure 4). At several hundred keV compton scatter becomes important. Since only a fraction of the
incident energy is absorbed in compton scattering the variability of this fraction results in a
continuous distribution of energies rather than a discreet peak. This continuum can interfere with
peak identification.
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Figure 4 Compton Continuum (Shafroth,1967)
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Figure S Bremsstrahlung Escape (Knoll, 1989)
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The bremsstrahlung escape continuum (see Figure 5) is a source of interference with peak
identification. This is caused by the escape of some of bremsstrahlung photons which decreases the
energy absorbed in the detector based on the amount of energy lost. The fraction lost increases
significantly as the energy of the incident photon increases.

A similar process involving the loss of the secondary electrons also occurs near the surface of the
crystal and may cause an effect similar to characteristic X-ray escape or bremsstrahlung escape if
the crystal is small (e.g., a Fidler crystal). This effect is more significant for higher energy photons
since the secondary elections will have a higher energy and thus a longer range.

The backscatter peak (see Figure 6) may also be present in spectra. A peak in the vicinity of 0.2 to
0.25 MeV caused by gamma rays from the source that have interacted with the surrounding
materials, including the detector wall, by compton scattering.

The annihilation peak if the source included positron emitters or the photon spectra has energies in
excess of 1.2 MeV so pair creation can occur, then the photons associated with positron annihilation
(i.e., 0.51 MeV) (see Figure 6) may occur in the spectra. If the 0.51 MeV is pronounced you may
also multiples of this energy due to simultaneous detection of annihilation photons.

In addition background material and the ambient environment provides various sources of
radiation with their own characteristic peaks that interfere with radionuclide identification based on
peak identification. Typically this impact can be minimized by electronic subtracting out the
applicable background spectra if it is available. Typically these are the naturally occurring
radionuclides (e.g., see Table 2) and in some cases other isotopes maybe present due to commercial
usage of radionuclides and possibly fallout. In addition to the natural environment ambient
background, there are also various materials that may contain or have associated radioactive
material (e.g., see Table 3) which will also produce interference in the data collected. Thus it is
important to consider the impacts of background radiation and the approach for correcting for this
impact (e.g., typically background subtraction).

These interferences result in false peak and peak broadening which must be considered during peak
identification. In addition, any peak maybe be an indicator of several different radionuclides thus
other consideration must be used to support peak identification. Whenever feasible radionuclide
identification should be based on multiple peaks that occur in the correct relative ratios. Finally the
credibility of the presence of the radionuclide must be considered.

2.1.4 Peak Identification/Quantification Library

Peak identification libraries are needed for the peak identification process and the activity
quantification process. These libraries need to include both peak energy and yield data. The default
libraries supplied by the URSA manufacturer are based on David Kocher’s Radioactive Decay Data
Tables (DOE/TIC-11026). All peak identification/quantification libraries must be based on a
recognized source of spectral data. Currently the preference for the source of this data, in order of
preference, is:
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I. U.S. Department of Energy ‘s National Nuclear Data Center (NNDC) at Brookhaven
National Laboratory (access is available through the internet),

2. David Kocher’s Radioactive Decay Data Tables (DOE/TIC-11026), or

3. ICRP,s (International Commission on Radiation Protection) Radionuclide
Transformations Energy and Intensity of Emission, Annals of the ICRP, ICRP

Publication 38.

Use of library data sources is questionable and a specific justification of such a decision needs to be

documented. Peak libraries should include all credible radionuclides including those associated
with background. Any library used must be approved by the PHP and, if it is not an existing
iibrary, it must be documented and reviewed, as if it were a Parsons’ calculation.

Figure 6 Annihilation Radiation Related Peaks (Crouthamel, 1970)
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Table 2 Naturally Occurring Radionuclides (ICRP-38, NCRP-93 & NCRP-94)

Gamma/
Radionuclide Parent Source Alpha Beta X-ray
Emission Energies (MeV)
H-3 cosmogenic natural (very low abundance) 0.00568
Be-7 cosmogenic natural (very low abundance) 0.478
C-14 cosmogenic natural 0.04945
Na-22 cosmogenic natural (very low abundance) 0.215 0.511,1.28
K-40 primordial natural (about 0.0118% of 0.585 1.46
natural K, usually a small
fraction compared to U in most
soil/rock based materials)
Rb-87 primordial natural (Rb abundance is less 0.111
than 1% of K)
Th-232 cosimogenic natural (activity is typically 1 to | 9.9 - 4.1
4 times the U-238 activity)
Ra-228 Th-232 Th-232 0.055
Ac-228 Ra-228 Th-232 1.2-2.1 0.34 - 0.96
Th-228 Ac-228 Th-232 53-54 0.08
Ra-224 Th-228 Th-232 54-57 0.24
Rn-220 (gas) Ra-224 Th-232 6.3
Po-218 Rn-220 Th-232 6.8
Pb-212 Po-218 Th-232 0.35-0.59 024-03
Bi-212 Pb-212 Th-232 6.0-6.1 1.6-23 0.04-1.7
Po-212 Bi-212 Th-232 8.8
T1-208 Bi-212 Th-232 1.3-1.8 S5-2.6
U-235 cosmogenic natural (in natural uranium 43-4.6 0.14-0.2
about 4.5% to 5% of U-238
activity)
Th-231 U-235 U-235 0.14-031 0.03 -0.08
Pa-231 Th-231 U-235 49-50 0.02 —0.08
Ac-227 Pa-231 U-235 48-50 0.4 0.02 -0.09
Th-227 Ac-227 U-235 5.7-6.1 0.05-0.31
Fr-223 Ac-227 U-235 1.2 0.05-0.24
Ra-223 Th-227/ U-235 56-5.38 1.5-0.33
Fr-223
Rn-219 (gas) Ra-223 U-235 64-0.8 027-04
Po-215 Rn-219 U-235 7.4
Pb-211 Po-215 U-235 029 -1.39 0.410-0.83
At-215 Po-215 U-235 8.0
Bi-211 Pb-211/ U-235 6.2-6.6 0.35
At-215
Po-211 Bi-211 U-235 7.5 0.57-0.9
T1-207 Bi-211 U-235 1.4
U-238 cosmogenic natural 4.15,4.2
Th-234 U-238 U-238 0/103,0.193 | 0.063,0.093
Pa-234m Th-234 U-238 2.29 0.765(0.3%),
1.00 (0.6%)
U-234 Pa-234m U-238 4.72,4.77 0.053 (0.2%)
Th-230 U-234 U-238 4.62,4.68 0.068(0.6%)
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Table 2 Naturally Occurring Radionuclides (ICRP-38, NCRP-93 & NCRP-94)
Gamma/
Radionuclide Parent Source Alpha Beta X-ray
Emission Energies (MeV)
Ra-226 Th-230 U-238 4.6,4.78 0.186
Rn-222 (gas) Ra-226 U-238 5.49
Po-210 Rn-222 U-238 6.0
Pb-214 Po-210 U-238 0.65,0.71, 0.295,0.352
0.98
Bi-214 Pb-214 U-238 1.0, 1.51, 0.609, 1.12,
3.26 1.76
Po-214 Bi-214 U-238 7.69
Pb-210 Bi-214 U-238 0.016, 0.061 0.047
Bi-210 PB-210 U-238 1.16
Po-210 Bi-210 U-238 5.31
Table3 Common Comsumer or Industrial Product Radionuclides
Radionuclide | Source Alpha | Beta | Gamma/X-ray
Emission Energies (MeV)
Ra-226 & [nstrumentation Dials (i.e., luminous materials), Various see Table 2.
progeny lighting rods
Th-232/U- Building materials, ceramics, counter weight, or Various see Table 2.
238/U-235 & | high density weights, ceramic glazes, fly ash
progeny
Th-232 Welding Rods, Lantern Mantels, special glass (e.g., Various see Table 2.
lenses)
Am-24] Smoke Detectors, Pace Makers, density gauges 5.49, 5.44 0.060, numerous lines
below this region
H-3 Lights/lighting, luminous materials 0.00568
K-40 Fertilizers, dental products 0.585 1.46
Co-60 Various frradiation and gauging sources, Spark gap 0.0958, | [.17,1.33
irradiators, spark tubes & glow lamps (i.e., 0.626
fluorescent tube starters)
Ni-63 Voltage regulators, surge protectors, spark tubes & 0171
glow lamps (i.e., fluorescent tube starters)
Kr-85 Lighting, electronic tubes, spark tubes & glow 0.251 0514
lamps (i.e., fluorescent tube starters)
Cs-137 Various Irradiation and gauging sources, Voltage 0.173, 0.662
regulators, surge protectors 0.425
Pm-147 Luminous materials, spark tubes & glow lamps (i.e., .062
fluorescent tube starters)
Po-210 Static eliminators 5.31
Pb-210 Voltage regulators, surge protectors Various see Table 2.
Pu-239 Density gauges 5.1,52 numerous lines in the
less than 0.03 region
Pu-238 Pacemakers 5.46, 5.5, numerous lines in the
less than 0.03 region

P:/InstSOP/GD-R-MCA-01-a

09/17/015:27 PM




=> TECHNICAL GUIDANCE DOCUMENT Page: 2-12 of 15

Parsons in this Section
Title: GUIDANCE FOR SPECTRUM ANALYSIS PROCESS

No. GD-R-MCA-01 ‘| Revision: 0 draft A | Date: August 31,2001

2.1.4.1 Libraries Of Specific Radionuclides (LSR)

Typically MCA radionuclide/isotope identification/quantification software allow development of
libraries of specific radionuclides (LSR). These LSRs reduce the number of false identification of
peaks that may have multiple attributions. However, they may also result in the failure to
appropriately identify and/or quantify radionuclides, if the LSR is not complete. When establishing
an LSR it is important to include all radionuclides that may be present associated with the location,
sample, material background, and/or ambient environment. In addition, all peaks that are
significant contributors to the flux (i.e., 1% ) need to be identified, even if they will not be used for
identification and quantification of the radionuclide, they may represent an interference to another
radionuclide. This becomes particularly important when a more common radionuclide has a peak
that may interfere (i.e., cause false identification or quantification) of another radionuclide because
it has a minor peak in the same region. These interferences complicate the interpretation of spectra
significantly particularly for radionuclides with very low action levels/DQOs.

The LSRs developed must meet the criteria for a library, as specified in Section 2.1.4. As long as
the library from which the LSR is generated is appropriately documented, the documentation of the
LSR can be limited to the working datasheets and project specific documentation. However, it
should to added to the LSR Listing datasheet in the SOP Manual and verified by a Health Physicist.

2.2 Analysis of Nal Spectra

Spectrum analysis is initiated by setting up the URSA or running the URSA software on a
computer. Select the appropriate ROI for the spectra being analyzed. Identify the spectra to be
analyzed and associated background(s) spectra, then initiate a Radionuclide Identification
worksheet (see Appendix A) (RIW). The analysis number on the RIW is sample/location spectrum
file name proceeded by “RIW-*. If quantification is required page 2 of the RIW will be completed.

2.2.1 Radionuclide Identification

The background spectrum for the sample/location spectrum of interest should be loaded as the
background spectra and the sample/location spectra as the active spectrum. Document the
background spectra’s file name(s) on the RIW and assign it an identification (which is unique for
this datasheet). Where multiple background files maybe applicable the sample/location spectrum
maybe analyzed with each and the results used to select the background most appropriate to the
sample/location. Background subtraction should improve the resolution on the peaks of interest.

Once the spectra are active, use the URSA software to find the various peaks and repeat this process
with the various smoothing factors, as needed, to eliminate noise based peak identification but not
eliminating real peaks. If several smoothing factors appear appropriate treat each one as a separate
case and assign it the existing analysis number followed by a lower case Greek letter with first letter
assigned to the smallest smoothing factor to be evaluated and then increasing both as needed. If
multiple smoothing factors are used in the analysis, the smoothing factor analysis must include all
available smoothing factors between the smallest and largest smoothing factors used. Review the
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peak identification visually and eliminate inappropriate peak identification and add any peaks that
may have been missed. Have the software conduct a peak identification analysis and print out a
copy of the peak identification report. Record the RIW number, a dash (i.e., “-), “P”, a dash (i.e.,
“-), the background filename identifier from the datasheet, and if necessary a dash (i.e., “-*)
followed by the smoothing factor lower case Greek identifier. Review the outputs of this peak
identification process against the projected interferences discussed in this document and identify
any peak may be inappropriately identified. Then review of the radionuclides identified for
confirming peaks and credible radionuclides that maybe present. Identify the peaks that appear to
be clearly appropriately identified and those that are clearly misidentified and annotate this on the
record.

[f a peak is identified several times be sure to resolve, which muitiple identifications may be valid.
The determination maybe based on determining if the relative fraction of the peak that should be
assigned to each identification is appropriately apportioned for the confirmatory peak and other
information (i.e., known relative ratios of radionuclides based on known relationships, such as
progeny or natural relative isotopic ratios). If there are peaks that have multiple identifications note
this on the report for later followup. Also clear identify any unidentified peaks for followup. Sign
and date this report near the identification number on this report. This gives real time results of the
radionuclides identified and activity present and may lead to additional steps being performed. The
radionuclide identification should be completed initially through peak centroid +/- 10 keV (or a
value specified by the PHP and noted in the comment section of datasheet GD-R-MCA-1-2,
Appendix A) comparison and confirmed through comparison of the full width at half maximum
(FWHM) of the software library and the results. Through the use of these two techniques the
potential for misidentification can be limited.

Repeat the process described above based on peak identification for an analysis based on FWHM.
The “P” in the identification number will be an “F” for the FWHM analysis. Repeat this process to
address all applicable smoothing factors and background data sets.

Use these reports and any available support data to complete the analysis and the Radionuclide
Identification worksheet (see Appendix A) (RIW). Identify these reports on the RIW and attach
them to the RIW. Radionuclide identification should use both sets of data and where applicable any
data reports based on alternative backgrounds and smoothing factor data to attempt to eliminate
multiple identification of peaks and unidentified peaks documenting this on the radionuclide
identification worksheet. The analyst will document the basis for radionuclide identification on the
RIW. Where there is multiple identification of peaks that cannot be resolved based on other data
the HP may show alternatives for the radionuclides identification, then the limit case (i.e., limiting
case for the specific analysis or evaluation being made) radionuclide will be used in subsequent
analysis. Note, when several alternative radionuclides are identified use of these radionuclides in
the analysis should not exceed an applicable fraction greater than one. Laboratory based analysis
may also be used to resolve peaks with multiple identification or unidentified peaks if determined to
be justified by the PHP and Project Manager.
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2.2.2 Radionuclide Quantification

Quantification of the activity is based on the ROI and associated peak identification. For the
radionuclide identification the URSA should be calibrated for the specific or span the range of the
radionuclide of interest in the ROI being addressed. This should include consideration of
confirmatory peaks. Note, quantification can only be done based on traceable sources. The activity
projected by the URSA using the quantification results will be based on the specific geometry of the
calibration sources used in quantification. The sources are typically point or small area sources.
However, the material being characterized is often in a different relative geometry with attenuation
of the flux occurring from the source and intervening materials. To defend quantification of the
activity present it will be necessary to model the impact of the geometry including potential
variability in the geometry and correct the difference from the calibration source geometry.

Often in situ quantification provide a more accurate assessment of true conditions where the
material is not uniformly distributed at the location or located on the surface at the location.
Laboratory sample for non-uniform contamination generate inconsistent (i.e., randomly providing
ultra-conservative or non-conservative results in some cases) results depending on:

e  Whether the random sampling process collected the locations of high contamination and
e Whether the material collected contained large amounts of contaminated material.

If the sample is high localized (e.g.. surface contamination) the amount of matrix required to meet
the minimum analytical requirements typically results in significant dilution of the sample and
significant under estimation of the surface activity concentration. In addition, in situ quantification
can provide a more practicable solution.

To correct for geometry effects it is necessary to accurately model (i.e., assess) relative flux
associated with:

e The detector-source geometry to provide the calibration baseline,

e The credible detector-source geometries to provide an assessment of the potential
correction for the difference between the calibration geometry and the potential
conditions, and

e Model the credible detector-source geometries to include consideration in the variability
of material thickness. composition, and density in assessing these differences.

Once the data has been modeled, the geometry correction factor(s) (GCF) can be calculated for each
credible geometry (including consideration of material thickness, composition, and density) using:

GCF = (credible detector-source geometry flux based on modeling)
/(detector-source geometry to provide the calibration baseline flux modeling).

Once the range of GCF (with their associated uncertainties are established) the range of and a
typical GCF for a measure can be established. The typical GCF is a probability weighted average
for the various credible GCFs. The projected activities measured by the URSA are multiplied by
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the GCF or the range of GCFs to assess the range of activity that maybe present for a specific
measurement. In making these assessments it is essential to consider the propagation of error in the
results and provide the associated uncertainties. (see Section 9.0)

These results should be documented consistent with the applicable Parsons and project calculation
documentation procedure/requirements.

2.3 Intrinsic Germanium Spectroscopy

Reserved for later use.
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3.0 ALPHA SPECTROSCOPY

Reserved for later use.
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4.0 BETA SPECTROSCOPY

Reserved for later use.
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5.0 NEUTRON SPECTROSCOPY

Reserved for later use.
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6.0 MODELING

The purpose of modeling is to determine the relationship between the calibration geometry and the
field geometry to allow quantification of the measured activity. Typically the intent is to assess the
difference in the detected flux in the detector for the two conditions so a correction factor based on
the relative ratio for assessment of activity can be developed. Such modeling would involve the
assessment of the relative changes in the detected flux between the calibrated conditions and the
field conditions. Often the field conditions must be projected based on a range of conditions that
might exist. When assessing the calibration and field conditions it is import to address:

Relative distance and position of the source relative to the detector,

The materials and geometry of the detector,

The materials present between the source and the detector,

The source geometry, materials, and the activity distribution within the materials,
Potential back-scatter surfaces (location and material),

When assessing material properties the type of material and its density will need to be
addressed, and

e The probability of the various variable field conditions existing.

The acceptable uncertainty and level of detail associated with this data and the selection of the
software used to model the relative relationships is based on the requirements of the DQOs. In all
cases the uncertainties in the modeling and the propagation of these uncertainties in results must be
considered.

Currently Parsons typically uses MCNP software for this modeling. All modeling activities must be
clearly documented consistent with Parsons and the project requirements for the documentation of
calculations. Further, the software used must be validated and verified for this use consistent with
the Parsons and project procedures and requirements.

The results of the modeling are normally an assessment of the Correction Factor (CF;) between the
field geometry detected flux (FGFi) and the calibration geometry’s detected flux (CGF;) for field

(1342

geometry “i”. Specifically:
CF; = FGF;/ CGF.

Where defensible, probabilities can be assigned to the various field configurations (P;) then a typical
Correction Factor (CF,) can be provided where:

CF,="[" P, * CF; .

When calculating CF;s and CF; ensure that the propagation of error is considered to provide an
assessment of uncertainty. The CF data will normally include the range of applicable CFis, and CF,
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with 95% confidence level uncertainties. The workplan, sampling and analysis plan, and/or the
DQOs will establish:

e What modeling is required,
e The acceptable uncertainties (i.e., typically 95% confidence level two tailed),

e  Which CFs are calculated and how they are used.

All CF determination shall be clearly documented in a calculation consistent with Parsons’ and the
project’s requirements and procedures.
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7.0 SURVEY TECHNIQUES

The survey techniques used by Parsons should be consistent with:

o MARSSIM,

e NMSS Decommissioning Standard Review Plan (NUREG-1727)

e Manual for Conducting Radiological Surveys in Support of License Termination
(NUREG/CR-5849),

e Analysis of the Ability of Current Health Physics Instruments to Predict Dose in Exposed
Individuals (NUREG/CR-4239),

¢ Human Performance in Radiological Survey Scanning (NUREG/CR-6364),

e A Nonparametric Statistical Methodology for the Design and Analysis of Final Status
Decommissioning Surveys (NUREG-1505),

¢ Measurement Methods for Radiological Surveys in Support of New Decommissioning
Criteria (NUREG-1506),

e Minimum Detectable Concentrations with Typical Radiation Survey Instruments for
Various Contaminants and Field Conditions NUREG-1507),

e applicable Parsons SOPs,

e applicable project requirements and procedures,

e the project DQOs, and

e good health physics practices

In selecting survey techniques it is important to consider:

e DCGLs and associated DQOs for the project,

e the type, energy, and projected flux of the radiation to be detected,

e possible inference/confounding-factors in interpretation of the data based on the
projected radionuclides of interest in the background environment,

e the detection limitations for the instrumentation based on survey height and scanning
rate,

¢ scanning heights should be consistent with projected averaging areas/volumes for
contamination based on the DQOs and field conditions,

e the human factor limitations for personnel (e.g., detection of change, such as meter

movement versus sound, easy of repetitive handling of the equipment),

when scanning versus static counts will be used,

when energy based radionuclide identification maybe appropriate,

where direct survey versus smears/material-sampling should be used,

the environmental conditions at the site,

practicability limitations in the selection of equipment,

regulatory acceptance of the equipment,

availability of established procedures and protocols, and

e availability of the instrumentation and personnel required.
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The basis of the selection of survey instrumentation types and techniques will be fully documented
in the DQO and SAP documentation.
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8.0 DATA VALIDATION AND VERIFICATION

The data validation and verification process consists of several components, such as:

e Project’s DQO or equivalent based data validation and verification process as addressed
in Section 8.1 of this document.

e Project’s or Parsons’ process for the investigation of apparent data errors during
collection as addressed in Section 8.2 of this document,

e Validation and verification of the software used in support of radiological survey and

analysis activities that are addressed by applicable project or Parsons procedures, such as

QA-19.2, Quality Assurance Procedure, Computer Software Verification and
Validation, I, Quality Assurance Manual, Parsons, Richland, Washington,

e Validation and verification of modeling and other calculations that are addressed by
applicable project or Parsons procedures such as, Preparation of Calculations, Project
Procedures Manual, Parsons, Richland, Washington,

e Resolution of nonconformance reports (NCRs) associated with data that are addressed
by applicable project or Parsons procedures such as, QA-15.0, Quality Assurance
Procedure, Nonconformance Control, Quality Assurance Manual, Parsons, Richland,
Washington.

8.1 General Data Validation and Verification Process for Verified Field Data

The general data validation and verification activities discussed in this document are intended to
support the data validation and verification process associated with the specific project. When ever
discrepancies are identified the appropriate project and QA procedures (e.g., NCR process) should
be implemented, as needed. The first step in the data validation and verification process is to
review the data documentation and ensure that it meets the requirements of the applicable
procedures and requirements. Verify that the appropriate paperwork is in place and signed by the
data collector and verifier.

Once it has been established that the appropriate documentation is available the analysts and data
collectors should review the data for the following technical considerations, prior to its release to
the customer:

e Are the data technical consistent,

Is the behavior of the data consistent with known scientific principles,

Are the changes in the data discontinuous or the rate of change incongruous, such that the
data suggests that a recording or collection error may have occurred.

Do the results fall below background at a frequency or in an amount that would suggest a
recording or collection error beyond the normal fluctuations of background.

Does the data imply the unexplained creation or loss of flux or material beyond the
variability expected in the statistical fluctuation of the data.
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- Is the activity and the associated units consistent with the credible range of data values.

- Review the specific activity of the source materials to verify that the mass, density, and
activity have credible values.

- Are there any non-credible radionuclides identified based on the data.

- Are the radionuclides that should be present represented in the data at credible levels.

- Are the relative ratio of activity and hazards consistent with known scientific information.

e Were appropriate and current calibration sources used,

- Are all the sources used in the calibration of the instrument traceable with current
calibrations.

- Do the sources used in the calibration span the energy range of interest.

- Are the activity levels of the sources consistent with the capability of the instrumentation
and at a level and accuracy to meet the quantification required in the DQOs.

- Is there evidence that the source have been damaged so that the calibration may not be valid.

- Is the source geometry consistent with that needed to meet the DQOs or has justified
modeling been performed to address the impact of the source geometry.

- Is the energy response behavior consistent with expected energy response and/or scientific
principles.

- Are there coatings on the source that may degrade the energy of the emitted photons.

e s there appropriate documentation for all calibrations sources in the records,

o Were appropriate peaks selected for radionuclide/isotope identification and quantification of

activity,

- Are the peaks selected for radionuclide identification part of the designated
radionuclide/progeny spectra.

- Are there interferences from background. detector/instrument response. or other
radionuclides that may have resulted in an incorrect interpretation of this data.

- Were confirmatory peaks selected and evaluated to verify the interpretation of the primary
peaks.

- Are the relative activity ratio between the primary and other peak associated with
radionuclide consistent with the yields for each peak.

- Does the peak analysis and FWHM produce consistent results.

- Are there peaks with duplicate identifications that can be separated.

- Are the unidentified peaks and how will their identification be resolved.

- Isit feasible to quantify the activity based on the activity level of the peak and the
interference from other sources of spectral data.

s Are the background values credible and are the background data consistent with the statistical
variability expected,

¢ Are the expected progeny present and in the appropriate ratios (Note, when making this
assessment the variation in solubility of the progeny and presence of gaseous progeny may
affect these ratios significantly),

e Are the expected background radionuclides present,

P:/InstSOP/GD-R-MCA-01 -a 09/17/015:27 PM



‘E.)‘ TECHNICAL GUIDANCE DOCUMENT Page: 8-3 of 4
Parsons in this Section

Title: GUIDANCE FOR SPECTRUM ANALYSIS PROCESS

No. GD-R-MCA-01 | Revision: 0 draft A | Date: August 31,2001

e Are there any radionuclides identified or present in concentrations that are not credible or at
least require followup,

Have appropriate background data sets been obtained,

[s there consistency between these values and the other survey data,

Are the radionuclides present in credible relative ratios,

[s additional count time required to resolve spectra appropriately,

Are there unidentified peaks that require resolution,

Are there potential mis-identified peaks (e.g, impact of interferences),

Does the equipment appear to be functioning properly,

Were any technical concerns/inconsistencies appropriately followed up on and resolved,
Has the appropriate quality control/verification samples been taken,

Are there any other outstanding technical, operational, or quality issues associated with the data.
(Carefully review any comments on the datasheets as an indication of such impacts.)

Review the survey results using other techniques to verify that they are consistent with the results
from these calculations. Consider progeny and other radiation emissions. If there are
inconsistencies issue an NCR to document resolution of this potential inconsistency. The
explanation or justification of any inconsistencies should be documented in a manner consistent
with Parsons or the project’s procedures and requirements addressing calculations.

If samples are sent for analysis then review these sample results and compare them with the in situ
measurements for this activity. [fthe values are not consistent (i.e., with the projected uncertainties
of the two results) review the data for potential problems and issue and NCR to document resolution
of this potential inconsistency. The explanation or justification of any inconsistencies should be
documented in a manner consistent with Parsons or the project’s procedures and requirements
addressing calculations.

[t is recommended that appropriate statistical tests be applied to the various data sets to verify that
statistical anomalies are not present in the data. Statistical anomalies in the data shall be treated like
any other data discrepancy and handled accordingly.

8.2 Resolution of Field Data Verification Problems

Until the data quality and associated uncertainty are resolved the data should be labeled as suspect
and not used for safety or environmental protection determination, unless the data is assumed to be
the most conservative value. If there is an apparent problem associated with data collection the HP
or Project Manager should initiate an NCR documenting the apparent problem. The HP shall
review the apparent problem to determine its impact on data quality. If the data is determined to be
suspect and thus not usable this should be documented on the NCR form and the process resolved
under the NCR process. If the HP determines that the data is usable then in addition to the
implementation of the NCR process the HP shall provide a technical justification of the data validity
in the form of a Parsons calculation which must be prepared, reviewed and issued in a manner
consistent with applicable project and Parsons procedures and requirements.
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In establishing the potential validity of impacted or suspect data the HP should review the source
and probability of occurrence of the event or condition that cause the impact. Determine the
additional uncertainty this condition may have on the resulting data. Then the HP should determine

if the data has any functional value based on this uncertainty.
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9.0 UNCERTAINTY

Uncertainty in the results for these measurements must always be determined and justified based on
sound scientific/engineering data and practice. This uncertainty may come from many sources
including:

Statistical variability in the nuclear decay and counting process.
Measurement error inherent in the equipment.

Visual uncertainties resulting from interpolating a scale.

Variability of the natural environment and the materials being measured.
Uncertainty in the calibration of the equipment.

e Inherent bias in the measurement or measure data set.

e Statistical variability or inhomogeneity in the item or area being measured.
e Human observation and recording errors or intentional misrecordings.

With the exception of human observation and recording errors or intentional misrecordings
the process will attempt to minimize and quantify these errors. The procedural and guidance
process used in this activity is intended to minimize the potential human observation and recording
errors or intentional misrecordings errors.

The statistical variability associated with the various process (e.g., the nuclear decay and
counting process) is addressed using counting statistics and increasing the count times and number
of counts/sample taken. Typically most thing in nature have lognormal distributions with the
exception of basic natural process like radioactive decay, which is normal (i.e., pure guasian
distribution). As the activity levels (i.e., count rates) decrease poisson statistics should be applied to
the evaluation of this data. Whenever a statistical distribution other than those described above is
used to characterize data associated with this activity a clear justification for the choice must be
provided as a basis for this alternative distribution based on the physical characteristics of the
process and not just on the apparent statistical behavior of a very limited data set. The confidence
level to which uncertainties are to be established should be based on the DQO process with a default
assumption that all uncertainties in data should be established at the 95% confidence level.

The measurement error inherent in the equipment are quantified by the calibration and accuracy
check process for the instrumentation. Further, potential failure can be projected by the control
charting process. The upper and lower bounds of the acceptable uncertainties are established based
on the DQO process. The accuracy check boundary and the calibration uncertainty maybe used to
assess the uncertainty associated with the equipment, although use of the actual calibration and
accuracy check uncertainty maybe used. Data like the fine tuning results from the MCA can be
used to assess instrument variability in addition to the calibration error. The preference in
establishing the uncertainty of the data is to do a detailed analysis of all the data and propagate the
error as appropriate or model it with monte carlo analysis. In addition visual uncertainties
resulting from interpolating a scale must be considered in this uncertainty as discussed below.
However, a default solution for equipment uncertainty (UNC) is:
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UNC =

where:

SQRT ( UNCeais” + UNCeqi” + UNCqe” + UNCvis® + UMDA?) + MDA

UNCqs is the specified uncertainty of the calibration source and/or the outside
calibration. If there is more than one value involved this value is the square root of
the sum of the squares of the values (Bevenington, 1969).

UNC.ar this is the uncertainty based on the field calibration ignoring the uncertainty
in the calibration sources based on statistical variability and background. This
should determined based on good health physics practices and the information in
NUREG/CR-5849, NUREG-1575, and NUREG-1507). If a modeling correction
factor is use then the uncertainty of UNC.y¢ and correction factor should be
consolidated using the square root of the sum of the squares of the values
(Bevenington, 1969).

UNC, 1s the uncertainty in the accuracy or tuning checks, which can be estimated
as the 95% confidence level for the entire set of values generated.

UNCovis this is 50% of the smallest marked subdivision for an analog readout. For a
digital readout it is the smallest value record by the read out (e.g., if the readout is
95.6 then the uncertainty is 0.1). (Typically can be ignore for most MCAs.)

MDA is the minimum detectable amount (a.k.a., minimum detectable activity) value
for the measurement system. This can be computed as described in NUREG-CR-
5849, NUREG-1506, or in a specifically reference technical document included in
with the calculation. If the MDA is assigned a distribution of values based on a
technical defensible scientific approach this value should be set to zero in the
calculation of UNC.

UMDA is the 95% confidence level uncertainty in the MDA value if calculated.

Variability of the natural environment and the materials being measured is based on
characterization by multiple measurement of the environment, either background or sample/location
variability for the area of interest. (Note, in counting statistic count for extended times is the same
as making multiple counts in this extended time.) The 95% confidence level uncertainty for the
entire set of values generated

If there is a known inherent bias in the measurement or measure data set this value should be
subtracted out of the result. If the bias is not known then it is presumed to be adequately addressed
in the measurement error inherent in the equipment. If there is a known bias it should be
removed prior to determining the measurement error inherent in the equipment.
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The statistical variability or inhomogeneity in the item or area being measured is extremely
difficult to assess accept as partially quantified in the variability of the natural environment and
the materials. Typically the balance of this uncertainty can only be addressed qualitatively.

9.1 Minimum Detectable Amount (MDA)

It is important to quantify the Minimum Detectable Amount (MDA) that the in-situ spectroscopy is
capable of detecting to determine if the DCGLs can be met using this technology. To do this one
must consider that the in-situ equipment is used to count a specific location for longer times than the
1 minute scalar static count that is used with survey instrumentation. The MDA is estimated using
the following equation from NUREG/CR-5849, “Manual for Conducting Radiological Surveys in
Support of License Termination”.

2.71+4.65% /B, *t

t*E*~A—
100

MDA

Where:MDA is the minimum detectable amount in dpm/100 cm?
Br is the background count rate in cpm

t 1s the count time in minutes

E is the efficiency of the detector in cpm/dpm

A is the active area of the detector in cm”

Using this equation with the detector information the MDA values for various count times and
detectors can be estimated. The use of the ROI has the net effect of lowering the background count
rate for that specific region. Radionuclide specific efficiencies and associated MDAs can be
developed for other radionuclides as needed. Other formulas such as those in NUREG-1506 can be
used to estimate the MDA. The basis used for assessing the MDA should be clearly documented.
In addition, it is equally important to document how the MDA is used in subsequent analyses.
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Sheet of
Initiated By (print) Signature Date
o Established by
N Radionuclide followed by energies Radiation Source of Developed By: Verified
ame . . . Type .
in MeV in parenthesis Information Print
Print Signature Date i Initial Date
Initials
Source Reference
D Description “ T T T I
T

U.S. Department of Energy ‘s National Nuclear Data Center (NNDC) at Brookhaven National Laboratory (access is available
through the internet)

David Kocher’s Radioactive Decay Data Tables (DOE/TIC-11026)

ICRP,s (International Commission on Radiation Protection) Radionuclide Transformations Energy and Intensity of Emission, Annals
of the ICRP, ICRP Publication 38
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l!’)] Radionuclide Identification Worksheet GD-R-MCA-1-2-
= _JParsons
Quantification Required | Yes ; Noi If “Yes” include a page 2 for each sheet Sheet of Page 1

Peak LSR: Radionuclide
Channel | Energy FSampIe Background Basis Primary Alternative (in order)
(keV) ilename Filename
Id. Fraction Id.
Comments:

Completed by Completed by (signature) Date
(print)
Authorized For Use
PHP (Print) PHP Signature Date:
Data Verified
HP (Print) HP Signature Date:
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l:)l Radionuclide Identification Worksheet GD-R-MCA-1-2-
=pr
arsons
. . . Mass of sample New LSR (optional):
Quantification Required | Yes No ple (g) P Sheet of Page 2
(if applicable):
Peak Energy (keV) used Correction Factor (if applicable) Activity
. . . CF, CF, URSA Net
o 4nd g4 | ROI(Optional) Radionuclide (units?) | Source | (ypjts?) | Source(doc.#or | (units?) | (units?).
(cal. #) cal. #)
Comments:
Completed by Completed by (signature) Date
(print)
Authorized For Use
PHP (Print) PHP Signature Date:
Data Verified
HP (Print) HP Signature Date:
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Instrument Calibration Sheets- Phase I






Use of Instruments in the Field- Phase 11

SEAD-12 Building Radiological Survey
Seneca Army Depot Activity

Instrument Type|Serial Number Use in Field
Start Date End Date
FIDLER A945P 6/5/2001 8/28/2001
FIDLER A954P 6/5/2001 6/18/2001
FIDLER A968P 6/19/2001 6/27/2001
FIDLER A951P 6/20/2001 7/24/2001
FIDLER A983P 6/27/2001 7/29/2001
Phoswich 119815 6/7/2001 7/28/2001
Phoswich 119803 6/7/2001 8/29/2001
Floor Monitor 138256 6/6/2001 7/14/2001
Micro Rem C252A 6/6/2001 6/11/2001
Micro Rem C251A 6/6/2001 8/28/2001
Pancake 61457 6/5/2001 8/28/2001
Pancake 61390 6/6/2001 7/29/2001

P:\Pit\Projects\Seneca\S | 2ri\data_reportBldgsurvi\Draft(PhaselINAPP-M.xls

Feb 2002






U. S. ARMY TMDE SUPPORT CENTER
ATTN: AMSAM-TMD-A-T
11 HAP ARNOLD BLVD
TOBYHANNA, PA 18466-5104

Area Secondary Nucleonics Laboratory
Report of Calibration for
Radiac Set/Survey Meter

Bicron Analyst Serial No.: A945P
Bicron GS Detector  Serial No.: A378Q
Submitted by:......... WOMG4G

This instrument was calibrated in accordance with TB9-6665-285-15, Army Calibration Program for Radiac
Meters. The measurements were performed under ambient conditions of approximately 20 degrees Celcius
and 40 percent relative humidity. Calibration uncertainty, including measurement errors and accuracy of
reference standards, is estimated to be +/- 10%.

The reference standard(s) for this calibration:
(1) AN/UDM-11 Calibration Set, Amerricium 241, (Am-241) source serial number EN468.
(2) Eberline Model MP2 mini Pulser, serial number 434,

This calibration is traceable to and compatible with National institute of Standards and Technology (NIST)
measurements.

This report shall not be reproduced except in full without the written permission of the Area Calibration
Laboratory, USATSC-Tobyhanna.
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T. E. DAVIS
LRSO
USATSC-Tobyhanna

o
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v
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A. GREDLEIN

Chief, ACL
USATSC-Tobyhanna
Report Number ...... WOMG4G-7020D Phone numbers:
Calibration Date ... 25-May-01 DSN 795-7820/7255
Calibration Due ..... 21-Nov-01 Comm (570) 895-7820/7255
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A945P
A378Q

Serial No.:
Serial No.:

Bicron Analyst
Bicron G5 Detector

| Unless otherwise noted, all listed test results were obtained with the Analyzer switch set to "Ch 1".

1. Basic performance data:

[High Voitage (kV): ... 1.10 Lower Leve! Discriminator (mV): .. 51
Sensitivity (mV): ..... 100 Upper Level Discriminator (mV): .. 63
Batteries: replaced1ea9V

2. Meter Accuracy when electronically pu

Ised (scaler reading are 1 minute counts)

Applied Initial Readings Adjusted? Final Readings
Range (cpm) Meter Scaler (Y/N) Meter Scaler
x1000 100,000 | 95,000 99,949 N 95,000 99,949
400,000 | 412,000 | 399,313 412,000 | 399,313
X100 10,000 9,700 10,001 N 9,700 10,001
40,000 40,000 39,987 40,000 39,987
x10 1,000 980 999 N 980 999
4,000 4,000 3,994 4,000 3,994
1 100 98 100 N 98 100
400 405 399 405 399

3. Probe checked with Americi

um-241 (See notes, below)

Approx. Applied
source-to- 2-Pi Back-

Analyzer | detector { emission ground Average Average
Switch distance rate reading reading detection
position (in) (cpm) (cpm) (cpm) efficiency

Ch-1 6 70,100 400 10,600 0.15

Out 6 70,100 7,200 20,000 0.29

Ch-1 12 70,100 400 35,600 0.51

Out 12 70,100 7,200 65,300 0.93

4. Notes:

1. Source to Detector distance is the approximate distance from the test source to the center of the detector.
2. Applied rate is the sum of the certified 17keV and 60 keV emission rates from the AM-241 test source.
3. Background reading as observed on the unit under test at time of test.

4. Average reading is (average of one minute scaler count plus the analog meter reading) minus the local background
i at time of test

5. Geometry:

NV
Report Number ...... WOMG4G-7020D
Calibration Date .... 25-May-01
Calibration Due ..... 21-Nov-01
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U. S. ARMY TMDE SUPPORT CENTER
ATTN: AMSAM-TMD-A-T
11 HAP ARNOLD BLVD
TOBYHANNA, PA 18466-5104

Area Secondary Nucleonics Laboratory
Report of Calibration for
Radiac Set/Survey Meter

Bicron Analyst Serial No.: A954P
Bicron G5 Detector  Serial No.: A402Q
Submitted by:......... WOMG4G

This instrument was calibrated in accordance with TB9-6665-285-15, Army Calibration Program for Radiac
Meters. The measurements were performed under ambient conditions of approximately 20 degrees Celcius
and 40 percent relative humidity. Calibration uncertainty, including measurement errors and accuracy of
reference standards, is esiimated to be +/- 10%.

The reference standard(s) for this calibration:

(1) AN/UDM-11 Calibration Set, Amemicium 241, (Am-241) source serial number EN468.
(2) Eberline Model MP2 mini Pulser, serial number 434,

This calibration is traceable to-and compatible with National Institute of Standards and Technology (NIST)
measurements.

This report shall not be reproduced except in full without the written permission of the Area Calibration
Laboratory, USATSC-Tobyhanna.
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T. E. DAVIS
LRSO
USATSC-Tobyhanna
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. GREDLEIN
Chief, ACL
USATSC-Tobyhanna
Report Number ...... WOMG4G-7011D Phone numbers:
Calibration Date .... 25-May-01 DSN 795-7820/7255
Calibration Due ..... 21-Nov-01 Comm (570) 895-7820/7255
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Unless otherwise noted, all listed test resuits were obtained with the Analyzer switch set to "Ch 1".

Bicron Analyst
Bicron G5 Detector

1. Basic performance data:

Serial No.:
Serial No.:

A954P
A402Q

High Voltage (kV): ... 1.04 Lower Level Discriminator (mV): .. 50
Sensitivity (mV): ..... 100 Upper Level Discriminator (mV): .. 65

Batteries: replaced 1 ea9V

2. Meter Accuracy when electronically pu

Ised (scaler reading are 1 minute counts)

Applied Initial Readings | Adjusted? Final Readings
Range (cpm) Meter Scaler (Y/N) Meter Scaler
x1000 100,000 | 95,000 99,886 N 95,000 99,886
400,000 | 432,000 | 399,692 432,000 | 399,692
x100 10,000 9,300 9,994 N 9,300 9,994
40,000 40,300 39,998 40,300 39,998
x10 1,000 970 998 N 970 998
4,000 4,150 3,995 4,150 3,995
1 100 95 100 N 95 100
400 405 400 405 400

3. Probe checked with Americi

um-241 (See notes, below)

Approx. Applied
source-to- 2-Pi Back-

Analyzer | detector | emission ground Average Average
Switch distance rate reading reading detection
position (in) (epm) (epm) (cpm) efficiency

Ch-1 6 70,100 400 10,400 0.15

Out 6 70,100 7,500 | 21,700 0.31

Ch-1 12 70,100 400 36,300 0.52

Out 12 70,100 7,500 70,500 1.01
4. Notes:

1. Source to Detector distance is the approximate distance from the test source to the center of the detector.
2. Applied rate is the sum of the certified 17keV and 60 keV emission rates from the AM-241 test source.

3. Background reading as observed on the unit under test at time of test.
4. Average reading is (average of one minute scaler count pius the analog meter reading) minus the local background

at time of test

5. Geometry:

NV >

Report Number ......
Calibration Date ....
Calibration Due .....

WOMG4G-7011D
25-May-01

21-Nov-01
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U. S. ARMY TMDE SUPPORT CENTER
ATTN: AMSAM-TMD-A-T
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TOBYHANNA, PA 18466-5104

Area Secondary Nucleonics Laboratory
Report of Calibration for
Radiac Set/Survey Meter

Bicron Analyst Serial No.: A9B8P
Bicron G5 Detector Senal No.: A367Q
Submitted by:......... WOMGAG

This instrument was calibrated in accordance with TB9-6665-285-15, Army Calibration Program for Radiac

Meters.

The reference standard(s) for this calibration:

{1) AN/UDM-11 Calibration Set, Amerricium 241, (Am-241) source serial number EN468.
(2) Eberline Model MP2 mini Pulser, serial number 434.

The measurements were performed under ambient conditions of approximately 21 degrees Celcius and
40 percent relative humidity.

Calibration uncertainty, including measurement errors and accuracy of reference standards, is estimated to be

+/- 10%.

This calibration is traceable to and compatible with National Institute of Standards and Technology (NIST)
measurements.

Report Number

Calibration Date ....

Calibration Due

gelan

T. E. DAVIS
LRSO
USATSC-Tobyhanna

A. GREDLEIN

Chfef, ACL
USATSC-Tobyhanna
WOMG4G-7026D Phone numbers:
25-Jan-01 DSN 795-7820/7255

24-Jul-01

Comm (570) 895-7820/7255
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Bicron

Analyst

Bicron G5 Detector

Serial No.
Serial No.

A968P
A367Q

Unless otherwise noted, all listed test results were obtained with the Analyzer switch set to "Ch 1".

1. Basic performance data:

High Voltage (kV). ... 1.25

Lower Level Discriminator (mV): ..

Sensitivity (mV). ..... 100

Upper Level Discriminator (mV): ..

Batteries

replaced 1 each 9 volt battery

2. Meter Accuracy when electronically pulsed (scaler reading are 1 minute counts)

Applied Initial Readings | Adjusted? Final Readings
Range (cpm) Meter Scaler (Y/N) Meter Scaler
x1000 100,000 | 100,000 | 100,005 N 100,000 100,005
400,000 | 422,000 | 399,625 422,000 399,625
x100 10,000 10,000 9,981 N 10,000 9,981
40,000 40,800 39,992 40,800 39,992
x10 1,000 1,000 908 N 1,000 998
4,000 4,000 3,998 4,000 3,998
x1 100 100 100 N 100 100
400 400 399 400 399
3. Probe checked with Americium-241 (See notes, below)
ApPProx. Appied
source-to- 2-Pi Back- Average
Analyzer | detector | emission ground Average detection
Switch distance rate reading reading efficiency
position (in) {cpm) {cpm) {cpm) (%)
Ch-1 12 70,100 3,200 31.800 45
Out 12 70,100 7,000 31,000 44
4. Notes:

1.

surface of the detector's protective shield.
2. Applied rate is the sum of the certified 17keV and 60 keV emission rates from the AM-241 test source.
3. Background reading as observed on the unit under test at time of test.

4. Average reading is {average of one minute scaler count plus the analog meter reading) minus the
local background at time of test

5. Geometry:

NV -

Report Number ......
Calibration Date ....
Calibration Due .....

.

WOMG4G-7026D
25-Jan-01

24-Jul-01

Source to Detector distance is the approximate distance from the surface of the test source to the
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U. S. ARMY TMDE SUPPORT CENTER
ATTN: AMSAM-TMD-A-T
11 HAP ARNOLD BLVD
TOBYHANNA, PA 18466-5104

Area Secondary Nucleonics Laboratory
Report of Calibration for
Radiac Set/Survey Meter

Bicron Analyst Serial No.: A951P
Bicron G5 Detector Serial No.: A365Q
Submitted by:......... WOMG4G

This instrument was calibraied in accordance with TB9-6665-285-15, Army Calibration Program for Radiac
Meters.

The reference standard(s) for this calibration:
(1) AN/UDM-11 Calibration Set, Amerricium 241, (Am-241) source serial number EN468.
(2) Eberline Model MP2 mini Pulser, serial number 434.

The measurements were performed under ambient conditions of approximately 21 degrees Celcius and
40 percent relative humidity.

Calibration uncertainty, including measurement errors and accuracy of reference standards, is estimated to be
+/- 10%.

This calibration is traceable to and compatible with National Institute of Standards and Technology (NIST)
measurements.

ety

T. E. DAVIS
LRSO
USATSC-Tobyhanna

ag"% %// (o

G A. GREDLEIN
Chief, ACL
USATSC-Tobyhanna
Report Number ...... WOMGA4G-7027D Phone numbers:
Zalibration Date .... 25-Jan-01 DSN 795-7820/7255
Calibration Due ..... 24-Jul-01 Comm (570) 895-7820/7255
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Bicron Analyst

Bicron G5 Detector

Serial No.
Serial No.

A951P
A365Q

Unless otherwise noted, all listed test results were obtained with the Analyzer switch set to "Ch 1".

1. Basic performance data:

High Voltage (kV): ... 1.24

Lower Level Discriminator (mV): .. 50

@nsitivity (mV): ..... 98 Upper Leve! Discriminator (mV): .. 149
Batteries: Replaced 1 ea. 9 volt battery

2. Meter Accuracy when electronically puised (scaler reading are 1 minute counts)

Applied Initial Readings | Adjusted? Final Readings
Range {cpm) Meter Scaler (Y/N) Meter Scaler
%1000 100,000 | 95,000 99,869 N 95,000 99,869
400,000 | 422,000 | 399,740 422,000 399,740
X100 10,000 9,500 9,985 N 9,500 8,985
40,000 40,500 39,933 40,500 39,933
%10 1,000 980 998 N 980 998
4,000 4,100 3,994 4,100 3,994
4 100 95 100 N 95 100
400 400 400 400 400
3. Probe checked with Americium-241 (See notes, below)
APPToX. Appieg
source-to- 2-Pi Back- Average
Analyzer | detector | emission ground Average detection
Switch distance rate reading reading efficiency
position (in) (cpm) (cpm) (cpm) (%)
Ch-1 12 70,100 1,800 58,200 83
Out 12 70,100 9,000 66,000 94
4. Notes:

1. Source to Detector distance is the approximate distance from the surface of the test source to the
surface of the detector's protective shield.
2. Applied rate is the sum of the certified 17keV and 60 keV emission rates from the AM-241 test source.
3. Background reading as observed on the unit under test at time of test.

4. Average reading is (average of one minute scaler count plus the analog meter reading) minus the
local background at time of test

5. Geometry:

NV

Report Number ......
Calibration Date ....
Calibration Due .....

N

WOMG4G-7027D
25-Jan-01
24-Jul-01
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U. S. ARMY TMDE SUPPORT CENTER
ATTN: AMSAM-TMD-A-T
11 HAP ARNOLD BLVD
TOBYHANNA, PA 18466-5104

Area Secondary Nucleonics Laboratory
Report of Calibration for
Radiac Sev/Survey Meter

Bicron Analyst Serial No.: A983P
Bicron G5 Detector Serial No.: A394Q
Submitted by:......... WOMGAG

This instrument was calibrated in accordance with TB9-6665-285-15, Army Calibration Program for Radiac
Meters. The measurements were performed under ambient conditions of approximately 20 degrees Celcius

and 40 percent relative humidity. Calibration uncertainty, including measurement errors and accuracy of
reference standards, is estimated to be +/- 10%.

The reference standard(s) for this calibration:

(1) ANVUDM-11 Calibration Set, Amerricium 241, (Am-241) source serial number EN468.
(2) Eberline Model MP2 mini Puiser, serial number 434.

This calibration is traceable to and compatible with National Institute of Standards and Technology (NIST)

measurements.

Report Number

Calibration Date ....

Calibration Due

e

T. E. DAVIS
LRSO
USATSC-Tobyhanna

ot

A. GREDLEIN
Chief, ACL
USATSC-Tobyhanna
WOMG4G-7021D Phone numbers:
20-Mar-01 DSN 795-7820/7255

16-Sep-01

Comm (570) 895-7820/7255
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Bicron Analyst
Bicron G5 Detector

Serial No.
Serial No.

A983P
A394Q

Unless otherwise noted, all listed test resulits were obtained with the Analyzer switch set to "Ch 1",

1. Basic performance data:

High Voltage (kV): ... 1.24

Lower Level Discriminator (mV): .. 51

Sensitivity (mV): ..... 100

Upper Level Discriminator (mV): .. 194

Batteries:

replaced 1 ea 9V

2. Meter Accuracy when electronicaily p

ulsed (scaler reading are 1 minute counts)

Applied Initial Readings | Adjusted? Final Readings
Range {cpm) Meter Scaler (Y/N) Meter Scaler
%1000 100,000 | 98,000 99,971 N 98,000 99,971
400,000 | 420,000 | 399,615 420,000 399,615
%100 10,000 9,500 9,880 N 9,500 9,880
40,000 39,900 39,900 39,800 39,900
%10 1,000 950 999 N 950 999
4,000 4,000 3,999 4,000 3,999
X1 100 98 100 N 98 100
400 400 400 400 400
3. Probe checked with Americium-241 (See notes, below)
APPIox. Appiiey
source-to- 2-Pi Back-
Analyzer | detector { emission ground Average Average
Switch distance rate reading reading detection
position (in) (cpm) (cpm) (cpm) efficiency
Ch-1 12 70,100 3,400 69,400 0.99
Out 12 70,100 9,800 70,000 1.00
4. Notes:

1. Source to Detector distance is the approximate distance from the surface of the test source to the
surface of the detector's protective shield.
2. Applied rate is the sum of the certified 17keV and 60 keV emission rates from the AM-241 test source.
3. Background reading as observed on the unit under test at time of test.
4. Average reading is (average of one minute scaler count plus the analog meter reading) minus the

local background at time of test

5. Geometry:

NV

Report Number ......
Calibration Date ....
Calibration Due .....

.

WOMG4G-7021D

20-Mar-01
16-Sep-01
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@ RSA Laboratories, Inc.
21 Pendleton Drive, P.O. Box 61
Hebron, Connecticut 06248
(860) 228-0721 Fax (860) 228-4402

CERTIFICATE
OF CALIBRATION

(COUNT-RATE INSTRUMENT)

Customer and Contact: Radiation Safety Associates, Inc. Attn: K. Paul Steinmeyer (860) 228-0487
Customer Address: P.O. Box 107, 19 Pendleton Drive, Hebron, CT 06248

Inst. Mfr. & Model Ludlum Model 2224 Inst. Type Scaler/Ratemeter
Det. Mfr. & Model Ludlum Model 43-1-1 Det. Type Alpha/Beta Phoswich
Cal. Date 30 May 2001 Due Date 30 November 2001

Inst. s/n 119815
Det. s/n 155183
Cal. Interval 6 months

Environmental conditions: Temperature: 71°F  Relative Humidity 38%  Atmospheric Pressure 29.22 inches Hg
Pre-calibration Checks:
® Contamination survey
B Mechanical check

B Meter zero

8 Geotropism check

B Battery check

B Audio check

8 Reset check

O Fast response check

D Slow response check
0O Window operation B Det. volts 775 Vdc
® Plateau check
O Alarm set ® Input sens. ‘See comments
B Pulse generator s/n 94926 O Oscilloscope s/n 171-04928 B Voltmeter s/n 57410002

#® HV Readout (2 points) Ref./Inst. 900 V/ 900 V  Ref./Inst. 1700 V/ 1700 V

Comments: ° Alpha threshold = 120 mV; Beta threshold = 4 mV; Beta window = 4 mV to 30 mV.
Local background = 1 cpm alpha, 316 cpm beta.

Isotope Th-230
Reading #3 5,454 cpm

Dedicated Source? OYes EBNo
Mean 5,446 cpm

S/N of source used for precision check 0210
Reading #1 5,484 cpm Reading #2 5,401 cpm

Precision: B+ <10% 0O+10-20% 0OOut of tolerance
Range Multiplier Reference Calibration Point Instrument Indication
x 1000 400,000 cpm 400,000 cpm
x 1000 100,000 cpm 100,000 cpm
x 100 40,000 cpm 40,000 cpm
x 100 10,000 cpm 10,000 cpm
x 10 4000 cpm 4000 cpm
x 10 1000 cpm 1000 cpm
x1 400 cpm 400 cpm
x1 100 cpm 100 cpm v
1 min count 100,000 cpm 104,042 cpm

All ranges calibrated electronically.

Instrument Reading 4x Instrument

Rﬂnge Mullipller Cal. Source Used (isolope and S/N) Source Aclivily (dpm) {cpm} EfMiclency {%)
1 min. count C-14 #4456 202,100 1 (a) 0.00%
11,093 (B) §3%
1 min. count Pm-147 #5381 20,382 1 (a) 0.00%
2,098 (8) 8.7%
1 min. count Tc-99 #4D702 21,064 1 (a) 0.00%
4,319 (B) 17.4%
1 min. count Cs-137 #2886 19,191 1 (a} 0.00%
6,453 (8) 31.9%
1 min. count Cl-36 #4D700 23,598 1 (a) 0.00%
8,101 (B) 32.9%
1 min. count Sr/Y-90 #D711 48,238 1{(a) 0.00%
17,220 () 35.0%
1 min. count Th-230 #91T H2200210 38,900 5,489 (a) 14.1%
1,105 (B) 2.0%

RSA Laboratories ID# 4956. Instrument indicates within 4+ 10% of calibration points unless otherwise indicated. Source-lo-detector entry window

distance for efficiency determinations is I ¢m unless otherwise specified. RSA Laboratories, Inc. centifies that the above instrument has been calibrated
with standards traccable to the National Institute of Standards and Technology, or have been derived from accepted values of natural physical constants,
or have been derived by the ratio-type of calibration techniques.

-
Calibrated by: Paul R. Steinmeyer GP:L dk A—— Date 30 Mc\%/ 2o0° |
Reviewed by: David L. Judd M //// Date ,_% M/‘i el OQJO/
/ M~y Page 1 of 2






Interpolated Beta Efficiencies
30 May 2001 Ludlum Model 2224 #119815
A-StY-80

.......................... [N RN D ______7(/,' o i

R}

®
b

I

B
L

-
@
\\

=
I

»

b

j

j

|

t

|

i

i

|

i

|

A

i

k

4
2T

Efficiency (%) Ludlum 43-1-1 Alpha/Beta Phoswich #155183
o

-
o
\\

-t

PR-TA7# © {

©
N

1T— X

'

L Y
'

2 ; -

0 =5 # k

0.1 1
S-35 P-33 Ca-45 1-131 Maximum Beta Energy (MeV) P32

RSA Laboratories ID# 4956.

) ———

Calibrated by: Paul R. Steinmeyer @ Q : ) = [\\ Uy 2 o |

Reviewed by: David L. Judd )D ﬂ" //// Date 50 A 70766/
d =

Page 2 of 2







@& RSA Laboratories, Inc.
19 Pendleton Drive, P.O. Box 61
Hebron, Connecticut 06248
(203) 228-0721 Fax (203) 228-4402

CERTIFICATE

OF CALIBRATION
(COUNTER/SCALER)

Customer and Contact: Radiation Safety Associates, Inc. Attn: K. Paul Steinmeyer (860) 228-0487
Customer Address: P.O. Box 107, 19 Pendleton Drive, Hebron, CT 06248

Inst. Mfr. & Model Ludlum Model 2224 Inst. Type Scaler Ratemeter
Det. Mfr. & Model Ludlum Model 43-1-1 Det. Type Alpha/Beta Phoswich
Cal. Date 30 May 2001 Due Date 30 November 2001

Inst. s/n 119803
Det. s/n 166008
Cal. Interval 6 months

Environmental conditions: Temperature: 66°F  Relative Humidity 42%  Atmospheric Pressure 29.23 inches Hg
Pre-calibration Checks:
B Contamination survey
8 Mechanical check

B Meter zero

B Geotropism check

O Slow response check
B Window operation

B Plateau check

D Alarm set

& Battery check

B Audio check

B Reset check

O Fast response check

& Det. volts 675 Vdc
B Input sens. “See comments

BPulse generator s/n 94926 D Oscilloscope s/n 171-04928 B Voltmeter s/n 57410002
8HV Readout (2 points) Ref./Inst. 500 V/500 V  Ref./Inst. 1000 V/ 1000 V

Comm.ents: ‘Alpha threshold =120 mV; Beta threshold = 4 mV; Beta window = 4 mV to 30 mV. Local background = 1 cpm «, 261 cpm 8.

Dedicated Source? OYes BNo
Mean 5,406 cpm

Isotope Th-230
Reading #3 5,451 cpm

S/N of source used for precision check 0210
Reading #1 5,413 cpm Reading #2 5,355 cpm
Precision: B+ <10% 0O+10-20% 0OOut of tolerance

Range Multiplier Reference Calibration Point Instrument Indication
x 1K 400,000 cpm 400,000 cpm
x 1K 100,000 cpm 100,000 cpm
x 100 40,000 cpm 40,000 cpm
x 100 10,000 cpm 10,000 cpm
x 10 4,000 cpm 4,000 cpm
x 10 1,000 cpm 1,000 cpm
x1 400 cpm 400 cpm
x 1 100 cpm 100 cpm
1 min. x 1 5,000 cpm (5,000 counts) 5,003 counts

All ranges calibrated electronically.

Instrument Reading 4x Instrument

Rnnge Multiplier Cal. Source Used (Isotope and S/N) Source Activity (dpm) (cpm) EfMciency {%)
1 min. count C-14 #4456 202,100 1 (a) 0.00%
6,611 (1) 31%
1 min. count Pm-147 #5381 20,382 1 (a) 0.00%
1,455 (B} 6.1%
1 min. count Tc-99 D702 23,064 1 (a) 0.00%
3,357 (B) 13.4%
1 min. count Cs-137 #2886 19,191 1 (a) 0.00%
6,021 (B) 30.0%
1 min. count Cl1-36 ¥D700 23,598 1 (a) 0.00%
7,884 (1) 32.3%
1 min. count Sr/Y-90 #D711 48,238 2 (o) 0.00%
16,532 (B) 33.7%
1 min. count Th-230 #91TH2200210 38,900 | 5211 (a) 1.3%
1405 () 29%

RSA Laboratories 1D# 4955. Instrument indicates within +10% of calibration points uniess otherwise indicated. Source-to-detector entry window distance for

cfficiency determinations is | cm unless otherwise specified. RSA Laboratories, Inc. certifies that the above instrument has been calibrated with

standards traceable to the National Institute of Standards and Technology, or have been derived from accepted values of natural physical constants, or
have been derived by the ratio-type of calibration techniques

Calibrated by: Paul R. Steinmeyer

e (L.

)/ ——

Date 30 /1‘7)/ o=\

pue D M8y D |

Reviewed by: David L. Judd )(/ / // / /
J W
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Interpolated Beta Efficiencies
30 May 2001 Ludium Model 2224 #118803
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Designestand Manutacturer LUDLUM MEASUREMENTS, INC.
Scientific and Industrial POST OFFCEBOX 810 PH. 915-235-5494

CERTIFICATE OF CAUBRATION 501 OAK STREET EAX NO. 9152354672
SWEETWATER, TEXAS 79554, US.A.
CUSTOMER SENECA ARMY DEPOT ORDER NO. 249050/248464
g, ts, Inc. Model 2360 Serial No. / B2.5¢
Q. Model 4337 SerialNo. ___ PR /.92
Cal. Date 14-Nov-00 Cal Due Date 14-Nov-01 Cdl. Interval 1 Year Meterface 202-855

Check mark Eoppies 1o appiicable instr. and/or detector IAW mig. spec. T. 76 °F RH 40 % Al 4928 mm Hg
(O Newinstrument  Instrument Received [HFWithinToler. +10% [ 10-20% [] Out of Tol. [] Requiing Repair [] Other-See comments

kA Mechanical ck. [ Meter Zeroed [0 Background Subtract O input Sens. Linearity
(] F/SResp.ck O Reset ck. [ window Operation R4 Geotropism
4 Audio ck. O Alam Setting ck. i Bat.ck.(Min.Volt) __ vDC
[ Caibrated in accordance with LMI SOP 14.8 rev 12/05/89. [ Caiibrated in accordance with LM! SOP 14.9 rev 12/19/89.
Instrument Vol Set 1675 V Input Sens. Comments mV Det.Oper.____1678 =V at Comments mV glvd Ratio = m
&1 HV Readout (2 points)  Ref./inst. So3 / 500 V  Ref/inst. /500 / 1500 v
COMMENTS:
Firmware Version: Zm X9 (EEPROM Settings:)
Alpha Threshold: [omy User Time: 002.5 min.
Beta Threshold: Iy Alpha Alarms: 999999%cpm
Beta Window: ___ 4bmiy Beta Alarms: 999999%cpm
Overload checked, but not set A/B Alarms: 999999cpm
Instrument calibrated with a _j’ cable. M2360 Date: /S////3oco
High voltage set with detector disconnected. Calibration Date: /S/// 0
Gammae Calbration: GM detectars positioned perpendicuier 10 source except for M 44-9 in which the front of probe faces source.
REFERENCE INSTRUMENT REC'D INSTRUMENT
RANGE/MULTIPLIER CAL POINT “AS FOUND READING"  METER READING*®
X1000 400kcpm <00 S
X1000 100kcpm i) 2L
X100 40kcpm Yoo o
X100 10kcpm /oo pree)
X10 4kcpm Yoo /5
X10 lkepm Lo Jo0
X1 400cpm Yo 422)
X1 100cpm /@ /0
*Uncertainty within £ 10%  C.F. within ¢ 20% ALL Range(s) Calibrated Eecironicaily
REFERENCE INSTRUMENT INSTRUMENT REFERENCE INSTRUMENT INSTRUMENT
CAL. POINT RECEIVED METER READING® CAL. POINT RECEIVED METER READING*®
Digital Log
Readout 400kcpm Y0040 ) Haov0 (o) |Scae
40kepm (LF3 Y08 a
4kcpm Yoo o0
—400cpm Yo 4o [
40cpm Y
Ludium Measurements, inc. certifies that the above insirument has been colbrated by siandards iracsabie 1o the Naltonal Insiihle of Standards and Technology, or 1o the collbration faciities of
other infemational Standards Organtzation members, or have been dertved from occepked values of natural physical consiants or have been dertved by the ratio lype of colibrotion fechniques.
The callbration system conforms 10 the requirements of ANSI/NCSL 1540-1-1994 and ANSI N323-1978 State of Texas Calibration License No. LO-194
Reference Insirumenis and/or Sources:
Cs-137 Gammas/N [One2 O enz Omses Osies Tnioos CJrare (Jess2 [ess [ Neutron Am-241 Be SN T3
M Alpha S/N Pu239#8743 4 Beta$/N TP #NI-EV, SIPOYP0#4016 [ other
A m 500 S/N 70648 O Osciloscope S/N [ Multimeter S/N 61730074
Caiibrated By: 7£.“'7’V]m Date ___/S- NVoy =~ OO

Reviewed By: ;:\\)\\xx\& A404"\&_ bate J SN au0O

This ceriificote shall not be reproduced sacept in A, without the written approval of Ludium Meassements, Inc. . . . A
FORMC22A  12/29/1999 (0 Paned Dietectric (Hi-Pot) ond Continuity Test







LUDLUM MEASUREMENTS, INC.
I“ Detigner and Manulacturer
7

' POST OFRCEBOX 810 PH. 915-235-5494

o

scientific and Industial 501 OAK STREET FAX NO. 915-235-4672
Instruments

SWEETWATER, TEXAS 795546, USA.

Bench Test Data For Detector
Detector 43-37 Serial No.__ PR /3998 Order #. __ 249050/248464
Customer SENECA ARMY DEPOT Alpha input Sensitivity Joo mv
Counter 2360 Serial No. /.252.5¢ Beta Input Sensitivity v mv
Count Time _1Minute Beta Window b, mV
Other Distance Source to Detector _“mgﬁcc
isotope __ 239 isotope __7¢99 Isotope _SrFe Y90
High Background Sze /2 iKcom Size_ /4.l Kcom_ Size_¥7, b com
Voitage Alpha Beta Alpha Beta Alpha Beta Apha Bota
/425 3 494 4224 743 v 472 7 /15118
/L S0 / SYZ 4org 317 S Zell wd /8/0¢
Y/ 7M 2 49/ 4877 - 997 /2 755¢ /S 2077
/7 v 772 5033 /230 Y 257 | b2 22554

O Gas Proportiona detector count rate decreased g 10% after 15 hour static test using 39" cable.
[':]/Gos proportiona detector count rate decreased < 10% after § hour static test using 39" cable and alpha/beta counter.

Signature .Z’w» 77 Z @d'»,
. /7 /

Date /S~ /Vov-D0

FORM C48 12/09/97 .
e Serving The Nuclear Industry Since 1962 e






U. 8. ARMY TMDE SUPPORT CENTER
ATTN: AMSAM-TMD-A-T
11 HAP ARNOLD BLVD
TOBYHANNA, PA 18466-5104

Area Secondary Nucleonics Laboratory
Report of Calibration for
Radiac Set/Survey Meter

Bicron Micro-Rem, ser. No.: ... C252A
Submitted by: ...l WOMGAA

This instrument was calibrated in accordance with TB9-6665-285-15, Army Calibration Program for Radiac
Meters. The measurements were performed under ambient conditions of approximately 20 degrees Celcius

and 40 percent relative humidity. Calibration uncertainty, including measurement errors and accuracy of
reference standards, is estimated to be +/- 10%.

The reference standard(s) for this calibration:

(1) J.L. Shepherd model 89-400 Self containied Gamma calibration range, Cs-137, 0.662 meV Gamma
(2) Eberline Model MP2 mini Pulser, serial number 434.

This calibration is traceable to and compatible with National Institute of Standards and Technology (NIST)
measurements.

T—@m

T. E. DAVIS
LRSO
USATSC-Tobyhanna

;Z% A. GREDLEIN

Chief, ACL
USATSC-Tobyhanna

Report Number ...... WOMGAA-7011D Phone numbers:

Calibration Date .... 20-Mar-01 DSN 795-7820/7255
Calibration Due ... .. 16-Sep-01 Comm (570) 895-7820/7255
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Bicron Micro-Rem, Serial Number: C252A
1. Basic performance data:
High Voltage (kV): ... Window: ............... N/A
Sensitivity (mV): ...... Check Source:......... N/A
Batteries: ............ OK
2. Gamma Detection - Radio Isotope: Cesium-137 (Cs-137)
~ Initial ~ Final
Applied Reading Adjust Reading Avg.
Range (uR) Pulser? (uR) (Y/N) (uR) Efficiency | Efficiency
4 Y 3.70 3.8 0.95
X0.1 16 v 15.5 Y 16.0 1.00 0.98
40 Y 38.0 40.0 1.00
x1 160 N 152 M 160 1.00 1.00
500 N 500 500 1.00
x10 1,500 N 1,550 N 1,550 1.03 1.02
5.000 N 4,700 4,700 0.94
x100 5 500 N 15,000 N 15,000 1.00 0.97
50.000 N 49,000 49,000 0.98
x1000 155 000 N 150,000 N 150,000 1.00 0.99
3. Geometry: i:‘::T
NW

Report Number ... ...
Calibration Date ....
Calibration Due .....

WOMGAA-7011D

20-Mar-01
16-Sep-01
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U. S. ARMY TMDE SUPPORT CENTER
ATTN: AMSAM-TMD-A-T
11 HAP ARNOLD BLVD
TOBYHANNA, PA 18466-5104

Area Secondary Nucleonics Laboratory
Report of Calibration for
Radiac Set/Survey Meter

Bicron Micro-Rem, ser. No.: ... C251A
Submitted by: .............ooillll WOMG4G

This instrument was calibrated in accordance with TB9-6665-285-15, Army Calibration Program for Radiac
Meters. The measurements were performed under ambient conditions of approximately 20 degrees Celcius

and 40 percent relative humidity. Calibration uncertainty, including measurement efrors and accuracy of
reference standards, is estimated to be +/- 10%.

The reference standard(s) for this calibration:

(1) J.L. Shepherd model 89-400 Self containied Gamma calibration range, Cs-137, 0.662 meV Gamma
(2) Eberline Model MP2 mini Pulser, serial number 434.

This calibration is traceable to and compatible with National Institute of Standards and Technology (NIST)
measurements.

A
ﬂCW

T. E. DAVIS
LRSO
USATSC-Tobyhanna

& Z e

A. GREDLEIN
Chief, ACL
USATSC-Tobyhanna
Report Number ...... WOMG4G-7024D Phone numbers:
Calibration Date .... 20-Mar-01 DSN 795-7820/7255
Calibration Due ... .. 16-Sep-01 Comm (570) 895-7820/7255

page 1 of 2






Bicron Micro-Rem, Serial Number: C251A
1. Basic performance data:
High Voltage (kV): ... Window: ............... N/A
Sensitivity (mV): ...... Check Source:......... N/A
Batteries: ............ OK
2. Gamma Detection - Radio Isotope: Cesium-137 (Cs-137)
Initial Final
Applied Reading Adjust Reading Avg.
Range (uR) Pulser? (uR) (YIN) (uR) Efficiency | Efficiency
4 Y 3.40 3.6 0.90
x0.1 16 ¥ 16.1 Y 16.8 1,05 0.98
40 Y 39.0 39.0 0.98
x1 160 N 169 N 169 1.06 1.02
500 N 440 480 0.96
x10 1.500 N 1,450 1,580 1,05 1.01
5,000 N 4,300 4,800 0.96
x100 45 oo N 14,300 Y 15,800 1.05 1.01
50,000 N 47,000 - 47,000 0.94
x1000 150.000 N 156,000 N . 156,000 1.04 0.99
3. Geometry:

MW

Report Number ... ...
Calibration Date ....
Calibration Due ...

—

WOMG4G-7024D

20-Mar-01
16-Sep-01
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U. S. ARMY TMDE SUPPORT CENTER
ATTN: AMSAM-TMD-A-T
11 HAP ARNOLD BLVD
TOBYHANNA, PA 18466-5104

Area Secondary Nucleonics Laboratory
Report of Calibration for
Radiac Set/Survey Meter

Ludlum mode! 3, serial number: 61457
with 44-9 G-M detector, s/n: PR026657
Submitted by ..........ccci v, WOMGAG

This instrument was calibrated in accordance with TB9-6665-285-15, Army Calibration Program for Radiac
Meters.

The reference standard(s) for this calibration:

(1) J.L. Shepherd model 89-400 Self containied Gamma calibration range, Cs-137, 0.662 meV Gamma
(2) AN/UDM-6 Radiac Calibrator, Pu-239, 5.16 MeV Alpha.

(3) Ludlum model 500 Pulser, serial number 87219.

The measurements were performed under ambient conditions of approximately 20 degrees Celcius and
40 percent relative humidity.

Calibration uncertainty, including measurement errors and accuracy of reference standards, is estimated
to be +/- 10%.

This calibration is traceable to and compatible with National Institute of Standards and Technology (NIST)
measurements.

L

T. E. DAVIS
LRSO
USATSC-Tobyhanna

%A GREDLEIN

Chief, ACL
USATSC-Tobyhanna

Report Number ...... WOMG4G-7015D Phone numbers:
Calibration Date .... 03-Apr-01 DSN 795-7820/7255
Calibration Due ..... 30-Sep-01 Comm (570) 895-7820/7255
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Ludlum model 3, serial number: 61457
Instrument Parameters:
High Voltage (kV) = 0.72 Batteries: OK
Sensitivity (mV) = 26 Window: fixed open
Check Source = n/a
Gamma Detection - Radio Isotope: Cesium-137 (Cs-137)
“Imuial rinai
Applied Reading Adjust Reading
Range {mR) Pulser? {mR) (Y/N) (mR) Efficiency Avg.Eff.
0.05 Y 0.058 0.050 1.00
x 0.1 0.15 Y 0.165 Y 0.150 1.00 1.00
0.5 N 0.600 0.500 1.00
x 1.0 15 N 1.70 Y 1.50 1.00 1.00
5 N 5.20 5.10 1.02
x 10 15 N 15.8 Y 15.0 1.00 1.01
50 N 60.0 50.0 1.00
x100  1g4 N 170 Y 150 1.00 1.00
Alpha Detection - Radio Isotope: Plutonium-239 (Pu-239)
~ inal rinal
Applied Reading Adjust Reading
Range (cpm) Puiser? (cpm) (Y/N) {cpm) Efficiency Avg.Eff.
516 N 110 110 0.21
x 0.1 1,359 N 250 N 250 0.18 0.20
5,900 N 1,000 1,000 0.17
x1.0 45 507 N 2.600 N 2,600 017 0.17
62,342 N 13,000 13.000 0.21
x10 164058 N 31,000 N 31,000 0.19 0.20
564,099 N 95,000 85,000 0.17
X100 14gea72 N 175000 N 175000  0.42 0.14

NOTE: Do not use for quantitive Alpha measurements.

Geometry:

NN\ —>
Report Number ....... WOMG4G-7015D
Calibration Date ... 03-Apr-01

Calibration Due ...... 30-Sep-01






U. S. ARMY TMDE SUPPORT CENTER
ATTN: AMSAM-TMD-A-T
11 HAF ARNOLD BLVD
TOBYHANNA, PA 18466-5104

Area Secondary Nucleonics Laboratory
Report of Calibration for
Radiac Set/Survey Meter

Ludlum model 3, ser. no.: 61390
with 44-9 detector, ser. no.: PR019247
Submitted by ....ooviiiiiiienen. WOMGAG

This instrument was calibrated in accordance with TB9-6665-285-15, Army Calibration Program for Radiac
Meters.

The reference standards for this calibration are:

(1) J.L. Shepherd model 89-400 Self containied Gamma calibration range, Cs-137, 0.662 meV Gamma
(2) AN/UDM-6 Radiac Calibrator, Pu-239, 5.16 MeV Alpha.

(3) Ludlum model 500 Pulser, serial number 87219.

The measurements were performed under ambient conditions of approximately 20 degrees Celcius and
40 percent relative humidity.

Calibration uncertainty, including measurement errors and accuracy of reference standards, is estimated to be
+/- 10%.

This calibration is traceable to and compatible with National institute of Standards and Technology (NIST)
measurements.

“T.E. DAVIS
LRSO
USATSC-Tobyhanna

CR A. GREDLEIN
Chief, ACL
USATSC-Tobyhanna
Report Number ...... WOMG4G-7017D Phone numbers:
Calibration Date ....  30-Jan-01 DSN 795-7820/7255
Calibration Due ..... 29-Jul-01 Comm (570) 895-7820/7255
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Ludlum model 3, serial number: 61390
instrument Parameters:
High Voltage = 0.90 kV Batteries: ok
Sensitivity = 24 mV Window: fixed open
Check Source = n/a
Gamma Detection - Radio Isotope: Cesium-137 (Cs-137)
Applied Initial Adjust Finai Corr.
Range (mR) Puiser? Reading (Y/N) Reading Factor Avg C.F.
0.05 Y 0.052 0.052 0.96
x 0.1 0.15 Y 0.150 N 0.150 1.00 0.98
0.5 N 0.52 0.52 0.96
x 1.0 1.5 N 1.50 N 1.50 1.00 0.98
5 N 52 52 0.96
x 10 15 N 14.7 N 147 1.02 0.99
50 N 50 50 1.00
x 100 150 N 170 N 170 0.88 0.94
Alpha Detection - Radio Isotope: Plutonium-239 (Pu-239)
Thitial Final Alpha Avag.
Applied Reading Adjust Reading | Efficiency | Efficiency
Range (cpm) Pulser? {cpm) (Y/N) (cpm) (%) (%)
516 N 110 110 21
x 0.1 1,359 N 240 N 240 18 19
5,900 N 1,100 1,100 19
1.0 45597 N 2,500 N 2,500 16 7
62,342 N 12,000 12,000 19
x10 484 058 N 28.000 N 28,000 17 18
« 100 564,099 N 90,000 N 90,000 16 13
1,484 472 N 150,000 150,000 10
NOTE: Do not use for quantitive Alpha measurements.

Geometry:
M —» %

Report Number .......
Calibration Date ......
Calibration Due ......

WOMGA4G-7017D
30-Jan-01
29-Jul-01

page 2 of 2






APPENDIX N

Instrument Source Check Sheets(by Instrument)- Phase [

Instrument Type Serial
Number
FIDLER A945P
FIDLER A954P
FIDLER A968P
FIDLER A951P
FIDLER A983P
Phoswich 119815
Phoswich 119803
Floor Monitor 138256
Micro Rem C2524
Micro Rem 2514
Pancake 61457
Pancake 61390




SENECA ARMY DEPOT
SEAD-12 RI/FS

6/5/01
Site: Seneca Army Depot
Project: SEAD-12
Team:
Page 1of &q

= Bicran-Fidl

Bicron Fidler

AKA= idie Fidler=
Make Bicron Bicron
Model Analyst Analyst
Serial Number A945P A945P
Calibration Date . 5/25/2001 5/25/2001

Out of Cal Date 11/21/2001 11/21/2001
Probe: = ‘ - - “Nal Scintilator: <= ] 7 Nat Scintilator = &
Make Bicron Bicron

Model G-5 G-5

Serial Number A365Q A365Q
Calibration Date 5/25/2001 512512001

Out of Cal Date 11/21/2001 11/21/2001
Source . - Am-241° N AM-24 105

PARSONS ENGINEERING SCIENCE

Sourcetype -Low-E-gamma:: ow-E'gamma -
Calibration Date 4/10/2001 4/10/2001
Out of Cal Date : 3/31/2003 3/31/2003
Serial Number 8920 8920
Source emission rate ' 254925 dpm 254925dpm 2¢0420
Instrument Channel Channel 1 Out D
instrument efficiency 0.20%

. = > 271
2 Sigma Range 766-879 A650-7Q1
3 Sigma Range 738-907 \3882-5488 j
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SENECA ARMY DEPOT SEAD-12 RI/FS

FIDLER Serial Number A945P/A378Q

DATE: (0 ﬁ/ [of |

Sourcesd 5wl

PAGE S

OF 59

4
- e

Calibration Date

/ 1/0/1900

Out of Cal Date

\ 1/0/1900 /

Serial Number 80920—

Source emission rate 254925 dpm

Instrument Channel CHANNEL 1 ouT

High Voltage {.o& [.CD /
Battery Check iwibiel Sy clitd died " vy J
Source Check Reading (1) \ ( v //
Source Check Reading (2) \ \‘\W
Source Check Reading (3) \\"‘ \\L‘ AN 7

Source Check Reading (4)

Source Check Reading (5)

Source Check Reading (AVERAGE)

Direct Background reading (1)

initidfy ik

Direct Background reading (2)

e,

\

Direct Background reading (3)

S

Direct Background reading (4)

Direct Background reading (5)

Direct Background reading (AVERAGE)

Efficiency = (CPM-Background) / DPM

MID-DAY SOURCE READING

el ysed_sn

ﬂ/fr'//{t ’ng’

MID-DAY BACKGROUND READING ned wied im | mpoeetiey

EVENING SOURCE READING 24 — Rotk o
EVENING BACKGROUND READING 2496 S0GLY

Morning check performed by

Mid-déy check performed by

Evening check performed by G20 el (X

oA D A

PARSONS ENGINEERING SCIENCE



SENECA ARMY DEPOT SEAD-12 RI/FS

FIDLER Serial Number A945P/A378Q

DATE: ([l [l ©8SS pace b oF £9
Source 3 : Am-241
Calibration Date 1/0/1800
Out of Cal Date 1/0/1900
Serial Number 8920
Source emission rate 254925 dpm
Instrument Channel CHANNEL 1 ouT
High Voltage [.1 gl /
Battery Check B&\ OK / St
Source Check Reading (1) / Y@“ j;fsﬁ\w
Source Check Reading (2) \/ '\\‘;“\ \\/ J}
Source Check Reading (3) / K\" \&‘)(D
Source Check Reading (4) 7 & R
Source Check Reading (5) /
Source Check Reading (AVERAGE)
Direct Background reading (1) 3 (4 Sb'—{ a
Direct Background reading (2) 22 RoyyY
Direct Background reading (3) 250 5033
Direct Background reading (4) o7 SH6S
Direct Background reading (5) 3/ 2
Direct Background reading (AVERAGE)
Efficiency = (CPM-Background) / DPM o
9 MID-DAY SOURCE READING “ele 59¢8
K MID-DAY BACKGROUND READING LY 494 \
EVENING SOURCE READING o el Q7] © L 535% X
EVENING BACKGROUND READING _DLL ’;{[2, \\,\\f(
Morning check performed by ,P\\/'CDQ’ KUOOQ/ \
Mid-day check performed by p(L,OOQ_ }(W"’Q’ \
Evening check performed by G i\ A \

PARSONS ENGINEERING SCIENCE



¥ U0Am

SENECA ARMY DEPOT SEAD-12 RI/FS

FIDLER Serial Number A945P/A378Q

DATE: (,-7-0l _PAGE 7 OF 57

SOUICE I s ifagasaen 1 = e EIERRES R AN E B < Am-241:- N T |
Callbratlon Date 4/1 0/2001

Out of Cal Date 3/31/2003

Serial Number 8920

Source emission rate

254925 b/min te~ Ch 1

T3A400 oApm

Instrument Channel CHANNEL 1 OouT

High Voltage o [.o"™" l. 0 /
Battery Check oK o). 8 /
Source Check Reading (1) g 72 © 2’3? " q/
Source Check Reading (2) X 3 PR @/5-3 ,Dj/
Source Check Reading (3) ek 4 2Xeli ? 1

Source Check Reading (4) g/é 5_. @ 2‘(? [7‘ /

Source Check Reading (5) 8 [/ b/EO

Source Check Reading (AVERAGE) 335 blS

Direct Background reading (1) 2@ 7 Pl %/ 5

Direct Background reading (2) 220 572 g

Direct Background reading (3) Z%6 5/76

Direct Background reading (4) 32 3 5252, 7
Direct Background reading (5) 2L ' 5 ZUO /

Direct Background reading (AVERAGE)

Efficiency = (CPM-Background) / DPM

MID-DAY SOURCE READING

185

MID-DAY BACKGROUND READING

296 | et

EVENING SOURCE READING

TR 5| TR

EVENING BACKGROUND READING 790 5014 Y/
Morning check performed by 2 /éﬁ/) 6% M /

1 1 -U¥ ¢vMid-day check performed by AN %‘/‘(/VV]
Evening check performed by ) W\/\

G'—(Ofwx

PARSONS ENGINEERING SCIENCE
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SENECA ARMY DEPOT SEAD-12 RI/FS

FIDLER Serial Number A945P/A378Q

DATE. -%-Ol PAGE 8 ©oF 59

Source i 14 T AmM241- =
Calibration Date 1/0/1900

Out of Cal Date 1/0/1900 3

Serial Number 8920 ok pacel L

Source Check Reading (3)

Source emission rate 254925 dpm & 210 40O ¢ A
Instrument Channel CHANNEL 1 ouT
High Voltage ! 5 / / / 7
Battery Check 0 0K J
Source Check Reading (1) L G290 J /
Source Check Reading (2) X / (ﬂ 20 ? )

T

JREITE

Source Check Reading (4)

blS

Source Check Reading (5)

©237

Source Check Reading (AVERAGE)

Direct Background reading (1)

(¥

Direct Background reading (4)

Direct Background reading (5)

Direct Background reading (2) / \ s ,2,‘ J
Direct Background reading (3) 7 \ S99 \\k//
oY o SUET v
|

Direct Background reading (AVERAGE)

Efficiency = (CPM-Background) / DPM

MID-DAY SOURCE READING

MID-DAY BACKGROUND READING

4925

EVENING SOURCE READING

ts 62 (

EVENING BACKGROUND READING

S3

749 oM

Morning check performed by

t?x’»%(w\

Mid-day check performed by

|
\
\
JT C KM

1$20

Evening check performed by

Je ik

(

PARSONS ENGINEERING SCIENCE
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SENECA ARMY DEPOT SEAD-12 RI/FS

FIDLER Serial Number AS45P/A378Q

DATE: (,-9-0] pAcE 4 oF §¢g

SOUICEm: = Fataiv e el o e L R Y e e T
Calibration Date 1/0/1900

Out of Cal Date 1/0/1900

Serial Number 8920

Source emission rate 254925 dpm 9~ (h 1 704

Instrument Channel CHANNEL 1 ouT

High Voltage . el

Battery Check / oK f
Source Check Reading (1) \ / b Zl( /

Source Check Reading (2)

o

L0

Source Check Reading (3)

L1406

Source Check Reading (4)

23p

Source Check Reading (5)

o
/
§

Lo40

Source Check Reading (AVERAGE)

L(45

Direct Background reading (1) 5 23 6

Direct Background reading (2) / \ 5\ Si [
Direct Background reading (3) / L 5 l 5 ?{ 'yv/
Direct Background reading (4) 7 T 6lq 6 7

Direct Background reading (5) / \ SO 5 Lk /

Direct Background reading (AVERAGE)

Efficiency = (CPM-Background) / DPM

MID-DAY SOURCE READING

ooy

MID-DAY BACKGROUND READING

0%

EVENING SOURCE READING

5%09

EVENING BACKGROUND READING

503

Morning check performed by £lm
Mid-day check performed by E K}\/\
Evening check performed by EEW\

PARSONS ENGINEERING SCIENCE
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SENECA ARMY DEPOT SEAD-12 RI/FS

@\)f FIDLER Serial Number A945P/A378Q
DATE: W-l6 - of paGE (0 oF %9
Source -~ e Am-241
Calibration Date 1/0/1800
Out of Cal Date 1/0/1900 ., Ch"
Serial Number 8920 -
Source emission rate 254925 dpm 2499 £n.
Instrument Channel CHANNEL1 | ouT
High Voltage & F ( . ' /
Battery Check l J oK 7
Source Check Reading (1) L / ©206(, VZ
Source Check Reading (2) \ L @ 126 Q?
Source Check Reading (3) \ : (p 200 /

~

Source Check Reading (4) \ / i 7 /
Source Check Reading (5) Y 7 (0 26 _3 /
Source Check Reading (AVERAGE) (0224

Direct Background reading (1) 527(,

Direct Background reading (2) Y j l?,% 7
Direct Background reading (3) I\ G “0 O }\//
Direct Background reading (4) G217

Direct Background reading (5)

Direct Background reading (AVERAGE)

Efficiency = (CPM-Background) / DPM

519

MID-DAY SOURCE READING (o072

MID-DAY BACKGROUND READING / \| sow /
EVENING SOURCE READING / 59%7 i
EVENING BACKGROUND READING J 4qq7 Q” /
Morning check performed by / g N J
Mid-day check performed by / Q Q/\A /

Evening check performed by ! - Y\V\/\ /

PARSONS ENGINEERING SCIENCE
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SENECA ARMY DEPOT SEAD-12 RI/FS

FIDLER Serial Number A945P/A378Q

DATE: % l\\ [ 0\ PAGE |{ OF 59
SR L e S e s AMOATRE e
Calibration Date 1/0/1900

Out of Cal Date EEE Y

Serial Number 8920 T Gt
Source emission rate 254925 dpm 709 4990 o4 0T
Instrument Channel CHANNEL 1 ouT 4
High Voltage \.0& (- 08 /ﬂ
Battery Check o\C ol 7
Source Check Reading (1) gd\ Id | \y[
Source Check Reading (2) 243 %39 J/

Source Check Reading (3) 61 (%S4 /

Source Check Reading (4) %70 G300 /

Source Check Reading (5) B2\ b2 /

Source Check Reading (AVERAGE) ¢3¢ .7 Grey .M

Direct Background reading (1) 338 St14 /,
Direct Background reading (2) 5\ Sy /
Direct Background reading (3) 7)Y SeUy

Direct Background reading (4) 35\ 552 ¢/

Direct Background reading (5) 23S\ S3%§ /

Direct Background reading (AVERAGE)

Efficiency = (CPM-Background) / DPM

MID-DAY SOURCE READING

MID-DAY BACKGROUND READING i /

EVENING SOURCE READING 17" (L 20
EVENING BACKGROUND READING 32 501> b
0155 IMorning check performed by \yz,g_ : \_\ AL [
Mid-day check performed by Not vsed AN\
] %‘4\5/ Evening check performed by & N e Lm / R

v

\
ety (x re Week

PARSONS ENGINEERING SCIENCE (MM\“\)



SENECA ARMY DEPOT
SEAD-12 RUFS
s ofizfor Jey

Site: Seneca Army Depot
Project: SEAD-12
Team:

méﬁﬁﬂﬁeﬁqm

; "mwlem RrCRELd ter%-

Make Bicron Bicron

Model Analyst Analyst

Serial Number A945P A945P

Calibration Date 5/25/2001 5/25/2001

QOut of Cal Date 11/21/2001 11/21/2001

ProbeSair s ey ety gy ot 52 Nal Scintilatora2:f#&2=Nal:Scintilatoras

Make Bicron Bicron

Model G-5 G-5

Serial Number A365Q A365Q

Calibration Date 5/25/2001 5/25/2001

Out of Cal Date 11/21/2001 11/21/2001

SoUrce= S ety = 2 L lvar g . AmR241Es E0s Am-241s e 5

Source typeseips o maE et et a0 V5 LowsE-gammiase § 2 Low Eigamma s
Calibration Date 4/10/2001 4/10/2001

Out of Cal Date p 3/31/2003 3/31/2003

Serial Number 8920 8920

Source emission rate © 254925 dpm —254925dpm 2o4o0
Instrument Channel Channel 1 Out 2
- — ~ =

instrument efficiency 0.20% 0.50% 2290,
2 Sigma Range 766-879 5817-6154

3 Sigma Range 738-907 5732-6238

PARSONS ENGINEERING SCIENCE
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SENECA ARMY DEPOT SEAD-12 RI/FS

FIDLER Serial Number A945P/A378Q

DATE: o pace 1{ oF 59

Source: ‘ ' Am-241 -
Calibration Date 1/0/1900

Out of Cal Date 1/0/1900

Serial Number 8920 ko (i A
Source emission rate 254925 dpm ~ 2249 for

Instrument Channel

CHANNEL 1

1 ouT

High Voltage

T 6 K

Battery Check

\ /

1.4

Direct Background reading (1)

Source Check Reading (1) \ / (ﬂ?) )Z /
Source Check Reading (2) \ / (p ’LOO PV/
Source Check Reading (3) Y §\J7 (07/(0% Y
Source Check Reading (4) T \U‘/ (O LZL /
Source Check Reading (5) X / lﬁ@ 7“} /

Source Check Reading (AVERAGE) GLI¥

Direct Background reading (AVERAGE)

Efficiency = (CPM-Background) / DPM

MID-DAY SOURCE READING

Direct Background reading (2) / \ 9 2b [ LT
Direct Background reading (3) / \ 5206 }F\/

Direct Background reading (4) I \ g 125 7

Direct Background reading (5) [ Y SIL“\'\ Z

”20{ Evening check performed by

MID-DAY BACKGROUND READING I $19¢
EVENING SOURCE READING i LiY?%
EVENING BACKGROUND READING / 51T}
Morning check performed by L clMm
Mid-day check performed by [ EXwWm

/ Ekwn
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SENECA ARMY DEPOT SEAD-12 RI/FS

FIDLER Serial Number A945P/A378Q

DATE: AEA PAGE 1§ OF 0H
Source- - oy e I Py e AMEZAA SRR e e
Callibration Date 1/0/1900
Out of Cal Date 1/0/1900
Serial Number 8920
Source emission rate 254925 dpm &, (w1 9 (0%22] E2or 5T
Instrument Channel CHANNEL 1 ouT y
High Voltage / L.oe 7
Battery Check / Cl /
Source Check Reading (1) Y 3\/ 6yt 2L 1 //
Source Check Reading (2) (v 350 ;

= N
Source Check Reading (3) /N (9303 /
Source Check Reading (4) 7 & (2120 J
Source Check Reading (5) I N wzer /

U%lg

Source Check Reading (AVERAGE)

Direct Background reading (1)

Direct Background reading (2) \ Q’\/ Sdy

Direct Background reading (3) \/ $358% ,W

Direct Background reading (4) Z \ S3¥0 r,

Direct Background reading (5) / & s37e /

Direct Background reading (AVERAGE) S3IHO

Efficiency = (CPM-Background) / DPM R m-
EXIET

MID-DAY SOURCE READING /] r ot el AN

MID-DAY BACKGROUND READING
EVENING SOURCE READING

N

EVENING BACKGROUND READING

Morning check performed by / \ QR sy

Mid-day check performed by / X VA W
l Vi /

| Grd(_

f A ==
\ 7 /157 ceped hy PP
X g

Evening check performed by

PARSONS ENGINEERING SCIENCE



SENECA ARMY DEPOT SEAD-12 RI/FS

FIDLER Serial Number A945P/A378Q

DATE: {, =18 -0 PAGE b OF 64
Source: Am-241
Calibration Date 1/0/1900

Out of Cal Date 1/0/1900

Serial Number 8920

Source Check Reading (5)

Z bl2Y

Source Check Reading (AVERAGE)

Direct Background reading (1)

Direct Background reading (2)

5N

Direct Background reading (3)

/ 5224

Direct Background reading (4)

Direct Background reading (5)

Direct Background reading (AVERAGE)

Efficiency = (CPM-Background) / DPM

MID-DAY SOURCE READING

Net yeed "

MID-DAY BACKGROUND READING Mibue d ] A 1
EVENING SOURCE READING 60€¢ b
EVENING BACKGROUND READING / 50672 /

Morning check performed by {»F Priash /
Mid-day check performed by 1M a) ﬂ,-b{ (F207% W

N %
Evening check performed by / SR & /

PARSONS ENGINEERING SCIENCE

Source emission rate 254925dpm $or Ch1 71904po Eo-
Instrument Channel CHANNEL 1 ouT ov
High Voltage 1. >

Battery Check Oic- ~ —

Source Check Reading (1) // L20% y

Source Check Reading (2) f AREY f

Source Check Reading (3) _ly LAY Q(l//

Source Check Reading (4) 7 6209

7/1/7 (9,



SENECA ARMY DEPOT SEAD-12 RI/FS

FIDLER Serial Number A945P/A378Q

DATE w /1@ ]u‘ PAGE (3 OF 99
e - B AT-24 Vi
Calibration Date 1/0/1900
Out of Cal Date 1/0/1900
Serial Number 8920 A bo-thi

Source emission rate

254925 dpm 210499 fur outl

Source Check Reading (5)

Instrument Channel CHANNEL1 |, ouT
High Voltage / ol (.08
Battery Check / +-oo ok /
Source Check Reading (1) . Z 6232 g/
Source Check Reading (2) J;/ G2\ J
Source Check Reading (3) / 6335 7
Source Check Reading (4) / Cieo /

[ w160

Source Check Reading (AVERAGE)

Direct Background reading (1)

PYAR-Y

£324

Direct Background reading (2) L S2ts
Direct Background reading (3) S L2909
Direct Background reading (4) MY)/ S3te

Direct Background reading (5)

S210

Direct Background reading (AVERAGE)

Efficiency = (CPM-Background) / DPM

MID-DAY SOURCE READING / (;r%i'?mfo 2. T
MID-DAY BACKGROUND READING / 5 \("T . YA
EVENING SOURCE READING \\// b204 ME" G
EVENING BACKGROUND READING W Si§z e
Morning check performed by Z Jeid Fos M
Mid-day check performed by / Jed 1230 577
Evening check performed by / el [0 /

PARSONS ENGINEERING SCIENCE



SENECA ARMY DEPOT
SEAD-12 RIFS

PARSONS ENGINEERING SCIENCE

—B-42-04front
blzolo( V¥
Site: Seneca Army Depot
Project: SEAD-12
Team:
Pag@f 59
Instrument Type: Bicron Fidler Bicron Fidler
AKA o _— s, 3y - Fidler- Fidler
Make Bicron Bicron
Model Analyst Analyst
Serial Number A945P A945pP
Calibration Date 5/25/2001 5/25/2001
Out of Cal Date 11/21/2001 11/21/2001
Probe: Nal Scintilator Nal Scintilator
Make Bicron Bicron
Model G-5 G-5
Serial Number A365Q A365Q
Calibration Date 5/25/2001 5/25/2001
Out of Cal Date 11/21/2001 11/21/2001
Source Am-241 Am-241
Source type Low E gamma Low E gamma
Calibration Date 4/10/2001 4/10/2001
Out of Cal Date 3/31/2003 3/31/2003
Serial Number ‘ 8920 8920
Source emission rate 254925 dpm ~ 20482570pm
Instrument Channel Channel 1 Out
instrument efficiency 0.20% 0.50%
2 Sigma Range 766-879" 57916367
3 Sigma Range 738907 5647-6511
s £yt
J z

(o490

I %1CY]



SENECA ARMY DEPOT SEAD-12 RI/FS

FIDLER Serial Number A945P/A378Q

DATE: (pj’&afo( PAGE |4 _OF §§L

Source:: Am-241- oA
Calibration Date 1/0/1900

Out of Cal Date 1/0/1900

Serial Number

8920 Jﬁ)r ch1

Source emission rate 254925 dpm 719499 for 5
Instrument Channel CHANNEL 1 ouT /
High Voltage (0@ /
Battery Check / 0((, /

: 7
Source Check Reading (1) i/ 251 ¥
Source Check Reading (2) ZW Glst W
Source Check Reading (3) / bles /
Source Check Reading (4) / 02 [
Source Check Reading (5) / I4¢ /

Source Check Reading (AVERAGE)

bo§

Direct Background reading (1) / S1e \
Direct Background reading (2) Silp d
Direct Background reading (3) 3376
Direct Background reading (4) 5 | 7 7
Direct Background reading (5) YZ (6

Direct Background reading (AVERAGE)

(CPM-Background) / DPM

Efficiency =

MID-DAY SOURCE READING 6097 .
MID-DAY BACKGROUND READING S2s5Y /
EVENING SOURCE READING ~ LolF /
EVENING BACKGROUND READING J qu S, nﬁ//
Morning check performed by / S 0o 7

Mid-day check performed by / UOJ,\ 2\ /

Evening check performed by / J LL{ 1#3€ 7

. ) ¥
M\&!M( SMM(A( low 50 pwas

PARSONS ENGINEERING SCIENCE
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SENECA ARMY DEPOT SEAD-12 RI/FS

FIDLER Serial Number A945P/A378Q

DATE: b/21 for PAGE 20 OF &9

Source= ) ' Am-241 p=
Calibration Date 1/0/1900

Out of Cal Date 1/0/1900

Serial Number 8920 s~ Ch 1
Source emission rate 254925 dpm” 919 490 0 T]
Instrument Channel CHANNEL 1 ouT

High Voltage 7 I .0 g

Battery Check / Dl /
Source Check Reading (1) A @3] v/
Source Check Reading (2) ‘14/ (p 20 L 4(/
Source Check Reading (3) 7 G [l2ZY /
Source Check Reading (4) / Gl3S {

Source Check Reading (5) / (30 | /

6lg3

Source Check Reading (AVERAGE)

Direct Background reading (1)

Direct Background reading (2) / S99y \Lf
Direct Background reading (3) . % 51582 ‘/)J /
Direct Background reading (4) V § | € c’ /

Direct Background reading (5)

Direct Background reading (AVERAGE)

Efficiency = (CPM-Background) / DPM

U 276y

MID-DAY SOURCE READING R~ | S28/ /
MID-DAY BACKGROUND READING R | SoaxT L3V /
EVENING SOURCE READING / ¥ c34a Godl ‘\/
EVENING BACKGROUND READING \W/ SBY0 D/
Morning check performed by “// 2SS Rom /

Mid-day check performed by / 129y Kks ﬁ

Evening check performed by SA¢, (+3¢ /

PARSONS ENGINEERING SCIENCE



SENECA ARMY DEPOT SEAD-12 RI/FS

FIDLER Serial Number A845P/A378Q

DATE (o { 22 (o | PAGE {4 OF ¢9

Source: W Am-241- ° :

Calibration Date 1/0/1900

Out of Cal Date 1/0/1900

Serial Number 8920 _£or Ch1

Source emission rate 254925 dpm”™ 9,54 9D €, , 5]
Instrument Channel CHANNEL 1 ouT

High Voltage J (.06 /
Battery Check / 0‘(, Z
Source Check Reading (1) , / A P
Source Check Reading (2) >/ 6(8L v/

Source Check Reading (3) (7/ 0231 YD

Source Check Reading (4) / (0311 l

Source Check Reading (5) / (p'l«"((o /

Source Check Reading (AVERAGE) O 13y

Direct Background reading (1) / AYITR) /
Direct Background reading (2) . 4/ SL3 Z
Direct Background reading (3) ﬁZ 53 o+

Direct Background reading (4) 7 Ste6 /

Direct Background reading (5) / $2L0% /

Direct Background reading (AVERAGE)

Efficiency = (CPM-Background) / DPM

MID-DAY SOURCE READING

Wgz;{

MID-DAY BACKGROUND READING So0%S ]

EVENING SOURCE READING W/ CHIY wilaia 26 -
EVENING BACKGROUND READING v/ 51344 o
Morning check performed by / JM 0130 /
Mid-day check performed by j ke 1230 &W/
Evening check performed by LU (428 /

PARSONS ENGINEERING SCIENCE
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SENECA ARMY DEPOT SEAD-12 RI/FS

AQys e
FIDLER Serial Number A968P7TA367T— ph
DATE: _{23[0( PAGE 9y, OF §Y
SOUCE T Am-241
Calibration Date 1/25/2001
Out of Cal Date 7/24/2001
Serial Number A9BBP 6 Ch1
Source emission rate 254925dpm” 2,0 4272 ¢ br 0T
Instrument Channel CHANNEL 1 ouTt
High Voltage |.0¢ /
Battery Check / o\ /
Source Check Reading (1) J LS52h i
=, WY
Source Check Reading (2) {7/ LSO ())/
Source Check Reading (3) / S2Z
Source Check Reading (4) / w59 & Z
Source Check Reading (5) / LS 3t /
Source Check Reading (AVERAGE) L>39

Direct Background reading (1)

Direct Background reading (2) / S C1%
e

Direct Background reading (3) \QJZ §3Yya

Direct Background reading (4) \7 Sl 26

Direct Background reading (5)

Direct Background reading (AVERAGE)

Efficiency = (CPM-Background) / DPM

GYoS

$31% ot
L34z Y/

MID-DAY SOURCE READING
MID-DAY BACKGROUND READING
EVENING SOURCE READING

EVENING BACKGROUND READING Soqq \‘Z7
Morning check performed by / Jetk 0827 /
Mid-day check performed by / JUL (o F /
Evening check performed by / \5!%,@ {620 /

PARSONS ENGINEERING SCIENCE



SENECA ARMY DEPOT SEAD-12 RI/FS

. A4457 .
FIDLER Serial Number A968RMA36ZQ L

DATE: PAGE % oF 59
Sourcei i oA AR T
Calibration Date 1/25/2001
Out of Cal Date 7/24/2001
Serial Number A9BBP 4. Ch1
Source emission rate 254925 dpm” 19429 €0 o0
Instrument Channel CHANNEL 1 ouT :
High Voltage 1 \ .08 /
Battery Check / ok /!
Source Check Reading (1) ik / 3\"V§ | (020‘0 L\f//
Source Check Reading (2) ,?7/ () 1dé *Z}’/

4
Source Check Reading (3) [ 010 /

(& ,

Source Check Reading (4) // vt LIS/
Source Check Reading (5) [ ¢310 /
Source Check Reading (AVERAGE)

Direct Background reading (1)

Direct Background reading (2) 1 /7 S304 1//
Direct Background reading (3) ljy/ 5038 ) /
Direct Background reading (4) 7 Slpd \V/
Direct Background reading (5) / S120 l

Direct Background reading (AVERAGE)

Efficiency = (CPM-Background) / DPM

MID-DAY SOURCE READING

MID-DAY BACKGROUND READING

S\Ly

EVENING SOURCE READING

Go1 Y

EVENING BACKGROUND READING

5090

Morning check performed by

Uk 0726 V4

Mid-day check performed by

Jed 2oy Z

Evening check performed by

Lije 1550

PARSONS ENGINEERING SCIENCE
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SENECA ARMY DEPOT SEAD-12 RI/FS

FIDLER Serial Number A945P/A378Q

DATE: 6/Z§'/0/ paGE 24 OF 54
Sourcee ~ . Am-241
Calibration Date 5/25/2001
Out of Cal Date 11/21/2001
Serial Number A945P for Ch 1
Source emission rate 254925 dpm” 2 (240> 6, 2T
Instrument Channel CHANNEL 1 ouT
High Voltage / lel
Battery Check l %] [g
Source Check Reading (1) Q// {3\
Source Check Reading (2) J.Z/ J;Oq b
Source Check Reading (3) / o,
Source Check Reading (4) J (230
Source Check Reading (5) / fod (o2
Source Check Reading (AVERAGE) bi{A.8
Direct Background reading (1) f{ 2b wr
Direct Background reading (2) Sot9 )
Direct Background reading (3) 51%0
. . WT
Direct Background reading (4) 5043
Direct Background reading (5) Si 29 O
Direct Background reading (AVERAGE) 51(09. oA
Efficiency = (CPM-Background) / DPM e p (S5 7o
MID-DAY SOURCE READING LS eul (1S
MID-DAY BACKGROUND READING SHe 1 5\ 00
EVENING SOURCE READING WA 1L
EVENING BACKGROUND READING Wk Srpt
Morning check performed by uc 0 99
Mid-day check performed by L RN
Evening check performed by rUL. (350

PARSONS ENGINEERING SCIENCE
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SENECA ARMY DEPOT SEAD-12 RI/FS

FIDLER Serial Number A945P/A378Q

ATE:___|aflol PAGE 75 _ OF 59
Sotigepis it T o G St o 107 iy W R i
Calibration Date 5/25/2001
Out of Cal Date 11/21/2001
Serial Number A945P A En1
Source emission rate 254925dpm”~ 9,0 4092 oo
Instrument Channel . CHANNEL 1 ouTt
High Voltage \ i\

Battery Check \ J ole
Source Check Reading (1) \\ (@ |
Source Check Reading (2) \ ik i3 5
Source Check Reading (3) X bob8
Source Check Reading (4) \ lboy3
Source Check Reading (5) \ (pOCLU
Source Check Reading (AVERAGE) o}y
Direct Background reading (1) Bl our

Direct Background reading (2) 5'\ bl

Direct Background reading (3) Sk

Direct Background reading (4) Sod\

Direct Background reading (5) SO‘“—

Direct Background reading (AVERAGE) \ \Z

Efficiency = (CPM-Background) / DPM 9,14 % W
MID-DAY SOURCE READING CZé¢ |
MID-DAY BACKGROUND READING f// 5086
EVENING SOURCE READING V o(F73
EVENING BACKGROUND READING / 4ol
Morning check performed by Sunny (5F ’\qu 030

Mid-day check performed by l Lan |z 0

Evening check performed by R (=YY

PARSONS ENGINEERING SCIENCE
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SENECA ARMY DEPOT SEAD-12 RI/FS

FIDLER Serial Number A945P/A378Q

pATE: & (27|0] PAGE )(p OF 5
Source = Am-241

Calibration Date 5/25/2001

Out of Cal Date 11/21/2001

Serial Number AQ45P £ Ch1
Source emission rate 254925 dpm” 200400 fo, )T
Instrument Channel CHANNEL 1 ouT

High Voltage A LoH

Battery Check .Ok

Source Check Reading (1) 7 635h

Source Check Reading (2) \)}/ Czo2_

Source Check Reading (3) 72/ C 3 3 l

Source Check Reading (4) f é ?OQD

Source Check Reading (5) / 6 25T

Source Check Reading (AVERAGE) 28

Direct Background reading (1) ({?7 2__

Direct Background reading (2) Sl)%

Direct Background reading (3) 5‘[ LL[

Direct Background reading (4) S_Z( f)

Direct Background reading (5) S o8

Direct Background reading (AVERAGE) i35V

Efficiency = (CPM-Background) / DPM M (9,8 lé 2(s 72(:;9,
MID-DAY SOURCE READING (o 2O /

MID-DAY BACKGROUND READING 5 )Gl \,)‘3'/

EVENING SOURCE READING (i 31

EVENING BACKGROUND READING S 033;'5 \I/

Morning check performed by @J}vp ;oz,;iob’

Mid-day check performed by vl g\“{;;%?%

Evening check performed by Mk | 739

PARSONS ENGINEERING SCIENCE
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SENECA ARMY DEPOT SEAD-12 RI/FS

FIDLER Serial Number A945P/A378Q

DATE: G (7280 PAGE X1 OF Tq

Sources: e - : Am-241 oo 7 e 5
Calibration Date 5/25/2001

Out of Cal Date 11/21/2001

Serial Number A945P L - (L1

Source emission rate 254925dpm”  72(0490 £, o]

Instrument Channel CHANNEL 1 ouT
High Voltage ,/ \.0%
Battery Check / ole
Source Check Reading (1) \ // LS\S
Source Check Reading (2) _ ?7 LML T
Source Check Reading (3) Z G412
Source Check Reading (4) / (31T
Source Check Reading (5) / @i¥a
Source Check Reading (AVERAGE) o3
Direct Background reading (1) SHY },Q_\(IL(

Direct Background reading (2) St J

Direct Background reading (3) 5% o+ l

Direct Background reading (4) S5 ><
Direct Background reading (5) S ¢ [

Direct Background reading (AVERAGE) S52¢bL V¥

Efficiency = (CPM-Background) / DPM o) (6o 7
MID-DAY SOURCE READING ;0 M
MID-DAY BACKGROUND READING Sl S =

EVENING SOURCE READING M GlSOo
EVENING BACKGROUND READING =1 173
Morning check performed by Svaay hesu32 el oy

Mid-day check performed by ey (L1

Evening check performed by Ram 93" 37?

PARSONS ENGINEERING SCIENCE
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SENECA ARMY DEPOT SEAD-12 RI/FS

FIDLER Serial Number A945P/A378Q

DATE: . (p(29(2] PAGE 78  OF Y
Source” v Am-241
Calibration Date 5/25/2001
Out of Cal Date 11/21/2001
Serial Number A945P Lo (4 1
Source emission rate 254925 dpm” 9,040 for o 7]
Instrument Channel CHANNEL 1 ouT
High Voltage / ) D8
Battery Check , 7 Q l/;
Source Check Reading (1) .$// L2X®
~L
Source Check Reading (2) Z G {62
Source Check Reading (3) 7 53 Y 6]
Source Check Reading (4) / G 3 3 8
Source Check Reading (5) / (9'2,3 6
Source Check Reading (AVERAGE) (263

Direct Background reading (1)

s19) [

Direct Background reading (2)

A .

Direct Background reading (3)

Sz us

Direct Background reading (4)

SLeY

Direct Background reading (5)

i)

Direct Background reading (AVERAGE) 2. YN
Efficiency = (CPM-Background) / DPM T O.14%5
MID-DAY SOURCE READING L8 W
MID-DAY BACKGROUND READING 5224 yy
EVENING SOURCE READING (O 0 Q 7 7
EVENING BACKGROUND READING 52,4 o
Morning check performed by “Jtmg: .,59—5“'

NSV
Mid-day check performed by MAL \\\u\\%\ 70 ¢
Evening check performed by il (Suo

PARSONS ENGINEERING SCIENCE
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SENECA ARMY DEPOT SEAD-12 RI/FS

FIDLER Serial Number A945P/A378Q

DATE: '}(Q /6( PAGE 19 OF &Y
Source: P % - Am-241 ——
Calibration Date 5/25/2001
Out of Cal Date 11/21/2001
Serial Number A945P Lyr (W1
Source emission rate 254925dpm”~ 70400 &, o} T
Instrument Channel CHANNEL 1 ouT
High Voltage - ‘@%—1 0%
Battery Check 7 ole
Source Check Reading (1) / (o251
Source Check Reading (2) ,W bZ?")’
Source Check Reading (3) 7 (r) 26 (
Source Check Reading (4) / AN
Source Check Reading (5) 7 G128
Source Check Reading (AVERAGE) / é 15 7.
Direct Background reading (1) C3sF+ ibbﬂ
Direct Background reading (2) $33¢
Direct Background reading (3) §3 T+
Direct Background reading (4) $295
Direct Background reading (5) $23¢
Direct Background reading (AVERAGE) 332 \
pr

Efficiency = (CPM-Background) / DPM O 3% 7 2221
MID-DAY SOURCE READING o O

INC VLY UV vl
MID-DAY BACKGROUND READING
EVENING SOURCE READING ] 0139
EVENING BACKGROUND READING ot il S237L
Morning check performed by 30 °F cpmny, Jede oFi¢
Mid-day check performed by N ot Vi L A A}\A \]/L(,K
Evening check performed by Jed 2

PARSONS ENGINEERING SCIENCE



SENECA ARMY DEPOT SEAD-12 RI/FS

FIDLER Serial Number A945P/A378Q

DATE: 7 [(0 L\ PAGE 20 OF 5¢
Source - Am-241
Cahbratlon Date 5/25/2001
Out of Cal Date 11/21/2001
Serial Number A945P Lo (N1
Source emission rate 254925 dpm’ 710499 €or HT]
Instrument Channel CHANNEL 1 ouT
!

High Voltage (-¢ 8
Battery Check 7 ole
Source Check Reading (1) p / C 2('{“‘(
Source Check Reading (2) S / , 249
Source Check Reading (3) / L3¢t
Source Check Reading (4) / 39
Source Check Reading (5) [ 323

L3

Source Check Reading (AVERAGE)

Direct Background reading (1) 52‘? T E@]

Direct Background reading (2) S ﬁ 3 \

Direct Background reading (3) 52&],

Direct Background reading (4) H4 7

Direct Background reading (5) SO¢ (

Direct Background reading (AVERAGE) SISy \/

Efficiency = (CPM-Background) / DPM i)c2s | L /s
MID-DAY SOURCE READING N o~ litleeD ind ) A - IR
MID-DAY BACKGROUND READING S Al ij[L
EVENING SOURCE READING Hole?” N o L2,
EVENING BACKGROUND READING e b S L34

Morning check performed by ($™F (Lot Sk ¥ 3f 00
, F ~

Mid-day check performed by Nt vsed (a] A AA

Evening check performed by o, ed (A4

PARSONS ENGINEERING SCIENCE
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SENECA ARMY DEPOT SEAD-12 RI/FS

FIDLER Serial Number A945P/A378Q

DATE: Z/// (O] PAGE 2l OF &9
Calibration Date 5/25/2001
Out of Cal Date 11/21/2001
Serial Number AD45P £, ChA1
Source emission rate 254925dpm°  7(0Y22 €or 0T
Instrument Channel CHANNEL 1 OouT
High Voltage !
Battery Check / 2 k
Source Check Reading (1) / G275
Source Check Reading (2) $7 6( dl
Source Check Reading (3) V 6[ 945
Source Check Reading (4) / GLET
Source Check Reading (5) / C28 g
Source Check Reading (AVERAGE) Gz (€
Direct Background reading (1) TO 3€ \@
Direct Background reading (2) f{ 3¢ T
Direct Background reading (3) S'-O b7
. |Direct Background reading (4) iy
Direct Background reading (5) L( q [ 2
Direct Background reading (AVERAGE) SO6 3N
Efficiency = (CPM-Background) / DPM &) 01 l 6 *lo
MID-DAY SOURCE READING (V=040 6315
MID-DAY BACKGROUND READING /| so040
EVENING SOURCE READING Q’/ 6O40
EVENING BACKGROUND READING o TP
Morning check performed by 2.4 53,3,1 Y
Mid-day check performed by pam 93}”: i2:02p
Evening check performed by [ p Zj:,l 24 * S 47 g’b
> 1

PARSONS ENGINEERING SCIENCE
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SENECA ARMY DEPOT SEAD-12 RI/FS

FIDLER Serial Number A945P/A378Q

DATE: 212(°] PAGE ) OF §9
Source Am-241 .
Calibration Date 5/25/2001
Out of Cal Date 11/21/2001
Serial Number ABdBP . L Ch 1
Source emission rate 254925 dpm’ 919429 bor 0T
Instrument Channel CHANNEL 1 ouT
High Voltage / ’ il
Battery Check / 9 '(
Source Check Reading (1) V/ 638
Source Check Reading (2) Jf/ b 5¥
Source Check Reading (3) / 6252
Source Check Reading (4) 7 6349
Source Check Reading (5) l é ( S8
Source Check Reading (AVERAGE) G'L &
Direct Background reading (1) 13 ;\Rﬂ
Direct Background reading (2) 511 .2
Direct Background reading (3) 5-05"‘{
Direct Background reading (4) SIs©
Direct Background reading (5) sozl
Direct Background reading (AVERAGE) S0
) - i 9/ 9 7 .7/
Efficiency = (CPM-Background) / DPM L Uedlo | o
9
MID-DAY SOURCE READING 1 6Glo
MID-DAY BACKGROUND READING v s0aY
W
EVENING SOURCE READING 4 sl
EVENING BACKGROUND READING P L2

Morning check performed by Raw "'7=i9n°:& (40
7 -
Mid-day check performed by Paha 11534 "“:_:;f‘»‘c
PC ¢e®

Evening check performed by Ran 5:30p

2 158
V6% Y

Butterq chiomged mnadiatly bekere piday chade

PARSONS ENGINEERING SCIENCE



SENECA ARMY DEPOT SEAD-12 RI/FS

FIDLER Serial Number A945P/A378Q

DATE: _ 7(3/s) PAGE T ©OF &7
et iy Am-241 bt

Calibration Date 5/25/2001

Out of Cal Date 11/21/2001 >

Serial Number A945P - (h1

Source emission rate 254925 dpm 71949992 bn, 5T

Instrument Channel CHANNEL 1 ouT

High Voltage A

Battery Check / ok

Source Check Reading (1) / Gloo

Source Check Reading (2) M 6CO6%

Source Check Reading (3) / 6z 6

Source Check Reading (4) / 6 26 6

Source Check Reading (5) / (50O

Source Check Reading (AVERAGE) 6129

Direct Background reading (1) S07 |

Direct Background reading (2) S| a)

Direct Background reading (3) s175

Direct Background reading (4) So0%0

Direct Background reading (5) Sio

Direct Background reading (AVERAGE) §.l 27 \V

Efficiency = (CPM-Background) / DPM W O .Y 2

MID-DAY SOURCE READING LOGS

MID-DAY BACKGROUND READING M Sleo

EVENING SOURGE READING b (oVS

EVENING BACKGROUND READING 5 \ w

Morning check performed by g & B7o0 5w et S

Mid-day check performed by \Y&(/‘ 2o -

Evening check performed by K Lty 1y 20°

PARSONS ENGINEERING SCIENCE
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SENECA ARMY DEPOT SEAD-12 RI/FS

FIDLER Serial Number A945P/A378Q

DATE: 71410} pace 3| oF 7
SoUICER s ‘ Am-241 5
Calibration Date 5/25/2001

Out of Cal Date 11/21/2001

Serial Number AG45P 4. (b 1
Source emission rate 254925 dpm” 59,9490 6o 5T
Instrument Channel CHANNEL 1 ouT

High Voltage l O, W

Battery Check / OWR

Source Check Reading (1) \Q// SIS

Source Check Reading (2) Q/ |

Source Check Reading (3) / oA D

Source Check Reading (4) / (68l

Source Check Reading (5) / ST

Source Check Reading (AVERAGE) (ol LH

Direct Background reading (1) SI Lo(-}(wr,

Direct Background reading (2) 524 E)J

Direct Background reading (3) SRS

Direct Background reading (4) St Fe

Direct Background reading (5) SN Ay

Direct Background reading (AVERAGE) - 129 V/

Efficiency = (CPM-Background) / DPM é’"—” O ( (3 ’/0

MID-DAY SOURCE READING 1 har

MID-DAY BACKGROUND READING / £211

EVENING SOURCE READING not e i) P

EVENING BACKGROUND READING wol psegd | i v FOL

Morning check performed by W

Mid-day check performed by ku— 120

Evening check performed by et 1S 36—

PARSONS ENGINEERING SCIENCE
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SENECA ARMY DEPOT SEAD-12 RV/FS

FIDLER Serial Number AS45P/A378Q

DATE: ‘ng/ﬂi PAGE 23S OF 59
Source:. A— ~ Am-241 ]
Calibration Date 5/25/2001
Out of Cal Date 11/21/2001
Serial Number AB45P Lo~ Ch{
Source emission rate 254925 dpm” 740 499 €or 24T |
Instrument Channel CHANNEL 1 ouT
High Voltage : ( L )
Battery Check 3 l/v O l(

V ’ -
Source Check Reading (1) \}4/ -2%2

A

Source Check Reading (2) ‘Q/ G2 3|
Source Check Reading (3) / 5( z "7/
Source Check Reading (4) / G(|D
Source Check Reading (5) f G 7€
Source Check Reading (AVERAGE) G715

Direct Background reading (1) g‘z 6G |our
Direct Background reading (2) S2iq
Direct Background reading (3) 152
Direct Background reading (4) S_I Y 6
Direct Background reading (5) 5'3 o
Direct Background reading (AVERAGE) S22V

Efficiency = (CPM-Background) / DPM

3776 O 13 %

MID-DAY SOURCE READING Sl 633
MID-DAY BACKGROUND READING v $239
EVENING SOURCE READING % (129
EVENING BACKGROUND READING / 51 9)
Morning check performed by Remngy oty cdsZ 71T a 2|

. S'c.«ﬂ"y ( -
Mid-day check perfformed by £ oh, ({2:i0p 72
Evening check performed by  Kics  i539 78",. R(/"“'(L

7

PARSONS ENGINEERING SCIENCE

R o
2zl



SENECA ARMY DEPOT SEAD-12 RI/FS

FIDLER Serial Number A945P/A378Q

DATE: 7[/5/9/ PAGE 3 OF SY
Sourcelm==_—_ Am-241

Calibration Date 5/25/2001

Out of Cal Date 11/21/2001

Serial Number A945P £ . (ih1

Source emission rate 254925 dpm” 30499 for 5 T
Instrument Channel CHANNEL 1 ouT

High Voltage / ’ I
Battery Check / 2 [C
Source Check Reading (1) \L// 6363
Source Check Reading (2) 0]// 6303
Source Check Reading (3) / 63 6 2.
Source Check Reading (4) / & 28 ¥
Source Check Reading (5) / é 3 7 é
Source Check Reading (AVERAGE) 6338
Direct Background reading (1) 5'"2,.5‘5/ (ouﬂ

Direct Background reading (2) 5 3.3

Direct Background reading (3) s 3 C/>‘7

Direct Background reading (4) S L2 ¥

Direct Background reading (5) S § 7% |

Direct Background reading (AVERAGE) S2|b \l/

Efficiency = (CPM-Background) / DPM L™ .67,
MID-DAY SOURCE READING (o 32t /
MID-DAY BACKGROUND READING 52 L(é 4V
EVENING SOURCE READING e \5 /
EVENING BACKGROUND READING =40V

Morning check performed by Rowa <&§° Svnny

Mid-day check performed by A A/ 73° | Somau s

Evening check performed by ;\‘(\,\(_, ey for T ‘i\ “;'LL\A

PARSON