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July 6, 2017
PG&E Letter HBL-17-003

U.S Nuclear Regulatory Commission
ATTN: Document Control Desk
Washington, DC 20555-0001

Docket No. 50-133, License No. DPR-7
Humboldt Bay Power Plant, Unit 3
License Termination Plan Technical Basis Documents

Dear Commissioners and Staff:

On May 3, 2013, Pacific Gas and Electric Company (PG&E) submitted PG&E Letter
HBL-13-008, “Humboldt Bay Power Plant, Unit 3 License Termination Plan
Supplemental Information.” That letter included five technical basis documents
(TBDs) to aid the NRC in its review of the License Termination Plan (LTP). One of
the TBDs was titled “In Situ Object Counting System (ISOCS) as Applied to Scan
Requirements in Support of Final Status Survey at HBPP,” dated September 26,
2012.

Recently, PG&E discovered an instrument geometry error in the original ISOCS
TBD. This error has been entered into the HBPP Corrective Action Program (CAP).
PG&E reviewed every field use of ISOCS for Final Status Survey and found that in
no case did it affect the conclusion of the area meeting the clearance criteria. PG&E
has corrected the error in the “In Situ Object Counting System (ISOCS) as Applied to
Scan Requirements in Support of the Final Status Survey at HBPP,” TBD. Revision
2 of the TBD is contained in Enclosure 1.

In addition, on August 13, 2014, PG&E submitted PG&E Letter HBL-14-015,
“‘Humboldt Bay Power Plant, Unit 3 License Termination Plan, Revision 1.” LTP -
Section 5.4.2.5.3, states that a TBD will be developed for the bulk assay system and
submitted to the NRC prior to being used. The TBD, which is titled “Technical Basis
for Design, Calibration, and Operation of the Gardian Mobile Assay System,” has

been developed and is contained in Enclosure 2. The TBD, however, was used and
provided to NRC inspectors during the August 9-11, 2016 inspection, but not

formally submitted. This oversight has been entered into the HBPP (CAP).

There are no new or revised regulatory commitments (as defined in NEI 99-04)
made in this letter.

NIYESL

Ei&ﬂm@ vﬁfﬂmpaﬂy‘” Senior Director San Luis Obispo, CA 93401
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If you have any questions regarding this submittal, please contact Mr. William Barley
at (707) 444-0856. '

Senior Director, Nuclear Dec@mmissioning

Enclosures

cc. Kriss M. Kennedy, NRC Region IV Administrator
John B. Hickman, NRC Project Manager
HBPP Humboldt Distribution
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PG&E Letter HBL-17-003

Technical Basis Document

In Situ Object Counting System™ (ISOCS) as Applied to Scan Requirements in
Support of the Final Status Survey at HBPP

Revision 2
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TITLE APPROVED BY
IN SITU OBJECT COUNTING SYSTEM™ ORIGINAL SIGNED 6-15-17
(ISOCS) AS APPLIED TO SCAN

REQUIREMENTS IN SUPPORT OF THE

FINAL STATUS SURVEY AT HBPP HB NUCLEAR

(Procedure Classification — Quality Related)

1.0 SCOPE

2.0

1.1

This TBD is intended to cover the use of the Canberra ISOCS® detector system as a
scanning instrument for Final Status Surveys. This revision addresses SAPN 1425160
regarding a work group evaluation of a review of the Geometry Composer ISOCS Model
used to determine investigation levels for Class 1 area scans.

DISCUSSION

2.1

2.2

The Canberra characterized High Purity Germanium (HPGe) detector will be used in
conjunction with the Canberra Genie™ software suite to achieve Final Status Survey
(FSS) scans of building surfaces and land areas and possibly other media as deemed
appropriate (e.g. piping systems). The ISOCS® scanning technique achieves scan
coverage over a defined area to set a-priori detection limits. These detection limits must
be capable of detecting the investigation level to facilitate follow-up investigations where
required.

System Description

Two ISOCS-characterized P-type HPGe detectors, manufactured by Canberra Industries,
have been procured. As the project progresses, other ISOCS® detectors (e.g. reverse
electrode coaxial) may be employed. The key factor regarding the use of other ISOCS®
characterized detectors is that specific efficiency calibrations will be developed and
evaluated to account for each detector's unique characteristics.

The HPGe detector is mounted on a bracket designed to hold the detector cryostat
assembly and associated collimators. This bracket may be mounted in a cage-like frame.
This frame permits the detector to be oriented (pointed) over a full range from a horizontal
to vertical orientation while being positioned above the surface being evaluated.

The InSpector (MCA) unit that drives the signal chain and the laptop computer that runs
the acquisition software (Genie-2000) are mounted either in the frame or on a wheeled
cart. These components are may be battery powered. Back-up power supplies (e.g.
inverter) may be used to support the duty cycle. A wireless network may also be installed
so that the laptop computers used to run the systems can be controlled from remote laptop,

eliminating the need for a direct cable connection between the operator’s station and the
ISOCS unit.

DIRECTOR/PLANT MANAGER / DATE
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2.3 LTP Chapter 5 Performance Criteria

In the performance of required survey unit measurements, levels of radioactivity may be
identified that warrant investigation. Depending on the results of the investigation, the
survey unit may require no action, remediation, and/or reclassification and resurvey. In
order to satisfy the requirements of the HBPP LTP (Ref 1), the scan sensitivity and
coverage must be adequate to meet the dual specifications for coverage and investigation

level as presented in Table 1 and Table 2.

Table 1 Scan Survey Coverage Requirements

Class 1 Class 2

Class 3

Scan Coverage

100%

Judgmental (1-10%)

scan coverage levels.

10-100 %*

* For Class 2 Survey Units, the amount of scan coverage will be proportional to the potential for finding areas of elevated activity
or areas close to the release criterion in accordance with MARSSIM Section 5.5.3. Accordingly, HBPP will use historical
information and the results of individual measurements collected during characterization to correlate this activity potential to

Table 2 Investigation Levels
Classification Scan Investigation Levels Direct Investigation Levels
>DCGLgyc or >DCGLy and > a
>DCGLpmc statistical parameter-based
Class 1 Value
>DCGLW or >MDCSCAN if ‘
Class 2 MDCgcqy is greater than DCGLy, > DCGLy
Class 3 Detectable over Background > 0.5DCGLy

2.4 Traditional Scan Methodologies

Traditional gamma scan surveys have been performed with handheld instruments such as
Nal(T1) scintillation detectors for gamma in potentially contaminated media or - gas flow
proport10na1 probes when alpha/beta detection is desired.

Techn1c1ans will respond to all instrument indications of elevated activity while surveying.
Upon receiving an indication, the technician will stop and resurvey the last square meter
of area surveyed to verify the increase. Technicians are cautioned, in training, about the
importance of the verification survey and are given specific direction in the procedure as
to survey extent and scan speed. If the indication is verified, the technician will mark the
area with a flag or other appropriate means. Each area marked will be addressed in an
investigation survey instruction prepared for the survey unit. The instruction will specify
the required actions, such as a re-scan of the area, direct measurements, and collection of a
soil sample (for land surveys). Each investigation will be evaluated and reported in the '
survey area report. (Investigation levels are shown in Table 2.)




L\

NUCLEAR POWER GENERATION DEPARTMENT NUMBER TBD-402

TITLE IN SITU OBJECT COUNTING SYSTEM™ (ISOCS) AS \R,g\l;lléli/g?q ;2
APPLIED TO SCAN REQUIREMENTS IN SUPPORT OF THE FINAL

STATUS SURVEY AT HBPP PAGE 3of11

2.5

2.6

With respect to Class 1 Survey Units, surveillance for elevated activity is performed via

" scan surveys using hand-held field instruments. Acceptance criteria (i.e. DCGLgyc) is

derived by multiplying the DCGLw by the area factor associated with that area bounded by
the grid used to locate soil samples. Occasionally, due to either background radioactivity
or the size of the sample location grid, the detection sensitivity for these hand-held
instruments exceeds the DCGLgpc. In such instances, the survey grid is reduced so that
area factors yielding higher DCGLgyc values can be used. This approach has a side effect
of additional sampling, which impacts project schedules and costs. Additional sampling is
further experienced to distinguish between natural radioactivity and plant-derived
radioactivity to investigate elevated instrument responses.

ISOCS Scan methodologies

For the ISOCS scan method, the primary assumption made is that a potential one-square-
meter of elevated radioactivity exists at the edge of the area being evaluated by a single in-
situ measurement.

To account for detection (i.e. efficiency) radionuclide-specific investigation levels are
developed. Since the investigation levels approximate the DCGLy, assay results below
investigation level(s) satisfy both the DCGLw and DCGLgc criteria.

The ability of ISOCS to perform radionuclide identification is also beneficial where
influences from background radioactivity (e.g. ISFSI) impede survey efforts. Count times
can be tailored to achieve required detection sensitivities and the detector can be
collimated to minimize the influence from sources outside the detector’s field of view.

Setup

The ISOCS is most commonly deployed on its cart, a tripod or a crane to accommodate
the physical requirements of various measurements. Power may be supplied by battery,
AC line or generator. The decision regarding the selection of collimator configuration is

- determined by the engineer. In some cases it may be desirable to use a 180 degree

collimator, taking advantage of exposing more of the detector’s sensitive volume

~ whenever background sources are at an insignificant level. Accordingly, it should be noted
_that such a design should be used in large Class 3 open land areas where the survey design

requires a greater efficiency and field of view for optimal coverage and detection of
discrete activity. It also.should be noted that scan survey designs of this nature should be
such that the calibration ISOCS model generated incorporates a “95% Efficiency” model
relative to the infinite plane efficiency for the most limiting radionuclide of concern.

‘Data collection to support FSS activities will be administered by a specific Survey Plan.

Survey Plans may include an index of measurement locations with associated spectrum
filenames to ensure that all the required measurements are made and results
appropriately managed. Personnel specifically trained to operate the system will
perform data collection activities. '
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Data collection activities will address environmental conditions that may impact soil
moisture content. Logs shall be maintained so as to provide a mechanism to annotate
such conditions to ensure that efficiency calibration files address the in-situ
condition(s). In extreme cases (e.g. standing water, etc.) specific conditions will be
‘addressed to ensure that analysis results reflect the conditions. As previously discussed
with respect to water, when unique environmental conditions exist that may impact
analysis results, conservative compensatory factors will be applied to the analysis of the
data to the analysis of the data.

2.7 Efficiency Calibration

The central feature of the portable ISOCS technology is to support in-situ gamma
spectroscopy via the application of mathematically derived efficiency calibrations. Due to
the nature of the environment and surfaces being evaluated (assayed), input parameters for
the ISOCS efficiency calibrations will be reviewed on a case-by-case basis to ensure the
applicability of the resultant efficiency. Material densities applied to efficiency
calibrations will be documented. In practice, a single efficiency calibration file may be
applied to the majority of the measurements.

The geometry most generally employed will be a circular plane assuming uniformly
distributed activity. Efficiency calibrations will address a depth of 15 cm for soil and a
“depth up to 5 cm for concrete surfaces to account for activity embedded in cracks, ete.
Other geometries (e.g. exponential circular plane, rectangular plane, etc.) will be applied
if warranted by the physical attributes of the area or surface being evaluated. Efficiency
calibrations are developed by radiological engineers who have received training with
respect to the ISOCS software. Efficiency calibrations will be documented in accordance
. with procedure C&RP B-20, “Modeling Counting Geometries for Final Status Surveys.”

Attenuation by standing water will need to be modeled into the shot and carefully verified
so as to not understate the depth. Experience has shown that it becomes difficult to meet
detection limits with more than two inches of water in a scan shot. Damp soil should
have a lower density than the default value of 1.6 g/cm’, thus it should not reduce the
measured in situ activity of the soil. ‘

2.8 Designing coverage
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It is frequently desirable or required to ensure 100% scan coverage of a survey unit. This
may be achieved through the use of a triangular grid pattern with positions determined
using the Visual Sample Plan (VSP) software. For the purposes of this discussion, it is
assumed that the 90 degree collimators are installed and that the detector face is orientated
downward and is lifted to the desired height, h above the horizontal plane. The field of

“view of the detector is a circle of radius.h. By geometric construction, the maximum

horizontal distance L, between the scan shots becomes:

Equation 1

L=+3+h

Where,

L is the triangular grid spacing; and

h is the vertical height of the detector

To use VSP to design a triangular grid pattern for a given survey unit, we recommend
using a random start point. The current version (v. 6.2d) of the VSP software requires the
number of desired samples N, be used as Samples desired, N be input to establish a
triangular grid with a random start point of appropriate grid spacing. This input may be
determined by using the familiar triangular grid equation from the MARSSIM:

Equation 2

r A
L= |——
0.866N

Equation 3

Or, stated more purely;

Thus Using Equations 1 and 3:
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Thus,
3h2 =2
Solving for N,
Equation 4
Ne—2
3h? = ﬁ

2

It is recommended that N+1 be input into the VSP run to ensure a slight additional overlap
for conservative margin. As shown in Figure 1, once the triangular grid is constructed it
will be necessary to verify that 100% of the area is covered by plotting the scan
measurement locations and the field of view for each measurement in a drafting program
such as AutoCAD. Additional scan shots on the periphery of the survey unit may be
readily added by plotting additional measurement locations using the sample points along

the triangular grid. The manually added scan shot locations are shown in red.
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Figure 1- Using VSP for plotting ISOCS scan locations

3.0 HBPP Required Detection levels

3.1 Class 1 Survey units

As noted earlier, the primary assumption made is that a potential one-square-meter of
elevated radioactivity exists at the edge of the area being evaluated by a single in-situ
measurement. In order to determine the required scan MDC one needs to determine the
DCGLgwmc for this hypothetical case. Tables 3 and 4 present the DCGLgmc scan
requirement for Class 1 Areas for the primary nuclides of concern Cs-137 and Co-60.

Table 3 Soil Values

Nuclide DCGLw (pCi/g) Area Factor DCGLgMmc (pCi/g)

(1m’)
Cs-137 7.9 14 110
Co-60 3.8 10 38.0

Table 4 Surface Values

Nuclide DCGLw (dpm/100 cm®) Area Factor DCGLeuc (dpm/100 cm?)

(1m’)
Cs-137 4.6 E4 13 598 ES
Co-60 1.3 E4 15 1.95 ES

3.2 Discussion of Calculation of Class 1 Effective Investigation Levels for ISOCS
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For calculation of an effective investigation ISOCS scan value for each radionuclide of
concern above for Class 1 areas, it is 1mportant to note that the very conservative (worst
case) assumption that an elevated 1m? area is present at the DCGLgme on the edge of the
detector’s field of view (12.6 m?). As the ISOCS system is only sensitive to gamma
photons that interact within the active detector volume, moving a homogenous source term
in a Im? circular plane offset approximately 1.44 m to reflect its location on the edge of
the field of view, the source term activity appears as more of an isotropic point source,
with activity falling off as a function of two phenomenon: the inverse square law, and to a
smaller degree source directionality (angular dependency) relative to the active detector
volume. For a collimated system used above, another factor that reduces the efficiency for
a point source offset at the edge of the field of view is the masking (shielding effect) of a
significant portion of the detector volume by the lead collimator. To account for these
effects, a calculation of the “effective” investigation level must be performed. The key
parameters used for the effective investigation calculation involve comparing the
efficiency for a circular plane modeled for a 2 m detector field surface height fitted with a
90 degree lead collimator (12.6 m? field of view), with the efficiency for a 1m? circular
plane at the same height above the surface but offset to the edge of the 2 m diameter field
of view. The ISOCS Geometry Composer Reports and associated model calibration

efficiencies are provided in Attachment 2, with a summary of the results provided in Table
5:

Table S Investigation Levels

Nuclide | Line | tm® .| 1m’Line’ | 12.6 m* Adjustment ~ Derived -
-7 | Energy DCGLemc | EfﬁciencyB - Line - Factor : Investlgatlon
 (pCifg* modeled w1th EfﬁmencyB ‘ SN ey :

Cs-137 | 6617 | 110 | 431E01 6.68E+00 T 6.46E-02 714E+00
Co60 | 1332.5 38 3.64E-01 | SATE+00 | 6.65E-02 2.53E400

Note A: 1m? soil DCGLgyc= DCGLy * AF from Table 3 above

Note B: Line Efficiencies provided from Geometry Composer and ISOCS Calibration Reports provided in
Attachment 2.

Note C: Adjustment factor = (1 m” efficiency/12.6 m* efficiency)

Note D: Derived Investigation Level = 1m* DCGLgyc * Adjustment factor

It should be noted that a soil density of 1.6 grams/cubic centimeter (g/cm®) was used for
the two geometries modeled above as it is the a reasonable density given the densities
typically encountered from dry soils sampled at HBPP.

3.3 Class 2 Survey Units

Since the investigation Level for Class 2 Survey units is given from Table 2 as:
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3.4

>DCGLw or >MDCscan if MDCgcan is greater than DCGLyw
This requirement is met by setting detection limits such that:

>DCGLyw in a 1 m” area at the edge of the field of view may be detected.

Class 3 Survey Units

Since the investigation Level for Class 3 Survey units is given from Table 2 as:
Detectable over background.

This requirement is met by investigating any scan that positively detects activity in excess
of the site assessed soil background level of 0.1 pCi/g Cs-137 as provided in TBD-200,
”Site Background Levels of Cs-137” (Ref. 8).

Attachment 1 provides a site specific ISOCS run that demonstrates the scan detection
limits that may be met for varying count times.

4.0 LIMITATIONS

The use of the in-situ techniques should be limited to characterized HPGe detectors utilizing
appropriate geometries and will be used in conjunction with the Canbeérra Genie™ software
suite. .

All operations should be conducted in accordance with applicable site procedures.
Additionally, the following condition must be satisfied:

The geometries must be reviewed by a Subject Matter Expert (SME) to ensure they
are correctly developed and accurate or conservative approximations of the media
being measured.
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5.0 CONCLUSION

Caution needs to be used in the application of geometries for ISOCS scanning. Careful
verification that the environmental conditions and geometric arrangement are appropriate to the
detector geometry is pivotal to ensuring the accuracy of the results. }
Field conditions may also significantly influence the practical applicability of the ISOCS as a
field instrument. Experience has shown that the impact of attenuation from standing water may
be particularly problematic in achieving the required detection sensitivity. Consequently, it is
recommended that standing water be avoided to the extent practical and sufficient counting
times are planned for where it is impractical to eliminate. *

The ISOCS methodology presented has been demonstrated as an acceptable means for achieving
survey scan objectives; provided that proper care is taken to ensure that the results are valid. —
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7.0 ATTACHMENTS

7.1 Demonstration of Achieving Required Detection Limits for Soils in a 10 Minute Count
Interval

7.2 Geometry Composer and ISOCS Calibration Results Reports

8.0 RECORDS

None

9.0 RESPONSIBLE ORGANIZATION

Site Closure




© Attachment 1

Attachment 1

Demonstration of Achieving Required Detection Limits for
Soils in a 10 Minute Count Interval

TBD-402 Page 1 of 7



Attachment 1

L s L P T e P e A e A b kb b b

* ] - - LYRY TR
WR bk GAMMA SPECTRUM ANALY SIS Sokvkk
B g T T g A e Y s e S L P L T LT £

Detectoxr SN_3920

Report Generated On 5/22/2012 11:38:36 Ab

Sample Ydentification : Det 3920
Sample Title : 2m LLD, FOV 12m
Sample Information :

Sample Type :
Sample Geometrry :

Peak Locate ‘Threshold : 3.00

Paak Locate Range (in channels) : 100 - 4096

Peak Area Range {in channels) : 100 - 4096

Identification Energy Tolerance : 1.000 kev

Sample Size : 1,000E+000 g

Sample Taken On ‘ :+ 5/17/2012 11:51:00 AM

Acguisition Started 1 5/17/2012 11:51:22 AM

Live Time : 600.0 seconds

Real Time ¢ 801.0 seconds

Dead Time : 0.16 &
Energy Calibration Used Done On : 8/4/2011
Efficiency Calibration Used Done On : 8/17/2011
Efficiency ID. : 2m Soil Sm Shld

TEST DATA ONLY FOR DEMONSTRATION PURPOSES

N/A e N/A

Pexrformed by

NA - .. NA

Reviewed by

TBD-402 Page 2 of 7
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_Peak Locate Analysis Report 5/22/2012 11:38:37 AM Page 2

***********************************k**************************************

Fokkdok PEAK "LOCATE REPORT wokokkx
B L L L R R R A T L T S A T S e Ll

Detector Name: SN_3920 .
Sample Title: 2m LLID, FOV 12m L
Peak Locate Performed on: 5/22/2012 11:38:36 AM

Peak Locate From Channel: 100
Peak Locate To Channel: 4096
Peak Search Sensitivity: 3.00
Peak  Centroid Centroid’ Enerqgy Peak
No. Channel Uncertainty {keV) Significance
1 1165.13 0.3892 582.85 3.09

2 2921.16 0.2137 1460.66 7.89
? = Adjacent peak noted

Errors quoted at 1.000 sigma

TBD-402 Page 3 of 7
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. Peak Analysis Report ' 5/22/2012 11:38:37 AM Page 3

dhkdkhkhhhhkddhkhkbhkhktrhkhhrhbhkhhhhrdrdhkhrhhkhdhrkrhhhkdrdhdhhhhhhkhhhdhddhhkkhhhhhkidx

Fkokodkeok P EAK ANALYSTIS REPORT Fokkokx
R R R R E R S R LR T R T L Ly

Detector Name: SN_3920‘
Sample Title: 2m LLD, FOV 12Z2m
Peak Analysis Performed on: 5/22/2012 11:38:36 AM

Peak Analysis From Channel: 100

Peak Analysis To Channel: 4096
Peak ROI ROI Peak Energy FWHM Net Peak Net Area Continuum
No. start end centroid {keV) (keV) Area Uncert. Counts

1 1162- 1169 1165.13  582.85 1.25 1.08E+001 7.10 1.62E+001
2 2915- 2928 2921.16 1460.66 1.54 1.71E+002 13.37 3.04E+000

Il

First peak in a multiplet region
Other peak in a multiplet region

M
m
F Fitted singlet

Errors quoted at 1.000 sigma

TBD-402 Page 4 of 7
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Nuclide Identification Report 5/22/2012 11:38:37 AM Page 4

Kkkhkkdkkhkh kb hhhhhhkhrhhhhhhhkrkhkhhbdhhhkkdddhrbhhhhhkrkbhhhhhkbhtbbrdhrhddhbb itk

Kkkkk NUCLIDE IDENTIFICATTION REPORT Fok oKk ok
A L IR T L R e S

Sample Title: 2m LLD, FOV 12m
Nuclide Library Used: C:\GENIE2K\CAMFILES\HBPP.NLB
e et e e . IDENTIFIED NUCLIDES Ce st earca e -
Nuclide Id Energy Yield Activity Activity
Name Confidence (keV) (%) {pCi/g ) Uncertainty
K~40 0.996 1460.81* 10.67 1,374E+001 1.207E+000
T1-208 0.688 277.35 6.80 :

583.14% 84.20 8.342E~-002 5.491E-002
860.37 12,46

* = Fnergy line found in the spectrum.
Energy Tolerance : 1.000 kev

Nuclide confidence index threshold = 0.30
Errors quoted at 1.000 sigma

*hkhkkhkhkhkh UNIDENTTITVFI E D PEAKS dIhkkkekkhik

Peak Locate Performed on: 5/22/2012 11:38:36 AM

Peak Locate From Channel: 100

Peak ILoocate To Channel: 4096
Peak Energy Peak Size in Peak CPS Peak Tol.
No. (keV) Counts per Second % Uncertainty Type Nuclide

All peaks were ldentified,

First peak in a multiplet region
Other peak in a multiplet region
Fitted singlet

o

M
m
F

Errors quoted at 1.000 sigma

TBD-402 Page 5 of 7
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 Nutlide MDA Report 5/22/2012. 11:38:37 BAM Page 5

dhkhkhhhkhhbhhkhrkhkhhhbrdhdbhhbhhbhhkrhrkhbhkhkhhhhkddhbdhhbkbhhbkhhbdhddrkdhhkkkihd

e NUCLIDE MDA REPORT ] *kkok ok
B L 2 R R R L L T R e T T 3]

Detector Name: SN_3920
Sample Geometry:
Sample Title: 2m LLD, FOV 12m

Nuclide Library Used: C:\GENIE2K\CAMFILES\HBPP.NLB

Nuclide Energy Yield Line MDA Nuclide MDA DActivity
Name (keV) (%) (pCi/g ) (pCi/g ) (pCi/g )
A+ K-40 1460.81* 10.67 9.5472E-001 9.55E-001 1.3739E+001
Co-60 1173.22 100.00 1.8273E-001 1.83E-001 -6.5896E-002
1332.49 100.00 1.9793E-001 ' 4,5600E-002
Nb-94 702.63 100.00 1.7495E-001 1.68E-001 -4,7263E-002
. 871.10 100.00 1.6800E-001 -1.4617E-002
Ag-108m 79.20 7.10 1.1801E+001 2.19E-001 -1.2975E+000
433.93 89.90 2.2376E-001 ~9.,2283E-002
\ 614.37 90.40 2.4723E-001 -2.0506E-001
722.95 90.50 2.1874E-001 9.1741E-002
Cs-134 569.31 15.43 1.4419E+000 2.21E~-001 -3.6585E-001
604.70 97.60 2.2080E~-001 -3.2585E-002
795.84 85.40 2,6160E-001 ~1.2721E-002
Cs-137 66L1.65 85.12 2.9969E-001 3.00E-001 2.7738E-001
Eu-152 127.78 28.40 1.3258E+000 7.10E-001 1.1491E-002
244,69 7.49 3.3434F+000 9.8786E—-001
344.27 26.50 7.0956E-001 -6.1133E-001
778.89 12.74 1.5412E+000 ~3.6755E~001
867.32 4.16 4.7168E+000 -1.0484E+000
964.01 14.40 1.5175E+000 -1.3070E-001
1085.78 10.00 2.0568E+000 -3.6315E-001
1112.02 13.30 1.6850E+000 ~9.5302E-001
1407.95 20.70 8.4534E-001 3.5688E-001
Eu-154 123.07 40.50 9.1728E-001 5.15E-001 3.5029E-001
247.94 6.60 3.7264E+000 -9.5294E-001
723.30 12.70 1.0339E+000 6.8229E-001
873.19 11.50 1.4954E+000 -7.4302E-001
a 996.32 10.30 1.5732E+000 -5.1660E-001
1004.76 17.90 9,7848E-001 -1.1725E-001
1274.45 35.50 5.1461E-001 2.8913E-001
BEu-155 105.31 20.70 2.0415E+000 2.04E+000 -1,3835E-001
Pb-206 803.10 100.00 2.1576E-001 2.16E~001 6.0968E-002
Ac-228 338.32 11.40 1.8988E+000 8.49E-001 9.8160E-001
911.07 27.170 8.4911E-001 5.6391E-001
969.11 16.60 1.3370E4+000 -7.3501E-001
Th-234 63.29 3.80 4.5458E+001 1.08E+001 2.9680E+001
92.59 5.41 1.0831E+001 4,.3335E+000
U-235 143.76 10.50 3.0022E+000 4,98E-001 1.5837E-001
163.35 4.70 6.1955E+000 5.0275E-001
185.72 54,00 4,9762E~001 -2.0189E-001
205.31 4.70 4,8387E+000 ; -5.0339E+000
Np-237 311.98 38.60 5.9409E-001 5.94E-001 1.3611E-001
Am-241 59.54 35.90 6.01L09E+000 6.01E+000 -2.1662E+000
TBD-402 Page 6 of 7
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_Nuclide MDA Report .~ 5/22/2012 11:38:37 AM Page 6
Nuclide Energy Yield Line MDA Nuclide MDA Activity
Name (keV) (%) (pCi/g ) (pCi/g ) (pCi/g )
Nuclide identified during the nuclide identification

* +
('

Enexgy line found in the spectrum

> = Calculated MDA is zero due to zero counts in the region or
the region is outside the spectrum
@ = Half-life too short to be able to perform the decay correction
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A

Geometry Composer Report - | CANBERRA

-Date: Wednesday, August 17, 2011 - 09:58:45

Description: 2m Soil, Sm Collimator ¢ 12m Fo b‘) .

Comment: 2m Soil, Sm Collimator _

File Name: C:\GENIE2K\Isocs\data\GEOMETRY\In-Situ\CIRCULAR_PLANE\2m Soil, Sm Collimator.geo
Software: 1S0Cs

Template: CIRCULAR_PLANE, Version: (default) ’
Detector: 3920 :

Collimator: 25mm-90d old (oldISOCS 25mm side 90deg collimation [large hole collimator]
Environment: Temperature = 60 °F, Pressure = 760 mm Hg, Relative Humidity = 80%

Integration: Convergence = 1.00%, MDRPN = 2% (16), CRPN = 24 (16)

Dimensions (cm)

i

1 Side Walls 0 400
2 Layer 1 15
3 Layer 2 0
4 Layer 3 0
5 Layer 4 0
6 Layer 5 Q
7 Layer 6 )]
8 Layer 7 0
9 Layer 8 0
10 Layer 9 0
11 Layer 10 0
12 Absorber 1
13 Absarber 2
t 14 Source - Detector 200
List of energies for efficiency curve generation
10.0 20.0 30.0 45.0 58.0 59.5 60.0 61.0
70.0 80.0 100.0 150.0 200.0 300.0 400.0 600.0
660.0 661.7 662.0 663.0 800.0 1000.0 1172.0 1173.2
1174.0 1331.0 1332.5 1333.0 1500.0 2500.0

Convents

. /] o
148 @G Directi

Page 2 of 10
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Attachment 2
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Geometry Composer Report CANBERRA
. Date Wednesday, August 17, 2011 - 09:58:45

Description: 2m Soil, Sm Collimator

Comment: 2m Soll, Sm Collimator

File Name: C:\GENIEZK\isocs\data\GEOMETRY\In—Situ\CIRCULARMPLANE\2m Soil, Sm Callimator.geo

Software: I1S0OCSs N

Template: CIRCULAR_PLANE, Version: (default)

"

TBD-402 Page 3 of 10



Attachment 2

\

ISOCS/LABSOCS RESULTS

IS0CS/LabS0CS File: C:\GENIEZK\isocs\data\GEOMETRY\In—Situ\CIRCULAR_PLANE\Zm Soil
ISOCS/LabS0CS Time: 08/17/11 09:37:46

Genie Cal File: C:\GENIE2K\CALFILES\2m_Soil_Sm .CAL
Genie Cal Time: 08/17/11 10:04:05

T plate: CIRCULAR PLANE

Geom Description: 2m Soil Sm Shld

Comment : ISOCS:UNITS=ACT/G 2M SOIL, SM COLLIMATOR
Detector: 3920 - -
Collimator: 25MM-90D_OLD

Convergence: 1.00 %

Area [Sq Meters]: 1.2566e+001 (C)

Mass [Grams]: - 3.015%e+006 (C)

Length [Meters]: . ndt used

{C) = Value calculated by ISOCS
(U) = Value modified by user

Energy Efficiency 3Uncertainty %Convergence Final # of Voxels
( X Mass)
10.00 4.98337e~020 20.0 0.765830 27220
20.00 1.62725e-015 20.0 0.022777 872925
30.00 2.82366e-006 20.0 -0.086117 218225
45.00 5.68310e-002 15.0 0.228611 436465
58.00 8.40232e-001 10.0 -0.242875 6775
59.54 1.03257e+000 10.0 -0.29899%6 6775
60.00 1.09605e+000 10.0 -0.303913 6775
61.00 1.20881e+000 10.0 -0.333334 6775
70.00 2.50849e+000 10.0 -0.464690 6775
80.00 4.26787e+000 10.0 -0.556374 6775
100.00 6.95166e+000 10.0 -0.516969 6775
50.00 9.65846e+000 10.0 -0.548414 , 6775
~00.00 . 9.86728e+000 8.0 -0.530546 6775
300.00 8.84319e+000 8.0 -0.350321 6775
400.00 7.88400e+000 8.0 ~0.213358 6775
600,00 6.88428e+000 6.0 -0.091989 6775
660.00 6.69235e+000 6.0 -0.073433 6775
661.65 6.68068e+000 6.0 -0.071660 6775
662.00 6.69778e+000 6.0 -0.071590 . 6775
663.00 6.67896e+000 6.0 -0.071649 6775
800.00 6.31889%e+000 6.0 -0.066937 6775
1000.00 5.91949e+000 4.0 -0.071232 6775
1172.00 5.66953e+000 4.0 -0.064342 6775
1173.22 5.66651e+000 4.0 ~0.062582 6775
1174.00 5.66395e+000 4.0 -0.063173 6775
1331.00 5.46725e+000 4.0 -0.046045 6775
1332.49 5.46833e+000 4.0 -0.041743 6775
1333.00 5.46025e+000 4.0 -0.041392 6775
1500.00 5.19425e+000 4.0 ~0.042582 6715
2500.00 3.99988e+000 4.0 -0,044001 67175
Page 4 of 10
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{ ' Interpolated Efficlency Callbration Curve
L Measured Calculated ]
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Datasource: SN_3920
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Attachment 2

Interpolated Efficlency Calibratlon Curve
Calculaled_]

L 8 Measured

Energy (keV)

Datasource: SN_3920
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TBD-402

Geometry Composer Report CANBERRA
Date: Wednesday, November 23;:2016 - 09:34:16
Description: 3920 2m Soil (12mFOV) 1m on o/s edge of FOV Sm Collimator D1.6
Comment: Calib. Date 11/23/16
File Name: C:\GENIE2K\isocs\data\GEOMETRY\In-Situ\CIRCULAR_PLANE\3920 12m FOV 1m Soil Sm Col.geo
Software: ISOCS '
Template: CIRCULAR_PLANE, Version: (default)
Detector: Det_3920
Collimator: . 25mm-90d old (oldISOCS 25mm side 90deg collimation [large hole-collimator])
Environment: Temperature = 60 °F, Pressure = 760 mm Hg, Relative Humidity = 80%
Integration: Convergence = 1.00%, MDRPN = 2% (16), CRPN =24 (16)
Dimensions (cm)
iNo.| . Description. | @k | @2 | 63 . a4 ] " d6 [ Material | Density [Rel; Cone]]
1 Side Walls 0 113 i R ] none R
2 Layer 1 15 e dirt2 1.6 1.00
3 Layer 2 0 <none>
4 Layer 3 0 <none>
5 Layer 4 0 <none>
6 Layer 5 0 -<none>
7 Layer 6 0 <pone>
8 Layer 7 0 <none>
9 Layer 8 0 <none>
10 Layer 9 0 <none>
11 Layer 10 0 <ngne>
12 Absorber1
13 Absorber2 - . .
14 Source-Detector . 200 144 0 144 0
List of energies for efficiency curve generation
45.0 58.0 59.5 60.0 61.0 70.0 80.0 100.0
150.0 200.0 300.0 400.0 600.0 660.0 661.7 662.0
663.0 800.0 1000.0 1172.0 1173.2 1174.0 1331.0 13325
1333.0 1500.0 2500.0
1.1 wall (hicknc.nJ\
To
g o i, -
1T |
A ;’%%éé.«/,m@ 1-23-/f
. 76451@&0& 4.39.14

Page 7 of 10
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A

Geometry Composer Report CANBERRA
Date: Wednesday, November 23, 2016 - 09:34:16

Description: 3920 2m Soil (12mFQOV) 1m on o/s edge of FOV Sm Collimator D1.6

Comment: Calib. Date 11/23/16

File Name: C:\GENIE2K\isocs\data\GEOMETRY\In-Situ\CIRCULAR_PLANE\3920 12m FOV 1m Soil Sm Col.geo
Software: ISOCS

Template: CIRCULAR_PLANE, Version: (default)

TBD-402 Page 8 of 10



ISOCS/LABSOCS RESULTS

180CS/1.ab50CS File:
I1S0CS/LabSOCS Time:
Genie Cal File:
Genie Cal Time:

11/23/16 09:34:04

11/23/16 09:43:19

‘Template: "CIRCULAR PLANE

Geom Description: 2M Soil 1M D1.6

Comment : ISOCS:UNITS=ACT/G CALIB. DATE_11/23/16
Detector: DET 3920

Collimator: 25MM—-90D_OLD

Convergence: 1.00 %

Area [Sqg Meters]: 1.0029e+000 (C)

Mass [Grams]: 2.406%e+005 (C) , : )
Length [Meters]: not used £55 53,7”’ﬁ$5
(C) = Value cdlculated by ISOCS ’
{U) = Value modified by user
Energy Efficiency $Uncertainty $Convergence
' ( X Mass)
45.00 3.31096e-003 15.0 0.010437
58.00 5.32072e~-002 10.0 -0.010192
59.54 6.58330e-002 10.0 -0.010398
60.00 7.00307e-002 10.0 -0.010589
61.00  7.75108e-002 10.0 -0.010872
70.00 1.65132e-001 10.0 -0.758796
80.00 2.84960e-001 10.0 ~0.612222
100.00 4.70226e-001 10.0 -0.455607
150.00 6.46712e-001 10.0 -0.342978
200.00 6.52564e-001 8.0 -0.297887
300.00 5.74178e-001 8.0 =-0.253011
400.00 5.09197e-001 8.0 -0.113870
600.00 4.43596e-001 6.0 -0.099499%
660.00 . 4.31935e~001 6.0 -0.098339
661.65 4.31341e~001 6.0 -0.098689
662.00 4.32450e-001 6.0 ~0.098686
663.00 4.31422e-001 6.0 —-0.099303
800.00 4.11411e-001 6.0 -0.098225
1000.00 3.89338e-001 4.0 -0.097886
1172.00 3.75662e~-001 4.0 -0.093654
1173.22 3.7513%e-001 4.0 -0.093216
1174.00 3.74978e-001 4.0 -0.092434
1331.00 3.64003e-001 4.0 -0.087873 ~
1332.49 3.63656e-001 4.0 -0.087118
1333.00 3.62819%e-001 4.0 -0.086902
1500.00 3.47333e-001 4.0 -0.081391
2500.00 2.71472e-001 4.0 ~-0.055561

TBD-402

Attachment 2

C:\GENIE2K\isocs\data\GEOMETRY\In-Situ\CIRCULAR_PLANE\3920

C:\GENIE2K\CALFILES\0ld Calib\3920 12m FOV 1m SC dl.6.CAL

Final # of Voxell

128670
128670
128670
128670
128670
8090
8090
8090
8090
8090
8090
4070
4070
4070
4070
4070
4070
4070
4070
4070
4070
4070
4070
4070
4070
4070
4070
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PG&E Letter HBL-17-003

Technical Basis Document

Technical Basis for Design, Calibration, and Operation of the Gardian Mobile
Assay System

.
‘



Nuclear Power Generation| NUMBER  TBD-401
VOLUME 12
Humboldt Bay REVISION 1
EFFEC DATE 6-19-17
Power Plant PAGE { of 30
TITLE APPROVED BY
) & TECHNICAL BASIS FOR DESIGN, ORIGINAL SIGNED 6-15-17
CALIBRATION, AND OPERATION OF
THE GARDIAN MOBILE ASSAY DIRECTOR/PLANT MANAGER / DATE
SYSTEM HB NUCLEAR

(Procedure Classification — Quality Related)
1.0 SCOPE

1.1 This document presents a large volume assay system and its potential application as a bulk
material survey system in support of decommissioning of the Humboldt Bay Power Plant
(HBPP) site. GARDIAN, which stands for GAmma Radiation Detection and In-container
ANalysis, is a large container assay system designed to determine the radioactive material
content in large containers or other similar volumes of waste. The system includes the
capability of monitoring truck-mounted loads of waste or material (e.g., roll-offs,
intermodals, sealands, etc.) and other containerized waste volumes (e.g., 55-gallon drums,
B-12 or B-25 boxes, etc.)

The first field use of GARDIAN was during the Big Rock Point Nuclear Plant
decommissioning project. Specific setup and calibration data used for the Big Rock Point

project are included in this document as examples of typical evaluations/calibrations that
can be performed with GARDIAN.

2.0 DISCUSSION

2.1 The Energy Solution GARDIAN Mobile Assay System consists of two semi-trailers
positioned in a parallel configuration (see Figure 9.1). Truck or trailer-mounted
containers/waste (e.g., roll-off containers or intermodals) or other similar waste volumes
are processed through the system by slowly moving the container/waste between the two
trailers. The survey/assay of the material in the containers is monitored by a combination
of plastic scintillation detectors and high-purity germanium (HPGe) detectors. The plastic
scintillation detectors (one per trailer) are mounted on the inboard ends of the trailers (see
Figure 9.1) to perform a gross scan survey of the container/waste as it is moved into
position between the trailers. The scan survey ensures that significantly elevated or highly
non-uniform radioactivity is not present in the container (a pass/fail survey).

At the end of the scan survey, the container is positioned at a designated position between
the trailers to allow the HPGe detectors (two per trailer) to conduct a qualitative and
quantitative nondestructive assay of the waste. The HPGe detectors are pre-positioned for
each large container type/configuration to optimize coverage of the containerized waste
during the count as illustrated by Figure 9.2. The HPGe detectors are controlled by state-
of-the-art nuclear instrumentation module (NIM) electronics, or equivalent, interfaced to a
multi-channel analyzer that is controlled by an IBM-compatible computer system.
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The combination of detector types, and both scan and fixed position counting ensure that
the radioactivity content of each surveyed container or item is effectively measured. This
allows proper characterization of the radioactivity content or verification of its absence to
allow release of the waste/material as allowed by approved release limits and protocols.

The GARDIAN system also includes the capability to assay waste or material in
conventional containers (e.g., 55-gallon drums, B-12 or B-25 boxes, etc.). In this mode of
operation, the system's conveyor and platform are used with the Main Assay Trailer to
move and position containers in designated counting positions as appropriate for the given
container (see Figure 9.3). The detectors are rotated inward to allow a detector view on
each side of the box or container. Alternatively, all four system detectors may be used (as
shown in Figures 9.3) if greater coverage of the container is desired. Multiple counting
positions may be pre-programmed based on the desired number of measurements and
locations using the system's PL.C control unit and measurement control software.

The GARDIAN system is controlled using Canberra Industries Genie-2000/NDA-2000
software. Genie-2000 is the basic gamma spectroscopy software and NDA-2000 (Non-
Destructive Assay) is supplemental software designed to facilitate the use of gamma
spectroscopy in waste assay applications. NDA-2000 allows various counters, count types,
containers, and geometries to be defined. Quality control features (e.g., control and
trending of source checks and background checks) are also included with the Genie-
2000/NDA-2000 software to ensure proper operation of the system prior to use.

Calibration curves for the various geometries established for GARDIAN are created using
Canberra's ISOCS (In-Situ Object Counting System) software. ISOCS, in conjunction
with a specific characterization of the system's detectors, allow detector efficiencies to be
mathematically determined and applied to counting results. This calibration method is
especially useful and necessary for large geometries where construction of large
calibration sources or phantoms is not practical.

All operations including the calibration and routine counting of the GARDIAN system are
controlled by specific procedures. TBD-GC-003 (Reference 8.1) and TBD-GC-001
(Reference 8.2) have been developed to ensure proper calibration, operation and
maintenance of the system. Unit 3 exterior surfaces are relatively clean in terms of
hazardous materials and radiological contamination; however, as surfaces are disturbed
-and Systems, Structures, and Components (SSC) configuration changes during D&D,
radiological hazards have decreased as components are removed and disposed. Facility
configuration is managed using the design change process under and HBAP C-1.
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Alpha emission from transuranic elements dispersed throughout structures, systems, and
components (SSC) is the primary radiological concern during D&D. Decommissioning
Accident Analysis, “Dry Active Waste (DAW) Fire” (Calc NX-323) results indicate the
dose acceptance criteria in 10CFR20 would be met in a postulated fire with the bounding
conditions for DAW stated as Precautions and Instruction in procedure RCP-6I,
“Collection, Labeling, Packaging, Storage, and Accountability of Radioactive Material.”
Any postulated fire in the Environmental Count Room Building is enveloped by this
analysis.

3.0 SYSTEM DESIGN

3.1 Conceptual Designs

To select an appropriate design for GARDIAN, various design options were studied during
its development. Questions answered by the study included: 1) how many detectors
should be used, 2) what type of detectors should be used, 3) what should the
placement/orientation of the detectors be relative to the assayed container and 4) the
overall process of how the system will be used (i.e., how best to optimize use of the
system for both quality of performance and efficiency of use). The following paragraphs
in this section provide a brief summary of the designs considered and rationale for the
“design selected.

3.1.1 Number of Detectors

To answer the question of how many detectors are needed for a given assay system,
consideration should be made for the required counting sensitivity, the size of
container(s) to be assayed, and the potential for non-homogenous activity
distributions within the containers. More detectors, when summed to provide an
overall response of a system, increase the sensitivity of the system. A greater
number of detectors also allow larger containers to be more fully "covered” and
closer spacing of detectors provides better accounting of non-homogeneous activity
distributions (provided the detectors can be placed close enough to the container for
meaningful differentiation). ’

Conversely, a system with a greater number of detectors is more costly, more
difficult to calibrate and maintain, and has a greater chance of failure of a given
component of the system. Therefore; an appropriate balance between the
requirements of a given application and potential drawbacks must be made when
selecting a system design.
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3.1.2

In balancing the above, the optimum number of detectors for GARDIAN was
determined to be four. Modeling and sensitivity analysis indicated that a four
detector system would be able to meet the minimum detectable activities (MDA)
required by HBPP Site Closure. Placing the four detectors, two per side, also
provides for a reasonable sectioning of a large roll-off type container into quadrants
(Figure 9.2). The advantage of better coverage for non-homogeneous activity
distributions provided by a system with more detectors can be addressed (as was
done with GARDIAN) by supplementing the system with scanning detectors as
described in this document. -

Type of Detectors

Qualitative analysis of potential gamma-emitters is required by the HBPP Site
Closure Group for the disposition of bulk materials. Therefore, some of
GARDIAN's detectors had to include gamma spectroscopy capability. High purity
germanium (HPGe) detectors were selected over sodium iodide due to their greater
peak resolution, gain stability, and available calibration benefits (i.e., may be
characterized for ISOCS calibrations, which are necessary for practical calibrations
of large geometries). To supplement the system with scanning detectors, sodium
iodide and plastic scintillation detectors were considered. While sodium iodide was
initially considered, plastic scintillation detectors were ultimately chosen due to
their low cost and availability in large sizes/volumes, high sensitivity, and durability
in rugged environments. The complementary combination of HPGe and plastic
scintillation detectors used with GARDIAN makes optimum use of two proven
radiation measurement technologies.

Placement/Orientation of Detectors

To assay a large container of waste, such as an intermodal or roll-off type container,
radiation sensitive detectors may be positioned under the container, above the
container, at the side of the container or some combination thereof. Positioning
detectors under a large container such as inter-modals or roll-offs, was considered to
be the least practical option for the following reasons: 1) there is greater and non-
homogeneous shielding at the bottom of typical large containers (i.e., heavy gauge
metal and loading/unloading rails) that complicates the modeling and efficiency
determination necessary for accurate assay measurements; 2) positioning containers
into such a position would be the most difficult and time consuming (i.e., '
lifting/placing large containers by forklift), and/or 3) high cost and setup time of an
alternative underground system, which also adds shielding from the truck
bed/structure. Therefore, the most viable positions for placement of assay detectors
were considered to be above the container and/or at the side the container.
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Two specific preliminary assay system designs were evaluated for potential use for
GARDIAN. These were an overhead system, where assay detectors are positioned
above the container, and a side viewing system, where assay detectors are

_positioned along each side of the container. With both systems, a supplementary

scanning system would be included to perform a gross contamination level
screening and to scan for significant non-uniformities (i.e., hot spots). Both of the
conceptual designs were reviewed and compared and the side viewing system was
selected due to its simplicity, flexibility, portability and ease of use, while still
meeting all assay measurement requirements of HBPP Site Closure.

Conclusion

A side-viewing system with multiple detectors (i.e., four HPGe and two plastic
scintillation detectors) was the selected configuration for GARDIAN. This
combination and configuration is flexible (i.e., easily adapted to count boxes as well
as larger containers of various shapes and sizes), can be quickly setup (simply pull
and park trailers in setup location), is portable should the system need to be
relocated (only a power supply and truck road/path is required), and combines the
best of complementary and proven technologies. The system as designed will meet
all the assay measurement requirements of HBPP.

3.2 Equipment Descriptions

This section describes in more detail each of the components comprising the GARDIAN
Mobile Assay System as constructed. Information concerning calibration, operation and
* testing of the assembled system is found in the applicable section later in this document.

321

Assay Trailers

The GARDIAN Mobile Assay System includes two semi-trailers that house and
provide support for the system's equipment/instrumentation as well as transportation
means. The trailers include a 51 feet long by 8.5 feet wide Main Assay Trailer and a
48 feet long by 8.5 feet wide Support Trailer (Figure 9.1). Mounted inside of each
trailer are two detector tracks and towers that are used to position the system's
HPGe detectors at the correct spacing and height. The Main Assay Trailer also
includes the assay office or control room for the system.
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3.2.2

323

324

GARDIAN Assay Office/Control Room

The front end of the Main Assay Trailer includes a temperature-controlled office
that serves as the control room for the GARDIAN system. The system's computer
and accessories, detector electronics, monitors, and desk are located in this office to
provide a convenient location for control and oversight of GARDIAN's operation.
A closed circuit camera/monitoring system is also present in the office (with
cameras mounted at strategic locations between the trailers) to allow the Gardian
operator to view the trucks/containers during their survey and assay.

Platform/Conveyor

When GARDIAN is operated in its box container mode (i.e., for survey of smaller
containers), the system's platform and conveyor are used (Figure 9.3). The conveyor
is positioned perpendicular to the Main Assay Trailer and connected to the platform
and track in the trailer to allow the platform to move in and out of the trailer. Boxes
or other similar containers are loaded on the platform outside the Main Assay
Trailer and brought inside the trailer and positioned adjacent to the detectors. The
HPGe detectors inside the Main Assay Trailer are rotated inward (i.e., facing each
other) during this mode of operation to view the containers during their assay.
Counting may be performed with one detector per side or two detectors per side (if
Support Trailer detectors are transferred to the Main Assay Trailer as shown in
Figure 9.3).

Detector Tracks

. There are four detector track units included with the GARDIAN system. Two tracks

325

are located in each trailer to provide support for the detector towers and allow a
variable spacing between the towers. As appropriate for the container type and size,
designated positions on the tracks are pre-selected for each tower to optimize the
assay of the containers (i.e., center each detector at its container quadrant). Lock-
down clamps secures and maintains the towers at the designated position on the
tracks.

Detector Towers J

There are also four detector tower units included with the GARDIAN system. As is
the case with the detector tracks, two detector towers are located in each trailer (i.e.,
one tower on each track) to provide support for the detector housings and allow a
variable height adjustment of the detectors. For a given container type/size,
designated heights are selected for the detectors to optimize the assay of the
container and are maintained in proper position by the tower lead screw and gear
drive.
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3.2.6

3.2.7

3.2.8

Detector Housings

Each detector is supported by an enclosure that houses and supports the detector and
secures the detector and associated housing to a detector tower via a lead screw.

The vertical position of the detector is set by manual adjustment using a gear drive
(driven by a powered hand-tool/attachment) that raises or lowers the detector and
housing on the lead screw.

System Detectors

GARDIAN currently uses HPGe detectors manufactured by Canberra. The detectors
are germanium coaxial detectors with a 20% efficiency rating (i.e., relative to a 3"
by 3" Nal) and 2.0 keV resolution rating based on the 1332 keV gamma from Co-60
(GC2020 model designation). The detectors include an integral liquid nitrogen
cryostat (dewar) with a five-day rating. The detectors must be cooled down to
liquid nitrogen temperature before applying voltage to the detectors, which include
a high voltage inhibit circuit to protect the detectors from unscheduled/accidental
warm up.

To allow use of Canberra's ISOCS calibration software, each of the GARDIAN
detectors has been characterized by Canberra. The characterization process
included detailed measurements of the detectors and modeling using the Monte
Carlo N-Particle (MCNP) transport code developed by Los Alamos National
Laboratory. Actual measurements of point sources in various locations about the
detectors are also performed during the modeling process to confirm the detector's
characterization.

Replacement or significant repairs to any of GARDIAN's HPGe detectors requires a
repeat of the characterization process and re-establishment of the associated
calibration files.

System Electronics

The GARDIAN system includes state-of-the-art spectroscopy electronic equipment
including the following: '

» ICB Digital Signal Processors (4 each)

« ICB 6 KV High Voltage Power Supplies (4 each)

» NIM BIN/Power Supply (6, 12, 24V) 110 V AC (2 each)
*» Acquisition Interface Modules (2 each)
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Each of the above components is housed/mounted in an environmental cabinet and
powered via an Uninterrupted Power Supply system (UPS) for system continuity
and stability. The cabinet with components is located in the environmentally
controlled assay office.

Computer Hardware/Software

The GARDIAN computer system currently consists of the following equipment:
» Computer: Pentium II-600 PC

» SDRAM: 128MB

* Hard Disk: 10/20 GB TRS5 Internal EIDE D

* CD-ROM: 48X Internal IDE -

* Ethernet Interface Adapter (PC I Bus)

~* Display: 17" Color SVGA

* Printer: HP LaserJet 4050

The operating software for GARDIAN has been developed by Canberra and
includes the following:

* Windows NT, V 4.0 Operating System

* Genie-2000 Gamma Spectroscopy Software

* Genie-2000. Quality Assurance

« NDA 2000 Integrated Neutron/Gamma Analysis Software
» ISOCS Efficiency Calibration Software

3.2.10 Ludlum Model 3500-1000 Radiation Detection System

The Ludlum Model 3500-1000 Radiation Detection System includes two large
plastic scintillation detectors, infrared sensors monitor, and computer control
software. The detectors are 2" by 5" by 48" long and are contained along with their
associated photo-multiplier tube in a cylindrical PVC housing. The
detectors/housings and infrared sensors are mounted at the inboard ends of the
GARDIAN system trailers (see Figure 9.1). The infrared sensors allow the system
to operate in a background measurement mode until the presence of a
truck/container is sensed at which time the system switches into “measurement”
mode (with measurement subtraction of continuously updated background).

v
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The monitor for the system, located inside the Main Assay Trailer office, supplies
detector high voltage, signal processing, measurement readout and alarm
settings/features (including both visual and audible alarms). Computer control
software is also included with the system to allow additional alarm setting
controls/instructions, visual indication of background corrected readings and
specific locations of alarms (i.e., a front or back, and right or left side indication is
provided when a preset alarm setting is exceeded).

The Ludlum scanning system is included with GARDIAN to provide a more
thorough and comprehensive survey/assay of large containers of waste. The large
active volume of the system's detectors provide for a very sensitive and timely
go/no-go analysis of containerized waste and also a guard against the release of
significant localized activity via its top-to-bottom, front-to-back, scan survey of
both sides of the container/waste.

The alarm setting for the Ludlum scanning system is adjustable in increments of
background standard deviations. The recommended setting for the system and basis
(depending on specific project or customer needs) is detailed in Section 4.4.2 of this
document.

3.3 Design Specifications
3.3.1 System Capacity

NOTE: The quoted capacity is based on high-density concrete rubble or similar type
waste and includes time requirements reasonably expected for staging,
Ingress/egress, and subsequent processing and review of results (higher throughputs
may be possible in specific cases).

* 84 million pounds per year

* 420,000 pounds per- ten-hour work shift (four ten-hour shifts/week for 50 weeks)
* 14 roll-off type containers per work shift (assumes approximately 30,000 pounds
per roll-off container)

* 30 minute total processing time per roll-off (assay in operat1on 70% of each work
day to allow for daily startup/shutdown, QC tests and system maintenance)
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33.2

333
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Sensitivity Criteria

The GARDIAN system was designed to meet a minimum detectable activity
(MDA) of 5.0 pCi/g (at 95% confidence) or less of total gamma emitters
principally present in commercial nuclear power waste (i.e., primarily Co-60 and
Cs-137). For most waste types and gamma emitters a counting sensitivity at or
below 1.0 pCi/g for individual nuclides will be possible with relatively short count
times (i.e., a few minutes or less).

System Support Needs

The following equipment and other support requirements are necéssary to support
the field operation of GARDIAN:

» Power Supply-200 Amps @ 240 V AC/60HZ (Single Phase, Neutral, Ground)

* Setup Area- 45' by 60' area required for setup of the Main and Support Trailers
(additional space as necessary for trucks/containers to maneuver through the
system)

» Scale with capacity capable of weighing containers/waste to be processed

*» A means or method of determining container fill volume (this information is used
with waste weight to determine the average waste density in the container)

» An entry awning or other suitable enclosure is recommended for the trailers if
GARDIAN is used in locations subject to inclement weather

Backup Mode of Operation
The design of GARDIAN allows up to a 50% loss of detectors and/or associated

electronics without a significant impact to operation or project schedule. If part of
GARDIAN is inoperable, the system is re-configured to perform the assay of

, containers in a two-step process. The functioning detectors and electronics (if not

already) are placed in the front positions in the trailers and truck mounted containers
are assayed in two steps (front half followed by back half after re-positioning the
truck/container). This backup mode of operation allows repair or replacement of
malfunctioning equipment without significant impact to system performance or
schedule.
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4.0 CALIBRATION METHOD

4.1 Energy Calibration

411

Energy Calibration Source

"The source used to perform the energy calibration of the Energy Solutions

GARDIAN Mobile Assay System is the multi-energy nuclide Eu-152. Specifically,
the energy calibration is performed using the seven (7) predominant gamma
energies listed in Table 4-1 below. As shown in Table 4-1, Eu-152 has a wide range
of abundant energy lines that cover the bulk of the energy range of nuclides
expected to be potentially present in waste forms assayed by GARDIAN. For
example, the two most prominent gamma emitters potentially present in most waste
or material from nuclear power facilities are Co-60 and Cs-137, whose gamma
energies of 1173 keV and 1332 keV (for Co-60) and 662 keV (for Cs-137) are
within the range of Eu 152 gamma.

Table 4- 1 Energies and Abundances of Eu-152

Energy (keV) L . __Abundance (%)
121.8 28.4
244.7 7.49
344.3 26.5
778.9 12.7
964.1 14.4
11121 13.3
1408.0 20.7

4.1.2

Energy Calibration Process

The energy calibration is performed in accordance with the Genie-2000/NDA-2000:
software developed by Canberra. The process involves collection of a spectrum
using each of the system's detectors and the Eu-152 calibration source. After
adjusting the system amplifier gain and/or ADC zero setting (as necessary) for
approximately 0.5 keV per channel; the primary Eu-152 gamma energies are
identified to the system and a fitted energy calibration curve is determined by the
software. This calibration allows the energy of detected gamma peaks to be
identified.
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4.2 Shape Calibration

During the performance of the energy calibration, the FWHM values (Full Width at Half
Maximum) for each calibration source peak are also determined. From the measured
FWHM values, a calibration curve is determined, which allows the system to determine
the expected peak shape versus peak energy. Region of Interest (ROI) and peak
identification parameters are based on the expected peak shape (i.e., FWHM), which are
applied to each potentially present gamma energy.

4.3 Efficiency Calibration

4.3.1

43.2

ISOCS Calibratioﬁ Software

To calibrate the various counters, containers and geometries used by GARDIAN,
Canberra's ISOCS calibration software is used; ISOCS is a mathematical method of
determining detector efficiencies. Several densities are modeled for each general
material type expected in order to determine a multi-curve efficiency file that allows
correction of assay results over the range of expected waste/material densities.

The first step in conducting an ISOCS calibration is the preparation of a Geometry
Template (i.e., a description of the particular container and counting arrangement).
The geometry template file is then processed to create (via mathematical modeling)
an efficiency curve for the geometry and detector(s). The ISOCS efficiency curve is
then combined with other curves as appropriate (e.g., various waste densities.to
cover the expected range) to form a multi-curve efficiency. This process is repeated
for each geometry, container, and count type of each counter defined for
GARDIAN. The results are subsequently specified as an overall efficiency file for
each possible arrangement.

Additional detail of the ISOCS calibration process is provided below. Preparation
of geometry templates and the completion of each step of the process is conducted
in accordance with Reference 8.1.

Geometry Templates

Performance of an ISOCS calibration for a given geometry requires the
establishment of an input data file or geometry template. The geometry template
fully specifies all necessary parameters for the geometry including: detector
characterization file; description/dimensions of collimator; description of all
shields/attenuators (e.g., detector housing plate, trailer wall, and container wall
thickness and material types); source to detector geometry; density, dimensions and
waste material type(s) of source; and gamma energies to be evaluated.
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434

y

Geometry templates were prepared for both concrete rubble and soils for the HBPP
decommissioning project including a set of densities that would span the range that
could be encountered for each. Average waste densities of 0.5, 1.0, 1.5 and 2.5 g/cc
were included for concrete (typical concrete rubble is between 1.0 and 1.5 g/cc due
to intermixed air space) and 1.2, 1.6 and 2.0 g/cc for soils. To illustrate how
geometry templates are prepared, copies of the geometry templates prepared during
establishment of the initial efficiency calibrations performed for GARDIAN at
HBPP are included in Attachment 10.1. '

Efficiency Curves

Geometry template files are processed using the ISOCS software to calculate
efficiency values for the arrangement at energies specified in the template (e.g.,
energies in the range of 0.1 to 2.0 MeV were selected to span the Possible gamma
emitters present in HBPP bulk materials). A best-fit curve is mathematically
determined from the calculated data to allow assay results for any detected gamma
energy to be properly corrected for efficiency in the given geometry/arrangement.

Since multiple HPGe detectors are used with GARDIAN, a summed efficiency is
also determined by summing the results for each individual detector into a summed
efficiency file. This allows an overall or average response for an entire container to
be determined. With the individual and summed efficiency files, GARDIAN is able
to determine both the overall (i.e., average) results in a given container as well as
the results from individual detectors. The efficiency curve results for both
individual detectors and summed responses are provided on ISOCS MEfficiency
reports. Attachment 10.2 includes the efficiency curve results determined for the
geometries and material types specified-for use at HBPP.

Multi-Curve Efficiencies

After efficiency curves are established for each density and geometry, a multi-curve
efficiency-file is constructed. The multi-curve consists of all applicable densities
for each given geometry so sample results can.be corrected for the actual density of
the sample. When the waste weight and volume are entered during the start of an
assay, the average waste density is determined for the sample. The sample density
is then used to determine (via interpolation) an efficiency curve for the actual
sample density.

For HBPP, multi-curve efficiencies were created for both concrete rubble and soils
as previously noted. Copies of the combined multi-efficiency curves initially
prepared for HBPP are included in Attachment 10.3.
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Efficiency Files

The final step in the completion of an ISOCS based calibration is the generation of
an efficiency file for each geometry, combination of detectors, and container type
for each specified counter. For GARDIAN, this includes efficiency curves for each
separate detector as well as the summed detector response to determine the overall
average results in a given container using the multi-detector system.

4.4 Calibration of Ludlum Model 3500-1000 Radiation Detection System

441
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Electronic Calibration

The Ludlum Model 3500-1000 is factory set. Detector high voltages, thresholds
and other required settings (except for alarm set-point setting as described below)
are preset by Ludlum and no further field calibrations are required. Source checks
are required to verify the proper operation of the system prior to use each day.
System failures will require return of the unit to Ludlum for repair and re-
adjustment. The system includes a startup self-diagnostic that ensures proper
operation of the system prior to each use.

Scan Alarm Point Setting

For GARDIAN's use with HBPP bulk materials, an alarm set point of
approximately 10 pR/hr above background was selected. This level is consistent
with the approximate alarm setting of the truck monitor used as the final check for
released waste at HBPP and also provides assurance that the total act1v1ty
potentially present in a given container is minimized.

To actually set the alarm level, MicroShield was used to determine the distance
between the 10 pCi. Cs-137 button source (that came with the Ludlum system) and
the center of the scanning detector required to produce 10 pR/hr. The source was
then placed at this distance from each detector while adjusting the alarm set point
until an alarm was just received. For the MicroShield modeling, a two-foot section
of the four-foot long detector was evaluated by dividing the detector half into four
six-inch sub-sections (with the dose point at the center of each subsection). Due to
symmetry, modeling of only one-half of the detector is required. The results of the
calculation, based on the initial activity of the source, are provided in Attachment
10.4.
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4.4 Calibration of Ludlum Model 3500-1000 Radiation Detection System

NOTE: Management has opted not to use this feature of the
GARDIAN monitor system for the following reasons:

e The Ludlum Model 3500-100 monitor was included in the
GARDIAN monitor primarily to enhance the ability to
detect Co-60 particles. Co-60 has not been observed to be a
major concern for the HBPP project due to several half-lives
of Co-60 having transpired since HBPP’s cessation of power
reactor operations in 1976.

e Co-60 is readily detectable by the gamma spec systems of
the GARDIAN making the use of this gross count detector
redundant.

e Increased false positive rates have been experienced with
other applications these detectors.

4.4.1 Electronic Calibration

The Ludlum Model 3500-1000 is factory set. Detector high voltages, thresholds and
other required settings (except for alarm set-point setting as described below) are
preset by Ludlum and no further field calibrations are required. Source checks are
required to verify the proper operation of the system prior to use each day. System
failures will require return of the unit to Ludlum for repair and re-adjustment. The
system includes a startup self-diagnostic that ensures proper operation of the system
prior to each use.

4.4.2 Scan Alarm Point Setting

For GARDIAN's use with HBPP bulk materials, an alarm set point of approximately
10pR/hr above background was selected. This level is consistent with the
approximate alarm setting of the truck monitor used as the final check for released
waste at HBPP and also provides assurance that the total activity potentially present in
a given container is minimized.
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To actually set the alarm level, MicroShield was used to determine the distance
between the 10 pCi. Cs-137 button source (that came with the Ludlum system) and

/ the center of the scanning detector required to produce 10 pR/hr. The source was
then placed at this distance from each detector while adjusting the alarm set point
until an alarm was just received. For the MicroShield modeling, a two-foot section of
the four-foot long detector was evaluated by dividing the detector half into four six-
inch sub-sections (with the dose point at the center of each subsection). Due to
symmetry, modeling of only one-half of the detector is required. The results of the
calculation, based on the initial activity of the source, are provided in Attachment
10.4.

4.5 Routine Calibration Checks
4.5.1 Quality Control (QC) Source Checks

A daily QC source check prior to use of the GARDIAN system each day will be
performed and plotted on a control chart with established limits for performance. The
QC source will be a multi-gamma energy source with energies that span the range of
expected gamma emitters present in the waste. Parameters of the QC source check
include peak location (i.e., channel number to confirm the system's energy calibration)
and peak activity (to confirm the system's efficiency calibration) for a low and high
end gamma energy (as appropriate for the potential gamma energies of interest for the
given waste). Each of the system's four HPGe detectors are separately checked and
monitored during the check.

4.5.2 Weekly Environmental Background Count

A weekly Environmental Background Count is performed to determine the presence
of any low-level interfering nuclide specific activity. The Environmental Background
Count establishes background correction values that are subtracted from any detected
activity results in subsequent sample assays. The Environmental Background Count
is also repeated any time there are significant changes to the background in the area
the system is operated.

4.5.3 Daily Background Check

In addition to the weekly Environmental Background Count a daily Background
Check will also be performed while the system is in operation. The Background
Check ensures that background levels in the counting area are not significant and are
consistent to levels established during the Environmental Background Count. This is
confirmed by performing a count (with a count time at least as long as the longest
expected sample count time) and verifying the absence of any detected nuclides
(excluding naturally occurring nuclides).
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50 GEOMETRY CONSIDERATIONS

5.1 Container Placement Sensitivity Analysis
5.1.1 General Discussion

The GARDIAN Mobile Assay System is calibrated assuming the truck/container
being monitored is centered between the two system trailers with regard to position
along the trailer lengths (i.e., longitudinal position) and spacing between the trailers
(i.e., lateral position). Since the exact placement of a given truck/container of waste

may vary, the effect of positional imprecision has been evaluated using the system's
ISOCS calibration software.

To evaluate the effect of non-centered trucks/containers, the position of the
truck/container was varied up to 12 inches on each side of center. ISOCS calibrations
cases were modeled using the same input parameters as the actual calibration files,
except for the varied longitudinal or lateral position. A typical concrete density was
assumed and three of the standard calibration energies (i.e., 500 keV, 1000 keV, and
1400 keV) were used in the modeling to span the primary energies expected in typical
waste (i.e., 662 keV from Cs-137 and 1173 keV and 1332 keV from Co-60).

5.1.2 Longitudinal Variations

As shown in Figure 9.4, variations in the longitudinal position of a given
truck/container result in only a very minor relative system error (relative system error
is the difference between the modeled response of a specified position versus the
modeled response of the centered position assumed by calibration). The relative error
for an individual detector was only about 3% at a 12 inch offset. By symmetry, each
of the system's four detectors responded the same to a given offset. The potential
error on average (i.e., summed response of all four system detectors) was less (within
1.5%) because while the response of two detectors decrease as the container moves
away, the response increases for the other two detectors which are moving closer to
the center of the container.

It should also be noted that the difference in the response between the three energies
evaluated was negligible indicating the slight difference observed was primarily due
to geometric effects.
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5.1.3 Lateral Variations

A similar evaluation as described above was performed for lateral variations in the
position of a truck/container between the GARDIAN system trailers. Figure 9.5
depicts the relative system error noted: for variations up to £12 inches. As shown in
the figure, the potential error vanes by a greater degree than for longitudinal variations
(i.e., up to about 20% at +12 inches). This is expected since lateral variations move
the container (i.e., the source) away from or closer to the detectors in a more direct

“way. The average response, however, isn't significantly affected. As the response of

the detectors in one of the GARDIAN trailers decreases, the response of the opposite
side detectors correspondingly increases resulting in only a minor difference in the
overall response of the system (i.e., average response within 3% at 12 inches offset).

As was observed by longitudinal variations, there was also a negligible difference
between the responses of each of the three gamma energies evaluated in the lateral case
(i.e., effect is geometry related as expected).

5.1.4 Conclusion

It is expected that routine methods used to aid in correct placement of a given
truck/container within the GARDIAN system will be able to ensure placement within
12 inches. Therefore, truck/container placement and its effect on the results will not
be significant. Even the approximate £20% noted for individual detectors for a 12-
inch lateral offset is within typical counting uncertainties for activity levels near the
Minimum Detectable Activity (MDA). The potential error for the system due to
longitudinal offsets as well as the system as a whole in both longitudinal and lateral
cases was shown to be negligible.

5.2 Container Fill Volume Sensitivity Analysis

5.2.1

General Discussion

Variation of position or placement of a given container within the GARDIAN
System's trailers and the associated effect on the system's response was evaluated in
the previous section for two dimensions (i.e., front-to-back or longitudinal and side-
to-side or lateral variations). The third possible dimension (i.e., height of container
relative to GARDIAN's system detectors) is not evaluated since use of a specified
truck/container type and associated placement of the detectors on the detector towers
will center and fix the arrangement. However, a related effect could occur due to a
variable fill level/volume in a given container. This section evaluates the effect that
partially filled containers could have on the response of the GARDIAN system.
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5.2.2 Analysis

To evaluate the effect of partially filled containers, multiple ISOCS calibration files
were prepared as previously described with the same parameters used during
calibration except for the container fill volume. Fill volumes, in six-inch increments
from 12" of material up to a full container (i.e., 42" for the container to be filled at
Big Rock Point) were compared to the nominally expected fill of 30" to 36" (based on
typical waste densities and container weight limitations). Figure 9.6 illustrates the
relative system response for the different fill volumes evaluated.

As shown in Figure 9.6, the effect of fill volume is negligible. There was only a very
small difference observed (approximately 1% or less) over the range of fill levels -
evaluated (no difference between gamma energies as before). The minimal effect is
understood since the conical field-of-view of the GARDIAN system
detectors/collimators and detector-to-container distance is sufficient to encompass
one-half of a given container's length, which is much greater than the height of a
typical container. Therefore, from a geometry standpoint, variable fill volumes are
relatively minor and are still in the approximately center of the detector's field-of-
view.

5.2.3 Conclusion

Although knowledge of the approximate fill volume within a given container is
important (in order to properly access the volume and therefore- density of the waste
in the container), the actual fill level is not. The response of the GARDIAN system to
a wide range of possible fill levels will not significantly affect the reported result or
its accuracy.

5.3 Layered Contamination within a Container
5.3.1 General Discussion

An additional evaluation was performed to determine the effect of "layered”
contamination within a given container. For-example, if a large roll-off container is
loaded and only the first "bucket or two of waste is contaminated; a contamination
layer could reside in the bottom of the container (assuming clean material is
subsequently loaded on top of the contaminated waste). Contamination could also
similarly reside in the middle or top regions of a container. This evaluation was
prompted in part as a follow-up to help explain and evaluate some of the empirical
measurements observed during testing of the GARDIAN system as will be discussed
in Section 6 of this document.
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5.3.2 Analysis

533

To perform the layered contamination evaluation, multiple layers of contaminated
waste were placed in the bottom, center, top, and mid-points between center and
top/bottom of the roll-off container specified for the Big Rock Point project. A 12-
inch layer of contamination was assumed (very thin layers of contamination were not
considered reasonable). The results of this evaluation are provided in Figure 9. 7.

. As shown by the figure, the variation in the GARDIAN system's response to the

summed layered contamination profile was not significant nor gamma energy
dependent. The system's response would be slightly high if centered in the container
(since the contamination is more centered within the detector's field-of-view) and

“slightly low if in the top or bottom of the container (where the modeled relative

system error was determined to be within 6%). By symmetry, each of the four system .
detectors would respond the same and therefore, Figure 9.7 also represents the overall
system response. -

Conclusion

The precise location of a layer of contamination within a container is not a significant
concern. The overall modeling and assumptions provide for a reasonable assessment
of the total amount of contamination (or potential contamination if not detected)

- present in an assayed container without regard to the specific location of the

contamination.

5.4 Highly Localized Contamination Considerations

54.1

General Discussion

The evaluations and analysis presented thus far in this document have examined the
effects of gamma energy, waste type and density, geometrical variations, and a
realistic non-uniform contamination profile on the results of the GARDIAN assay
system. Another question often asked, in regard to the assay of large volumes of
waste, is the effect of localized contamination (i.e., highly non-uniform spatial
distribution of contamination within a waste volume). This section summarizes some
of the features of GARDIAN as well as other technical considerations that mitigate
potential consequences of non-uniform activity distributions.
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5.4.2 Maximum Activity Potentially Present per Container

543

To begin a discussion of non-uniform activity in a given large container, it is helpful
to first identify the maximum total activity potentially released in the container due to
its size and sensitivity of the assay. This information, by comparison, aids further
discussion of the maximum activity potentially present in highly non-uniform activity
distributions. The nuclide Cs-137 is used in the following discussion since it
represents the principle nuclide potentially present in most HBPP bulk materials.

The maximum activity concentration of Cs-137 that is allowed per HBPP LTP
(DCGL) is 7.9 pCi/g. For a 10 yard dump truck loaded with approximately 20,000
pounds of waste; this would result in about 71 uCi of potential activity (i.e.; 20,000 -
lbs x 454 g/Ib x 7.9E-6 uCi/g-=71 uCi). Therefore, in order to be released, assay of
the example truck will show that the total Cs-137 activity potentially present is below
71 nCi. ,

GARDIAN Scanning System Response to Localized Contamination

As previously discussed, a Ludlum Model 3500-1000 Radiation Detection System is
included with the GARDIAN system to supplement the overall survey of a large
container of waste. This system includes plastic scintillation detectors on each side of -
the monitored container and is provided to allow for a timely go/no-go screening
survey and a guard against highly non-uniform activity.

The worst-case contamination distribution for GARDIAN would be a very small
source (in physical size) located in or near the center of the container. For a large
roll-off container loaded with concrete rubble of typical density, a couple of tenth-
value layers of waste would shield/attenuate a source located in the center of the roll-
off.

Nevertheless, the GARDIAN sysfem still provides an upper limit on the maximum
amount of activity that could be present as an isolated point source.

In addition to container size and waste density, the upper limit of localized activity in
a large container of concrete rubble is dependent on the alarm set point of the Ludlum
scanning system. As previously described in Section 4.4.2, the recommended set
point for GARDIAN corresponds to an exposure rate of approximately 10 pR/hr
above background. Modeling using MicroShield (with a point source placed in the
middle of a concrete rubble filled container of the type used at Big Rock Point)
indicates that a source of about eight (8) mCi of Co-60 (the principle nuclide
potentially present in most Energy Solutions customer waste) would result in a 10
uR/hr increase in the exposure rate at the position of the Ludlum plastic scintillation
detectors (MicroShield report included in Attachment 10.4).
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Eight (8) mCi of Co-60 activity is approximately a factor of 20 above the amount of
total activity assumed to be present during the radiological dose assessment as was
previously shown. A factor of 20 (although large for some measurement situations) is

_considered to be a reasonable and practical limitation for such a hypothetical (and
highly unlikely) scenario. Realistic non-uniform activity distributions are more
readily accounted for by GARDIAN due to the statistical averaging that occurs with
randomly distributed localized sources of activity.

5.4.4 Statistical Considerations )

Another consideration regarding the use of GARDIAN as a waste disposal survey
system is the statistical nature of randomly distributed activity when considered over
several containers of waste. While it is possible for a worst-case deposition of
activity in, or near, the center of a roll-off container, it is also possible that such
activity is located near the side of the container resulting in an over-response. In a
statistical data set, the average of a number of measurements (if system bias is not
present) approaches the true mean activity as the number of measurements increase.

To further illustrate by example, consider a pile of 15 million pounds of waste debris
or rubble (the maximum amount of waste that may be released to a given landfill in a
given year per Energy Solution’s BWAP). If the pile of waste was assessed by
random sampling, there would be a very high statistical certainty associated with the
mean result of 500 samples. This total number of samples is roughly the number of
containers (assuming 15 million pounds were released at approximately 30,000
pounds per container) that could be released in a given year. When considering the
total activity potentially released to a given landfill over several years, the statistical
power improves even more.

The GARDIAN approach is further strengthen (relative to sampling) by the fact that
the final survey of waste via GARDIAN effectively assays a much larger amount of
waste by assaying 100% of all containers than would be achieved by grab sampling.
Therefore, when considering all waste released to a landfill over time, a properly
calibrated and operated assay system should be able to demonstrate that the total
amount of activity potentially released is within the amount assumed and justified by
assessment. This is true even for non-uniform activity due to the statistical averaging
that occurs in a large data set.
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5.4.5 Conclusion

The radiological assessment performed to establish the appropriate release limits and
sensitivity requirements for GARDIAN's use in conjunction with Energy Solution’s
BWAP accounts for the low levels of radioactivity potentially released. Even if non-
uniform activity is potentially present, GARDIAN is capable of verifying that the total
amount of radioactivity potentially released via the system is within the amounts
assumed by the assessment used to establish the HBPP limits. The maximum amount
of activity in a given container is also limited by the system's sensitivity requirements
and the combination of detection technologies used by GARDIAN.

6.0 SYSTEM VERIFICATION AND VALIDATION

6.1 Introduction

To V&V each of GARDIAN's HPGe (high purity germanium) detectors and ensure the
system is ready for use at the Humboldt Bay Power Plant, testing was performed of each
detector using a NIST traceable multi-energy source. The source modeled for testing
using ISOCS calibration software included the radionuclide Eu-152, which has several key
gamma energy lines across the energy spectrum of interest at HBPP (i.e., 100 to 2000
keV). Each detector MCA was configured with a 4 channel per keV conversion gain
using channels 400 to 8,000 to span the energy range.

After verification of each detectors ISOCS characterization file (including evaluation of
current dead layer thickness which can grow for p-type HPGe detectors like those used
with GARDIAN), base line measurements were collected with each detector and its
associated check source (i.e., a source originally containing 1' uCi each of Eu-155 and Na-
22). The low and high energy range of the source (i.e., 86.5 keV and 1274.5 keV) were
specifically measured to establish a reference point for future response testing to confirm

_ detector responses remain consistent throughout system operation.

The following sections describe the testing configuration and present V&V test results.
The attachments in the V&V document (Reference 8.6) provide detailed information on
the ISOCS models, assay reports and spreadsheet evaluations of results.
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6.2 V&V Test Configuration

6.2.1

6.2.2

Test Source

A NIST traceable source containing Eu-152 was used to perform the V&V tests of
the GARDIAN-1 HPGe detectors. The source (EnergySolutions ID number 099803)
is a point source sealed in a thin layer of epoxy forming a 3/8" diameter spot in the
bottom of a 1" diameter plastic vial. Seven key energies from Eu-152 were
specifically evaluated including 122, 244, 344, 779, 964, 1112, and 1408 keV.
These energies provide a good representation of the GARDIAN-I system energy
range (100 to 2000 keV) as well as the range of energies expected to be encountered
in HBPP waste/materials.

The original source activity of the source included 33.54 pCi £5% of Eu-152
(9/21/1998 certificate date), but had decayed to 14.621uCi at the time of V&V
testing. The higher activity level of the source (relative to typical check sources)
provided better counting precision at a distance that avoided coincidence summing
issues and minimized potential error with precise source positioning. A copy of the
source certificate for source #099803 is included in Reference 8.6.

Measurement Configuration

To minimize coincidence summing loses and positioning errors, the outside of the
source vial was positioned 24 inches from the detector end cap during testing (i.e.,
24.5" from the center of the 1' diameter vial). The source (in the bottom of the vial)
was positioned in line with the center of the detector as shown by Figure 6.1 below.

Figure 6- 1 Measurement Configuration
(detector aligned with point source in bottom of vial)

The vial (liquid scintillation vial) included a 0.033" wall of light density
polyethylene. The Model S573 ISOCS Calibration Software Technical Reference
Manual was used to ensure proper setup of the geometry composer reports for each
detector. Copies of the geometry composer reports for each of the four detectors are
included in Reference 8-6.
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6.3 V&V Measurement Results

Table 6-1 below presents the individual detector results obtained for each of the key Eu-

152 energies and the result for the four-detector system as a whole. Although individual
detector results are obtained when operating the GARDIAN-1 system (to provide an
indication of the activity distribution in containers/materials assayed), the primary result is
the summed detector response, which effectively is the average activity concentration
throughout the container.

The weighted mean activity of Eu-152 measured by each of the system detectors, which
provides the best quantification of Eu-152 present in the vial, was also evaluated. Table 6-
2 below provides the weighted mean activity for each of the detectors and the system's
summed (i.e., average) response.

Table 6-1 V&V Test Results for GARDIAN HPGE Detectors
Energy | Det#1 | Det#2 | Det#3 | Det#4 Det Current %

keV 3994 3996 3997 3998 | SUM Activity | Difference

pCi pCi HCi uCi HCi HCi

121.8 15.33 15.44 14.91 15.34 15.26 14.62 +4.4%

2447 14.45 14.23 14.22 15.26 14.54 14.62 -0.1%
344.3 13.69 13.57 13.85 15.70 14.20 14.62 -2.9% |
778.9 14.18 13.23 13.53 15.98 14.23 14.62 -2.7%
964.0 14.26 13.93 13.42 14.80 14.10 14.62 -3.6%
1112.0 14.40 13.23 14.08 15.17 14.22 14.62 -2.7%
1408.0 13.24 13.35 13.90 14.66 13.79 14.62 -5.7%
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Table 6- 2 Eu-152 Activity Reported by GARDIAN HPGE Detectors

Eu-152 Reported Eu-152 Source
Detector Activity (uCi) Activity (uCi) % Difference
#1 3994 14.15 14.62 -3.2%
#2 3996 13.86 14.62 -5.2%
#3 3997 14.01 14.62 -4.2%
#4 3998 15.34 14.62 +4.9%
SUM (Average) 14.34 14.62 -1.9%

6.4 Baseline Measurements

Upon completion of V & V testing, a base line for the current performance of each of the
system detectors was established using the detector's specific response test source to
provide a reference value for future detector evaluations. The standard source provided by
Canberra for ISOCS detectors was used for this evaluation by attaching the source to the
top end of the detector as shown in Figure 6-2 below. The 1" button source at the end of
the source jig is positioned 3.5" from the detector end cap when positioned with the tab
against the end cap as shown in the figure below.

Figure 6- 1 Position of Check Source and Detector for Base Line Measurements

Three measurements were collected for each detector and its associated check source and
the average result for both the 86.5 keV peak (from Eu-155) and the 1274.5 keV peak (from
Na-22) is shown in Table 4-1 below.
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Table 6- 3 Base Line Measurements for GARDIAN HPGE Detectors

Source Control 1274.5 keV Line
Number 86.5 keV Line Activity (cps)
Detector Activity (cps) Test Date
080701
#1 — 3994 HBS598 30.94 6.27 10/13/14
: 080702
#2 — 3996 HBS599 28.44 5.81 10/13/14
080703
#3 — 3997 HBS600 2717 6.09 10/13/14
010702
#4 - 3998 HBS601 36.00 7.17 10/10/14

Quality Control charts have been setup for each detector to monitor the response at both the
high and low energy peaks. QC parameters to be monitored include peak centroid for both
peaks (to provide validation of the detector energy calibration) and peak activities for both
peaks (to provide validation of the detector efficiency calibration).

6.5 Summary/Conclusion

V & V testing has been completed for all four HPGe detectors associated with the GARDIAN-I
assay system. Activities at several gamma energies in the range expected at HBPP have shown
proper response using each detector's associated ISOCS characterization file. All gamma
energies tested were within 10% of the certified source activity for all four detectors and the
summed detector response (i.e., indication of the overall system result) was within 6% of

source certified activity for each energy and within 2% of the weighted mean activity for Eu-
152.

Base line measurements have been collected for the system's detectors to allow future
evaluations of detector responses. Quality Control charts have been setup to allow future
response testing and comparison to acceptance criteria. The system's HPGe detectors are ready
for operation.
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7.0 SUMMARY/CONCLUSION

8.0

-~
{

Energy Solution’s GARDIAN Mobile Assay System was designed to-assay bulk materials
targeted for potential beneficial reuse on-site or other similar characterization needs.
Specifically, its design and detector locations/orientations were selected to simplify the
operation of the system in support of an efficient and reliable means of performing assays of
large volumes of material. It combines proven technologies to allow accurate measurements to
be taken of materials in a variety of geometries including truck mounted roll-off, 10 yard dump
trucks or intermodal type containers. The system is portable and flexible to accommodate a
variety of project or field situations. An Engery Solutions GARDIAN Mobile Assay system
with 6 detectors is also available at HBPP and has a similiar configuration to the 4 dectetor
system described herein.

The calibration method for GARDIAN is well documented and has been validated through
evaluation and testing as presented in this document. The effects of gamma energy waste type
and density, and container type/geometry are all taken into account by the system's calibration.
The reliability of the system has been supported through both a comprehensive vendor V &V
of the GARDIAN system software and by empirical measurements of NIST traceable sources
and-previously assayed waste distributions. As a result of the design and post-development
testing, the Energy Solutions GARDIAN Mobile Assay System is considered to be a reliable
and an appropriate system for assay and characterization of waste/materials in various
containers (including large roll-off, dump trucks or intermodal type containers) prior to reuse or
disposal. '
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Energy Calibration Report 11/18/2014 3:32:39 AM Page 1

B R R R R R R B R R R R R R R R S g g g g

Hokekok ok ENERGY CALIBRATTION REPORT ok ok kok
R R L R R Rk R L d kB R R T T U A G AR Ry

Detector Name: DETO01
Sample Title: Det 01 3994 7000 Sec 111814

*k*kkkkkkkkdk  ENERGY CALIBRATION COEFFICIENTS  *#*kkkskkkkhs

Energy Calibrate Performed on: 11/18/2014 3:30:01 AM

by:
Fnergy Calibrate Type: POLY

Energy(keVv) = -0.655 + 0.251*ch + -2.39E-007*ch”2 + 1.80E-011*ch"3
kokkdokskkok ik SHAPE CALIBRATION COEFFICIENTS 4k kkks

Shape Calibrate Performed on: 11/18/2014 3:30:01 aM

by:
FWHM = 0.515 + 0.042*E~1/2
LOW TAIL = 5.4E-001 + 1.1E-003*ER
Tk hkdthkdr ki riR ENERGY CALIBRATION RESULTS TABLE ****************
Centroid Centroid Energy
Channel error {(keV )
‘ 239,95 . 0.03 59.54
i 422.47 0.02 105.31
| 2644,90 0.02 661.64
4691,98 0.03 1173.21
50987.33 0.07 1274.53
5329.30 0.04 . 1332.46
Energy FWHM FWHM TAILL TAILTL
(keV ) channels error channels error
59.54 3.42 0.07 2.17 0.20
105.31 3.72 0.04 3.10 0.30
661,64 6.39 0.04 6.95 1.23
1173.21 7.13 0.06 8.15 1.4¢6
1274,53 7.83 0.14 €.43 0.90
1332.46 8.13 0.07 8.43 1.00

|
|
ok k Kk KKk K SHAPE CALIBRATION RESULTS TABLE Fokok ok ok ko Aok
TBD-401 Page 3 of 14
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Energy Calibration Report 11/18/2014 3:;33:45 MM Page 1

LR e e R R R R R R R R R I T T

Jkdokx ENERGY CALIBRATION REPORT Fokdkdk ok
R T R R R R R A I I I I I

Detector Name: DETO02
Sample Title: Det02 3996 7000 Sec 111814

¥Adokkskkkkxkkkdk  ENERGY CALIBRATION COEFFICIENTS  ,xwkkdkdkdkukw

Energy Calibrate Performed on: 11/18/2014 3:25:48 AM

by:
Energy Calibrate Type: POLY
Energy (keV}) = -0.132 + 0.250*ch + 4.82E-008*ch”*2 + -1.04E-011*ch~3

Kk kkkkdkkkkkk%t  SHAPE CALIBRATION COEFFICIENTS ek ke ek ok ook ok

Shape Calibrate Performed on: 11/18/2014 3:25:48 AM

‘by:
FWHM = <0.020 + 0.083*E*1/2
LOW TAIL = 4.2E-001 + 1.2E-003*F
Fokkk kb k kb ok rkhkh ENERGY CALIBRATION RESUILTS TABLE kbt hkhkrbdrhdik
Centroid Centroid Energy
Channel error . (keVv )
238.63 0.02 539.54
421.69 0,01 105.31
2646.28 0.04 661,64
4693.23 0.10 1173.21
5098.67 0.13 1274.53
5330.67 0.13 1332.46
ok kokokk ok SHAPE CALIBRATION RESULTS TABLE ek ko okokok ok
Energy FWHM FWHM TAIL TAIL
(keV ) channels error channels error
59.54 3.00 0.05 1.93 0.17
105.31 3.23 0.02 4,12 1.00
661. 64 7.82 0.08 4.90 0.24
1173.21 12.39 0.20 7.48 0.54
1274.53 13.43 0.25 8.37 0.73
1332.46 13.39 0.24 8.11 0.64
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Energy Calibration Curve

B  Measured Calculated

Attachment 10.1
1SOCS Geometry Template Files

2500

2000

1500

<O x

1000

/m/

500

Datasource: DET02

Energy =-1.317e-001 keV
FWHM = -1.951e-002 keV
Lo Tail = 4.1902-001 keV

1024 2048 3072 4086 5120
Channel

+2.600e-001°Ch  + 4,820e-008'Ch*2 - 1.037e-011°Ch*3
+ 8.270e-002*EN/2
+1,237e-002'E

TBD-401

6144

7168 8192
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Shape Calibratlon Curves

F i FWHM —<¢—— LowTail

Attachment 10.1

ISOCS Geometry Template Files

35

¥ 6

2.5

<D X

1.5

0.5

Datasource: DET02

Energy =-1.317e-001 keV
FWHM = -1.951e-002 keV
Lo Tail = 4.190e-001 keV

500 1000 1500
Energy (keV)

+2.500e-001*Ch  + 4.820e-008*Ch"2 - 1.037e-011°Ch*3
+ 8.270e-002*EM1/2
+1.237e-003'E

TBD-401

2000

2500
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Attachment 10.1
ISOCS Geometry Template Files

Energy Calibration Report 11/12/2014 3:05:27 PM | Page 1

R e R R R T L R

Hok ok ok ENERGY CALIBRATTION REPORT koo ok
R R R R R R A L el L L D R O )

Detector Name: DETO03
Sample Title: Det03_3997 7000 _11114

Fkkkkddkkkddkd  ENERGY CALIBRATION COEFFICIENTS — **dkkdokkk ks

Energy Calibrate Performed on: 11/12/2014 3:03:41 PM

™ by:
Energy Calibrate Type: POLY
Energy (keV) = -0.267 + 0.251*%ch + -1.58E~007*ch”~2 + 9.51E-012%*ch”"3

*kkkkkkkkokkk®  SHAPE CALIBRATION COEFFICIENTS k¥ kkkkikkk

Shape Calibrate Performed on: 11/12/2014 3:03:41 PM

by:
FWHM = 0.459 + 0.035*E~1/2
LOW TAIL = 5.7E-001 + 8.5E-004*E
dhrdrA A r kI Ak Rk khx ENERGY CALIBRATION RESULTS TABLE hkhhkhhhrkhdrhhcrrd
Centroid Centroid Enerqgy
Channel error (keVv )
238.64 0.02 59.54
421.35 0.01 105.31
2644.68 0.02 v 661.64
4692.11 0.03 1173.21
5087.67 0.04 1274.53
5329.67 0.02 1332.46
Ak ko k ok k SHAPE CALIBRATION RESULTS TABLFE *hkdkkdkktk
Energy FWHM FWHM TATL TAIL
(keV ) channels error channels error
59.54 3.04 0.03 2.15 0.16
105.31 3.22 0.02 ' 15.30 1.00
661 .64 5.24 0.03 6.30 1.00
1173.21 6.67 0.06 5.4¢6 .0.39
1274.53 6.84 0.08 9.47 1.00
1332.46 7.05 0.05 6.90 0.47
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Energy Calibration Curve

Attachment 10.1
ISOCS Geometry Template Files

B  Measured Calcutated

2500

2000
k .
€
v

1000

0 5
0 1024 2048 3072 4098 5120 6144 7168 8192
Channe} ’

Datasource: CAGENIE2K\CAMFILES\DET03_3997_70000_111114.CNF

Energy =-2872¢-001 keV ~ +2506e-001*Ch - 1.576e-007°Ch*2 +9.512e-012°Ch"3
FWHM = 4.685e-001keV +3.4681e-002'EA/2

LoTall = 5.684e-001keV  +8.527¢-004*E

TBD-401
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Attachment 10.1
ISOCS Geometry Template Files

Shape Calibration Curves

5 FWHM —+— LowTall

4 +
3 ..
V i o ad—
| ) /
: }

1 o

whl’

3
4}
0 500 1000 1500 2000

Energy (keV)

Datasource: C:\GENIE2K\CAMFILES\DET03_3997_70000_111114.CNF

Energy =-2.672e-001keV  +2.506e-001*Ch - 1.5762-D07*Ch*2 + 9.512e-012*Ch*3
FWHM = 4,585e-001 keV  +3.461e-002°E*M/2

LoTall = 5.684e-004 keV  +8.527e-004*F

TBD-401 Page 11 of 14




Attachment 10.1
ISOCS Geometry Template Files

Enerqgy Calibration Report 11/12/2014 2:58:43 PM Page 1

dkhhkdhhkdkdddhkdhhdbhhbhhhhkhhhhdh kb hkhbhhrhrhhhhrhdrddhhhhhhhbhhbhdrrkrkhkhrtrdkk

*odok ko ENERGY CALIBRATION REPORT ok ok

LR R e o R R R R R R R R R R R B R e e R R R

Detector Name: DETOA4 .
Sample Title: DET04 3998 7000 SEC 111214

kkkkkkkkkkk4s  ENERGY CALIBRATION COEFFICIENTS  k¥®kdkskkkdokkshk

Energy Calibrate Performed on: 11/12/2014 2:56:55 PM ‘

by:
Energy Calibrate Type: POLY "
Energy (keV)} = -0.148 + 0,.250*ch + -1.62E-008*ch”2 + -3.25E-013*ch"3

FhkFkdkxkkxdkkk  SHAPE CALIBRATION COEFFICIENTS TR Ak hhkkhd ok

Shape Calibrate Performed on: 11/12/2014 2:56:55 PM

by:
FWHM = 0.445 + 0.034*E~1/2 -
LOW TAIL = 5.5E-001 + 8.0E-004*R
hkkhdkhkhhhkhkhkhbriir ENERGY CALIBRATION RESULTS TABLE Tk hk bk A hhkh Lk A dthk
{/
Centroid Centroid Energy
Channel error (keV )
238.58 0.01 59.54
421.57 0.01 105.31
2645.92 0.02 661.64
4692.02 0.03 1173.21 .
50987.32 0.05 1274.53
5329,05 0.03 1332.46
ook e de ook ek ok SHAPE CALIBRATION RESULTS TABLE V Fokkodokokkokk
Energy FWHM FWHM TAIL TAIL
(kev ) channels exrror channels error
59.54 2.92 0.02 2.30 0.12
105.31 3.05 0.02 2.92 0.25
661.64 5.07 0.04 7.09 1.00
1173.21 6,44 0.05 6.61 0.69 |
1274.53 6,64 0.09 | 6.66 1.00 |
1332.46 6.90 0.06 6.00 0.38 o
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‘ Attachment 10.1
‘ ISOCS Geometry Template Files

Shape Calibratlon Curves

<0 X

0 500 1000 1500 2000 2500
Energy (keV)
Dalasource: CAGENIE2K\CAMFILES\DET04_3998_70000_111244.CNF
Energy =-1.4762-001 keV  +2,602e-001*Ch - 1.618e-008'Ch*2 - 3.251e-013*Ch"3

FWHM = 4.451e-001 keV  +3,354e-002°Er /2
LoTall = 55308-001 keV  +7.967e-004'E
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Attachment 10.1
ISOCS Geometry Template Files

Energy Calibration Curve

L B Measured Calculated

2500

2000

1500 / —
k ) A2 .
e 5
v

1000

.0

0 1024 2048 3072 4096 5120 6144 7168 8192
Channel h

Datasource: C\GENIEZKACAMFILES\DETO4_3988_70000_111214,CNF

Energy =-1.476e-001keV  +2.502e-001*Ch - 1.618e-008'Ch*2 - 3.257e-013°Ch*3
FWHM = 4.451e-001 keV  +3.354e-002°E*1/2

LoTall = 5.530e-001 keV  +7.987e-004°E
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Attachment 10.2
ISOCS Efficiency Curve Reports

Technical Basis for Design, Calibration, and
Operation of the Gardian Mobile Assay System Revision 0

Attachment 10.2
ISOCS Efficiency Curve Reports
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ISOCS Efficiency Curve Reports

GARDIAN SYSTEM

Calibration Records
10 Yard End Dump

Attachment 10.2
)

Summations

|

|

|

|
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Attachment 10.2
ISOCS Efficiency Curve Reports

GARDIAN SYSTEM

Calibration Records
10 Yard End Dump

Attached-

10 Yard End Dump Wall Thickuess

Gardian Trailer Wall Thickness

End Dump Positioning

Def, 1-4 Density 1.2 models, individual efficiency eals, Summation Cal.
Det, 1-4 Density 1.6 models, individual efficiency cals, Sunmmation Cal.
Det, 1-4 Density 2.0 models, individual efficiency cals, Summation Cal.
Det. 1-4 Sum Curves for Density 1.2, 1.6, & 2.0.

Sum of all Segment Spectra

© © 8 © 0 ¢ 0 o

-
Performed by _%‘/% ot sl Date_ //=19 -/
Reviewed by %////Qz, etrni— Date !1-27-1Y
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Attachment 10.2
ISOCS Efficiency Curve Reports

C&RP B-20
Appendix 8.3
Rev. 0

Page 1 of |

10 Yard End Dump Wall Thickness

(Homogenized)

Each detector is positioned 54” from side of dump truck walls with a 90 degree collimator, giving a
Field of View of 108” diameter.

Wall Steel = 3/16” = 0.1875”
108” x 36” = 3888 in’at 0.1875” thick
In the field of view,
+ 3 Vertical Rails 6” x 35” = 630 in’

+ 1 Lower support beam 98” x 6” = 588 in’
+ 1 End Rails 36” x 10” = 360 in’

Top 98” x 47 support beam not included, sample matrix is expected to be 4 below top.

Total Area = 3888+630+588+360 = 5466 in’

Effective Thickness = 5466/3888 x 0.1875” thickness = 0.26” Steel

TBD-401 Page 9 of 83



Attachment 10.2

ISOCS Efficiency Curve Reports
C&RP B-20
Appendix 8.1
Rev. 0
Page 1 of |
Energy Solutions Main Trailer Wall
LI

Steel Channel flattened = 7"

Detector is positioned 14” behind the outside wall of the Main Trailer. Utilizing a 90 degree collimator will give a 28”
diameter Field of View. Worst case positioning will place the detector between two of the channels, thus including both in
the field of view. The channels also contain 0.5” by 2 3/8” rectangular holes which will not subtracted from the steel area
thus being more conservative.

Material area

Total area of the field of view: A = 7% = 1142 = 615.75 in’.

Area of flattened steel channel: (7” x 18.8”) + (1/2 7" x 3.525” x 2ends) x 2channels =312.55 in’.
Area of PVC: 615.75 in’ - 312.55 in” = 303.20 in’.

Area of trailer skin: 615.75 in’.

Effective Thickness

PVC = 1/16"thick x (303.2/615.75) = 0.031”

Steel = 1/16” thick x (312.55/615.75) = 0.032”

Al Skin = 1/16” thick x 615.75/615.75) = 0.063”

Homogenized Wall Density

Total Effective wall thickness = 0.031 + 0.032 + 0.063 = 0.126”
Density =0.031/0.126*1.4g/cc PVC + 0.032/0.126*7.86g/cc steel + 0.063/0.126*2.7g/cc Al = 3.69 g/cc.

Material percentage = 0.344/3.69 = 9% PVC, 2.00/3.69=54% Steel, 1.35/3.69=37% Al.

For Modeling purposes, the Main Trailer Wall (MTWall) (Absorber 1) = 0.126” thick at 3.69 g/cc comprised of 9% PVC,
54% Steel and 37% Al.

TBD-401 Page 10 of 93




Attachment 10.2
ISOCS Efficiency Curve Reports

C&RP B-20
Appendix 8.2
Rev. 0

Page 1 of |

Energy Solutions Support Trailer Wall

™

Steel Channel flattened = 3 5/8”

Detector is positioned 14” behind the outside wall of the Support Trailer. Utilizing a 90 degree collimator will give a 28"
diameter Field of View. Worst case positioning will place the detector between two of the channels, thus including both in
the field of view. The channels also contain 0.5” by 2 3/8” rectangular holes which will not subtracted from the steel area
thus being more conservative.

Material area

Total area of the field of view: A = nr? = 7142 = 615.75 in’.

Area of flattened steel channel: (3.625” x 11.28”) +(1/2 3.625” x 2.775” x 2ends) x 2channels = 102 in’.
Area of wood: 615.75 in” — 102 in? = 513.75 in’. ‘
Area of trailer skin: 615.75 in’.

Effective Thickness

Wood = 1/4” thick x (513.75/615.75) = 0.209”

Steel = 1/16” thick x (102/615.75) = 0.010”

Al Skin = 1/16” thick x 615.75/615.75) = 0.063”

Homogenized Wall Density

Total Effective wall thickness = 0.209 + 0.010 + 0.063 = 0.282”
Density = 0.209/0.282*0.75g/cc wood + 0.010/0.282*7.86g/cc steel + 0.063/0.282%2.7g/cc Al = 1.44g/cc.

Material percentage = 0.556/1.44 = 39% wood, 0.279/1.44=19% Steel, 0.603/1.44= 42% Al.

For Modeling purposes, the Support Trailer Wall (STWall) (Absorber 1) = 0.282” thick at 1.44g/cc comprised of 39% wood,
19% Steel and 42% Al.

TBD-401 Page 11 of 93
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Attachment 10.2
ISOCS Efficiency Curve Reports
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Attachment 10.2
ISOCS Efficiency Curve Reports

GARDIAN SYSTEM
Calibration Records
10 Yard End Dump

Density 2.0

TBD-401 . Page 13 of 93



Attachment 10.2
ISOCS Efficiency Curve Reports

&l

Geometry Composer Report | | CANBERRA

Daie: Wednesday, November 19, 2014 - 07:28:29

Description: 10YRD_DET1_D20

. Comiment: CALDATE 11_19_14

File Name: E;\SIMPLE_BOX\lOYRD_DI:‘rl_.DZO.geo

Software: ISOCS

Template: SIMPLE_BOX, Version: (default)

Detector: 3994

Collimator: GARDIAN G1 (GARDIAN 1 COLLIMATION MODEL)

Environment: Temperature = 22 °C, Pressure = 760 mm Hg, Relative Humldlty 30%

Inktegration: Convergence = 1.00%, MDRPN = 2% (16), CRPN = 24 (16) .

Dlmensmns (inches)

No. - Description; x| &2 [ did - ad [ dis, | di6, T Material - ['Density; Rel: Cone.
1 Box 0.26. 180 40 88 - csteel 7.9
2 Source - Top Layer 0 <none>
3 Source - Bottom Layer 36 dirt3 2 1.00
4 Absorberl 0.126. mtwall 3.7
5 Absorber2 0.027559 - germanum | 54
6 Sourcé-Detector 54 45 1] 45 0

List of energies for efficiency curve generation
58.0 59.5 61.0 311.0 312.0 ©313.0 343.0 344.3
345.0 660.0 661.7 663.0 701.0 702.6 703.0 722.0
723.0 724.0 870.0 871.1 . 872.0 1172.0 1173,2 1174.0
1273.0 12744 1275.0 1331.0 . 1332.5 1334.0 1406.0 1407.9
1409.0 1460.8
Y ;
Q‘x -u«l H I_HJ
2 e NN o
- 1:2. insfde / /I . -
T A Bl - Befsere |
13 2% : e
inside I i
3.1 ! :
thnt!knes:"c-’-— ':,

6.2
64~ Rreccn 7
6_5% @ Canvertion
j— A
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Attachment 10.2
ISOCS Efficiency Curve Reports

AN

Geometry Composer Report CANBERRA
Date: Wednesday, November 19, 2014 - 07:28:29

Description: 10YRD_DET1_D20

Comment: CAL DATE 11_19_14

File Name: E:\SIMPLE_BOX\10YRD_DET1_D20.geo

Software: 1SOCS

Template: SIMPLE_BOX, Version: (default)

TBD-401 Page 15 of 93



Attachment 10.2
ISOCS Efficiency Curve Reports

ISOCS/LABSOCS RESULTS

ISOCS/LabSOCS File: C:\GENIE2K\isocs\data\GEOMETRY\In-Situ\SIMPLE BOX\10YRD_Seil_
ISOCS/LabSOCS Time: 11/18/14 19:06:45

Genie Cal File: C:\GENIE2K\CALFILES\10YRD Soil DET1 D20.CAL
Genie Cal Time: 11/18/14 20:04:30 -
Template: SIMPLE BOX
Geom Description: 10Y¥axd DET1 D20
Comment’: ISOCS:CAL_DATE 11 19 14
Detector: 3994 - T
Collimator: GARDIAN G1 _
Convergence: 1.00 3% ' ‘
Area [Sq Meters]: 4.1806e+000 (C)
Mass [Grams]: 1.868%e+007 (C)
Length [Meters]: not used
(C) = Value calculated by ISOCS
(U) = Value modified by user
Energy Efficiency %Uncertainty $Convergence Final # of Voxels
58.00 8.15031e~-012 10.0 0.069643 77672
59.54 1.67946e-011 ' 10.0 0.069955 77672
61.00 3.09474e-011 10.0 0.069981 77672
311.00 9.57934e~-008 10.0 0.014674 776772
311.98 9.57408e-008 10.0 0.014821 77672
313.00 9.57056e-008 10,0 0.014500 77672
343.00 9.46628e-008 8.0 0.009458 77672
344.27 9,45986e-008 8.0 0.009386 77672
345.00 - 9.45654e-008 8.0 0.009336 77672
660.00 7.98467e-008 6.0 -0.008603 77672
661.65 7.97217e-008 6.0 -0.008623 7767172
663.00 7.96932e-008 6.0 -0.,008717 - 77672
701.00 7.85861e-008 6.0 -0.009200 77672
702.63 7.85016e-008 6.0 -0.009169 77672
703.00 7.85056e-008 6.0 -0.009254 77672
722.00 7.80072e-008 6.0 -0.009190 77672
723.00 7.79657e-008 6.0 '-0.009413 77672
724,00 7.79431e-008 6.0 -0.009362 77672
870.00 7.48425e~-008 6.0 -0.009585 77672
871.10 7.47975e-008 6.0 -0.009548 77672
872.00 7.48454e-008 6.0 -0.009686 77672
1172.00 7.16231e-008 4,0 -0.008179 77672
1173.22 7.16213e-008 4.0 -0.008190 77672
1174.00 7.15300e-008 4.0 - -0.008222 77672
1273.00 7.09065e~008 4.0 -0.007795 176772
1274.45 7.08861e-008 4.0 —0.007726 77672
1275.00 7.08790e-008 4.0 -0.007798 77672
1331.00 7.03723e-008 . 1.0 -0.007414 77672
1332.49 7.03928e-008 4.0 -0.00736¢9 77672
1334.00 7.03716e-008 4.0 -0.007296 77672
1406.00 6.93281e-008 4.0 -0.006728 77672
1407.95 6.93304e-008 4.0 -0.006837 77672
1409.00 6.93300e-008 4.0 -0.006619 " 17672
1460.80 6.85815e-008 4.0 -0.006207 77672
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Attachment 10.2
ISOCS Efficiency Curve Reports

)

Interpolated Efficiency Calibration Curve

Energy (keV)

o Measured Calculated
1e-007
\l |
8e-008 T
ERmaay
: T
6e-008
4e-008
2e-008 |
|
|
0+ ’ - )
0 500 1000 1600 2000 2500

Datasource: DET01
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Attachment 10.2
[SOCS Efficiency Curve Reports

Interpolated Effici_enc‘y Galibration Curve
0  Measured Calculated
1e-007 L e e o
7 s g A8 19
. 7
7
/
1e-008' 7
- //
7
/
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1e-009 ,'/
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7
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7
Y
7
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1e-012-
100 1000 10000
Energy (keV)

10

Datasource: DETO1
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Attachment 10.2
ISOCS Efficiency Curve Reports

Geometry Composer Report CAMBERRA
Date: Thursday, November 13, 2014 - 17:04:30
Description: 10YRD_Scil_DET2_D20
Comment: CALDATE 11_13 14
File Name: E:\GEOS\In-Situ\10YRD_Soil_DET2_D20.geo
Software: 1S0OCS
Template: SIMPLE_BOX, Version: (default)
Detector: 3996
Collimator: GARDIAN G1 {(GARDIAN 1 COLLIMATION MODEL)
Environment; Temperature = 65 °F, Pressure = 760 mm Hg, Relative Humidity = 70%
Integration: Convergence = 1.00%; MDRPN = 2% (16), CRPN = 24 (16)
Dimensions (inches)
"No..| - _Description: | T A [T d27 A3 [ 68 [ disi ] d6. . |.  Material: | Dénsity [Rel: Conc:
1 ’ Box 0.26 180 40 | 88 csteel 7.9
2 Source - Top Layer -0 <none>
3 Source - Bottom Layer 36 ) ) dirtl 2 1.00
4 Absorberl 0.126 mtwall 3.7
5 Absorber2 0.0315 germanum 5.4
6 Source-Detector 54 -45 0 -45 0 .

: List of energies for efficiency curve generation
58.0 59.5 61.0 . 311.0 312.0 313.0 343.0 344.3

345.0 660.0 661.7 663.0 701.0 702.6.. 703.0 7220

723.0 724.0 870.0 8711 872.0 1172.0 1173.2 1174.0
1273.0 1274.4 1275.0 1331.0 1332.5 1334.0 1406.0 1407.9
1409.0 1460.8 : ’

SIMFLE BOX
> 1.4
N /l:\'s'xdf

6.2
= s —
S o) Eot.
6.5
i, \
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Attachment 10.2
ISOCS Efficiency Curve Reports

A

Geometry Composer Report - CANBERRA
Date: Thursday, November 13, 2014 - 17:04:30

Description: 10YRD_Soil_DET2_D20

Comment: CAL DATE 11_13_14

File Name: E:\GEOS\In-Situ\10YRD_Soil_DET2_D20.geo

Software: 1SOCS

Template: SIMPLE_BOX, Version: (default)

TBD-401 Page 20 of 93



Attachment 10.2
N ISOCS Efficiency Curve Reports

ISOCS/LABSOCS RESULTS

ISOCS/LabSOCS File: C:\GENIE2K\isocs\data\GEOMETRY\In-Situ\SIMPLE BOX\10YRD -Soil_
I1S0CS/LabSOCS Time: 11/13/14 02:38:43

Genie Cal File: C:\GENIEZK\CALFILES\IOYRD_SOil_DETZ_DZO.CAL
Genie Cal Time: 11/13/14 03:41:58
Template: SIMPLE BOX

Geom Description: 10YRD DET2 D20

Comment : ISOCS:CAL DATE 11 13 14
Detector: 3996

Collimator: GARDIAN G1

Convergence: 1.00 %

Area [Sq Meters]: 4,.1806e+000 (C)

Mass [Grams]: 1.8689e+007 {(C)

Length [Meters]: not used

(C) = Value calculated by ISOCS
(U) = vValue modified by user

Energy Efficiency $Uncertainty w%Convergence Final # of Voxels
58.00 7.23612e-012 10.0 ©0.072978 717672
59.54 1.50329%e-011 10.0 0.073368 77672
61.00 2.78963e-011 10.0 0.073443 _ 77672

311.00 9.51758e-008 10.0 0.027414 77672

311.98 9.51248e-008 10.0 0.027628 77672

313.00 9.50911e~-008 i0.0 0.027307 77672

343.00 9.40890e-008 8.0 0.022680 77672

344.27 9.40265e-008 8.0 0.022586 77672

345.00 9.39942e-008 8.0 0.022508 77672

660.00 7.95025e-008 6.0 0.007774 77672

661.65 7.93786e-008 6.0 0.007748 77672

663.00 7.93505e-008 6.0 0.007698 776772

701.00 7.82570e-008 6.0 0.007553 77672

702.63 7.81732e-008 6.0 0.007568 77672

703.00 7.81773e-008 6.0 0.007505 77672

722.00 7.76850e-008 6.0 0.007682 77672

723.00 7.76440e-008 6.0 0.007523 17672

724,00 7.76216e-008 6.0 0.007551 77672

870.00 7.45598e-008 6.0 0.008246 77672

871.10 7.45151e-008 6.0 0.008276 77672

872.00 7.45631e~008 6.0 0.00809%4 77672

1172.00 7.13897e-008 4.0 0.010576 77672
1173.22 7.13880e-008 4.0 0.010581 77672
1174.00 7.13569e-008 4.0 0.010563 77672
1273.00 7.06843e-008 4.0 0.011462 77672
1274.45 7.06641e-008 4,0 0.011537 77672
1275.00 7.06570e-008 4.0 0.011489 77672
1331.00 7.01563e-008 4.0 0.012137 77672
1332.49 7.01769e-008 4.0 0.012209 717672
1334.00 7.01558e-008 4.0 0.012243 717672
1406.00 6.91207e-008 4.0 0.013043 77672
1407.95 6.91232e-008 4.0 0.013002 77672
1409.00 6.91229%e-008 4.0 0.013126 77672
1460.80 6.83800e-008 4.0 0.013761 717672
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Attachment 10.2
ISOCS Efficiency Curve Reports

Interpolated Efficlency Calibration Curve
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Attachment 10.2
ISOCS Efficiency Curve Reports

Interpolated Efficiency Calibration Curve

8  Measured Calculated
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Attachment 10.2

. ISOCS Efficiency Curve Reports
AN
Geometry Composer Report | CANBERRA
Date: Thursday, November 13, 2014 - 17:05:57
Description: 10YRD_Soil_DET3_D20
Comment: CAL DATE 11_13_14
File Name: E:\GEOS\In-Situ\10YRD_Soil_DET3_D20.geo-
Software: 1SOCS
Template: SIMPLE_BOX, Version: (default)
Detector: 3997
Collimator: ~ GARDIAN G1 (GARDIAN 1 COLLIMATION MODEL)
Environment: Temperature = 65 °F, Pressure = 760 mm Hg; Relative Humidity = 70%
Integration: Convergence = 1.00%, MDRPN = 24 (16)_, CRPN = 24 (16)
Dimensions (inches)
No.| = ‘Desciption .- . . | ‘dd | d2 . [ 43| g ] TS5 |0 di6 | .Material’; . ['Density:|Reli Conc
1 Box 0.26 180 40 88 _ csteel 7.9 .
2 Source - Top Layer 0 <none> ’
3 Source - Bottom Layer 36 ) dirtl 2 1.00
4 Absorberl . 0.282 i shwall 1.4
5 Absorber2 0,03543 germanum 5.4
6. Source-Detector 54 45 0 45 0

List of energies for efficiency curve generation

58.0 59.5 610 311.0 312.0 313.0 343.0 344.3
345.0 660.0 661.7 663.0 701.0 702.6 703.0 722.0
723.0 - 7240 870.0 - 871.1 872.0 1172.0 1173.2 1174.0

1273.0 1274.4 1275.0 1331.0 13325 1334.0 1406.0 1407.9
1409.0 1460.8

SIMFLE BOX
/ |.1/4._
insidg,

H
TR 2 I}
thickness k22— “4 . |
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Attachment 10.2

ISOCS Efficiency Curve Reports
Geometry Composer Report CANBERRA
Date: Thursday, November 13, 2014 - 17:05:57
Description: 10YRD_Soil_DET3_D20
Comment: CAL DATE 11_13_14
File Name: E:\GEOS\In-Situ\10YRD_Soil_DET3_D20.geo
Software: 1SOCS
Template: SIMPLE_BOX, Version: (default)
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ISOCS/LabS0OCS File:
ISOCS/LabSOCS Time:

Genie Cal File:
Genie Cal Time.:

ISOCS/LABSOCS

RESULTS

Attachment 10.2
ISOCS Efficiency Curve Reports

™

C:\GENIE2K\isocs\data\GEOMETRY\In-Situ\SIMPLE_BOX\10YRD Soil_

11/13/14 02:44:56

C:\GENIE2K\CALFILES\10YRD Soil DET3 D20.CAL

11/13/14 03:46:23

Template: SIMPLE BOX
Geom Description: 10YRD DET3 D20
Comment: - ISOCS:CAL_DATE_11 13 14
Detector: 3997
Collimator: GARDIAN Gl
Convergence: 1.00 &
Area [Sq Meters]: 4,1806e+000 (C)
Mass [Grams]: 1.8689e+007 (C)
Length [Meters]: not used
(C) = Value calculated by ISOCS
{(U) = Value modified by user
Energy Efficiency %Uncertainty %Convergence Final # of Voxels
58.00 1.08926e-011 10.0 0.070983 77672
59.54 2.19507e-011 10.0 0.071186 17672
61.00 3.96820e~-011 10.0 0.071114 77672
311.00 9.59608e-008 10.0 0.014680 77672
311.¢98 9.59068e-008 10.0 0.014827 77672
313.00 9.58701e-008 10.0 0.014507 77672
343.00 9.47924e-008 8.0 0.009463 77672
344.27 9.47270e-008 8.0 0.009391 77672
345.00 9.46931e-008 8.0 0.009341 77672
660.00 7.98805e-008 6.0 -0.008602 77672
661,65 7.97554e-0608 6.0 -0.008622 77672
663.00 7.97268e-008 6.0 -0.008716 77672
701.00 7.86173e-008" 6.0 -0.009198 77672
702.63 7.85327e-008 6.0 -0.009168 77672
703,00 7.85366e-008 6.0 ~0.009253 77672
722.00 7.80371e-008 6.0 -0.009189 77672
723.00 7.79956e-008 6.0 -0.009412 77672
724,00 7.79729e~-008 6.0 ~0.009361 77672
870.00 7.48664e~-008 6.0 -0.009584 77672
871.10 7.48214e-008 6.0 -0.009547 77672
872.00 7.48694e-008 6.0 -0.009685 77672
1172.00 7.16420e-008 4.0 -0.008178 77672
1173.22 7.16402e-008 4.0 -0.008189 77672
1174.00 7.16089e~-008 4.0 -0.008222 77672
1273.00 7.09255e-008 4.0 -0.007795 77672
1274.45 7.09051e-008 4.0 -0.007725 77672
1275,00 7.08980e-008 4.0 -0.007797 77672
1331.00 7.03917e-008 4.0 -0.007414 77672
1332.49 7.04122e~-008 4.0 =0.007368 . 17672
1334.00 7.03910e-008 4.0 -0.007296 v 717672
1406.00 6.93482e-008 4.0 -0.006727 17672
1407.95 6.93506e-008 4.0 -0.006836 77672
1409.00 6.93502e-008 4,0 ~0.006618 771672
1460.80 6.86024e-008 4.0 -0.006207 77672
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Attachment 10.2
ISOCS Efficiency Curve Reports

Interpolated Efficiency Calibration Curve

) B Measured Calculated
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Attachment 10.2

ISOCS Efficiency Curve Reports

Interpolated Efficiency Calibration Curve

10000

8  Measured Calculated
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Attachment 10.2
ISOCS Efficiency Curve Reports

A

Geometry Composer Report CANBERRA
Date: Thursday, November 13, 2014 - 17:07:00
Description: 10YRD_Soil_DET4_D20
Comment: CAL DATE 11_13 14
File Name: E:\GEOS\In-Situ\10YRD_Soil_DET4_D20.geo
Software: I1SOCS
Template: SIMPLE_BOX; Version: (default)
Detector: 3998
Collimator: GARDIAN G1 (GARDIAN 1 COLLIMATION MODEL)
Environment: Temperature = 65 °F, Pressure = 760 mm Hg, Relative Humidity = 70%
Integration: . Convergence = 1.00%, MDRPN = 2% (16), CRPN = 24 (16)
Dimensions (inches)
No. Description ~ - | did | di2 | d3-. | d&. | @5 -] d.6 | Material | Density |Rel:Cont:
1 Box 0.26 180 40 88 csteel 7.9
2 Source - Top Layer 0 <nones
3 Source - Bottom Layer 36 dirtl 2 1.00
4 Absorberi 0.282 stwall 1.4
5 Absorber2 none
6 Source-Detector 54 -45 0 -45 0
i List of energies for efficiency curve generation _
'58.0 59.5 61.0 311.0 312.0 313.0 343.0 344.3
345.0 660.0 661.7 663.0 701.0. 702.6 703.0 722.0
723.0 724.0 870.0 871.1 872.0 1172.0 1173.2 . 1174.0
¢ 1273.0 12744 1275.0 1331.0 13325 1334.0 1406.0 1407.9
1409.0 1460.8 .

SIMFLE BOX
14
/;mid/—

Referenda
Plans

d 1 I"
) - !
(g - .

L7
. .

TBD-401

<ticn
rrrantion
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Attachment 10.2
ISOCS Efficiency Curve Reports

A

Geometry Composer Report CANBERRA
Date: Thursday, November 13, 2014 - 17:07:00

Description: 10YRD_Soil_DET4_D20

Comment: CAL DATE 11_13 14

File Name: E:\GEOS\In-Situ\10YRD_Soil_DET4_D20.geo

Software: 1SOCS

Template: SIMPLE_BOX, Version: (default)
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Attachment 10.2
ISOCS Efficiency Curve Reports

ISOCS/LABSOCS RESULTS

ISOCS/LabSOCS File: C:\GENIEZK\iSOCs\data\GEOMETRY\In—Situ\SIMPLE_BOX\lOYRD;SQil_
IS0CS/LabSOCS Time: 11/13/14 02:50:38 '

Genie Cal File: Ci\GENIEZK\CALFILES\lOYRD;SOil_DET4_D20.CAL
Genie Cal Time: 11/13/14 03:51:55
Template: SIMPLE BOX
Geom Description: 10YRD DET4 D20
Comment : ISOCS:CAL DATE 11 13 14
Detector: . 3998 T
Collimator: GARDIAN G1 ’
Convergence: 1.00 & ‘
Area [Sqg Meters]: 4.1806e+000 (C)
Mass [Grams]: 1.868%e+007 (C)
Lendgth [Meters]: - not used .
(c) Value calculated by ISOCS

- (0) Value modified by user
Energy Efficiency %Uncertainty $Convergence Final # of Voxels
58.00 4,49302e-011 10.0 -0.073740 77672
59.54 8.20018e-011 10.0 -0.071545 77672
61.00 1.36332e-010 10.0 -0.069738 77672
311.00 1.03752e-007 10.0 0.01610621 77672
311.98 1.03594e-007 10.0 0.015924 77672
313.00 1.03536e-007 10.0 0.016068 77672
343.00 1.00723e-007 8.0 0.015831 77672
344.27 1.00604e-007 8.0 0.015864 77672
345.00 1.00588e-007 8.0 0.015728 77672
660.00 8.81793e-008 6.0 0.008555 77672
'661.65 8.80832e-008 6.0 0.008398 77672
663.00 8.80873e-008 6.0 0.008279 77672
701.00 8.71192e-008 6.0 0.007715 77672
702.63 8.70804e-008 6.0 0.007650 77672
703.00 8.70489e-008 6.0 0.007428 - 77672
722.00 8.66337e-008 6.0 0.006982 77672
723.00 8.65977e-008 6.0 0.007046 77672
724.00 8.65910e-008 6.0 0.007203 77672
870.00 8.40002e-008 6.0 0.005234 77672
871.10 8.39893e-008 6.0 0.005376 77672
872.00 8.39969e-008 6.0 0.005237 77672
1172.00 8.14758e-008 4.0 0.004310 77672
1173.22 8.15067e-008 4.0 0.004193 77672
1174.00 8.14578e=008 4.0 0.004013 77672
1273.00 8.07000e-008 4.0 0.004305 77672
1274.45 8.07045e-008 4.0 0.004461 77672
1275.00 8.06919%e-008 4.0 0.004560 77672
1331.00 8.01464e-008 4.0 0.004946 77672
1332.49 8.01938e-008 4.0 0.004855 77672
1334.00 8.01985e-008 4.0 0.004898 - 77672
1406.00 7.94446e-008 4.0 0.005401 77672
1407.95 7.9409%e-008 4.0 0.005389 77672
1409.00 7.94078e-008 4.0 0.005431 77672
1460.80 7.88892e-008 4.0 0.005855 77672

TBD-401 : Page 31 of 93




Attachment 10.2
ISOCS Efficiency Curve Reports

Interpolated Efficiency Calibration Curve
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Interpolated Efficiency Calibration Curve

Attachment 10.2
ISOCS Efficiency Curve Reports

O  Measured Calculated
1e-006"
1e:007 OrEr ==
//
7
/
/
1e-008 7
//
7
/
//
1e-009 7
Vi
1e-010 7
}
1e-011 + ‘ !
10 100 1000 10000
EAnergy‘ (keV)
Datasource: DETO01
J
TBD-401 Page 33 of 93



Loy-adl

# Primary Efficiency taken from ECC files, for set energies (keV): _
Weight 58.0! 59.5/ 61.0] 311.0! 312.0] 313.01 343.0! 34431 345.0] 660.0: 661.7
1 1000  8.15e-012  1.68e-011 3.00e-011  9.58e-008  9.57e-008  0.57e-008  9.47e-008  9.46e-008  9.46e-008  7.98e-008  7.97e-008
2 1000  7.24e-012 1.50e-011 2.79e-011 9.52e-008  9.51e-008  9.51e-008  9.41e-008  9.40e-008  9.40e-008  7.95¢-008  7.94¢-008
3 1.000  1.09e-011 2.20e-011 3.97e-011 9.60e-008  9.59e-008  9:59e-008  9.48e-008  9.47e-008  '0.47¢-008  7.99e-008  7.98e-008
4 1000  4.49¢-011 8.20e-011 1366010  1.04e-007  1.04e-007  1.04e-007  1.01e-007  1.01e-007  1.01e-007  8.82e-008  8.81e-008
Sum 7.12e-011  1.36e-010  2.35e-010  3.91e-007  3.90e-007  3.90e-007  3.84e-007  3.84e-007  3.84e-007  3.27e-007  3.27e-007
Error,% 1.00e+001  1.00e+001  1.00e+001  1.00e+001  1.00e+001  1.00e+001  8.00e+000  8.00e+000  B8.00e+000  6.00e+000  6.00e+000

Information for input ECC files
File Name File Stamp Path .
1 10YRD_Soil_DET1_D20.gis Tue_Nov_18_12:05:55_2014 C:\GENIE2K\isocs\data\GEOMETRY\In-Situt\SIMPLE_BOX\
2 10YRD_Soil_DET2_D20.gis Thu_Nov_13_02:37:53_2014 C:\GENIE2K\isocs\data\GEOMETRWIn-Sitt\SIMPLE_BOX\
3 10YRD_Soil_DET3_D20.gis Thu_Nov_13_02:44:06_2014 C:\GENIE2K\isocs\data\GEOMETRY\In-Situ\SIMPLE_BOX\
4. 10YRD_Soi_DET4_D20.gis Thu_Nov_13_02:49:47' 2014 C:\GENIE2KVisocs\data\GEOMETRY\n-Situ\SIMPLE_BOX\
Information for saved file with multiefficiency data:

File Name File Stamp Path

Description: 10YRD_Soil_SUM_D20

Comment: Calib Date 11/19/14

CANBERRA Multi-Efficiency Report

" €60 p¢ 9bed

MultiEfficiency Report/Style2 // Printing: Tuesday, November 18, 2014, 19:08:49
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Primary Efficiency taken from ECC files, for set energies (keV):

872.0!

AN

10YRD_Soil_SUM_D20
Calib Date 11/19/14

CANBERRA

C:\GENIE2K)isocs\data\GEOMETRY\In-Situt\SIMPLE_BOX\
C:\GENIE2K\isocs\data\GEOMETRY\In-Situ\SIMPLE_BOX\
C:\GENIE2K\Vs ocs\data\GEOMETRWIn-Situ\SIMPLE_BOX\
C:\GEN!E2K\isocs\data\GEOMETRYIn-Situ\SIMPLE_BOX\

Information for input ECC files

Information for saved file with multiefficiency data:

Multi-Efficiency Report

663.0! 701.0] 702.6| 703.0| 722.0! 723.0/ 724.01 870:0! 871.1] 172,00 11732
7.97e-008  7.86e-008  7.85¢-008  7.85e-008  7.80e-008  7.80e-008  7.79e-008  7.48¢-008  7.48¢-008  7.48e-008  7.16e-008  7.16e-008
7.94e-008  7.83¢-008  7.82¢-008  7.82e-008  7.77e-008  7.76e-008  7.76e-008  7.46e-008  7.45e-008  7.46e-008  7.14e-008  7.142-008
7.97¢-008  7.860-008  7.85¢-008  7.85¢-008  7.80e-008  7.80e-008  7.80e-008  7.49e-008  7.48¢-008  7.49e-008  7.16e-008  7.16e-008
8.81e-008  871e-008  8.71e-008  8.70e-008  8.66e-008  8.56e-008  8.66e-008  8.40e-008  8.40e-008  8.40e-008  8.15e-008  8.15¢-008
327e-007  3.23e-007  3.22e-007  3.22e-007  3.20e-007  3.20e-007  3.20e<007  3.08e-007  3.08¢-007  3.08e-007  2.96e-007  2.96e-007
6.00e+000  6.00e+000  6.00e+000  6.00e+000  6.00e+000  6.00e+000  6.00e+000  6.00e+000  6.00e+000  6.00e+000  4.00e+000.  4.00e+000

MultiEfficiency Report/Style2 // Printing: Tuesday, November 18, 2014, 19:08:49
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Primary Efficiency taken from ECC files, for set energies .(keV):

1174.0! 1273.0| 1274.4| 1275.0| 1331.0| 1332.5/ 1334.0] 1406.0| 1407.9] 1409.0| 1460.8
7.16e-008  7.09e-008  7.09e-008  7.09e-008  7.04e-008  7.04e-008;  7.04e-008  6.93¢-008  6.93¢-008  6:93e-008  6.86¢-008
7.14e-008  7.07e-008  7.07e-008  7.07e-008  7.02e-008  7.02e-008  7.02e-008  6.91e-008 - 6.91e-008  691e-008  '5.84e-008
7.16e-008  7.09e-008  7.09e-008  7.09e-008  7.04e-008  7.04e-008  7.04e-008  5.93¢-008  6.946-008  6,94e-008  6.86e-008
8.15e-008  8.07e-008  8.07e-008  8076-008  801e-008  8.02¢-008  8.02e-008. 7.94e-008  7:94e-008  7.94e-008.  7.89¢-008
296e-007  2.93e-007  293e-007  293e-007  291e-007  291e-007  291e-007  2,87e-007  287e-007  2.87e-007  2.84e-007
4.006+000  4.00e+000  4.00e+000  4.00e+000  4.00e+000  4.00e+000 4.00e+000  4.00e+000  4.00e+000  4.00e+000

C:\GENIE2K\is o¢s\data\GEOMETRY\In-Situ\SIMPLE_BOX\
CAGENIE2K\isocs\data\GEOMETRY\In-Situ\SIMPLE_BOX\
C:\GENIE2K\s ocs\data\GEOMETRY\In-Situ\SIMPLE_BOX\
C:\GENIE2K\isocs\data\G EO.M ETRY\In.-Situ\SIMPLE__BOX\
Information for saved file with multiefficiency data:

10YRD_Sail_SUM_D20
Calib Date 11/19/14

A

5

CANBERRA

-

Information for input ECC files

4.00e+000

Muilti-Efficiency Report

MultiEfficiency Report/Style2 // Printing: Tuesday, November 18, 2014, 19:08:49.
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Attachment 10.2
ISOCS Efficiency Curve Reports

IS0CS/LABSOCS RESULTS

ISOCS/Lab80CS File: C:\GENIE2K\isocs\data\GEOMETRY\In-Situ\Multiefficiency\10YRD_
IS0CS/LabSOCS Time: 11/18/14 19:09:31

Génie Cal File: C:\GENIEZK\CALFILES\IOYRD_Soil SUM D20.CAL
Genie Cal Time: 11/18/14 20:06:52 T
Template: {SIMPLE BOX)+ (SIMPLE BOX)+(SIMPLE_BOX)+(SIMPLE_BOX)+
Geom Description: 10Yard SUM D20 -
Comment : : ISoCs:Calib Date 11/19/14
Detector: (3994)+(3996) +(3997)+(3998) + 4
Collimator: (GARDIAN_G1)+ (GARDIAN_G1)+ (GARDIAN_G1)+ (GARDIAN G1)+
Convergence: 1.00 %
Area [Sq Meters]: 1.0000e-004 (C)
Mass [Grams]: 1.0000e+000 (C)
Length [Meters]: not used
(C) = Value calculated by ISOCS
(U) = Value modified by user
Energy Efficiency $Uncertainty $%Convergence Final # of Voxels
58.00 7.12092e-011 10.0 0.0729780 564000 -
59.54 1.35780e-010 10.0 0.0729780 64000 ’
61,00 2.34858e-010 10.0 0.0729780 64000
311.00 3.90682e-007 10.0 0.0729780 64000
311.98 3.90366e-007 10.0 0.0729780 64000
313.00 3.90203e-007 10.0 0.0729780 64000
343.00 3.84267e-007 8.0 0.0729780 64000
344,27 3.83956e-007 8.0 0.0729780 64000
345.00 3.83841e-007 8.0 0.0729780 64000
660.00 3.27409e-007 6.0 0.0729780 64000
661.65 3.26939e-007 6.0 0.0729780 64000
663.00 3.26858e-007 6.0 0.0729780 64000
701.00 3.22580e-007 6.0 0,0729780 64000
702.63 3.22288e-007 6.0 0.0729780 64000
703.00 3.22268e-007 6.0 0.0729780 64000
722.00 3.20363e-007 6.0 0.0729780 64000
723.00 3.20203e-007 6.0 0.0729780 64000
724.00 3.20129e-007 6.0 0.0729780 . 64000
870.00 3.0826%e-007 6.0 0.0729780 64000
871.10 3.08123e-007 6.0 0.0729780 64000
872.00 3.08275e¢-007 6.0 0.0729780 64000
1172.00 2.96131e-007 4.0 0.0729780 64000
1173.22 2.96156e-007 4.0 0.0729780 64000
1174.00 2.96014e-007 4.0 0.0729780 64000
1273.00 2.93216e-007 4.0 0.0729780 64000
1274.,45 2.93160e~-007 4.0 0.0729780 64000
1275.00 2.93126e-007 4.0 0.0729780 64000
1331.00 2.91067e-007 4.0 0.0729780 64000
1332.49 2.91176e-007 4.0 0.0729780 64000
1334.00 2.91117e-007 4.0 0.0729780. 64000
1406.00 2.87242e-007 4,0 0.0729780 64000
1407.95 2.87214e-007 4.0 0.0729780 64000
1409.00 2.87211e-007 4.0 0.0729780 64000
2.84453e-007 4.0 0.0729780 64000

1460.80
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Attachment 10.2
ISOCS Efficiency Curve Reports

Interpolated Efficlency Calibration Curve
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Attachment 10.2

ISOCS Efficiency Curve Reports

Interpolated Efficiency Calltbration Curve
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Attachment 10.2
ISOCS Efficiency Curve Reports

GARDIAN SYSTEM )
Calibration Records
10 Yard End Dump

Density 1.6
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Geometry Composer Report

Attachment 10.2
ISOCS Efficiency Curve Reports

CANBERRA

’

Date: Wednesday, November 19, 2014 - 09:41:03
Description: 10YRD:DET1_D16
Comment: CAL DATE 11_19_14
File Name: E:\SIMPLE_BOX\10YRD_DET1_D16. geo
Software: 150CS
Template: SIMPLE_BOX, Version: (default)
Detector: 3994
Collimator: GARDIAN G1 (GARDIAN 1 COLLIMATION MODEL)
Environment: Temperature = 22 °C, Pressure = 760 mm Hg, Relative Humidity = 30%
Integration: Convergence = 1.00%, MDRPN = 2% (16), CRPN = 24 (16)
) Dnmenslons (mches)
Now " Description RS 420 F i3 o A | a5 | (6.6, ] Materal - | Density;|Rel.Conc;
1 Box 0.26 180 40 88 csteel 7.9
2 Soutce. - Top Layer 0 ) <none>
3 Source - Bottom Layer 36 dirt2 1.6 1.00
4 Absorberl 0.126 mitwall 3.7
5 _Absorber2 0.027559 ) germanum 5.4
6 Source-Detector 54 45 0 45 0
List of energies for efficiency curve generation
58.0 59.5 61.0 311.0 312.0 313.0 343.0 344.3
345.0 660.0 661.7 663.0 701.0 702.6 703.0 722.,0
723.0 724.0 870.0 871.1 872.0 1172.0 1173.2 1174.0
1273.0 1274.4 1275.0 1331.0 13325 1334.0 1406.0 - 1407.9
1409.0 1460.8 '
P
3 . nnsxds o
: ‘_,/"r//. Refarznda: !.2 neide ,/R:!zlem/c!
s , Frone ~ Pians !
e RO =
ER A \ ,F"/’/“i P o _
I A 1 : o .
L V : ) “ ,»’-f’ a'. - . l
- Uhickness Ler " [T -—- . | 63
& & To et

TBD-401

RS
/I Pad

@ @ gﬁfw 22
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Attachment 10.2
ISOCS Efficiency Curve Reports

A

Geometry Composer Report CANBERRA
Date: Wednesday, November 19, 2014 - 09:41:03

Description: 10YRD_DET1_D16

Comment: CAL DATE 11_19 14

File Name: E:\SIMPLE_BOX\10YRD_DET1_D16.geo

Software: 1SOCS

Template: SIMPLE_BOX, Version: (default)
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ISOCS/LabS0OCS File:
ISOCS/LabSOCS Time;

Genie Cal File:
Genie Cal Time:
Template:

Geom Description:
Comment:
Detector:
Collimatoxr:
Convergence:

Area [Sq Meters]:
Mass [Grams]:
Length ([Meters}]:

Attachment 10.2
ISOCS Efficiency Curve Reports

ISOCS/LABSOCS RESULTS .
C:\GENIE2K\isocs\data\GEOMETRY\In-Situ\SIMPLE_BOX\10YRD Soil_
11/18/14 21:54:49
C:\GENIE2K\CALFILES\10YRD_Soil DET1 D16.CAL

11/18/14 22:01:40

SIMPLE BOX

10 Yard DET1 D16

ISOCS:CAL_DATE 11_19_ 14

3994 B o

GARDIAN_ G1

1.00 %

4.1806e+000 (C)

1.4951e+007 (C)

not used

(C) = Value calculated by ISOCS.
(U) = Value modified by user

Energy Efficiency %Uncertainty %Convergence Final # of Voxels
58.00 1.01605e-011 10.0 -0.161760 1767172
59.54 2.09345e-011 10.0 -0.158453 77672
61.00 3.85728e-011 10.0 -0.155549 77672

311.00 1.18915e-007 10.0 -0.045167 77672

311.98 1.18846e-007 10.0 -0.044722 77672

313.00 1.18808e-007 10.0 -0.044708 77672

343.00 1.17489%e-007 8.0 -0.040519 776772

344.27 1.17406e-007 8.0 -0.040274 77672

345.00 1.17369%e-007 8.0 -0.040069 77672

660.00 9.88879e-008 6.0 -0.015800 77672

661.65 9.872%4e-008 6.0 -0.015711 77672

663.00 9.86978e~008 6.0 ~-0.015696 77672

701.00 9.73006e-008 6.0 -0.014058 77672

702.63 9.71922e-008 6.0 -0.013961 77672

703.00 9.71998e-008 6.0 -0.014011 77672

722,00 9.65681e-008 6.0 -0.013142 77672

723.00 9.65143e-008 6.0 -0.013272 77672

724.00 9.64891e-008 6.0 -0.013185 77672

870.00 9.25701e-008 6.0 -0.008256 77672

871.10 9.25154e-008 6.0 -0.008317 776712

872,00 9.25695e-008 6.0 -0.008331 77672

1172.00 8.84542e-008 4.0 -0.002153 77672
1173.22 8.84420e-008 4.0 -0.002124 77672
1174.00 8.84034e-008 4.0 -0.002094 77672
1273.00 8.75225e-008 4.0 -0.000601 77672
1274.45 8.74960e-008 4.0 -0.000571 77672
1275.00 8.74882e-008 4.0 -0.000623 77672
©1331.00 8.68524e-008 4.0 0.000170 77672
1332.49 8.68678e-008 4.0 0.000243 77672
1334.00 8.68371e-008 4.0 0.000299 77672
1406.00 8.55200e-008 4.0 0.001228 77672
1407.95 8.5519%e-008 4.0 0.001194 77672
1409.00 8.55226e~008 4.0 0.001205 77672
1460.80 8.45792e-008 4.0 0.001890 717672
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Attachment 10.2
ISOCS Efficiency Curve Reports

Interpolated Efficlency Calibration Curve
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Attachment 10.2
~ 1SOCS Efficiency Curve Reports

Interpolated Efficiency Calibration Curve-

a Measured Calculated
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Attachment 10.2
ISOCS Efficiency Curve Reports

2

Geometry Composer Report CANBERRA
Date: Thursday, November 13, 2014 - 17:04:13
Description: 10YRD. Soil_DET2_D16
Comment: CAL DATE 11_13 14
File Name: E:\GEOS\In-Situ\10YRD_Soil_DET2_D16.geo
Software: 1S0OCS :
Template: SIMPLE_BOX, Version; (default)
Detector: 399
Collimator: GARDIAN G1 (GARDIAN 1 COLLIMATION MODEL)
Environment: Temperature = 65 °F, Pressure = 760 mm Hg, Relative Humidity = 70%
Integration: Convergence = 1.00%, MDRPN =21 (16), CRPN = 24 (16)
Dimensions (inches). . .
‘No: Description 4 ) od2, | d3 T dd [dSs ) 6] | T Materiall- " ‘Defisity | Rel: Gont.
1 ] Box 0.26 180 10 88 csteel 7.9
2 Source - Top Layer 0, <none>
3 Source - Bottom Layer 36 dirt1 1.6 1.00
4 Absorbert 0.126 mtwall 3.7
5 Absorber2 0.0315 germanum 5.4
6 Source-Detector 54 -45 0 -45 0
List of energies for efficlency curve generation
58.0 59.5 61.0 311.0 3120 313.0 343.0 344.3
345.0 660.0 661.7 663.0 701,0 702.6 703.0 722.0
723.0 724.0 870.0 871.1 872.0 1172.0 1173.2 1174.0
1273.0 1274.4 1275.0 1331.0 1332.,5 1334.0 1406.0 1407.9
1409.0 1460.8:
Y
: : K 4 .
= aN iln
1.2 inside ”/I
Relasenge. Roference |
\ Fiong * ‘l . P )
e I
[JP2e . R B
J
_— | &
61
° (\li) &, 1 /(6._2LL
047 ol wmia, i
J— A
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Geometry Composer Report

Attachment 10.2
ISOCS Efficiency Curve Reports

AN

CANBERRA

Date:
Description:
Comment:
File Name:
Software:
Template:

Thursday, November 13, 2014 - 17:04:13
10YRD_Soil_DET2_D16

CAL DATE 11_13_14
E:\GEOS\In-Situ\10YRD_Soil_DET2_D16.geo
1SOCS

SIMPLE_BOX, Version: (default)

TBD-401

Page 47 of 93



I1SOCS/LabSOCS File:
ISOCS/LabSOCS Time:

Genie Cal File:
Genie Cal Time:

ISOCS/LABSOCS

C:\GENIEZK\isocs\data\GEOMETRY\In-Situ\SIMPLE_BOX\10YRD Soil_

11/13/14 02:34:43

RESULTS

Attachment 10.2
ISOCS Efficiency Curve Reports

C:\GENIE2K\CALFILES\10YRD Soil DET2_ D16.CAL

11/13/14 03:40:39

Template: SIMPLE BOX

Geom Description: RD SOIL DET2 D16

Comment: ISOCS:CAL DATE 11 13 14

Detector: 3996 - T
Collimator: GARDIAN Gl

Convergence: 1.00 % v

Area [Sq Meters]: 4.1806e+000 (C)
Mass [Grams]: 1.4951e+007 (C)
Length {[Meters]: not used

(C) Value calculated by ISOCS

(U) Value modified by user
Energy Efficiency %Uncertainty gConvergence Final § of Voxels
58.00 9.01847e-012 10.0 -0.156533 77672
59.54 1.87334e-011 10.0 -0.153068 / 77672
61.00 3.47604e-011 10.0 -0.150053 77672
311.00 1.18133e-007 10.0 -0.057013 77672
311.98 1.18066e-007 10.0 -0.056600 77672
313.00 1.18029e-007 10.0 -0.056581 77672 »
343.00 1.16762e-007 , 8.0 -0.,052637 77672
344.27 1.16682e-007 8.0 -0.052419 77672
345.00 1.16646e-007 8.0 -0.052247 77672
660.00  9.84607e-008 6.0 -0.029700 77672
661.65 9.83034e-008 6.0 -0.029648 77672
663.00 9.82724e~-008 6.0 -0.029629 77672
701.00 9.68930e-=008 6.0 -0.028071 77672
702.63 9.67856e-008 6.0 -0.027992 77672
703.00 9.67933e-008 6.0 -0.028058 77672
722.00 9.61697e-008 6.0 -0.027219 77672
723.00 9.61163e~-008 6.0 -0.027334 717672
724.00 9.60916e-008 6.0 -0.027200 77672
870.00 9.22230e-008 6.0 -0.022175 77672
871.10 9.21686e—Q08 6.0 -0.022252 77672
872.00 9.22228e-008 6.0 -0.022296 77672
1172.00 8.81702e-008 4.0 -0.014922 77672
1173,22 8.81581e-008 4.0 ~-0.014891 7767172
1174.00 8.81197e-008 4.0 -0.014866 77672
1273.00 8.72530e-008 4.0 -0.013145 77672
1274.45 8.72268e~008 4.0 ~0.013092 77672
1275.00 8.72191e-008 4.0 -0.013097 77672
1331.00 8.65909&-008 4.0 -0.012165 77672
1332.49 8.66064e-008 4.0 -0.012059 77672
1334.00 g.6575%9e-008 4.0 -0.011984 77672
1406.00 8.52694e-008 4.0 -0.010787 717672
1407.95 8.52694e-008 4.0 -0.010784 77672
1409.00 8.52722e-008 4.0 -0.010788% 77672
1460.80 8.43359e-008 4.0 -0.009817 77672
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Attachment 10.2
1SOCS Efficiency Curve Reports

Interpolated Efficlency Calibration Curve
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Attachment 10.2
ISOCS Efficiency Curve Reports

" Interpolated Efficiericy Calibration Curve
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Attachment 10.2
ISOCS Efficiency Curve Reports

AN

Geomeiry Composer Reporl CANBERRA
Date: Thursday, November 13, 2014 - 17:05:15
Description: 10YRD_Soil_DET3_D16
Comment: CAL DATE 11_13_14
File Name: E:\GEOS\In-Situ\10YRD_Soil DET3_D16.geo
Software: 1SOCS
Template: SIMPLE_BOX, Version: (default)
Detector: 3997
Collimator: GARDIAN G1 (GARDIAN 1 COLLIMATION MODEL)
Environment: Temperature = 65 °F, Pressure = 760 mm Hg, Relative Humldlty 70%
Integration: Convergence = 1.00%, MDRPN = 2% (16), CRPN = 24'(16)
Dimenslons (inches)
‘No. " Description: iy [ d2 d3" ] da | d5 | d6 [ . Material:” | Density:|Rel:Canc:
1 Box 0.26 180 40 88 csteel 79
2 Source - Top Layer 0 <none>
3 Saurce - Bottom Layer 36 dirtl 1.6 1.00
4 Absorberl 0.282 stwall 14
5 Absorber2 0.03543 germanum 5.4
6 Source-Detector 54 45 0 45 0
List of energies for efficiency curve generation
58.0 59.5 61.0 311.0 3120 313.0 343.0 344.3
345.0 660.0 661.7 663.0 701.0 702.6 703.0 722.0
723.0 724.0 8700 871.1 872.0 1172.0 1173.2 1174.0
1273.0 1274.4 1275.0 1331.0 1332.5 1334.0 1406.0 1407.9
1409.0 1460.8
msnde
2
l T A
!‘r;;.)id:'l 7 ‘;‘
341 75 } 7 ,IR’ -

lhxckness L’
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Attachment 10.2

ISOCS Efficiency Curve Reports
Geometry Composer Report CANBERRA
Date: Thursday, November 13, 2014 - 17:05:15
Description: 10YRD_Soil_DET3_D16
Comment: CAL DATE 11_13_14
File Name: E:\GEOS\In-Situ\10YRD_Soil_DET3_D16.geo
Software: ISOCS
Template: SIMPLE_BOX, Version: (default)
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Attachment 10.2
ISOCS Efficiency Curve Reports

ISOCS/LABSOCS RESULTS

ISOCS/LabSOCS File: C:\GENIE2K\isocs\data\GEOMETRY\In-Situ\SIMPLE BOX\10YRD Soil_
ISOCS/LabSOCS Time: 11/13/14 02:43:00

Genie Cal File: C:\GENIE2K\CALFILES\10YRD Soil DET3 Dl16.CAL
Genie Cal Time: 11/13/14 03:45:14 B - -
Template: SIMPLE BOX

Geom Description: 10YRD DET3 D16

Comment : ISOCS:CAL DATE 11 13 14

Detector: 3997 - -

Collimator: GARDIAN G1 ‘.
Convergence: 1.00 &

Area [Sq Meters]: 4,1806e+000 (C)

‘Mass [Grams]: 1.4951e+007 (C)

Length [Meters]: not used

(C) = Value calculated by ISOCS
(U) = Value modified by user

Energy Efficiency %Uncertainty %Convergence Final # of Voxels
58.00 1.35747e-011 10.0 —Q.16058_2 ' 77672
59.54 2.73528e-011 10.0 -0.157357 77672
61.00 4.94437e-011 10.0 -0.154530 77672

311.00 1.19100e-007 10.0 -0.045153 77672

311.98 ~1.19030e-007, 10.0 -0.044709 77672

313.00 1.18989e-007 10.0 -0.044695 - 77672

343.00 1.17628e-007 8.0 ~-0.040509 ) 77672

344.27 1.17544e-007 - 8.0 -0.040264 77672

345.00 1.17506e-007 8.0 -0.040059 77672

660.00 9.89158e-008 6.0 -0.015798 77672

661.65 9.87571e-008 6.0 -0.015709 77672

663.00 9.87254e-008 6.0 -0.015694 77672

701.00 9.73257e-008 6.0 -0.014056 77672

702.63 9.72172e-008 6.0 -0.013959 77672

703.00 9.72249e-008 6.0 ~0.014009 77672

722,00 9.65921e-008 6.0 -0.013140 A 77672

723.00 9.65382e-008 6.0 -0.013270 77672

724.00 9.65129%e-008 6.0 -0.013183 77672

870.00 9.25882e-008 6.0 -0.008254 77672

871.10 9.25334e-008 6.0 -0.008315 77672

872.00 9.25876e-008 6.0 -0.008330 7767172

1172.00 8.84681e-008 4.0 -0.002152 77672
1173.22 8.84559e-008 4.0 -0.002123 77672
1174.00 8.84172e-008 - 4,0 -0.002093 77672
1273.00 8.7536%e-008 4.0 -0.000599 77672
1274.45 8.75104e-008 4.0 -0.000570 77672
1275.00 8.75026e-008 4.0 -0.000621 77672
1331.00 8.68676e-008 4.0 0.000171 77672
1332.49 8.68830e-008 4.0 0.000244 77672
1334.00 8.68522e-008 4.0 0.000301 77672
1406.00 8.55365e-008 4.0 0.001229 77672
1407.95 8.55364e-008 4.0 0.001195 77672
1409.00 . 8.55391e-008 4.0 0.001207 77672
1460.80 8.45969e-008 4.0 0.001891 77672

TBD-401 ' Page 53 of 93




Interpolated Efficlency Calibration Curve

B Measured Calculated

Attachment 10.2
ISOCS Efficiency Curve Reports
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Attachment 10.2
ISOCS Efficiency Curve Reports

Interpolated Efficiency Calibration Curve
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Attachment 10.2

~ 1SOCS Efficiency Curve Reports
Geometry Composer Report CANBERRA
Date: Thursday, November 13, 2014 - 17:06:42
Description: 10YRD_Scil_DET4_D16
Comment: CAL DATE 11_13_14
File Nanie: E:\\GEOS\In-Situ\10YRD_Soil_DET4_D16.geo
Software: 1SOCS
Template: SIMPLE_BOX, Version: (default)
Detector: 3998
Collimator: GARDIAN G1 (GARDIAN 1 COLLIMATION MODEL)
Environment; Temperature = 65 °F, Pressure = 760 mm Hg, Relative Humidity = 70%
Integration: -Convergence = 1.00%, MDRPN = 2% (16), CRPN = 24 (16)
Dimensions (inches)
No. Description. - di | d:2- d3 da ds5 | d6 Material’ - | Density.| Rel. Conc:
1 Box 0.26 180 40 88 csteel 7.9
2 Source - Top Layér 0 <none>
3 Source - Bottom Layer 36 dirt1 1.6 1.00
4 Absorberi 0.282 stwall 1.4
5 Absorber2 none
6 Source-Detector 54 -45 0 -45 0
List of energies for efficiency curve generation
58.0 59.5 61.0 3110 3120 313.0 343.0 344.3
345.0 660.0 661.7 663.0 701.0 702.6 703.0 722.0 3
723.0 7240 870.0 871.1 872.0 1172.0 1173.2 1174.0
1273.0 1274.4 1275.0 1331.0 13325 1334.0 1406.0 1407.9
1409.0 1460.8
X
/ 3
i Pt Ve z ol
g e i 12 insﬁ’ "/I
el / oo |
13 %) =Sl L) -——r ;
inside H o 0 p
3.4 i i7 I | )
i1 Z I A°
&%Ekne’ss 'L’/(S ‘é _—— —_— Ti
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Geometry Composer Report

Attachment 10.2
ISOCS Efficiency Curve Reports

A

CANBERRA

Date: Thursday, November 13, 2014 - 17:06:42
Description: 10YRD_Soil_DET4_D16

Comment: CAL DATE 11_13_14

File Name: E:\GEOS\In-Situ\10YRD_Soil_DET4_D16.geo
Software: 1SOCS

Template: SIMPLE_BOX, Version: (default)

TBD-401
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Attachment 10.2
ISOCS Efficiency Curve Reports

ISOCS/LABSOCS RESULTS

ISOCS/LabS0OCS File: C:\GENTE2K\isocs\data\GEOMETRY\In-Situ\SIMPLE BOX\10YRD_Soil_
ISOCS/LabSOCS Time: 11/13/14 02:48:46

Genie Cal File: C:\GENIE2K\CALFILES\10YRD Soil DET4 D16.CAL
Genie Cal Time: 11/13/14 03:50:28 - B B
Template: SIMPLE BOX

Geom Description: 10YRD DET4 D16

Comment : ISOCS:CAL_DATE_ 11 13 14

Detector: 3998 -

Collimator: GARDIAN G1

Convergence: 1.00 &

Area [Sq Meters]: 4.1806e+000 (C)

Mass [Grams]: 1.4951e+007 (C)

Length [Meters]: not used

(C) = Value calculated by ISOCS
(U) = Value modified by user

Energy Efficiency $Uncertainty %Convergence Final # of Voxels

58.00 5.60906e-011 i0.0 -0.077528 77672
59.54 1.02353e-010 10.0 -0.075364 77672
61.00 1.70138e-010 10.0 -0.073501 77672
311.00 1.28772e-007 10.0 -0.015791 77672
311.98 1.28588e-007 10.0 -0.015865 117672
. 313.00 1.28507e-007 10.0 -0.015640 77672
343.00 1.24991e-007 8.0 -0.013394 77672
344.27 1.24843e-007 8.0 ~-0.013203 77672
345.00 1.24819e-007 - 8.0 -0.013355 77672
660.00 1.09196e-007 "6.0 -0.006283 77672
661.65 1.09071e-007 6.0 ~0.,006350 77672
663.00 1.09074e-007 6.0 -0.006320 71672
701.00 1.07849%e-007 6.0 -0.006148 77612
702.63 1.07800e-007 6.0 -0.006097 77672
703.00 1.07765e-007 6.0 -0.006236 77672
722.00 1.07234e-007 6.0 -0.006339 77672
723.00 1.07195e-007 6.0 -0.006231 77672
724.00 1.07184e-007 6.0 -0.006063 776712
870.00 1.03895e-007 6.0 -0.005238 77672
871.10 1.03877e-007 6.0 -0.005068 77672
872.00 1.03888e-007 6.0 -0.0051%96 77672
1172.00 1.00622e-007 4.0 ~-0.002468 77672
1173.22 1.00651e-007 4.0 -0.002507 77672
1174.00 1.00594e-007 4.0 ~-0.002532 77672
1273.00 9.96057e-008 4.0 -0.001293 77672
1274.45 9.96058e~-008 4.0 -0.001370 77672
1275.00 9.95888e-008 4.0 -0.001336 77672
1331.00 9.88965e-008 4.0 -0.000403 77672
1332.49 9.89484e-008 4.0 -0.000519 776772
1334.00 9.838486e-008 4.0 -0.000529 77672
1406.00 9.79944e-008 4.0 0.000338 77672
1407.95 9.79486e-008 4.0 0.000376 77672
1409.00 9.79398e-008 4.0 0.000490 77672
1460.80 9.72771e-008 4.0 0.001086 77672
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Attachment 10.2
ISOCS Efficiency Curve Reports

. Interpolated Efficiency Calibration Curve
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Attachment 10.2

ISOCS Efficiency Curve Reports

J]

Interpolated Efficiency Calibration Curve
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# | Primary Efficiency taken from ECC files, for set energies (keV):
Weight | 58.0! 59.5] 61.0/ 311.0 312.0/ 313.0] 343.0! 3443 345.0] 660.01 661.7

1 1.000 1.02e-011 2.08e-011 3.86e-011 1.19e-007 1.19e-007 1.18e-007" 1.17e-007 1.17e-007 1.17e-007 9:89e-008 9.87e-008
2 1.000. 9.02e-012 1.87e-011 3.48e-0M1 1.18e-007 118e-007 1.18e-007 1.17e-007 1.17e-007 1.17e-007 9.85e-008 9.83e-008
3 1.000 1.36e-011 2.74e-011 4.94e-011 1.19e-007 1.18e-007 1.19e-007 1.18e-007" 1.18e-007 1.18e-007 9.89e-008 9.88e-008
4 1.000 5.61e-011 1.02e-010 1.70e-010 1.29e-007 1.28e-007 1.29e-007 1.25e-007 1.25e-007 1.25e-007 1.09e-007 1.09e-007
Sum 8.88e-011 1.68e-010 2.93e-010 4.85e-007 4.85e-007 4.84e-007 4.77e-007 4.76e-007 4.76e-007 4.05e-007 4.05e-007
Error,% 1.00e+001 1.00e+001 1.00e+001 1.00e+001 1.00e+001 1.00e+001 8.00e+000 ~ 8.00e+000 8.00e++000 6.00e+000 6.00e+000

Information for input ECC files
File Name File-Stamp Path
1 10YRD_Soil_ DET1_D16.gis Tue_Nov_18_21:53:50_2014 C:\GENIE2K\isocs\data\GEOMETRYin-Situ\SIMPLE_BOX\
2 10YRD_Soil_DET2_D18.gis Thu_Nov_13_02:33:52_2014 CAGENIE2Kisocs\data\GEOMETRY\In-Situ\SIMPLE_BOX\
3 10YRD_Soil_DET3_D16.gis Thu_Nov_13_02:42:09_2014 C\GENIE2K\isocs\data\GEOMETRYIn-Situ\SIMPLE_BOX\
4 10YRD_Soil DET4_D16.gis Thu_Nov_13_02:47:55_2014 C:\GENIE2K\socs\data\GEOMETRY\n-Situ\SIMPLE_BOX\
Information for saved file with multiefficiency data:

File Name File Stamp Path

Description: 10Yard Soil SUM D16

Comment: . Cal Date 11/19/14

CANBERRA - Multi-Efficiency Report

MultiEfficiency Report/Style2 // Printing: Tuesday, November 18, 2014; 21:59:11
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Primary Efficiency taken from ECC files, for set energies-(keV):

663.0! 701.0! 702.6| 703.0, 722.0| 723.01 724.0! 870.0 871.1 872.0! 1172.0| 1173.2
9.87¢-008  0.73e-008  9.72e-008  9.72e-008  0.66e-008  0.65e-008  9.65¢-008  9.26e-008  9.25¢-008  0.26e-008  8.85e-008  8.84e-008
9.83e-008  9.69e-008  0.68¢-008  0.682-008  9.62¢-008  9.61e-008  9.61e-008  9.22e-008  9.22e-008  9.22e-008 . 8.82¢-008  8.82¢-008
9.87e-008.  9.73e-008  0.72e-008  9.72e-008  9.66e-008  9.65e-008  9.65¢-008  9.26e-008  9.25¢-008  9.26e-008  8.85¢-008  8.85¢-008
1.09e-007  1.08e-007  1.08e-007  1.08e-007  1.07e-007  1.07e-007  1.07¢-007  1.04e-007  1.04e-007  1.04e-007  1.01e-007  1.01e-007
405e-007  3.99-007  3.99e-007  3.99e-007  3.97e-007  3.96e-007  3.96e-007  3.81e-007  3.81e-007  3.81e-007  3.66e-007  3.86e-007
6.00e+000  6.00e+000  6.00e+000  6.00e+000 _ 6.00e+000  6.00e+000  6.00e+000  6.00e+000  6.00e+000  6.00e+000 -4.00e+000  4.00e+000

C:AGENIE2K\isocs\data\GEOMETRYAIn-Situ\SIMPLE_BOX)\
C:\GENIE2K\isocs\data\GEOMETRYMn-Situ\SIMPLE_BOX\
C:\GENIE2K\isocs\data\GEOMETRY\In-Situ\SIMPLE_BOX\
C:\GENIE2KVsocs\data\GEOMETRYMn-Situ\SIMPLE_BOX\

10Yard Soil SUM D16

Cal Date 11/19/14

CANBERRA

Information for input ECC files

Information for saved file with multiefficiency data:

Miulti-Efficiency Report

MultiEfficiency ReporUSWleZ /! Printing: Tuesday, November 18, 2014, 21:59:11

spoday] anng Aousoyl SOOSH

2'0} juswiyoely




Primary Efficiency taken from ECC files, for-set energies (keV):

1174.0] 1273.0 1274.4] 1275.0i 1331.0] 1332.5] - 1334.0: 1406.0; 1407.9] 1409.0 1460.8
8.84e-008 8.75e-008 ‘8.75e-008 8.75e-008 8.69e-008 8.69e-008 8.68e-008 8.55e-008 8.55e-008 8.55e-008 8.46e-008
8.81e-008 8.73e-008 8.72¢-008 8.72e-008 8.66e-008 8.66e-008 8.66e-008 8.53e-008 8.53e-008 8.53e-008 8.43e-008
8.84e-008 8.75e-008 '8.75e-008: 8.75e-008 8.69e-008 8.69e-008 8.69e-008 8.55e-008 8.55e-008 8.55e-008 8.46e-008
1.01e-007 9.96e-008 '9.96e-008 9.96e-008 9.89e-008 9.89e-008 9.89e-008 :9.80e-008 9.79e-008 9.79e-008 9.73e-008
3.66e-007 3.62e-007 3.62e-007 3.62e-007 3.59e-007 3:59e-007 3.59e-007 3.54e-007 3.54e-007 3.54e-007 3.51e-007
4.00e+000 4.00e+000 4.00e+000 4,00e+000 -4.00e+000 4.00e+000 4.00e+000 4.00e+000 4.00e+000 4.00e+000 4.00e+000

Information for input ECC files

C:\GENIE2K\is ocs\data\GEOMETRYIn-SitutSIMPLE_BOX\
C:\GENIE2K\isocs\data\GEOMETRYAIn-Situ\SIMPLE_BOX\
C:\GENIE2K\isocs\data\GEOMETRYIn-Situ\SIMPLE_BOX\
C:\GENIEK\isocs\data\GEOMETRY\In-,Situ\SIMPLE_BO_X\

Information for saved file with multiefficiency data:

10Yard Soil SUM D16

- Cal Date 1171914 ' N
[us]
@)
A
2
CANBERRA _ _ Multi-Efficiency Report|
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O
w
3 |
o, |
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< > |
& g g |
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Attachment 10.2
ISOCS Efficiency Curve Reports

ISOCS/LABSOCS RESULTS

ISOCS/LabSOCS File: C:\GENIE2K\isocs\data\GEOMETRY\In-Situ\Multiefficiency\10YRD
IS0CS/LabSOCS Time: 11/18/14 21:59:28

Genie Cal File: C:\GENIE2K\CALFILES\10YRD Soil SUM_D16.CAL
Genie Cal Time: 11/18/14 22:03:08
Template: ~ (SIMPLE BOX) + (SIMPLE BOX)+ (SIMPLE BOX) + (SIMPLE BOX)+
Geom Description: 10 Yard SUM D16
Comment : ISOCS:Cal Date 11/19/14
Detector: (3994)+(3996)+(3997)+(3998) +
Collimator: (GARDIAN_GI1)+ (GARDIAN G1)+ (GARDIAN G1)+(GARDIAN G1)+
Convergence: "1.00 % B
Area [Sqg Meters]: . 1.0000e-004 (C)
Mass [Grams]: 1.0000e+000 (C)
Length [Metexrs]: not used : }
(C) = Value calculated by ISOCS
(U) = Value modified by user
Enerqgy Efficiency %Uncertainty %Convergence Final # of Voxels
58.00 8.88443e-011 10.0 0.0000000 64000
59.54 1.69374e-010 _ 10.0 0.0000000 ) 64000
61.00 2.92915e-010 10.0 0.0000000 . 64000
311.00 4,84920e-007 10,0 0.0000000 64000
311.98 4.84530e-007 10.0 0.0000000 64000
313.00 4.84333e-007 10.0 0.0000000 64000
343.00 4.76870e-007 8.0 0.0000000 64000
344.27 4,76475e~-007 8.0 0.0000000 64000
345.00 4,76340e-007 8.0 0.0000000 64000
660.00 4.05460e-007 6.0 0.0000000 64000 -
661.65 4.04861e-007 6.0 0.0000000 64000
663.00 4,04770e-007 6.0 0.0000000 64000
701.00 3.99368e-007 6.0 0.0000000 64000
702.63 3.98995e-007 6.0 0.0000000 : 64000
703.00 3.98983e-007 6.0 0.0000000 64000
722.00 3.96564e-007 6.0 0.0000000 64000
723.00 3.96364e-007 6.0 0.0000000 ' 64000
724,00 3.96278e-007 6.0 0.0000000 64000
870.00 3.81276e-007 6.0 0.0000000 64000 .
871.10 3.81094e-007 6.0 0.0000000 64000
872.00 3.81269%e-007 6.0 0.0000000 64000
1172.00 3.65714e-007 4.0 0.0000000 64000
1173.22 3.65707e-007 4.0 0.0000000 64000
1174.00 3.65534e-007 4.0 0.0000000 64000
1273.00 3.61918e-007 4.0 0.0000000 64000
1274.45 3.61839e-007 4.0 0.0000000 64000
1275.00 3.61799e-007 4.0 0.0000000 64000
1331.00 3.59207e-007 4.0 0.0000000 64000
1332.49 3.59306e-007 4.0 0.0000000 64000
1334.00 3.59214e-007 4.0 0.0000000 " 64000
1406.00 3.54320e-007 4.0 0.0000000 64000
1407.95 3.54274e-007 4.0 0.0000000 64000
1409.00 3.54274e-007 4,0 0.0000000 64000
1460.80 3.5078%e-007 4.0 0.0000000 - 64000
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Attachment 10.2
ISOCS Efficiency Curve Reports

Interpolated Efficiency Calibration Curve
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Attachment 10.2

ISOCS Efficiency Curve Reports

Interpolated Efficiency Calibration Curve
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Attachment 10.2
ISOCS Efficiency Curve Reports

GARDIAN SYSTEM

Calibration Records
10 Yard End Dump

Density 1.2

TBD-401 Page 67 of 93



Geometry Composer Report

Attachment 10.2
ISOCS Efficiency Curve Reports

2

CANBERRA

Date:

Description:
Comment:
File Name:

Thursday, November 13, 2014 - 17:01:42

Software: - 1SOCS

Template:

Detector: 3994

Collimator:
Environment:
Integration:

10YRD_Soil_DET1_D12
CAL DATE 11_13 14
E:\GEOS\In-Situ\1:0YRD_Soil_DET1_D12.geo

SIMPLE_BOX, Version: (default)

GARDIAN G1 (GARDIAN 1 COLLIMATION MODEL)
Temperature = 65 °F, Pressure = 760 mm Hg, Relative Humidity = 70%
Convergence = 1.00%, MDRPN = 2% (16), CRPN = 24 (16)

bimensions_ (inches)

1409.0 1460.8

IMPLE BOX

.No:. - Descripton: © . “du d.2 &3 | da | 'd5 | 'd6 - Material' - | Density |Rel. Conc
1 Box 0.26 180 | 40 88 csteel 7.9
2 Source - Top Layer 0 <none>
3 Source - Bottom Layer 36 dirtl 1.2 1,00
4 Absorberl 0.126 miwall 3.7
5 Absorber2 0.02756 germmanum 5.4
6 Source-Detector 54 45 0 45 (4]
List of energies for efficiency curve generation
58.0 59,5 61.0 311.0 312,0 313.0 343.0 344.3
345.0 660.0 661.7 663.0 701.0 702.6 703.0 722.0
723.0 7240 870.0 871.1 872.0 1172.0 1173.2 1174.0
1273.0 1274.4 1275.0 1331.0 1332.5 1334.0 1406.0 1407.9

TBD-401
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Geometry Composer

Report

Attachment 10.2
ISOCS Efficiency Curve Reports

A

CANBERRA

Date:
Description:
Comment:
File Name:
Software:
Template:

Thursday, November 13, 2014 - 17:01:42

10YRD_Soil_DET1_D12
CAL DATE 11_13_14

E:\GEOS\In-Situ\10YRD_Soil_DET1_D12.geo

1SOCS
SIMPLE_BOX, Version: (default)

TBD-401
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ISOCS/LabS0CS File:
IS0OCS/LabSOCS Time:

Genie Cal File:
Genie Cal Time:

ISOCS/LABSOCS RESULTS

C:\GENIE2K\isocs\data\GEOMETRY\In-Situ\SIMPLE BOX\10YRD_Soil_
11/13/14 02:25:31

Attachment 10.2
ISOCS Efficiency Curve Reports

C: \GENIEZK\CALFILES\1OYRD__Soil;DETl_DlZ .CAL

11/13/14 03:33:43

Template: SIMPLE BOX

Geom Description: 10YRD DET1 D12

Comment: : ISOCS:CAL DATE 11 13 14
Detector: 3994 - -
Collimator: GARDIAN Gl

Convergence: 1.00 %

Area [Sq Meters]: 4.1806e+000 (C)
Mass [Grams]: 1.1214e+007 (C)
Length [Meters]: not used

(€) = Value calculated by ISOCS

(U) = Value modified by user

Energy Efficiency %Uncertainty %Convergence Final # of Voxels
58.00 1.34969e-011 10.0 0.092520 87381
59.54 2.78046e-011 10.0 0.086318 87381
61.00 5.12263e-011 10.0 0.081175 87381

311.00 . 1.56802e-007 10.0 0.007994 87381

311.98 1.56706e-007 10.0 0.008175 87381

313.00 1.56660e~007 10.0 0.007931 87381

343.00 1.54857e-007 8.0 0.004391 87381

344.27 1.54744e-007 8.0 0.004364 87381

345.00 1.54698e-007 8.0 0.004339 87381

660.00 1.29849e-007 6.0 -0.004267 87381

661.65 1.29635e-007 6.0 ° -0.004238 87381

663.00 1.29601e-007 6.0 -0.004288 87381

701.00 1.27707e-007 6.0 -0.004267 87381

702.63 1.27563e-007 6.0 -0.004228 87381

703.00 1.27575e-007 6.0 -0.004359 87381

722.00 1.26716e-007 6.0 -0.004200 87381

723.00 1.26642e-007 6.0 -0.004383 87381

724,00 1.26612e-007 6.0 -0.004308 87381

870.00 1.21300e~-007 . 6,0 - -0.004133 87381

871.10 1.21231e-007 6.0 -0.004071 87381

872.00 1.21281e-007 6.0 -0.004142 87381

1172.00 1.15627e-007 4.0 -0.003736 87381
1173.22 1.15596e-007 4.0 -0.003702 87381
1174.00 1.15545e-007 4,0 -0.003717 87381
1273.00 1.14318e-007 4.0 -0.003545 87381
1274.45 1.14282e-007 4.0 —-0.003570 87381
1275.00 1.14274e-007 4.0 -0.003660 87381
1331.00 1.13416e-007 4.0 -0.,003463 87381
1332.49 1.13423e-007 4.0 -0.003422 87381
1334.00 1.13372e-007 4.0 -0.003436 87381
1406.00 1.11596¢-007 4.0 -0.003239 87381
1407.95 1.11588e-007 4.0 -0.003249 87381
1408.00 1.115%6e-007 4.0 -0.003191 87381
1460.80 1.10328e-007 4.0 -0.003034 87381
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Aftachment 10.2
ISOCS Efficiency Curve Reports

Interpolated Efficiency Calibration Curve
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Aftachment 10.2

ISOCS Efficiency Curve Reports

Interpolated Efficiency Calibration Curve
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Attachment 10.2
ISOCS Efficiency Curve Reports

A

Geomelry Composer Report CANBERRA
Date: Thursday, November 13, 2014 - 17:03:55
Description: 10YRD_Soil_DET2_D12
Comment: CALDATE 11_13 14
File Name: E:\GEOS\In-Situ\10YRD_Soll_DET2_D12.geo
Software: I1SOCS
Template: SIMPLE_BOX, Version: (default)
Detector: 3996
Collimator: GARDIAN G1 (GARDIAN 1 COLLIMATION MODEL)
Environment: Temperature = 65 °F, Pressure = 760 mm Hg, Relative Humidity = 70%
Integration: Convergence = 1.00%, MDRPN = 24 (16), CRPN = 24 (16)
Dimensions (inches)
No. | Description. | &t | &2 | d3. | a4 | 5 | &6 | WMaterial | Density;|Rel.Conc,
1 Box 0.26 180 40 88 csteel 79
2 Source - Top Layer 0 <none>
3 Source - Bottom Layer 36 dirtl 1.2 1.00
4 Absorberl . 0.126 mhwall 3.7
5 Absorber2 0.0315 germanum 5.4
6 Source-Detector 54 <45 0 -45 0
List of energies for efficiency curve generation
58.0 59.5 610 3110 312.0 313.0 343.0 344.3
345.0 660.0 661.7 663.0 701.0 702.6 703.0 722.0
723.0 724.0 870.0 871.1 872.0 1172.0 1173.2 1174.0
1273.0 1274.4 1275.0 1331.0 1332.5 1334.0 1406.0 1407.9
1409.0 1460.8
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1.4 - Z
- inside ./
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Attachment 10.2

ISOCS Efficiency Curve Reports
Geometry Composer Report CANBERRA
Date: Thursday, November 13, 2014 - 17:03:55
Description: 10YRD_Soil_DET2_D12
Comment: CAL DATE 11_13_14
File Name: E:\GEOS\In-Situ\10YRD_Soil_DET2_D12.geo
Software: 1SOCS
Template: SIMPLE_BOX, Version: (default)
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Attachment 10.2
ISOCS Efficiency Curve Reports

ISOCS/LABSOCS RESULTS

ISOCS/LabSOCS File: C:\GENIE2K\isocs\data\GEOMETRY\In-Situ\SIMPLE BOX\10YRD Soil
ISOCS/LabSOCS Time: 11/13/14 02:32:37

Genie Cal File: C:\GENIE2K\CALFILES\10YRD Soil DET2 D12.CAL
Genie Cal Time: 11/13/14 03:39:06 T - B
Template: SIMPLE BOX

Geom Description: 10YRD DET2 D12

Comment: ISOCS:CAL DATE 11 13 14

Detector: 3996 )

Collimator: GARDIAN G1

Convergence: 1.00 %

Area [Sq Meters]: 4.1806e+000 (C)

Mass [Grams]: 1.1214e+007 (C)

Length [Meters]: not used

{C) = Value calculated by ISOCS

(U) Value modified by user
Energy Efficiency %Uncertainty %$Convergence Final # of Voxels
58.00 1.19868e-011 10.0 0.115154 87381
59.54 2.48963e-011 10.0 0.110206 87381
61.00 4.61920e-011 10.0 0.106257 87381
311.00 1.55888e~-007 10.0 0.052999 - 87381
311.98 1.55794e~-007 10.0 0.053115 87381
313.00 1.55751e-007 10.0 0.052782 87381
343.00 1.54009e-007 8.0 0.046588 87381
344.27 1.53899e-007 8.0 0.046394 87381
345.00 1.53855e-007 8.0 0.046281 87381
660.00 1.29344e-007 6.0 0.017183 87381
661.65 1.29131e-007 6.0 0.017120 87381
663.00 1.29098e-007 6.0 0.017049 - 87381
701.00  1.27224e-007 6.0 0.015833 87381
702.63 1.27081e-007 6.0 0.015736 87381
703.00 1.27093e-007 6.0 0.015643 . 87381
722.00 1.26244e-007 6.0 0.015219 87381
723.00 1.26170e-007 6.0 0.014991 87381
724.00 1.26141e-007 6.0 0.015072 87381
870.00. 1.20888e~-007 6.0 0.011807 87381
871.10 1.20819%9e-007 6.0 0.011852 87381
872.00 1.20879%e-007 6.0 0.011723 87381
1172.00 1.15289e-007 4.0 0.007933 87381
1173.22 1.15259e-007 4.0 0.007857 87381
1174.00 1.15208e-007 4.0 0.007956 87381
1273.00 1.13998e-007 4.0 0.007195 87381
1274.45 1.13963e-007 4.0 0.007123 87381
1275.00 1.13954e-007 4.0 0.007108 87381
1331.00 1.13105e-007 4.0 0.006762 87381
1332.49 1.13112e-007 4.0 0.006809 87381
1334.00 1.13062e-007 4.0 0.006766 87381
1406.00 1.11298e~-007 4.0 0.006501 87381
1407.95 1.11291e-007 4.0 0.006456 87381
1408.00 1.11299%e-007 4.0 0.006518 87381
1460.80 1.10039e-~-007 4.0 0.006363 87381
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Attachment 10.2
ISOCS Efficiency Curve Reports

Interpolated Efficiency Calibration Curve
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Attachment 10.2
ISOCS Efficiency Curve Reports

Interpolated Efficiency Calibration Curve
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Attachment 10.2
ISOCS Efficiency Curve Reports

A

Geometry Composer Report CANBERRA
Date: Thursday, November 13, 2014 - 17:05:37
Description: 10YRD_SOIL_DET3 12
Comment: CAL DATE 11_13_14
File Name: E:\GEOS\In-Situ\10YRD_SOIL_DET3_12.geo
Software: 1S0CS
Template: SIMPLE_BOX, Version: (default)
Detector: 3997
Collimator: GARDIAN G1 (GARDIAN 1 COLLIMATION MODEL)
Environment: Temperature = 65 °F, Pressure = 760 mm Hg, Relative Humidity = 70%
Integration: Convergence = 1.00%, MDRPN = 24 (16), CRPN = 24 (16)
Dimensions (inches) ,
No: | _Description” il d2 ~d3 [ vda | .di5 -] d6 | -Material - | Denslty|ReliConc.
1 Box 0.26 180 40 88 csteel 7.9
2 Source - Top Layer 0 <none>
3 Source - Bottom Layer 36 dirti 1.2 1.00
4 Absorberl 0.282 stwall 1.4
5 Absorber2 0.03543 germanum 5.4
6 .Source-Detector 54 45 0 45 0
List of energies for efficiency curve generation
58.0 59.5 61.0 311.0 312.0 313.0 343.0 344.3
345.0 660.0 661.7 663.0 701.0 702.6 703.0 722.0
723.0 7240 870.0 871.1 872.0 1172.0 1173.2 1174.0
1273.0 1274.4 1275.0 1331.0 13325 1334.0 1406.0 1407.9
1409.0 1460.8
v
L il
: i vl

inside

J\}.

" Referenda
Fime

/Rahmncé |

Fiane

TBD-401

Page 78 of 93



Attachment 10.2

ISOCS Efficiency Curve Reports
Geometry Composer Report CANBERRA
Date: Thursday, November 13, 2014 - 17:05:37
Description: 10YRD_SOIL_DET3_12
Comment: CAL DATE 11_13_14
File Name: E:\GEOS\In-Situ\10YRD_SOIL_DET3_12.geo
Software: 1SOCS
Template: SIMPLE_BOX, Version: (default)
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ISOCS/LabSOCS File:
ISOCS/LabSOCS Time:

Genie Cal File:
Genie Cal Time:

IS0CS/LABSOCS

C:\GENIEZK\isocs\data\GEOMETRY\In—SitU\SIMPLE_BQX\lOYRD_SOIL*

11/13/14 02:40:51

RESULTS

Attachment10.2
ISOCS Efficiency Curve Reports

C:\GENIE2K\CALFILES\10YRD Soil DET3_12.CAL

11/13/14 03:43:42

Template: SIMPLE BOX
Geom Description: 10YRD DET3 12
Comment : ISOCS:CAL DATE 11 13 14
Detector: 3997 - - T
Collimator: GARDIAN_Gl
Convergence: 1.00 &
Area [Sq Meters]): 4.1806e+000 (C)
Mass [Grams]: 1.1214e+007 (C)
Length [Meters]: not used
(C) = Value calculated by ISOCS
(U) = Value modified by user
Energy Efficiency %Uncertainty %Convergence Final # of Voxels
58.00 1.80374e-011 10.0 0.092653 87381
59.54 - 3.63396e-011 10.0 0.086449 87381
61.00 6.56820e-011 10.0 0.081303 87381
311.00 1.57076e-007 10.0 0.008001 87381
311.98 1.56977e-007 10.0 0.008182 87381
313.00 1.56929%e-007 10.0 0.007938 87381
343.00 1.55069e-007 8.0 0.004397 87381
344.27 1.54953e-007 8.0 0.004370 87381
345.00 1.54907e-007 8.0 0.004345 87381
660.00 1.29904e-007 6.0 -0.004265 87381
661.65 1.29690e-007 6.0 -0.004235 87381
663.00 1.29656e-007 6.0 -0.004286 87381
701.00 1.27757e-007 6.0 -0.004265 87381
702.63 1.27613e-007 6.0 -0.004226 87381
703.00 1.27625e-007 6.0 -0.004357 87381
722.00 1.26765e-007 6.0 -0.004198 87381
723.00 1.26690e-007 6.0 -0.004381 87381
724.00 1.26661e-007 6.0 -0.004306 87381
870.00 - 1.21339e-007 6.0 ~0.004131 87381
871.10 1.21270e-007 6.0 -0.004070 87381
872.00 1.21330e-007 6.0 -0.004140 87381
1172.00 1.15657e-007 4.0 -0.003734 87381
1173.22 1.15627e-007 4.0 -0.003700 87381
1174.00 1.15576e-007 4.0 -0.003716 87381
1273.00 1.14349e~-007 4.0 -0.003544 87381
1274.45 1.14313e-007 4.0 ~0.003569 87381
1275.00 1.14305e-007 4.0 -0.003659 87381
1331.00 1.13447e-007 4.0 -0.003462 - 87381
1332.49 1.13454e-007 4.0 -0.003420 87381
1334.00 1.13404e-007 4.0 -0.003434 87381
1406.00 1.11628e-007 4.0 -0.003237 87381
1407.95 1.11621e-007 [ 4.0 -0.003247 87381
1409.00 1.11628e-007 4.0 -0.003190 87381
1460.80 1.10362e-007 4.0 -0.,003033 87381
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Attachment 10.2
ISOCS Efficiency Curve Reports

Interpolated Efficiency Calibration Curve

3] Measured Calculated

1.6e-007

- 1.4e-007

1.2e-007 t |

i

1e-007

8e-008

6e-008

4e-008

2e-008

0 500 1000 1600 2000 2500
Energy (keV)

[

Datasource: DETO1

TBD-401 Page 81 of 93




Interpolated Efficiency Calibration Curve

Attachment 10.2
ISOCS Efficiency Curve Reports
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Geomelry Composer Report

Attachment 10.2
ISOCS Efficiency Curve Reports

AN

CANBERRA

Date:
Description:
Commient:
File Name:
Software:
Template:
Detector:
Collimator:
Environment:
Integration:

ISOCS

3998

Thursday, November 13, 2014 - 17:06:19
10YRD_Soil DET4_D12
CAL DATE 11_13 14

E:\GEOS\In-Situ\10YRD_Soil_DET4_D12.geo

SIMPLE_BOX, Version: (default)
GARDIAN G1 (GARDIAN 1 COLLIMATION MODEL)

Temperature = 65 °F, Pressure = 760 mm Hg, Relative Humidity = 70%
Convergence = 1.00%, MDRPN = 2¢ (16), CRPN = 24 (16)

Dimerisions (inches)

No. " Description, TdE |- di2 | 43 | da” 45 | di6 . | Materal’ [ Density [Rel.iConci
1 Box: 0.26 180 410 88 csteel 7.9
2 Source - Top Layer 0 <none>
3 Source - Bottom Layer 36 dirt1 1.2 1.00
4 Absorberl 0.282 stwall 1.4
5 Absorber2 ) none
6 Source-Detector 54 -45 0 -45 0
List of energiles for efficiency curve generation
58.0 59.5 61.0 311.0 312.0 313.0 343.0 344.3
345.0 660.0 661.7 663.0 701.0 702.6 703.0 722.0
723.0 724.0 870.0 871.1 872.0 1172.0 1173.2 1174.0
1273.0 1274.4 1275.0 13310 1332.5 1334.0 1406.0 1407.9
1409.0 1460.8
_Fnclio

1.3

inside

1.1
wall

Referenda
Plate

i
d e
thickness r2— -~ 5|

—

TBD-401

Crecticn
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Attachment 10.2

ISOCS Efficiency Curve Reports
Geometry Composer Report CANBERRA
Date: Thursday, November 13, 2014 - 17:06:19
Description: 10YRD_Soil_DET4_D12
Comment: CAL DATE 11_13_14
File Name: E:\GEOS\In-Situ\10YRD_Soil_DET4_D12.geo
Software: 1S0CS
Template: SIMPLE_BOX, Version: (default)
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150CS/LabSOCS File:
IS0CS/LabSOCS Time:

Genie Cal File:
Genie Cal Time:
Template:

Geom Description:
Comment:

ISOCS/LABSOCS RESULTS

C:\GENIE2K\isocs\data\GEOMETRY\In-Situ\SIMPLE_BOX\10YRD Soil_

11/13/14 02:46:50
C:\GENIE2K\CALFILES\10YRD Soil DET4 D12.CAL
11/13/14 03:47:42

SIMPLE BOX

10YRD DET4 D12

ISOCS:CAL_DATE_11 13 14

Detector: 3998
Collimator: GARDIAN Gl
Convergence: 1.00 %
Area [Sq Meters]: 4.1806e+000 (C)
Mass [Grams]: 1.1214e+007 (C)
Length [Meters]: not used
(C) = Value calculated by ISOCS
(U) = Value modified by user
Energy Efficiency %Uncertainty
58.00 7.43934e-011 10.0
59.54 1.35728e-010 10.0
61.00 2.25585e-010 10.0
311.00 1.69713e-007 10.0
311.98 1.69490e-007 10.0
313.00 1.69370e-007 10.0
343.00 1.64688e-007 8.0
344,27 1.64496e-007 8.0
345,00 1.64456e-007 8.0
660.00 1.43400e-007 6.0
661.65 1.43227e-007 6.0
663.00 1.43227e-007 6.0
701.00 1.41562e-007 6.0
702.63 1.41497e-007 6.0
703.00 1.41458e-007 6.0
722.00 1.40728e-007 6.0
723.00 1.40683e-007 6.0
724.00 1.40663e-007 6.0
870.00 1.36174e-007 6.0
871.10 1.36146e-007 6.0
872.00 . 1.36160e-007 6.0
1172.00 1.31564e-007 4.0
1173.22 1.31584e-007 4.0
1174.00 1.31514e-007 4.0
1273.00 1.30111e-007 4.0
1274.45 1.30103e-007 4.0
1275.00 1.30079e-007 4.0
1331.00 1.29132e-007 4.0
1332.49 1.29187e-007 4.0
1334.00 1.29176e-007 4.0
1406.00 1.27876e-007 4.0
1407.95 1.27812e-007 4.0
1409.00 1.27792e-007 4.0
1460.80 1.26875e-007 4.0

TBD-401

$Convergence Final # of Voxels
-0.060210 87381
-0.060704 87381
-0.061424 87381
-0.036141 87381
-0.036232 87381
-0.0306174 87381
-0.035327 87381
-0.035269 87381
~-0.035464 87381
-0.024850 87381
-0.024859 87381
-0.024788 87381
-0.023900 87381
-0.023886 87381
-0.023936 87381
-0.023689 87381
-0.023592 87381
-0.023322 87381
-0.020944 87381
-0.020829 87381
-0.020815 87381
-0.016714 87381
-0.016771 87381
-0.016842 87381
-0.015539 87381
-0.015654 87381
-0.015531 87381
-0.014809 87381
-0.014905 87381
-0.014808 87381
-0.014015 87381
-0.014093 87381
-0.014048 87381
-0.013575 87381

Attachment 10.2
ISOCS Efficiency Curve Reports
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Attachment 10.2
ISOCS Efficiency Curve Reports

Intérpolated Efficiency Calibration Curve
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. Attachment 10.2
ISOCS Efficiency Curve Reports
|
|

Interpolated Efficiency Calibration Curve
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| Primary-Efficiency taken from ECC files, for set energles (keV):

L0v-agl

€6 Jo gg abed

# Weight 58.0! 59.5: 61.0] 311.0 312.0| 313.0 343.0| 344.3; 345.0] 660.0: 661.7
1 1,000 1.35¢-011 2.78e-011 5.12e-011 157e-007  1.57e-007  1.57e-007  1.55e-007  1.55e-007  1.55e-007  1.30e-007  1.308-007

2 1:000 1,20e-011 2.49e-011 4,62e-011 1.66e-007 - 1.56e-007  1.56e-007  1.54e-007  1.54e-007  1.54e-007  1.20e-007  1.29e-007

3 1.000 1.80e-011 3.63e-011 6.57e-011 157e-007  1.57e007  1.57e-007  1.56e-007  1.565¢-007  1.55¢-007  1.30e-007  1.30e-007

4 1.000  7.44e-011 1.36e-010  2.26e-010  1.70e-007  1.69e-007  1.69e-007  1.65e-007  1.54e-007  1.64e-007  1.43e-007  1.43e-007
Sum 1.18e-010  225e-010  3.89¢-010  6.39e-007  6.39e-007  6.39e-007  629e-007  6.28¢-007  628e-007 5320007  5.32e-007
Error,% 1.00e+001  1.00e+001  1.00e+001  1.00e+001  1.00e+001  1.00e+001  8.00e+000  800e+000  8.00e+000  6.00e+000  6.00e+000

Information for input ECC files
File Name: File Stamp Path -
1 10YRD_Soil_DET1_D12.gis Thu_Nov_1 3_02:24:34_2014 CA\GENIE2K\socs\data\GEOMETRY\In-Situd\SIMPLE_BOX\
2 10YRD_Scil_DET2_D12.gis Thu_Nov_13_02:31:38_2014 C:\GENIE2K\isdcs\data\GEOMETRY\ln-Situ\SlMPLE__BOX\
3 10YRD_SOIL_DET3_12.gis Thu_Nov_13_02:39:54_2014 C:\GENIE2K\isocs\data\GEOMETRY\In-Situ\SIMPLE_BOX\
4. 10YRD_Soil DET4_D12:gis Thu_Nov_13_02:45:53 2014 C:\GENIE2KNsocs\data\GEOMETRY\In-Situ\SIMPLE_BOX\
Information for saved file with multiefficiency data:

File Name : File-Stamp Path

Description: 10YRD_Soil_SUM_D12

Comment: Cal Date-11/13/14

CANBERRA 1 Multi-Efficiency Report

MultiEfficiency Report/Style2 // Printing: Thursday, November 13, 2014, 03:17:07'
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Loy-agal

£6 0 68 abed

Primary Efficiency taken from ECC files, for set energies (keV):

10YRD_Soil_SUM_D12
Cal Date 11/13/14

CANBERRA

C:\GENIE2K\isocs\data\GEOMETRWIn-Situ\SIMPLE_BOX\
C:\GENIE2K\isocs\data\GEOMETRY\In-Situ\SIMPLE_BOX\
‘C:\GENIE2K\socs\data\GEOMETRY\In-Situ\SIMPLE_BOX\
C:\GENIE2K\isocs\data\GEOMETRY\In-Situl\SIMPLE_BOX\

Information for input ECC' files

Information for saved file with multiefficiency data:

Multi-Efficiency Report

663.0° 701.0| 702.6| 703.0] 722.0] 723.01 724.0' 870.0! 871.1! 872.0! 1172.0i 1173.2
1.30e-007 1.28e-007 1.28e-007 1.28e-007 1.27¢-007 1.27e-007 1.27e-007 1.21e-007 1.21e-007 1.21e-007 1.16e-007 1.16e-007
1.29e-007 1.27e-007 1.27e-007 1.27e-007 1.26e-007 1.26e-007 1.26e-007 1.21e-007 1.21e-007 1.21e-007 1.15e-007 1.15e-007
1.30e-007 1.28e-007 1.28e-007 1.28e-007 1.27e-007 1.27e-007 1.27e-007 1.21e-007 1.21e-007 1.21e-007 ‘1.16e-007 1.16e-007
1.43e-007 1.42e-007 1.41e-007 1.41e-007 1.41e-007 1.41e-007 1.41e-007 1.36e-007 1.36e-007 1.36e-007 1.32e-007 1.32e-007|
5.32e-007 5.24e-007 5.24e-007 5.24e-007 5.20e-007 5.20e-007 5.20e-007 5.00e-007 4.99e-007 5.00e-007 4.78e-007 4.78e-007
6.00e+000 6.00e+000 6.00e+000 6.00e+000 6.00e+000 6:00e+000 6.00e+000 6.00e+000 6.00e+000 6.00e+000 4.00e+000 4.00e+000

MultiEfficiency Report/Style2 // Printing: Thursday, November 13, 2014, 03:17:07
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Primary Efﬁciency taken from ECC files, for set energies (keV):

#N
A

10YRD_Soil_SUM_D12
Cal Date 11/13/14

CANBERRA

C:AGENIE2K\s ocs\data\GEOMETRYAIn-Situ\SIMPLE_BOX\
CAGENIE2K\is ocs\data\GEOMETRYIn-Situ\SIMPLE_BOX\
C:GENIE2K\s ocs\data\GEOMETRY\In-SitulSIMPLE_BOX\
CAGENIE2K\socs\data\G EOMETRY\In-Situ\SIMPLE_BOX\

Information for input ECC files

Information for saved file with multiefficiency data:

1174.0° 1273.0] 1274.4! 1275.0| 1331.0' 1332.5 1334.0; 1406.0| 1407.9! 1400.0/ 1460.8
1.16e-007 1.14e-007 1.14e-007  1.14e-007 113e-007 . 1.13e-007  1.13e-007  1.12e-007 1.12¢-007  1.12e-007 1,10e-007
1.15e-007 1.14e-007  1.14e-007 1.14e-007 1.13e-007 1.13e-007  1.13e-007 1.11e-007 1.11e-007 1.11e-007 1.10e-007
1.16e-007 1.14e-007  1.14e-007  1.14e-007 1.13e-007 1.13e-007  1.13e-007  1.12e-007 1.12e-007 1.12e-007 1.10e-007
1,32e-007 1.30e-007  1.30e-007 1.30e-007 1.29e-007 1.22e-007  1.29e-007  1.28e-007 1.28¢-007  1.28e-007 1.27e-007|
478e-007  4.73e-007  4.73e-007  4.73e-007  4.69e-007  4.69e-007  4.69e-007  4.62¢-007  4.620-007  4.620-007  4.58e-007
4.00e+000  4.00e+000  4.00e+000  4.00e+000  4.00e+000  4.00e+000  4.0Ce+000  4.00e+000  4.00e+000  4.00e+000°  4.00e+000

Mulii-Efficiency Report

MultiEfficiency Report/Style2 // Printing: Thursday, November 13, 2014, 03:17:07
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Attachment 10.2
ISOCS Efficiency Curve Reports

ISOCS/LABSOCS RESULTS

ISOCS/LabSOCS File: C:\GENIE2K\isocs\data\GEOMETRY\In-Situ\Multiefficiency\10Yrd_
ISOCS/LabsSOCS Time: 11/13/14 03:18:06

Genie Cal File: C:\GENIE2K\CALFILES\10YRD Scil SUM D12.CAL

Genie Cal Time: 11/13/14 03:57:02 - -

Template: (SIMPLE BOX)+(SIMPLE_BOX)+(SIMPLE BOX) + (SIMPLE BOX) +
Geom Description: 10YRD SUM D12 - B
Comment : ISOCS:Cal Date 11/13/14

Detector: (3994)+(3996)+(3997)+(3998) + _
Collimator: (GARDIAN_ G1)+ (GARDIAN Gl)+ (GARDIAN G1)+ (GARDIAN G1)+
Convergence: 1.00 % B

Area {Sq Meters]: #1.0000e-004 (C)

Mass [Grams]: 1.0000e+000 {(C)

Length [Meters]: not used

(C) = Value calculated by ISOCS
(U) = Value modified by user

Enexgy Efficiency %Uncertainty %Convergence Final # of Voxels
58.00 1.17915e-010 10.0 0.1151540 64000
59.54 2.24769%9e-010 10.0 0.1151540 64000
61.00 3.88685e-010 10.0 0.1151540 - 64000

311.00 6.39479e-007 10.0 0.1151540 64000

311.98 6.38967e-007 10.0 0.1151540 64000

313.00 6.38710e-007 10.0 0.1151540 64000

343.00 6.28623e-007 8.0 0.1151540 64000

344.27 6.28092e-007 8.0 0.1151540 64000

345.00 6.27916e-007 8.0 0.1151540 64000

660.00 5.32497e-007 6.0 0.1151540 64000

661.65 5.31683e-007 6.0 0.1151540 64000

663.00 5.31582e-007 6.0 0.1151540 64000

701.00 5.24250e-007 6.0 0.1151540 64000

702.63 5.23754e-007 6.0 0.1151540 64000

703.00 5.23751e-007 6.0 0.1151540 64000

722.00 5.20453e~-00Q7 6.0 0.1151540 64000

723.00 5.20185e-007 6.0 0.1151540 64000

724.00 5.20077e-007 6.0 0.1151540 64000

870.00 4.,99701e-007 6.0 0.1151540 64000

871.10 4.99466e-007 6.0 0.1151540 64000

872.00 4,99660e-007 6.0 0:.1151540 64000

1172.00 4.78137e-007 4.0 0.1151540 64000
1173.22 4.78066e-007 4.0 0.1151540 64000
1174.00 4.77843e-007 4.0 0.1151540 ' 64000
1273.00 4.72776e-007 4.0 0.1151540 64000
1274.45 4.72661e~007 4.0 0.1151540 64000
1275.00 4,72612e-007 4.0 0.1151540 64000
1331.00 4.69100e~-007 4.0 0.1151540 64000
1332.49 4.69176e-007 4.0 0.1151540 64000
1334.00 4.69014e-007 4.0 0.1151540 64000
1406.00 4.62398e-007 4.0 0.1151540 64000
1407.95 4,62312e-007 4.0 0.1151540 64000
1409.00 4.62315e-007 4.0 0.1151540 64000
1460.80 4.57604e-007 4.0 0.1151540 64000
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ISOCS Efficiency Curve Reports

Interpolated Efficiency Calibration Curve
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Attachment 10.2
ISOCS Efficiency Curve Reports

Interpolated Efficiency Calibration Cuive
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Operation of the Gardian Mobile Assay System Revision 0
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Attachment 10.3
1ISOCS Multi-Curve Efficiency Plots

\

GARDIAN SYSTEM

Calibration Records.
MHF IP-1 & IP-2 Intermodal

Summation

. TBD-401 Page 2 of 107
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Attachment 10.3
! ISOCS Multi-Curve Efficiency Plots

GARDIAN SYSTEM

Calibration Records
MHIF IP-1 & IP-2 Intermodal

Attached- ,

MHF Intermodal Wall Thickness, IP-1 & 2 Specs.

Gardian Trailer Wall Thickness

Intermodal Positioning

Det. 1-4 Density 1.2 modecls, individual cfficicncy cnls, Summation. Cal,
Det. 1-4 Density 1.6 models, individual efficiency cals, Summation Cal,
Det. 1-4 Density 2.0 models, individnal efficieney cals, Summation Cal,
Det 1-4 Sum Curves for Density 1.2, 1.6, & 2.0, '
Sum of all Segment Speetra

© © 0 0 ©C © o ¢

Perforined by %//«%/ﬂ,&t&qp Date L= 12~ 4
Reviewed by }éy///ﬂ ”,@M;M/— Date [|-2%" Iy
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Attachment 10.3
ISOCS Multi-Curve Efficiency Plots

MHF Intermodal Wall Thickness

(Homogenized)

61”‘

230” x 60” = 13,800 in®at 0.1345” thick

+ 3 Vertical Rails 60” x 15”7 =2700 in®
+ 2 Horizontal support beam 480 = 960 in
+ Chain guard 2”x2"x22” = 176 in’
+ ~100 Ibs hardware 2,617'iu2
o (if 100Ibs x 453.6g/Ib / 7.86g/cc = 5771cc = 352in*/0.1345”=2617 in?)

2

|

|
Wall Steel = 10 gauge = 0,1345”
Total Area = 13800+2700+960+176+2617 = 20253 in®

Effective Thickness = 20253/13800 x 0.1345” thickness = 0,20” Steel
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Attachment 10.3
ISOCS Multi-Curve Efficiency Plots

C&RP B-20
Appendix 8.1
Rev. 0

Page 1 of 1

Energy Solutions Main Trailer Wall .

L

Steel Channel flattened = 7

Detector is positioned 14” behind the outside wall of the Main Trailer. Utilizing a 90 degree collimator will give a 28”
diameter Field of View. Worst case positioning will place the detector between two of the channels, thus including both in
the field of view. The channels also contain 0.5” by 2 3/8" rectangular holes which will not subtracted from the steel area
thus being more conservative:

Material area

Total area of the field of view: A = 712 =142 = 615.75 in”.

Area of flattened steel channel: (7 x'18.8”) + (1/2 7” x3.525" x 2ends) x 2channels =312.55.in%
Area of PVC: 615,75 in® ~ 312.55 in® = 303.20 in’.

Area of trailer skin: 615.75 in’.

Effective Thickness

PVC = 1/16"thick x {303.2/615.75) = 0.031"

Steel= 1/16" thick x (312.55/615.75) = 0.032"

Al Skin = 1/1‘6" thick x 615.75/615.75) = 0.063”

Homogenized Wall Density

Total Effective wall thickness = 0.031 + 0.032 + 0.063 = 0.126"
Density = 0.031/0.126%1.4g/cc PVC + 0.032/0.126*7.86g/cc steel + 0,063/0.126%2.7g/cc Al = 3.69 g/cc.

Material percentage = 0.344/3.69 = 9% PVC, 2.00/3.69:54‘fo Steel, 1.35/3.69=37% Al.

For Modeling purposes, the Main Trailer Wall (MTWall) {Absorber 1) = 0.126" thick at 3.69 g/cc comprised of 9% PVC,
54% Steel and 37% Al.
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Attachment 10.3
ISOCS Multi-Curve Efficiency Plots

\
C&RP B-20
Appendix 8.2
Rev. 0
Page 1 of 1

Energy Solutions Support Trailer Wall

L

Steel Channel flattened = 3 5/8”

Detector is positioned 14” behind the outside wall of the Support Trailer. Utilizing a 90 degree collimator will give a 28”
diameter Field of View. Worst case positioning will place the detector between two of the channéls, thus including both in
the field of view. The channels also contain 0.5"'b'y 2:3/8" rectangular holes which will not subtracted from the steel aréa
thus being more conservative.

Material area

Total area of the field of view: 4 = 772 = 7142 = 615.75 in2.

Area of flattened steel channel: (3.625” x 11.28") +(1/2 3.625" x 2.775" x 2ends) x 2channels = 102 in?.
Area of wood: 615.75 in® — 102 in*= 513.75 in?, -

Area of trailer skin: 615.75 in’.

Effective Thickness

Wood = 1/4” thick x (513.75/615.75) = 0.209”
Steel ='1/16” thick x (102/615.75) = 0.010"
Al skin =1/16” thick x 615.75/615.75) = 0.063"

Homogenized Wall Density

Total Effective wall thickness = 0,209 + 0.010 + 0.063 =0.282"
Density = 0.209/0.282%0.75g/cc wood-+ 0.010/0.282*7.86g/cc steel + 0.063/0.282%2.7g/cc Al = 1.44g/cc.

Material percentage = 0.556/1.44 = 39% wood, 0.279/1.44=19% Steel, 0.603/1.44= 42% Al.

For Modeling purposes, the Support Trailer Wall (STWall) (Absorber 1) = 0.282” thick at 1.44g/cc comprised of 39% waod,

19% Steel and 42% Al -
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Attachment 10.3
1ISOCS Multi-Curve Efficiency Plots

Intermodal IP-1 & IP-2

)
< 168 s
41,5" | A
& I
With Det + 57.5" $ | e
115" ,
55.5"standoff = FOV~ 111” | T 34" _,,>{
14” A I \
‘ ==
85)'
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Attachment 10.3
1SOCS Multi-Curve Efficiency Plots

This page contains confidential commercial information and has been redacted.
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1SOCS Multi-Curve Efficiency Plots
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Attachment 10.3
1SOCS Muiti-Curve Efficiency Plots

This page contains confidential commercial information and has been redacted.
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ISOCS Muiti-Curve Efficiency Plots
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Attachment 10.3
ISOCS Multi-Curve Efficiency Plots

GARDIAN SYSTEM

Calibration Records
MHE IP-1 & IP-2 Intermodal

Density 2.0

TBD-401 Page 27 of 107



Gea

metry Composer Report

Attachment 10.3
ISOCS Multi-Curve Efficiency Plots

CANBERRA

Date: Thursday, November 13, 2014 - 17:08:14
Description: . MHF_STD_SOIL_DPET1_20
Comment: CAL DATE 11_13_14
File Name: E:\GEOS\In-Situ\MHF_STD_SOQIL_DET1_20.geo
Software: 1socs
Template: SIMPLE_BOX, Version: (default)
Detector: 3994
Collimator: GARDIAN G1 (GARDIAN 1 COLLIMATION MODEL)
Environment: Temperature = 65.°F, Pressure = 760 mm Hg, Relative Humidity = 70%
Integration: Convergence = 1.00%, MDRPN = 24 (16), CRPN = 2% (16)
Dimensions (inches)
"No. | " Desciiption . .~ | dd - | dZo |7 43 ] a4, | .45, | d6. | . Materfal | Density,] Rel; Conc,
1 Box 0.2 230 6. | 85 csteel 7.9
2 Source - Top Layer ' 0 <nones
3 Sotirce - Bottom Layer 56 | dirtl 2 1.00
4 Absorberl 0.126 - mbwall 3.7
5 Absorber2 0.02756 i ‘ germanum 5.4
6 Source-Detector 555 | 575 0 57.5 0
List of energies for efficiency curve generation
58,0 59.5 61.0 311.0 312.0 313.0 343.0 344.3
345.0 660.0 661.7 ~ 663.0 701.0 702.6 703.0 722.0
723.0 724.0 . 870.0 871.1 872.0 1172.0 1173.2 1174.0
1273.0 12744 12750 ° 1331.0 13325 1334.0 1406.0 1407.9
1409.0 1460.8 ’

%J&Z/"‘

o] |
X 4.;«" H
y . 51
< \ : D@

-’

/Relerencé !
Pioe 1

2 —_———
i 1.2 inside ’

1.3
inside
3.4

6l |
1 3 R P L’C

©

7 i : -~ i - ' .
v— BT il . l
wall I er F 63
thickness tZ———f = —— e
e l

Q2

recien
tererdion

2

\
O—®
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5 =
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Attachment 10.3
ISOCS Multi-Curve Efficiency Plots

A

Geometry Composer Report CANBERRA
Date: Thursday, November 13, 2014 - 17:08:14

Description: MHF_STD_SOIL_DET1_20

Comment: CAL DATE 11_13_14

File Name: E:\GEOS\In-Situ\MHF_STD_SOIL_DET1_20.geo

Software: 1SOCS

Template: SIMPLE_BOX, Version: (default)
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Attachment 10.3
ISOCS Multi-Curve Efficiency Plots

ISOCS/LABSOCS RESULTS

ISOCS/LabSOCS File: C:\GENIE2K\isocs\data\GEOMETRY\In-Situ\SIMPLE_ BOX\MHF STD SOI
IS0CS/LabS0OCS Time: 11/13/14 03:00:10

Genie Cal File: C: \GENIEZK\CALFILES\HME‘_STD___SOil_DETl_ZO .CAL
Genie Cal Time: 11/13/14 04:35:56
Template: SIMPLE BOX

Geom Description: HMF STD DET1 20

Comment : ISOCS:CAL DATE 11 13 14
Detector: 3994 -
Collimator: GARDIAN_ Gl

Convergence: 1.00 %

Area [Sq Meters]: 8.3097e+000 (T)

Mass [Grams]: _ 3.5881e+007 (C)

Length [Meters]: not used

(C) = Value calculated by ISOCS
(U) = Value modified by user

Energy Efficiency %$Uncertainty $Convergence Final # of Voxels
58.00 2.49876e-011 10.0 -0.140676 81760
59.54 4.68281e-011 10.0 -0.139760 . 81760
61.00 7.95050e-011 10.0 ~0.138392 81760

311.00 8.10604e-008 10.0 -0.019955 81760

311.98 8.09781e-008 10.0 -0.019420 81760

313.00 8.09599e-008 10.0 -0.019616 81760

343.00 7.96462e-008 8.0 -0.017149 81760

344,27 7.95558e-008 8.0 ~-0.0169614 81760

345.00 7.95516e-008 8.0 -0.017014 81760

660.00 6.57400e-008 6.0 ~0.010410 81760

661.65 6.56224e~-008 6.0 -0.010589 81760

663.00 6.56097e-008 6.0 -0.010200 81760

701.00 6.46329%e-008 6.0 -0.010061 81760

702.63 6.45412e-008 6.0 -0.010248 81760

703.00 6.45537e-008 6.0 -0.010236 81760

722.00 6.41027e-008 6.0 -0.010247 . 81760

723.00 6.40636e-008 6.0 -0.010101 81760

724.00 6.40506e-008 6.0 -0.010141 81760

870,00 6.12813e-008 6.0 -0.009137 81760

871.10 6.12408e-008 6.0 -0.009192 81760

872.00 6.12646e-008 6.0 ~0.009080 81760

1172.00 5.82074e-008 4.0 -0.007433 81760
1173.22 5.81753e-008 4.0 -0.007350 81760
1174.00 5.81511e-008 4.0 -0.007157 81760
1273.00 5.74669e-008 4.0 -0.006351 81760
1274 .45 5.74458e-008 4.0 -0.006582 81760
1275.00 5.74413e-008 4.0 -0.006315 81760
'1331.00 5.70082e-008 4.0 -0.005966 81760
1332.49 5.69939e-008 4.0 -0.005833 81760
1334.00 5.69663e-008 4.0 -0.006223 81760
1406.00 5.60672e-008 4.0 -0.004980 81760
1407.95 5.60634e-008 4.0 ~-0.005078 81760
1409.00 5.60761e-008 4.0 -0.005068 81760
1460.80 5.54286e-008 4.0 ~-0.004699 81760
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Attachment 10.3
ISOCS Multi-Curve Efficiency Plots

Interpolated Efficiency Calibration Curve

[ u] Measured Calculated
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Datasource: DETO01
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Attachment 10.3
ISOCS Multi-Curve Efficiency Plots

Interpolated Efficlency Calibration Curve

Datasource: DETO01
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Geomelry Composer Repoit ,

Attachment 10.3
ISOCS Multi-Curve Efficiency Plots

ANBERRA

Date: Thursday, November 13, 2014 - 17:08:59

Description: MHF_STD_SOIL_DET2_20

Commaent: Calib 11/13/14

File Name: E:\GEOS\In-Situ\MHF_STD_SOIL_DET2_20.geo

Software: 1S0CS ‘

Template: SIMPLE_BOX, Version: (default)

Detector: 3996

Collimator: GARDIAN G1 (GARDIAN 1 COLLIMATION MODEL) )
Environment: Temperature = 65 °F, Préssure = 760 mm Hg, Relative Humidity = 70%
Integration: Convergence = 1.00%, MDRPN = 24 (16), CRPN = 21 (16)

Dimensions (inches)

Mo: | - Deseripton: |, - .. | ddr | di2. (odi3 cfidd | @S o Td6 | - Materiall |iDensity|Rel.Conc,
1 Box 0.2 230 61 85 : csteal 7.9
2 Source - Top Layer 0 ) | <none>
3 Source - Bottom Layer 56 ' dirt1 2 1.00
4 Absorberl 0.126 ) mtwall 3.7
5 Absorber2 0.0315 germanum 5.4
6 Source-Detector 55.5 -57.5 0 -57.5 0 | ]
List of energies for efficiency curve generation
58.0 59.5 61.0 311.0 312.0 313.0 343.0 344.3
3450 660.0 661.7 663.0 701.0 702.6 703.0 7220
723.0 724.0 870.0 871.1 872.0 1172.0 1173.2 1174.0

1273.0 1274.4 1275.0 1331.0 1332,5 . 1334.0 1406.0 1407.9

1409.0 1460.8

SIMRLE BOX

Fudie

1.3
nside’

> 7 /o a7 \ X
1.1 &
wall |7 & l/
thickness Lo - fen =5 e

Blreclicn
Canvention
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Geometry Composer Report

Attachment 10.3
ISOCS Multi-Curve Efficiency Plots

A

CANBERRA

Date: Thursday, November 13, 2014 - 17:08:59
Description: MHF_STD_SOIL_DET2_20

Comment: Calib 11/13/14

File Name: E:\GEOS\In-Situ\MHF_STD_SOIL_DET2_20.geo
Software: 1SOCS

Template: SIMPLE_BOX, Version: (default)

TBD-401
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Attachment 10.3
ISOCS Multi-Curve Efficiency Plots

ISOCS/LABSOCS RESULTS

ISOCS/LabSOCS File: C:\GENIE2K\isocs\data\GEOMETRY\In-Situ\SIMPLE BOX\MHF_ STD: SOl
IS0CS/LabSOCS Time: 11/13/14 03:05:08

Genie Cal File: C: \GENIEZK\CALFILES\HMF STD_. SOll DET2 20.CAL
Genie Cal Time: 11/13/14 04:39:32
Template: SIMPLE BOX

Geom Description: HMF STD DET2 20
Comment : ISOCS:CALIB 11/13/14
Detector: 3996 -
Collimator: GARDIAN_Gl
Conivergence:. 1.00 %

Area [Sq Meters}: 8.3097e+000. (C)

Mass [Grams]: 3.5881e+007 (C)
Length [Meters]: not used

(€} = Value calculated by ISOCS
(U) = Value modified by user

Enerqgy Efficiency %Uncertainty gConvergence Final f## of Voxels
58.00 2.21412e-011 10.0 -0.132789 81760
59.54 4.18375e-011 10.0 ~-0.131275 81760
61.00 7.15396e-011 10.0 -0.129357 ‘81760

311.00 8.05642e-008 10.0 -0.010783 81760

311.98 8.04834e-008 10.0 -0,010302 81760

313.00 8.04663e-008 10.0 -0.010620 81760

343.00 7.91876e~-008 8.0 -0.009344 81760

344.27 7.90987e-008 8.0, -0.009077 81760

345.00 7.90951e-008 8.0 ~-0.009236 . 81760

660.00 6.54683e-008 6.0 -0.007340 81760

661.65 6.53515e-008 6.0 -0.007470 81760

663.00 6.53391e-008 6.0 -0.007098 81760

701.00 6.43732e-008 6.0 -0.007031 81760

702.63 6.42822e-008 6.0 -0.007272 81760

703.00 6.42948e-008 6.0 -0.007160 ' 81760

722.00 6.38486e-008 6.0 -0.007168 81760

723.00 6.38099e-008 6.0 ~0,007153 81760

724,00 6.37971e~-008 6.0 -0.007186 . 81760

870.00 6.10588e-008 6.0 -0.006087 81760

871.10 6.10186e-008 6.0 ~0.006073 81760

872.00 6.10424e-008 6.0 ~-0.005918 81760

1172.00 5.80243e-008 4.0 -0.003865 81760
1173.22 5.79923e-008 4.0 -0,003731 81760
1174.00 5.79683e-008 4.0 -0.003471 81760
1273.00 5.72930e-008 4.0 -0.002482 81760
1274.45 5.72721e-008 4.0 -0.002809 81760
1275.00 5.72676e-008 4.0 -0.002463 81760
1331.00 5.68392e-008 4.0 -0.001970 81760
1332.49 5.68251e-008 4.0 -0.001852 81760
1334.00 5.67976e-008 4.0 -0.002246 81760
1406.00 5.59051e-008 4.0 -0.000826 81760
1407.95 5.59014e-008 4.0 -0.000960 ' 81760
1409.00 5.59142e-008 4.0 -0.001009 81760
1460.80 5.52712e-008 4.0 -0.000525 81760
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Attachment 10.3
ISOCS Multi-Curve Efficiency Plots

Interpolated Efficiency Calibration Curve

B  Measured Calculated
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Attachment 10.3

ISOCS Multi-Curve Efficiency Plots

Interpolated Efficiency Calibration Curve
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\ ‘ Attachment 10.3
ISOCS Multi-Curve Efficiency Plots

@&

Geometry Composer Report CANBERRA

Date: Thursday, November 13, 2014 - 17:10:29
Description: MHF_STD_SOIl_DET3_20
Comment: CALDATE 11_13 14
File Name; E:\GEOS\Ih-Situ\MHF_STD_SOIL_DET3_20.geo
Software: 1SOCS
Template: SIMPLE_BOX, Version; (default)
Detector: 3997
Collimator: GARDIAN G1 (GARDIAN 1 COLUIMATION MODEL)
Environment: Temperature = 65 °F, Pressure = 760 mm Hg, Relative Humidity = 70%
Integration: Convergence = 1.00%, MDRPN = 2% (16), CRPN = 21 (16)
Dimensions (inches)
No. ) Description = . | d1 [ d2 | a3 [ -da | d5 ] d6 | Material.* | Density.|Rel Conc.
1 _Box 0.2 230 61 85 csteel 7.9
2 Source - Top Layer 0 <none>
3 Source - Bottom Layer 56 dirt1 2 1.00
4 Absarberl 0.282 ) stwall 1.4
5 Absorber2 0.03543 germanum 5.4
6 Source-Detector 55.5 57.5 0 57.5 0

: List of energies for efficiency curve generation .
58.0 59.5 61.0 311.0 312.0 313.0 343.0 344.3

345.0 660.0 661.7 663.0 701.0 702.6 703.0 722.0
723.0 724.0 870.0 871.1 872.0 1172.0 1173.2 1174.0

1273.0 1274.4 1275.0 1331.0 1332.5 1334.0 1406.0 1407.9
1409.0 1460.8

SIMPLE BOX

1.4
%\sid/_
2
<
k . \
13 2,1 =K o )
inside i N W 7]
J\:""\:\; PR
1 g :
. 7
g Z1/7, . A o
1.3 *
woll f PR p; [/
thickness t&menfo= ———
1 3 g 3
4 — -~
~“__ G/(l> gc‘ri‘u?on
6]5
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Geometry Composer Report

Attachment 10.3
ISOCS Multi-Curve Efficiency Plots

A

CANBERRA

Date:
Description:
Comment:
File Name:
Software:
Template:

Thursday, November 13, 2014 - 17:10:29

MHF_STD_SOIL_DET3_20
CAL DATE 11_13_14

E:\GEOS\In-Situ\MHF_STD_SOIL_DET3_20.geo

1SOCS
SIMPLE_BOX, Version: (default)

TBD-401
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Attachment 10.3
ISOCS Multi-Curve Efficiency Plots

ISOCS/LABSOCS RESULTS

IS0CS/LabSOCS File: C:\GENIE2K\isocs\data\GEOMETRY\In-Situ\SIMPLE BOX\MHF STD S0I
ISOCS/LabSOCS Time: 11/13/14 03:09:42

Genie Cal File: C:\GENIE2K\CALFILES\HMF STD Soil DET3 20.CAL.
Genie Cal Time: 11/13/14 04:42:54 - - -
Template: SIMPLE BOX
Geom Description: STD SOIL DET3 20
Comment : ISOCS:CAL DATE 11 13 14
Detector: 3997 o - T
Collimator: GARDIAN Gl
Convergencer 1.00 8
Area [Sqg Meters]: 8.3097e+000 (C)
Mass [Grams]: 3.5881e+007 (C)
Length [Meters]: not used
(C) Value calculated by ISOCS

([

(U) Value modified by user
Energy Efficiency %Uncertainty %Convergence Final # of Voxels
58.00 3.35690e-011 10.0 -0.140207 81760
59.54 6.15083e-011 - 10.0 -0.139286 81760
61.00 1.02424e-010 10.0 -0.137916 81760
311.00 8.12054e-008 10.0 -0.019850 . _ 81760
311.98 8.11217e-008 10.0 -0.019415 81760
313.00 8.11023e-008 10.0 -0.019611 81760
343.00 7.97579e~-008 8.0 -0.017145 81760
344,27 7.96664e-008 8.0 -0.016960 81760
345.00 7.96616e-008 8.0 -0.017010 81760
660.00 6.57685e-008 6.0 -0.010409 81760
661.65 6.56507e-008. 6.0 -0.010588 81760
663.00 6.56380e-008 6.0 -0.01019¢% 81760
701.00 6.46591e-008 6.0 ~0.010060 81760
702.63 6.45673e-008 6.0 -0.010247 81760
703.00 6.45798e-008 6.0 -0.010234 : 81760
722.00 6.41278e-008 6.0 -0.010246 81760
723.00 6.40887e~008 6.0 -0.010100 81760
724.00 6.40757e~-008 6.0 -0.010140 81760
870.00 6.13013e-008 6.0 -0.009136 81760
871,10 6.12608e-008 6.0 -0.009191 81760
872.00 6.12846e-008 6.0 -0.009078 81760
1172.00 5.82231e~-008 4.0 -0.007432 81760
1173.22 5.81910e-008 4.0 -0.007349 81760
1174.00 5.81668e-008 4.0 -0.007156 81760
1273.00 5.74826e~-008 4.0 -0.006350 81760
1274.45 5.74615e-008 4.0 -0.006581 81760
1275.00 5.74570e-008 4.0 -0.0063114 81760
1331.00 5.70242e-008 4.0 -0.005965 81760
1332.49 5.70099e-008 4.0 -0.005832 81760
1334.00 5.69823e-008 4.0 -0.006222 81760
1406.00 5.60838e-008 4.0 -0.004979 81760
1407.95 5.60800e-008 4.0 -0.005077 81760
1409.00 5.60928e-008 4.0 -0.005067 : 81760
1460.80 5.5445%e-008 4.0 -0.004698 81760
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Attachment 10.3
ISOCS Multi-Curve Efficiency Plots

Interpolated Efficiency Calibration Curve

] B Measured

Calculated

1.6e-007

1.4e-007 | / ]\ |

1e-007

8e-008

6e-008

4e-008

2e-008

0 500 1000 1500 2000 2500
Energy (keV)

Datasource: DETO01

TBD-401 Page 41 of 107



Attachment 10.3
ISOCS Multi-Curve Efficiency Plots

Interpolated Efficiency Calibration Curve
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Attachment 10.3
ISOCS Multi-Curve Efficiency Plots

AN

Geometry Composer Report CANBERRA
Date: Thursday, November 13, 2014 - 17:11:39
Description: MHF_STD_SOIL_DET4_20
Comment: CAL DATE 11_13 14
File Name: E:\GEOS\In-Situ\MHF_STD_SOIL_DET4_20.geo
Software: 1S0Cs
Template: SIMPLE_BOX, Version:. {default)
Detector: 3998
Collimator: GARDIAN G1 (GARDIAN 1 COLLIMATION MODEL)
Environment: Temperature = 65 °F, Pressure = 760 mm Hg, Relative Humidity = 70%
Integration: ~Convergence = 1,00%, MDRPN = 24 (16), CRPN = 2% (16)
Dimensions (inches)
No. " Descripton: | . ] di” | d2° | d3. [l d& [ d5 [ d6 [ Material® | Density [Reli Conc.
1 Box 0.2 230 61 85 csteel 7.9
2 Source - Top Layer 0 none
3 Source - Bottom Layer ' 56 dirtt 2 1.00
4 Absorberl 0.282 stwall 1.4
5 Absorber2 : ) none
6 Source-Detector 55.5 -57.5 | 0 -57.5 0

List of energies for efficiency curve generation

| 58.0 59.5 61.0 311.0 312.0 313.0 343.0 344.3

| 345.0 660.0 661.7 663.0 701.0 702.6 703.0 7220

; 723.0 724.0 870.0 871.1 - 872.0 1172.0 +1173.2 1174.0
1273.0 12744 ~ 1275.0 1331.0 13325 1334.0 1406.0 1407.9
1409.0 1460.8

v
l/x ’ ”"HIH-—N
%s}&‘g/_ }

2 iy |
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7 1.2 inside /’
” pred Relerenda -, Raferersy i
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Attachment 10.3
ISOCS Multi-Curve Efficiency Plots

Geometry Composer Report CANBERRA
Date: Thursday, November 13, 2014 - 17:11:39

Description: MHF_STD_SOIL_DET4_20

Comment: CAL DATE 11_13_14

File Name: E:\GEOS\In-Situ\MHF_STD_SOIL_DET4_20.geo

Software: 1SOCS

Template: SIMPLE_BOX, Version: (default)
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ISOCS/LabSOCS File:
ISOCS/LabSOCS Time:

Genie Cal File:
Genie Cal Time:
Template:

Geom Description:
Comment :

ISOCS/LABSOCS RESULTS

C:\GENIE2K\isocs\dat

11/13/14 03:14:11

a\GEOMETRY\In-Situ\SIMPLE_BOX\MHF_STD_SO1

Attachment 10.3

ISOCS Multi-Curve Efficiency Plots

C:\GENIE2K\CALFILES\HMF_STD_SOil_DET4_20.CAL

11/13/14 04:45:53 °
SIMPLE BOX
HMF STD DET4 20

ISOCS:CAL DATE 11 13 14

Detector; 3998
Collimator: GARDIAN G1
Convergence: 1.00 %
Area [Sq Meters]: 8.3097e+000 (C)
Mass [Grams]: 3.5881e+007 (C)
Length [Meters]: not used
(C) = Value calculated by ISOCS
(U) = Value modified by usér
Energy Effieciency %Uncertainty
58.00 1.42266e-010 10.0
59.54 2.35740e-010 10.0
61.00 3.60753e-010 10.0
311.00 8.83735e-008 10.0
311.98 8.82670e-008 10.0
313.00 8.81727e-008 10.0
343,00 8.52944e-008 8.0
344,27 8.51903e-008 8.0
345.00 8.51633e-008 8.0
660.00 7.29918e-008 6.0
661.65 7.28881e-008 6.0
663.00 7.28870e-008 6.0
701.00 7:19214e-008 6.0
702.63 7.18730e-008 6.0
703.00 7.18649%9e-008 6.0
722.00 7.14353e-008 6.0
723.00 7.14239e-008 6.0
724.00 7.14017e-008 6.0
870.00 6.88278e-008 6.0
871.10 6.88089%e-008 6.0
872.00 6.88170e-008 6.0
1172.00 6.61894e-008 4.0 .
1173.22 6.61901e-008 4.0
1174.00 6.61584e-008 4.0
1273.00 6.54372e-008 4.0
1274.,45 6.54260e-008 4.0
1275.00 6.54166e-008 4.0
1331.00 6.49469%9e-008 4.0
1332.49 6.49788e-008 4.0
1334.00 6.49619e-008 4.0
1406.00 6.43762e-008 4.0
1407.95 6.43428e-008 4.0
1409.00 6.43252e-008 4.0
1460.80 6.39156e-008 4.0

TBD-401

%Convergence
.043834
.040117
.048386
.025769
.025580
.025542
.018807
.018856
.018577
.005087
.005192
.005077
.006307
.006296
.006323
.006815
.006744
.006985
.009108
.008843
.009136
.010379
.010275
. 010077
.010389
.010020
.010127
.010131
.010008
.009991
.009344
.009342
.009227
.009238

OO

Final # of Voxels
81760
81760
81760
81760
81760
81760
81760
81760
81760
81760
81760
81760
81760
81760
81760
81760
81760
81760
81760
81760
81760
81760
81760
81760
81760
81760
81760
81760
81760
81760
81760
81760
81760
81760
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Attachment 10.3
[SOCS Multi-Curve Efficiency Plots

Interpolated Efficiency Calibration Curve
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Attachment 10.3

ISOCS Multi-Curve Efficiency Plots

Interpolated Efficiency Calibration Curve
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[ Primary Efficiency taken from ECC files, for set energies (keV):

File Name

Description:
Comment:

CANBERRA

File Stamp

1 MHF_STD_SOIL_DET1_20 Thu_Nov_13_02:59:18_2014
2 MHF_STD_SOIL_DET2_20 Thu_Nov_13_03:04:16_2014
3 MHF_STD_SOIL_DET3_20 Thu_Nov_13_03:08:50_2014
4 MHF_STD_SOIL_DET4_20 Thu_Nov_13_03:13:19_2014

MHF_STD_Soil. SUM_D20

Cal Date 11/13/14

C:\GENIE2KYsocs\data\GEOMETRY\In-Situ\SIMPLE_BOX\
C:\GENIE2K\socs\data\GEOMETRY\In-Situ\SIMPLE_BOX\
C:\GENIE2K\isocs\data\GEOMETRY\In-Situ\SIMPLE_BOX\
C:\GENIE2K\isocs\data\GEOMETRY\In-Sitt\SIMPLE_BOX\
Information for saved file with multiefficiency data:

Path

# Weight | 58.0| 595 1.0 311.0 312.0| 313.0! 343.0| 344.3! 345.0° 660.0 661.7
1 1000  2.50e-011 4.68e-011 7.95e-011 8.11e-008  8.10e-008  8.10e-008  7.96e-008  7.95e-008  7.96e-008  6.57e-008  6.56e-008
2 1000 2.21e-011 4.18e-011 7.15e-011 8.060-008  8.050-008  805e-008  7.92e-008  7.91e-008  7.91e-008  B.55¢-008  6.54e-008
3 1000  3.36e-011 6.15e-011 1.02¢e-010  812e-008  8:.11e-008 8.11c-008  7.98e-008  7:97e-008  7.97e-008  6.58e-008  6.57e-008
4 1000  1.42e-010  2.36e-010  361e-010  8.84e-008  8.83e-008  8.82e-008  8.53e-008  8.52¢-008  852e-008  7.30e-008  7.29¢-008
Sum 223e-010  3.86e-010  6.14e-010  3.31e-007  3.31e-007  3.31e-007  3.24e-007  3.24e-007  3.23¢-007  2.70e-007  2.70e-007
Error% 100e+001  1.00e+001  1.006+001  1.00e+001  1.00e+001  1.00e+001  8.00e+000  8.00e+000  8.00e+000  6:00e+000  6.00e+000
Information for input ECC files
File Name File Stamp Path

Multi-Efficiency Report

MultiEfficiency Report/Style2 // Printing: Thuréday, November 13, 2014, 03:26:48
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Primary Efficiency taken from ECC files, for set energies (keV):

MHF_STD_Soil_SUM_D20
‘Cal Date 11/13/14

CANBERRA

6.00e+000

C:\GENIE2K\socs\data\GEOMETRY\In-Situ\SIMPLE_BOX\
CA\GENIE2K\socs\data\G EOMET RY\In-Situ\SIMPLE_BOX\
C:\GENIE2Kis ocs\data\GEOMETRYVn-Situ\SIMPLE_BOX\
CAGENIE2K\s ocs\data\GEOMET RY\In-Situ\SIMPLE_BOX\

Information for input ECC files

Information for saved file with muitiefficiency data:

Multi-Efficiency Report

663.0] 701.0} 702.6! 703.0! -722.0! 723.01 724.0! 870.0! 871.1] 872.0! 1172.0| 1173.2
6.56e-008 6.46e-008 6.45e-008 6.46e-008 6.41e-008 6:41e-008 6.41e-008  6.13e-008 6.12e-008 6.13e-008 . 5.82e-008 5.82e-008
6.53e-008 6.44e-008 6.432-008 6.432-008 6.382-008 6.38¢-008  .6.38e-008 6.11e-008  6.102-008 6.10e-008 5.80e-008 5.80e-008
6.56e-008 6.47e-008 6.46e-008 6.46e-008 6.41e-008 6.41e-008 6.41e-008 6.13e-008 6.13e-008 6.13e-008 5.82e-008 5.82e-008
7.29e-008 7.196-008  7.19e-008  7.19e-008 7.142-008 7.14e-008 7.14e-008 6.88e-008 6.88e-008 6.88¢-008 6.62e-008 6.62e-008
2.69e-007  .2.66e-007  2.65¢-007  2.65e-007 2:64e-007  2.63e-007 2.632-007 2.52e-007 2.52e-007 2:52e-007  2.41e-007 2.41e-007
6:00e+000  6.00e+000 £.00e+000  6.00e+000  6.00e+000  6.00e+000  6.00e+000  6.00e+000  6.00e+000  4.00e+000  4.00e+000

MultiEfficiency Report/Style2 // Printing: Thursday, November 13, 2014, 03:26:49
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Primary Efficiency taken from ECC files, for set energies (keV):

MHF_STD_Soil_SUM_D20
Cal Date 11/13/14

A

CANBERRA

~

C:AGENIE2K\isocs\data\GEOMETRY\In-Situ\SIMPLE_BOX\
CA\GENIE2Klisocs\data\GEOMETRY\In-Situ\SIMPLE_BOX\.
C:\GENIEZK\isocs\data\GEOMETRY\In-Situ\SIMPLE_BOX\
CAGENIE2K\is ocs\data\GEOMETRY\In-Situ\SIMPLE_BOX\

Information for input ECC files

Information.for saved file with multiefficiency data:

1174.0| 1273.0) 1274.4| 1275.0! 1331.0] 13325 1334.0| 1406.0; 1407.9! 1409.0° 1460.8
5.82¢-008  575e-008  574e-008  5.74e-008  570e-008  570e-008  570e-008  561e-008  561e-008  5.61e-008  5.54e-008
5.80e-008  5.73e-008 = 573e-008  573e-008  5.680-008  5680-008  568e-008  5.59e-008 550008  550e-008  5.53e-008
5.82e-008  575e-:008  575e-008  5.75e-008  5.70e-008  570e-008  5.70e-008  5.51e-008  5.61e-008  5612-008  5.54e-008
6.620-008  6.54e-008  6.54¢-008  6.54e-008  6.49e-008  650e-008  6.50e-008  644e-008  6.43e-008  6:43e-008  6.39¢-008
2.40e-007  2382-007  2.38e-007  2.38e-007  2.36e-007  236e-007  2.36e-007  2.32e-007  232e-007  2.32e-007  2.30e-007
4.00e+000  4.00e+000  4.00e+000°  4.00e+000  4.00e+000  4.00e+000  4.00e+000  4.00e+000  4.00e+000  4.00e+000  4.00e+000

Miulti-Efficiency Report

MultiEfficiency Report/Style2 // Printing: Thursday, November 13, 2014, 03:26:49
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- Attachment 10.3
ISOCS Multi-Curve Efficiency Plots

ISOCS/LABSOCS RESULTS

ISOCS/LabSOCS File: C:\GENIE2K\isocs\data\GEOMETRY\In-Situ\Multiefficiency\MHF ST
IS0CS/LabSOCS Time: 11/13/14 03:27:03

Genie Cal File: C:\GENITE2K\CALFILES\HMF STD Soil SUM D20.CAL

Genie Cal Time: 11/13/14 04:49:14 - T

Template: (SIMPLE BOX)+(SIMPLE_BOX)+(SIMPLE_BOX)+(SIMPLE_BOX)+
Geom Description: HMF STD SUM D20

Comment : IS0CS:Cal Date 11/13/14

Detector: _ (3994)+(3996)+(3997)+(3998) +

Collimator: (GARDIAN_G1)+ (GARDIAN_G1)+(GARDIAN G1)+ (GARDIAN G1)+
Convergence: 1.00 % '

Area [Sq Meters]: 1.0000e-004 (C)

Mass [Grams]: 1.0000e+000 (C)

Length [Meters]: not used

(C) = Value calculated by ISOCS
(U) = Value modified by user

Energy Efficiency *  %Uncertainty $Convergence Final # of Voxels
58.00 2.22964e-010 10.0 0.0438340 64000
59,54 3.85914e-010 10.0 0.0438340 64000
61.00 6.14222e~-010 10.0 0.0438340 64000

311.00 3.31203e-007 10.0 0.0438340 64000

311,98 3.30850e-007 10.0 0.0438340 64000

313.00 3.30701e-007 10.0 0.0438340 64000

343.00 3.23886e-007 8.0 0.0438340 64000

344.27 3.23511e-007 8.0 0.0438340 64000

345.00 3.23472e-007 8.0 0.0438340 64000

660.00 2.69969e-007 6.0 0.0438340 64000

661.65 2.69513e-007 6.0 0.0438340 64000

663.00 2.69474e~007 6.0 0.0438340 64000

701.00 2.65587e-007 6.0 0.0438340 64000

702.63 2.65264e-007 6.0 0.0438340 64000

703.00 2.65293e-007 6.0 0.0438340 64000

722.00 2.63514e-007 6.0 0.0438340 64000

723.00 2.63386e-007 6.0 0.0438340 64000

724.00 2.63325e-007 6.0 0.0438340 64000

870.00 - 2.52469e-007 6.0 0.0438340 64000

871.10 2.52329%e-007 6.0 0.0438340 64000

872.00 2.52409e-007 6.0 0.0438340 64000

1172.00 2,40644e-007 4.0 0.0438340 64000
1173.22 2.40549e-007 4.0 0.0438340 64000
1174.00 2.40445e-007 4.0 0.0438340 64000
1273.00 2.37680e~-007 4.0 0.0438340 64000
1274.45 2.37605e-007 4.0 0.0438340 64000
1275.00 2.37583e~-007 4.0 0.0438340 i 64000
1331.00 2.35818e-007 4.0 0.0438340 64000
1332.49 2.35808e-007 4.0 0.0438340 64000
1334.00 - 2.35708e-007 4.0 0.0438340 64000
1406.00 2.32432e-007 4.0 0.0438340 64000
1407.95 2.32388e-007 4.0 0.0438340 64000
1409.00 2.32408e-007 4.0 0.0438340 64000
1460.80 2.30061e-007 4.0 0.0438340 64000
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Aftachment 10.3
ISOCS Multi-Curve Efficiency Plots

Interpolated Efficiency Calibration Curve
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Attachment 10.3
ISOCS Multi-Curve Efficiency Plots

Interpolated Efficiency Calibration Curve
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Attachment 10.3
ISOCS Multi-Curve Efficiency Plots

GARDIAN SYSTEM

Calibration Records
MHE IP-1 & IP-2 Intermodal

Density 1.6
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Geometry Composer Report

Attachment 10.3
ISOCS Multi-Curve Efficiency Plots

CANBERRA

Thursday, November 13, 2014 - 17:08:00

Date:

Description: MHF_STD_SOIL_DET1_16

Comment: CALDATE 11_13 14

File Namae: E:\GEOS\In-Situ\MHF_STD_SOIL_DET1_16.geo

Software: ISOCs

Template: SIMPLE_BOX, Version: (default)

Detector: 3994

Collimatior: GARDIAN G1 (GARDIAN 1 COLLIMATION MODEL)

Environment: Temperature = 65 °F, Pressure = 760 mm Hg, Relative Humidity = 70%

Integration:

Dimensions (inches)

Convergence = 1.00%, MDRPN = 2% (16), CRPN = 2% (16)

No. 'Description’ oo a7 d2 2 d3 | de d5 . | 46 | material . | Denslty |Rél./Conc:
1 Box 0.2 230 61 85 csteel 7.9

2 Source - Top Layer 0 <none>

3 Source - Bottom Layer 56 dirtl 1.6 1.00

4 Absorberl - 0.126 mtwall 3.7

5 Absorber2 0.02756 germanum 5.4

6 Source-Detector 55.5 . 57.5 0 57.5 0

List of energies for efficiency curve generation

58,0 59.5 61.0 311.0 312.0
345.0 660.0 661.7 663.0 701.0
723.0 724.0 870.0 871.1 872.0

1273.0 12744 1275.0 1331.0 1332.5
1409.0 1460.8
Tndie T

< Referenda
P Pizne

g9
T G £ : R
1.1 i Ze L
wall PP 2 7 I/
thickness L2 _—— —_——

'313.0
702.6
1172.0
1334.0

343.0 344.3
703.0 722.0
1173.2 1174.0
1406.0 1407.9

TBD-401
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Attachment 10.3
ISOCS Multi-Curve Efficiency Plots

Geometry Composer Report CANBERRA
Date: Thursday, November 13, 2014 - 17:08:00

Description: MHF_STD_SOIL_DET1_16

Comment: CAL DATE 11_13_14

File Name: E:\GEOS\In-Situ\MHF_STD_SOIL_DET1_16.geo

Software: ISOCS

Template: SIMPLE_BOX, Version: (default)
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Attachment 10.3
ISOCS Multi-Curve Efficiency Plots

ISOCS/LABSOCS RESULTS

ISOCS/LabsSOCS File: C:\GENIE2K\isocs\data\GEOMETRY\In=Situ\SIMPLE BOX\MHF STD SOI
IS0OCS/LabSOCS Timeé: 11/13/14 02:57:59

Genie Cal File: C: \GENIEZK\CALFILES\HMF STD_ Soil _DET1_16.CAL
Genie Cal Time: 11/13/14 04:34:55
Template: SIMPLE BOX
Geom Description: HMF STD DET1 16
Comment : ISOCS:CAL DATE 11 13 14
Detector: 3994 -
Collimator: GARDIAN G1
Convergence: 1.00 %
Area [Sg Meters}: 8.3097e+000 (C)
Mass [Grams]: 2.8705e+007 (C)
Length [Meters]: not used
(C) = Value calculated by ISOCS
(U) = Value modified by user
Energy Efficiency %Uncertainty %$Convergence Final # of Voxels
58.00 3.12367e-011 10.0 0.176087 81760
59.54 5.85305e-011 10.0 0.163146 81760
61.00 9.93642e~-011 10.0 0.152347 81760
311.00 1.00814e-007 10.0 -0.021565 81760
311.98 1.00714e-007 10.0 -0.021104 81760
313.00 1.00691e-007 10.0 -0.021551 81760
343.00 9.90373e-008 8.0 -0.023355 81760
344,27 9.89250e~-008 8.0 -0.023157 81760
345.00 9.89169e-008 8.0 -0.023358 81760
660.00 8.15883e-008 6.0 -0.025608 81760
661.65 8.14412e-008 6.0 -0.025749 81760
663.00 8.14289e-008 6.0 -0.025400 81760
701.00 8.01935e-008 6.0 -0.025135 81760
702.63 8.00826e-008 6.0 -0.025316 81760
703.00 8.00976e-008 6.0 —0.025343 81760
722.00 7.95294e-008 6.0 -0.025267 81760
723.00 7.94792e-008 6.0 -0.025071 81760
724.00 7.94637e-008 6.0 -0.025102 81760
870.00 7.59700e-008 6.0 -0.023477 81760
871.10 7.59220e-008 6.0 -0,023394 81760
872.00 7.59474e-008 6.0 -0.023274 81760
1172.00 7.20711e-008 4.0 -0:020161 81760
1173.22 7.20275e~-008 4.0 -0.020073 81760
1174.00 7.19963e-008 4.0 -0.019895 81760
1273.00 7:.11249e-008 4.0 —0.018839 81760
1274.45 7.10986e-008 4.0 -0.019015 81760
1275.00 7.1093%e-008 4.0 -0.018857 81760
1331.00 7.05470e-008 4.0 -0.018274 81760
1332.49 7.05266e-008 4.0 -0.018189 81760
1334..00 7.04885e-008 4.0 -0.018498 81760
1406.00 6.93572e-008 4.0 -0.017341 81760
1407.95 6.93491e-008 4.0 ~0.017367 81760
1409.00 6.93658e-008 4.0 -0.017276 81760
1460.80 6.85559e-008 4.0 -0.016776 81760
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Attachment 10.3
ISOCS Multi-Curve Efficiency Plots

Interpolated Efficiency Calibration Curve
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Attachment 10.3
ISOCS Multi-Curve Efficiency Plots

Interpolated Efficiency Calibration Curve
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Attachment 10.3

ISOCS Multi-Curve Efficiency Plots

Geometry Composer Report CANBERRA
Date: Thursday, November 13, 2014 - 17:08:44
Description: MHF_STD_SOIL._DET2_16
Comment: Calib Date 11/13/14
File Name: E:\GEOS\In-Situ\MHF_STD_SOIL_DET2_16.geo
Software: 1SOCS . ;
Template: SIMPLE_BOX, Version: (default)
Detector: 3996
Collimator: GARDIAN G1 (GARDIAN 1 COLLIMATION MODEL)
Environment: Temperature = 65 °F, Préssure = 760 mm Hg, Relative Humidity = 70%
Integration: Convergence = 1.00%, MDRPN = 2% (16), CRPN = 21 (16)
Dimensions (inches)
No.. Descripton ~ -~ | ‘dit | d2 | di3 | "d4 | dS |  d6 . | Material || Density |Rak Conc;
1 Box 0.2 230 61 85 csteel 7.9
2 Source - Top Layer 0 <none>
3 Source - Bottom Layer 56 \ dirtt 1.6 1,00
4 . Absorberl 0.126 mbwall 3.7
5 Absorber2 0.0315 germanum 5.4
6 Source-Detector 55.5 -57.5 0 -57.5 0
List of energies for efficiency curve generation
58.0 59.5 61.0 311.0 3120 313.0 343.0 3443
345.0 660.0 661.7 663.0 701.0 702.6 703.0 722.0
723.0 7240 870.0 871.1 872.0 1172.0 1173.2 1174.0
1273.0 1274.4 1275.0 1331.0 1332.5 1334.0 1406.0 1407.9
1409.0 1460.8 ’ '

SIMFLE BOX

- .
o ] fleterende ,/Rekn:m:q !
s Fisng - Flove '
ISZJK :
inside + -
3 B P LR
S # 7 L7
L 4
N7 1%
2
ST i Ny 477 | 92
woll [t
wi |

1.4 -2z
/;ﬁmp//h
> [
e ; 7 . /I
- 1.2 inside ’

- oG &,
E-E Carivent;
A
TBD-401

] - ‘ al

6 & : % " 1Js

v e | =
(©]
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Attachment 10.3
ISOCS Multi-Curve Efficiency Plots

A

Geometry Composer Report CANBERRA
Date: Thursday, November 13, 2014 - 17:08:44

Description: MHF_STD_SOIL_DET2_16

Comment: Calib Date 11/13/14

File Name: E:\GEOS\In-Situ\MHF_STD_SOIL_DET2_16.geo

Software: 1SOCS

Template: SIMPLE_BOX, Version: (default)
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Attachment 10.3
1ISOCS Multi-Curve Efficiency Plots

ISOCS/LABSOCS RESULTS
|
ISOCS/LabSOCS File: C:\GENIE2K\isocs\data\GEOMETRY\In- Situ\SIMPLE BOX\MHF STD SOl
ISOCS/L.abSOCS Time: 11/13/14 03:03:35

Genie Cal File: C: \GENIEZK\CALPILES\HMF STD Soil DET2 16.CAL
Genie Cal Time: 11/13/14 04:38:26
Template: SIMPLE BOX
Geom Description: HMF STD DETZ2 16
Comment : ISOCS:CALIB_DATE_11/13/14
Detector: 3996
Collimator: GARDIAN G1
Convergence: 1.00 %
Area [Sq Meters]: 8.3097e+000 (C)
Mass [Grams]: 2.8705e+007 (C)
Length [Meters]: not used
(C) = Value calculated by ISOCS
(U) = Value modified by user
Energy Efficiency SUncertainty © %Corivergence Final # of Voxels
58.00 2.,76775e-011 10.0 0.191809 81760
59.54 5.22905e-011 10.0 .0.1801086 81760
61.00 8.94047e-011 10.0 0.170357 81760
311.00 1.00180e~007 10.0 0.003898 81760
311.98 1.00082e~007 10.0 0.004259 81760
313.00 1.00061e-007 10.0 '0.003663 81760
343.00 . 9.84523e-0Q08 8.0 -0.000715 81760
344,27 9.83420e-008 8.0 -0.000519 81760
345.00 9.83347e-008 8.0 ~0.000855 81760
660.00 8.12464e-008 6.0 -0.021893 81760
661.65 8.11003e-008 6.0 -0.022030 81760
663.00 8.10884e-008 6.0 -0.021759 81760
701.00 7.98674e~-008 6.0 -0.022656 81760
702.63 7.97573e-008 6.0 -0.022874 81760
703.00 7.97723e-008 6.0 ~-0.022865 81760
| 722.00 7.92106e-008 6.0 -0.023278 81760
| . 723.00 7.91608e~-008 6.0 -0.023191 81760
724,00 7.91457e-008 6.0 -0.023233 81760
870.00 7.56926e-008 6.0 -0.024652 81760
871.10 7.56451e-008 6.0 -0.024558 81760
872.00 7.56705e-008 6.0 -0.024424 81760
1172.00 7.18459e-008 4.0 -0.024722 81760
1173.22 7.18026e~-008 4.0 -0.024620 81760
1174.00 7.17715e-008 4.0 ~-0.024424 81760
1273.00 7.09120e-008 4.0 -0.024037 81760
1274.45 7.08859e-008 4.0 -0.024270 81760
1275.00 7.08812e-008 4.0 =0.024150 81760
1331.00 7.03406e-008 4.0 ~0.023778 81760
1332.49 7.03204e-008 4.0 -0.023752 81760
1334.00 7.02825e-008 4,0 -0.024043 81760
1406.00 6.91598e-008 4.0 -0.023170 81760
1407.95 6.91519%9e-008 4.0 -0.023208 81760
1409.00 6.91687e~-008 4.0 -0.023168 81760
1460.80 6.83646e-008 4.0 -0.022862 81760
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Attachment 10.3
ISOCS Multi-Curve Efficiency Plots

Interpolated Efficiency Calibration Curve
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Attachment 10.3
1ISOCS Multi-Curve Efficiency Plots

Interpolated Efficiency Calibration Curve
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. Attachment 10.3
1SOCS Multi-Curve Efficiency Plots

A

Geometry Composer Report CANBERRA
Date: Thursday, November 13, 2014 - 17:10:12
Description: MHF_STD_SOIL_DET3_16
Comment: CALDATE 11_13 14 _
File Name: E:\GEOS\In-Situ\MHF_STD_SOIl_DET3_16.geo
Software: 1SOCS
Template: SIMPLE_BOX, Version: (default)
Detector: 3997
Collimator: GARDIAN G1 (GARDIAN 1 COLLIMATION MODEL)
Environment: Temperature = 65 °F, Pressure = 760 mm Hg, Relat;ive Humidity =-70%
Integration: Convergence = 1.00%, MDRPN = 2% (16), CRPN = 2% (16)
] Dimensions (inches)
No. Description’ b dr ) d2 | .43 | da& o °diS o (di6 | Materal: ['Denslty |Rel.Conc;
1 Box 0.2 230 61 85 ' csteel 79
2 Source - Top Layer 0 <none>
3 Source - Bottom Layer 56 dirtl 1.6 1.00
4 Absorberl 0.282 stwall 1.4
5 Absorber2 0.03543 germanum 5.4
6. Source-Detector 55.5 57.5 0 57.5 0
List of energies for efficiency curve generation
58.0 59.5 61.0 311.0 312.0 313.0 343.0 344.3
345.0 660.0 661.7 663.0 701.0 702.6 703.0 722.0
723.0 724.0 870.0 871.1 872.0 1172.0 1173.2 1174.0
1273.0 1274.4 1275.0 1331.0 1332.5 1334.0 1406.0 1407.9
1409.0 1460.8
o] Y
'ZL X - 44~—’ H l‘s“ i
Pt e z

1.3

insideé

- i
,/Relsreme LI

Pi>e

6l |

®
&

Direztic.

E
oo
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Geometry Composer Report

Attachment 10.3
ISOCS Multi-Curve Efficiency Plots

PAN

CANBERRA

Date: Thursday, November 13, 2014 - 17:10:12
Description: MHF_STD_SOIL_DET3_16

Comment: CAL DATE 11_13_14

File Name: E:\GEOS\In-Situ\MHF_STD_SOIL_DET3_16.geo
Software: 1SOCS

Template: SIMPLE_BOX, Version: (default)

TBD-401
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Attachment 10.3
ISOCS Multi-Curve Efficiency Plots

ISOCS/LABSOCS RESULTS

ISOCS/LabS0OCS File: C: \GENIEZK\lsocs\data\GEOMETRY\In Situ\SIMPLE_BOX\MHF_STD_SOI
ISOCS/LabsSOCS Time: 11/13/14 03:08:10

Genie Cal File: C: \GENIEZK\CALFILES\HMF STD Soil DET3 16.CAL
Genie Cal Time: 11/13/14 04:41:51 - N N
Template: SIMPLE BOX

Geom Description: STD SOII, DET3 16

Comment : ISOCS:CAL DATE 11 13 14

Detector: 3997 - .

Collimator: GARDIAN G1 ‘

Convergence: 1.00 % ' ‘
Area [Sq Meters]: 8.3097e+000 (C)

Mass [Grams]: : 2.8705e+007 (C)

Length ([Meters]: not used

(€Y = Value calculated by ISOCS

(U) Value modified by user
Energy Efficiency %Uncertainty %Convergence Final # of Voxels
58.00 4,19632e-011 - 10.0 o 0.173868 81760
59.54 7.68771e-011 10.0 0.161047 81760
61.00 1.28004e-010 10.0 0.150373 81760
311.00 1.00994e-007 10.0 +0.021570 81760 ,
311.98 1.00892e-007 10.0 -0.021110 81760
313.00 1.00868e-007 10.0 +0.021557 81760
343.00 9.91761e-008 8.0 -0.023359 81760
344,27 9,90624e-008 8.0 -0.023160 81760
345.00 9.90536e-008 8.0 ~0.023362 81760
660.00 8.16237e-008 6.0 ~0.025607 81760
661.65 8.14763e-008 6.0 -0.025748% 81760
663.00 8.14639%e-008 6.0 ~0.025399 81760
701.00 8.02260e-008 6.0 -0.025135 81760
702.63 8.01150e-008 6.0 -0.025316 81760
703.00 8.01300e-008 6.0 -0.025342 81760
722.00 7.95606e-008 6.0 -0.025266 81760
723,00 7.95103e-008 6.0 +0.025071 81760
724.00 7.94948e-008 6.0 -0.025101 81760
870.00 7.59948e-008 6.0 -0.023476 81760
871.10 7.59469e-008 6.0 -0.023393 81760
872,00 7.59722e-008 6.0 -0.023273 81760
1172.00 7.20906e-008 4.0 -0.020160 81760
1173.22 7.20469e-008 4,0 -0.020072 81760
1174.00 7.20157e~-008 4.0 -0.019895 81760
1273.00 7.11444e-=008 4.0 50.018838 ’ 81760
1274.45 7.11180e-008 4.0 -0.019014 81760
1275.00 7.11133e-008 . 4.0 -0.018856 81760
1331.00 7.05669e-008 4.0 ~0.018273 81760
1332,49 7.05465e~008 4.0 -0.018188 81760
1334.00 7.05084e~-008 4.0 ~0.018497 : 81760
1406.00 6.93777e-008 4.0 -0.017340 81760
1407.,95 6.93697e-008 4.0 -0.017366 81760
1409.00 6,93865e-008 4.0 -0.017275 ' 81760
1460.80 6.85773e-008 4.0 -0.016774 81760
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Interpolated Efficiency Calilbration Curve
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Attachment 10.3
ISOCS Multi-Curve Efficiency Plots
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Attachment 10.3

ISOCS Multi-Curve Efficiency Plots

Interpolated Efficiency Calibration Curve
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Attachment 10.3

ISOCS Multi-Curve Efficiency Plots

AN

Geometry Composer Report CANBERRA
Date: Thursday, November 13, 2014 - 17:11:25
Description: MHF_STD_SOIL_DET4_16
Comment: CAL DATE 11_13_14
File Name: E:\GEOS\In-Situ\MHF_STD_SOIL_DET4_16.geo
Software: 1S0OCS
Template: SIMPLE_BOX, Version: (default)
Detector: 3998
Collimator; GARDIAN G1 (GARDIAN 1 COLLIMATION MODEL)
Environment: Temperature = 65 °F, Pressure = 760 mm Hg, Relative Humidity = 70%
Integration: Convergence = 1.00%, MDRPN = 24 (16), CRPN = 2¢ (16)
Dimensions (inches) )
No.. Description di ] d2 [ a3 | Uda ~[7dS5 | 'd.6 | Material. | Density |Rel.Conc,
1 Box . 0.2 230 61 85 ‘ csteel 7.9
2 Source - Top Layer 0 i none .
3 Source - Bottom Layer 56 [ dirt1 1.6 1.00
4 Absorbert 0.282 ' stwall 1.4
5 Absorber2 : none
6 Source-Detector 55.5 -57.5 0 -57.5 . 0
List of energies for aefficiency curve generation
58.0 59.5 61.0 311.0 312.0 , 313.0 343.0 344.3
345.0 660.0 661.7 " 663.0 701.0 ° ' 7026 703.0 722.0
723.0 724.0 870.0 871.1 872.0 1172.0 1173.2 1174.0
1273.0 1274.4 1275.0 1331.0 1332.5 1334.0 1406.0 1407.9
1409.0 1460.8 \
*
-,/'/ 1.2 insé-( "/] i -
2] | o -
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Attachment 10.3
ISOCS Multi-Curve Efficiency Plots

A

Geometry Composer Report CANBERRA
Date: Thursday, November 13, 2014 - 17:11:25

Description: MHF_STD_SOIL_DET4_16

Comment: CAL DATE 11_13_14

File Name: E:\GEOS\In-Situ\MHF_STD_SOIL_DET4_16.geo

Software: ISOCS

Template: SIMPLE_BOX, Version: (default)
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Attachment 10.3
ISOCS Multi-Curve Efficiency Plots

ISOCS/LABSOCS RESULTS

ISOCS/LabS0OCS File: C: \GENIEZK\lSOCS\data\GEOMETRY\In Situ\SIMPLE BOX\MHF STD SOOI
ISOCS/LabSOCS Time: 11/13/14 03:12:44 !

Genie Cal File: C: \GENIEZK\CALFILES\HMF STD 8011 DETA4 16 CAL
Genie Cal Time: 11/13/14 04:44:55
Template: SIMPLE BOX
Geom Description: HMF STD DET4 16
Comment : ISOCS:CAL DATE 11 13 14
Detector: 3998
Collimator: GARDIAN G1
Convergence: 1.00 ¢
Area [Sq Meters]: 8.3097e+000 (C)
Mass [Grams]: - 2.8705%e+007 (C)
Length [Meters]: not used
(C) = Value calculated by ISOCS
(U) = Value modified by user
Energy Efficiency %Uncertainty %Convergence Final # of Voxels
58.00 1.77637e-010 10.0 70.224842 . 81760
59.54 2.94312e-010 10.0 +0.213056 81760
61.00 4.50364e-010 10.0 -0.202258 81760
311.00 1.09841e-007 10.0 +0.025382 81760
311.98 1.09716e-007 10.0 -0.025292 81760
313.00 1.09593e-007 10.0 -0.025087 81760
343.00 1.06001e-007 8.0 -0.024978 81760
344.27 1.05872e-007 8.0 ~-0.024483 81760
345.00 1.05832e-007 8.0 =0.024774 81760
660.00 9.05776e-008 6.0 +0.022321 81760
661.65 9.0446%9e-008 6.0 -0.022381 81760
663.00 9.04425e-008 6.0 -0.022238 81760
701.00 8.92289%e-008 6.0 =~0.022424 81760
702.63 8.91712e-008 6.0 -0.022355 81760
703.00 8.91625e-008 6.0 =0.022435 81760
722.00 8.86208e-008 6.0 40.022430 81760
723.00 8.86058e-008 6.0 70.022480 81760
724.00 8.85783e-008 6.0 . =0.022634 81760
870.00 8.53372e-008 6.0 -=0.022560 81760
871.10 8.53120e-008 6.0 =0.02229%92 81760
872.00 8.53215e-008 6.0 =0.022468 81760
1172.00 8.19703e-008 4.0 40.021828 81760
1173.22 8.19640e-008 4.0 -0.021687 81760
1174.00 8.19268e-008 4.0 -20.021457 81760
1273.00 8.09978e-008 4.0 -0.021443 81760
1274.45 8.09813e-008 4.0 -0.021349 81760
1275.00 8.09696e-008 4.0 -0.021141 81760
1331,00 8.03774e-008 4,0 -0.021152 81760
1332.49 8,04096e-008 4.0 -0.021075 81760
1334.00 8.03851e-008 4.9 -0.021115 81760
"1406.00 7.96422e-008 4.0 -0.,020245 81760 -
1407.95 7.95991e-008 4.0 -0.020285 81760
1409.00 7.95752e~-008 4.0 -0.020214 81760
1460.80 7.90476e-008 4.0 {0.020145 . 81760
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Interpolated Efficiency Calibration Curve

O  Measured

Catculated

Attachment 10.3
ISOCS Multi-Curve Efficiency Plots
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Attachment 10.3

ISOCS Multi-Curve Efficiency Plots

Interpolated Efficiency Cali:bration Curve
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T

{ Primary. Efficiency taken from ECC files, for-set energies (keV):

1 MHF_STD_SOIL_DET1_16 Thu_Nov_13_02:57:07_2014
2 MHF_STD_SOIL_DET2_16 Thu_Nov_13_03:02:43_2014
3 MHF_STD_SOIL_DET3_16 Thu_Nov_13_03:07:18_2014
4 MHF_STD_SOIL_DET4_16 Thu_Nov_13_03:11:52_2014

File Name

Description:
Comment:

CANBERRA

File Stamp

MHF_STD_Soil_SUM_D16

Cal Date 11/13/14

C:\GENIE2KVsocs\data\GEOMETRY\In-Situ\SIMPLE_BOX\
C\GENIE2Kisocs\data\GEOMETRY\In-Situ\SIMPLE_BOX\
C:\GENIE2Kisocs\data\GEOMETRYAIn-Situ\SIMPLE_BOX\
C:\GENIE2K\isocs\data\GEOMETRY\In-Situ\SIMPLE_BOX\
Information for saved file with multiefficiency data:

Path

Multi-Efficiency Report

# §Weight ! 58.0¢ 50.5| 61 .0| 311.0] 312.0| 313.0] '343.0 3443 345.0 660.0| 661.7
1 1.000 3.12e-011 5.85e-011 9.94e-011 1.01e-007 1.01e-007 1.01e-007 9.90e-008 9.89e-008 9.89e-008 8.16e-008 8.14e-008
2 1.000 2.77e-011 5.23e-0M 8.94e-011 | 1.00e-007 1.00e-007 1.00e-007 9.85e-008 9.83e-008 9.83e-008 8.12e-008 8.11e-008
3 1.000 4.20e-011 . 7.69e-011 1.28e-010 1.01e-007 1:01e-007 1.01e-007 9.92e-008 9.91e-008: 9.91e-008 8.16e-008 8.15e-008
4 1.000 1.78e-010 2.94e-010 4.50e-010 1.10e-007 1.10e-007 1.10e-007 1.06e-007 1.06e-007 1.06e-007 9.06e-008 9.04e-008
Sum 2.79e-010 4.82e-010 7.67e-010 4.12e-007 4.11e-007 4.11e-007 4.03e-007 -4.02e-007 4.02e-007 3.35e-007 3.34e-007
Error,% 1.00e+001 1.00e+001 1.00e+001 1.00e-+001 1.00e+001 1.00e-+H001 8.00e+000 8.00e-+000 8.00e+000. 6.00e+000 6.00e+000
Information for input ECC files
File Name File Stamp Path : ’

MultiEfficiency Report/Style2-// Printing: Thursday, November 13, 2014, 03:25:27
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Primary Efﬁcierjcy taken from ECC files, for set energies (keV):

£

MHF_STD_Soil_SUM_D16. -
Cal Date 11/13/14

CANBERRA

C:\GENIE2K\isocs\data\GEOMETRY\In-Situ\SIMPLE_BOX\
C:\GENIE2K\is ocs\data\GEOMETRYAIR-Situ\SIMPLE_BOX\
C:\GENIE2K)isocs\data\GEOMETRYIn-Situ\SIMPLE_BOX\
C:\GENIE2K\isocs\data\GEOMETRY\In-Situ\SIMPLE_BOX\

Information for input ECC files

Information for saved file with multiefficiency data:

Multi-Efficiency Report

663.0| 701.01 702.6 703.0! 722.0] 723.0i 724.0] 870.0! 871.1 872.0 1172.0} 173.2
8.14e-008  8.020-008  8.01e-008  8.01e-008  7.95¢-008  7.95e-008  7.95¢-008  7.60e-008  7.50e-008  7.50e-008  7.21e-008  7.20e-008
8.11e-008  7.9%e-008  7.98¢-008  7.98¢-008  7.92¢-008  7.92e-008.  7.91e-008.  7.57e-008  7.56e-008  7.57e-008  7.18e-008  7.18e-008
8.15e-008  8.02¢-008  8.01e-008  8.01e-008  7.95e-008  7.95e-008  7.950-008  7.60e-008  7.50e-008  7.50e-008  7.21e-008  7.20e-008
9.04¢-008.  .8.92e-008  8.92e-008  892e-008  8:86e-008  8.86e-008  8.86e-008. 853e-008  8.53e-008  853¢-008  820e-008  8.20e-008
3.34e-007  3.30e-007  3.29e-007  3.29e-007  3.27e-007  3.27e-007  3.27e-007  3.13e-007  3.13e-007  3.13e-007  2.98e-007  2.98e-007
6.00e+000  6.00e+000  6.00e+000  6.00e+000  6.00e+000  6.00e+000  6.00e+000  6.00e+000  6.00e+000  6.00e+000  4.00e+000  4.00e+000

MultiEfficiency Report/Style2 // Printing: Thursday, November 13, 2014, 03:25:27
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Primary Efﬁciency taken from ECC files, for set energies (KeV):

]

MHF_STD_Soil_SUM_D16
Cal Date 11/13/14

CANBERRA

C:\GENIE2K\isocs\data\GEOMETRW\In-Situ\SIMPLE_BOX\
C\GENIE2K\is ocs\data\GEOMETRY\In-Situ\SIMPLE_BOX\
CAGENIE2Klis ocs\data\GEOMETRY\In-SitulSIMPLE_BOX\
C\GENIE2Klisocs\data\GEOMET RY\In-Situl\SIMPLE. BOX\

Information for input ECC. files

Information for saved file with multiefficiency data:

Multi-Efficiency Report

1174.0; 1273.0] 1274.4| 1275.0! 1331.0| 13325 1334.0! 1406.0: 1407.9 1409.0! 1460.8
7.20e-008 7.11e-008 7.11e-008 7.11e-008 7.05e-008 7.05e-008 7.05e-008 6.94e-008 6.93e-008 6.94e-008 6.86e-008
7.18e-008 7.09e-008 7.0%e-008 7.09e-008 7.03e-008 7.03e-008 7.03e-008 6.92e-008 6.92e-008 6.92e-008 6.54e-008
7.20e-008 7.11e-008 7.11e-008 7.11e-008 7.06e-008 7.05e¢-008 7.05e-008 6.94e-008 6.94e-008 6.94e-008 6.86e-008
8.19e-008 8.10e-008 §.10e-008 '8.10e-008 8.04e-008 8.04e-008 8.04e-008 7.96e-008 7.96e-008. 7.96e-008 7.90e-008
2.98e-007 2.94e-007 2.94e-007 2.94e-007 2.92e-007 2.92e-007 2.92e-007 2.88e-007  2.87e-007 2.87e-007 2:856-007
4.00e+000 4.00e+000 4.00e+000 4.00e+000 4.00e+000 4.00e+000 4.00e+000 4.00e+000 4.00e+000 4.00e+000 4.00e+000

MultiEfficiency Report/Style2 // Printing: Thursday, November 13, 2014, 03:25:27

sjold fousiolyg sAND-HINN SOOSI

£'01 JUBYDBYY




Attachment 10.3
ISOCS Multi-Curve Efficiency Plots

IS0CS/LABSOCS RESULTS

IS0CS/LabsOCS File: C:\GENIE2K\isocs\data\GEOMETRY\In-Situ\Multiefficiency\MHF_ ST
ISOCS/LabsSOCS Time: 11/13/14 03:25:39

Genie Cal File: C:\GENIEZK\CALFILES\HMF_STD Soil SUM D16.CAL

Genie Cal Time: 11/13/14 04:48:16 B B

Template: ({SIMPLE BOX)+ (SIMPLE BOX)+ (SIMPLE BOX)+ (SIMPLE BOX)+
Geom Description: HMF STD SUM D16 - A -
Comment : ISOCS:Cal Date 11/13/14

Detector: . {3994)+(3996)+(3997)+(3998) +

Collimator: (GARDIAN_Gl)+(GARDIAN_G1)+(GARDIAN_Gl)+(GARDIAN*G1)+
Convergence: 1.00 %

Area [Sg Meters]: 1.0000e-004 {C)

Mass [Grams]: 1.0000e+000 (C)

Length [Meters]: not used

(C) = Value calculated by ISOCS

(U) Value modified by user
Enerqgy Efficiency %Uncertainty gConvergence Final # of Voxels
58.00 2.78514e-010 10.0 0.1918090 64000
59.54 4.82010e-010 10.0 0.1918090 64000
61.00 7.67137e-010 10.0 0.1918090 64000
311.00 4.11829e-007 10.0 0.1918090 64000
311.98 4.11404e-007 10.0 0.1918090 64000
313.00 4,11213e-007 10.0 0.1918090 64000
343.00 4.02667e-007 8.0 0.1918090 64000
344.27 4.,02201e-007 8.0 0.1918090 64000
345.00 4.02137e-007 8.0 0.1918090 64000
660.00 3.35036e-007 6.0 0.1918080 64000
661.65 3.34465e-007 6.0 0.1918090 64000
663.00 3.34424e-007 6.0 0.1918090 64000
701.00 3.29516e-007 6.0 0.1918090 64000
702.63 3.29126e-007 6.0 0.1918090 64000
703.00 3.29162e-007 6.0 0.1918090 64000
722.00 3.26921e-007 6.0 0.1918090 64000
723.00 3.26756e~-007 6.0 0.1918090 64000
724.00 3.26682e-007 6.0 0.1918090 64000
870.00 3.12995e-007 6.0 0.1918090 64000
871.10 3.12826e-007 6.0 0.1918090 64000
- 872.00 3.12912e-007 6.0 0.1918090 64000
1172.00 2.97978e-007 4.0 0.1918090 64000
1173.22 2.97841e-007 4.0 0.1918090 64000
1174.00 2.97710e-007 4.0 0.1918090 64000
1273.00 2.94179%e~-007 4.0 0.1918090 64000
1274.45 2.94084e-007 4.0 0.1918090 64000
1275.00 2.94058e=007 4.0 0.1918090 64000
1331.00 2.91832e-007 4.0 0.1918090 64000
1332.49 2.91803e-007 4.0 0.1918090 64000
1334.00 2.91665e~007 4.0 0.1918090 64000
1406.00 2.87537e-007 4.0 0.1918090 64000
1407.95 2.87470e-007 4.0 0.1918090 64000
1409.00 2.87496e-007 4.0 0.1918090 64000
1460.80 2.84545e-007 4.0 0.1918090 64000
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Attachment 10.3
ISOCS Multi-Curve Efficiency Plots

Interpolated Efficiency Calibration Curve
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Attachment 10.3
ISOCS Multi-Curve Efficiency Plots

Interpolated Efficiency Calibration Curve
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Attachment 10.3
1ISOCS Multi-Curve Efficiency Plots

GARDIAN SYSTEM

Calibration Records
MHF IP-1 & IP-2 Intermodal

Density 1.2
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Geometry Composer Report

Attachment 10.3
ISOCS Multi-Curve Efficiency Plots

A

CANBERRA

TBD-401

Date: Thursday, November 13, 2014 - 17:07:30
Description: MHF_STD_SOIL_DET1 12
Comment: CALDATE 11_13 14
File Name: E:\GEOS\In-Situ\MHF_STD_SOIL_DET1_12.geo
Software: 1SOCS
Template: SIMPLE_BOX, Version: (default)
Detector: 3994
Collimator: GARDIAN G1 (GARDIAN 1 COLLIMATION MODEL)
Environment: Temperature = 65 °F, Pressure = 760 mm Hg, Relative Humidity = 70%
Integiation: Convergence = 1.00%, MDRPN = 24 (16), CRPN = 21 (16)
Dimensions (inches)
No.[ Description di | d2 | d3 | a4 [ &5 | @6 | Waterial |Density|Rel Conc:
1 Box 0.2 230. 61 85 csteel 7.9
2 Source - Top Layer 0 <none>
3 Source - Bottom Layer 56 dirtt 1.2 1.00
4 Absorberl 0.126 mtwall 3.7
-5 Absorber2 0.02756 germanum 5.4
6 Sourcé-Detector 55.5 52.5 0 572.5 0
List of energies for efficiency curve generation
58.0 59.5 61.0 311.0 312.0 313.0 343.0 344.3
345.0. 660.0 661.7 663.0 701.0 702.6 703.0 722.0
723.0 724.0 870.0 871.1 872.0 1172.0 1173.2 1174.0
1273.0 1274.4 1275.0 1331.0 13325 1334.0 1406.0 1407.9
1409.0 1460.8 )
Y
N
. re q 31
- 1.4 A z
2 . ’,AZ d/_ __7| ; . 9
/’/ ' 1.2 insﬁ -7 '
R , ~__( :
nside 1 ’ 2 iR - o
\‘\’(;ll ; - :/’ - g :' 6.3
thickness 14~ (OB — [ N
&l I
Gé é r (i) @ g ‘/6.2
. 547 [s) Dvgfrcqm
s_‘sL @ Cat g
T
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Geometry Composer Report

Attachment 10.3
ISOCS Multi-Curve Efficiency Plots

A

CANBERRA

Date: Thursday, November 13, 2014 - 17:07:30
Description: MHF_STD_SOIL_DET1_12

Comment: CAL DATE 11_13_14

File Name: E:\GEOS\In-Situ\MHF_STD_SOIL_DET1_12.geo
Software: ISOCS

Template: SIMPLE_BOX, Version: (default)

TBD-401
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-IS0CS/LabS0OCS File:
IS0CS/LabS0OCS Time:

Genie Cal File:
Genie Cal Time:

ISOCS/LABSOCS RESULTS

ISOCS Muiti-Curve Efficiency Plots

Attachment 10.3

C:\GENIEZK\isocs\data\GEOMETRY\In-Situ\SIMPLE BOX\MHF_STD_ SO1

11/13/14 02:56:24

C:\GENIE2K\CALFILES\HMF_STD Soil DET1l_ 12.CAL

11/13/14 04:33:28

Template: SIMPLE BOX

Geom Description: HMF STD DET1 12

Comment : ISQCS:CAL DATE 11 13 14
Detector: 3994 - - T~
Collimator: GARDIAN G1

Convergence: 1.00 %

Area [Sq Meters]:
Mass [Grams]:
Length [Meters]:
(C) = Value calculated by ISQOCS
(U) = Value modified by user

8.3097e+000 (C)
2.152%e+007 (C)
not used

Enerqgy Efficiency %Uncertainty %$Convergence Final {#f of Voxels
58.00 4.15405e-011 10.0 -0.112929 91980
59.54 7.78247e-011 10.0 -0.113004 91980
61.00 1.32108e-010 10.0 -0.112798 91980

311.00 1.33208e-007 10.0 -0.068607 91980

311.98 1.33081e~-007 10.0 -0.068161 91980

313.00 1.33047e-007 10.0 -0.068302 91980

343.00 1.30831e~007 8.0 -0.066094 91980

344,27 1.30684e-007 8.0 -0.065931 91980

345.00 1.30668e-007 8.0 ~0.065958 91980

660.00 1.07491e-007 6.0 ~0.046395 91980

661,65 1.07297e-007 6.0 -0.046403 91980

663.00 1.07286e-007 6.0 -0.046163 91980

701.00 1.05613e-007 6.0 -0.044700 91980

702.63 1.05475e-007 6.0 ~0.045028 91980 -

703.00 1.05491e~-007 6.0 -0.044993 91980

722.00 1.04726e-007 6.0 -0.044413 91980

723.00 1.04658e-007 6.0 -0.044329 91980

724,00 1.04637e-007 6.0 ~0.044340 91980

870.00 9.99225e-008 6.0 -0.040962 91980

871.10 9.98635e-008 6.0 ~-0.040929 91980

872.00, 9.98883e-008 6.0 -0.040878 91980

1172.00 9.46111e-008 4.0 -0.037512 91980
1173.22 9.45498e~-008 4.0 -0.037432 91980
1174.00 9.45068e~-008 4.0 ~0.037359 91980
1273.00 9.33125e-008 4.0 -0.036299 91980
1274.45 9.32786e-008 4.0 -0.036724 91980
1275.00 9.32735e-008 4.0 -0.036563 91980
1331.00 9.25305e-008 4.0 -0:.036077 91980
1332.49 9.25018e-008 4.0 -0.036043 91980
1334.00 9.24434e-008 4.0 -0.036217 91980
1406.00 9.09236e-008 4.0 -0.035386 91980
1407.95 9.09060e-008 4.0 -0.035390 91980
1409..00 9.09277e-008 4.0 -0.035442 91980
1460.80 8.98473e-008 4.0 -0.035059 91980
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interpolated Efficiency Calibration Curve
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Attachment 10.3

1ISOCS Multi-Curve Efficiency Plots
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Attachment 10.3
ISOCS Multi-Curve Efficiency Plots

Interpolated Efficiency Calibration Curve
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Attachment 10.3
ISOCS Multi-Curve Efficiency Plots

Geometry Composer Repoirt CANBERRA
Date: Thursday, November 13, 2014 - 17:08:29
Description: MHF_STD_SOIL_DET2_ 12
Comment:. Calib. Date 11/13/14
File Name: E:\GEOS\In-Situ\MHF_STD_SOIL_DET2_12.geo
Software: 1SOCS
Template: SIMPLE_BOX, Version: (default)
Detector: 3996
Collimator: GARDIAN G1 (GARDIAN 1 COLLIMATION MODEL)
Environment; Temperature = 65 °F, Pressure = 760 mm Hg, Relative Humidity = 70%
Integration: Convergence = 1.00%, MDRPN = 2% (16), CRPN = 2 (16)
: Dimensions (inches)
‘No.| -, Deserption. . ~ | di | d2.] d3 | da& [ .d5 | d6 ‘| Materal - |;Density|Rél Conc:
1 Box 0.2 230 61 85 csteel 79
2 Source - Top Layer 0 <hone>
3 Source - Bottom Layer 56 dirt1 1.2 1,00
4 Absorber} 0.126 miwall 3.7
5 Absorber2 0.0315 i germanum 5.4
6 Source-Detector 55.5 -57.5' 0 -57.5 0

List of energies for efficiency curve generation

58.0 59.5 61.0 311.0 312.0 313.0 343.0 344.3
345.0 660.0 661.7 663.0 701.0 702.6 703.0 7220
723.0 724.0 870.0 871.1 8720 1172.0 1173.2 1174.0

1273.0 1274.4 1275.0 1331.0 1332.5 1334.0 1406.0 1407.9

1409.0 1460.8

SIMPLE BOX Y

/ P
1.2 inside ’ /I
Referanda . ,/Refucme !
h Pine. P 4 Fiag !
——_ l/ R
‘ s
P

1.3
Inside
3.1

1.1
wall

thickness ——— 6l |
} ® _LL
R L® 6.2
rd /
6.4 et

& o) wmm,

sis

—OA
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Attachment 10.3
ISOCS Multi-Curve Efficiency Plots

-~
&

Geometry Composer Report CANBERRA
Date: Thursday, November 13, 2014 - 17:08:29

Description: MHF_STD_SOIL_DET2_12

Comment: Calib. Date 11/13/14

File Name: E:\GEOS\In-Situ\MHF_STD_SOIL_DET2_12.geo

Software: ISOCS

Template: SIMPLE_BOX, Version: (default)

TBD-401 Page 88 of 107




ISOCS/LabSOCS File:
IS0CS/LabSOCS Time:

Genile Cal File:
Genie Cal Time:

ISOCS/LABSOCS RESULTS

C:\GENIE2K\isocs\data\GEOMETRY\In-Situ\SIMPLE BOX\MHF_ STD SOl

11/13/14 03:01:50

Attachment 10.3

ISOCS Multi-Curve Efficiency Plots

C:\GENIE2K\CALFILES\HMF_STD Soil DET2 12.CAL

11/13/14 04:37:29

Template: SIMPLE BOX

Geom Description: HME STD DET2 12

Comment : ISOCS:CALIB. DATE 11/13/14
Detector: , 3996 - -
Collimator: GARDIAN G1

Convergence: 1.00 %

8.3097e+000 (C)
2.1529e+007 (C)
not used :

Area [Sq Meters]:
Mass [Grams]:
Length [Meters]:

(C) = Value calculated by ISOCS
(U) = Value modified by user
Energy Efficiency %Uncertainty %Convergence Final # of Voxels
58.00 3.68042e-011 10.0 -0.122626 91980
59.54 6.95213e~-011 10.0 -0.123519 91980
61.00 1.18855e-010 10.0 ' -0.123962 91980
311.00 1.32364e-007 10.0 -0.101613 91980
311.98 1.32239%e-007 10.0 -0.101154 91980
313.00 1.32208e-007 10.0 ~-0.101345 91980
343.00 1.30051e-007 8.0 -0.098883 . 91980
344.27 1.28907e-007 8.0 -0.098567 91980
345.00 1.29892e-007 8.0 -0.098676 91980
660.00 1.07037e-007 6.0 -0.074511 91980
661.65 1.06844e-007 6.0 -0.074510 91980
663.00 1.06834e-007 6.0 -0.074252 91980
701.00 1.05180e-007 6.0 -0.072371 91980
702.63 1.05043e-007 6.0 -0.072628 91980
703.00 1.0505%e-007 6.0 -0.072602 ‘ 91980
722.00 1.04303e-007 6.0 -0.071761 91980
723.00 1.04235e-007 6.0 =0.071762 91980
724.00 1.04215e-007 6.0 -0.071695 91980
870.00 9.95545e-008 6.0 -0.066523 91980
871.10 9.94959e-008 6.0 ~0.066449 91980
872.00 9.95209%e-008 6.0 -0.066342 91980
1172.00 9.43124e-008 4.0 -0.059501 91980
1173.22 9.42514e-008 4.0 -0.059413 91980
1174.060 9.42086e~-008 4.0 -0.059300 91980
1273.00 9.30300e~-008 4.0 -0.057482 91980
1274.45 9.29963e-008 4.0 -0.057909 91980
1275.00 9.29914e-008 4.0 -0.057758 91980
1331.00 9.22565e~-008 4.0 -0.056821 91980
1332.49 9.22281e-008 4.0 -0,056756 91980
1334.00 9.21700e-008 4.0 ~0.056860 91980
1406.00 9.06617e-008 4.0 -0.055483 91980
1407.95 9.06444e-008 4.0 -0.055550 91980
1409.00 9.06661e-008 4.0 ~0.055516 91980
8.95934e-008 4.0 ~0.054770 91980

1460.80
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Intérpolated Efficiency Calibration Curve
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Attachment 10.3

ISOCS Multi-Curve Efficiency Plots
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Attachment 10.3

ISOCS Multi-Curve Efficiency Plots

Interpolated Efficiency Calibration Curve
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Aftachment 10.3

ISOCS Multi-Curve Efficiency Plots

A

CANBERRA

Geometry Composer Report

Date:

Description:
Comment:
Flle Name:
Softwqre:
Template:
Detecior:
Collimator:
Environment:
Integration:

Thursday, November 13; 2014 - 17:09:58

MHF_STD_SOIl,_DET3 12

CAL DATE 11_13_14

E:\GEOQS\In-Situ\MHF_STD_SOIL_DET3_12.geo

1S0OCSs B,

SIMPLE_BOX, Version: (default)

3997 .

GARDIAN G1 (GARDIAN 1 COLLIMATION MODEL)

Temperature = 65 °F, Pressure = 760 mm Hg, Relative Humidity = 70%
Convergence = 1.00%, MDRPN = 24 (16), CRPN = 2% (16)

Dimensions (inches)

Sl!.i FLE BOX

1.1
waoll

J [PPad
thickness L2 ——,

Y

. -,
1.2 ins{ - /I

, Reference |
P'.,u'lu

Referens
,

[} ///

o i l“‘?g

‘No: Description dx d2- | dF | -dg | dE- | -.d6.-. | Material . | Density |Rel. Conc:
i Box 0.2 230 61 85 csteel 7.9
2 Source - Top Layer 0 ) <none>
3 | Source - Bottom Layer 56 . dirt1 1.2 1.00
4 Absorber1 0.282 stwall 1.4
5 Absorber2 0.03543 germanum 54 ‘
6 Source-Detector 55.5 575 0 57.5 0 |
\
List of energies for efficiency curve generation ‘
58.0 59.5 61.0 311.0 3120 313.0 343.0 344.3
345.0 660.0 - 661.7 663.0 701.0 702.6 703.0 7220
723.0 724.0 870.0 871.1 872.0 1172.0 1173.2 1174.0
1273.0 1274.4 1275.0 1331.0 1332.5 1334.0 1406.0 1407.9
1409.0 1460.8

b

® [} |

R L® L/C rY)
g oY e -

.'L ¥ @ verbion

85

J_ A

TBD-401
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Geometry Composer Report

Attachment 10.3
ISOCS Muilti-Curve Efficiency Plots

H

CANBERRA

Date: Thursday, November 13, 2014 - 17:09:58
Description: MHF_STD_SOIL_DET3_12

Comment: CAL DATE 11_13_14

File Name: E:\GEOS\In-Situ\MHF_STD_SOIL_DET3_12.geo
Software: 1SOCS

Template: SIMPLE_BOX, Version: (default)

TBD-401
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Attachment 10.3
ISOCS Multi-Curve Efficiency Plots

I1SOCS/LABSOCS RESULTS

ISOCS5/LabSOCS File: C:\GENIE2K\isocs\data\GEOMETRY\In-Situ\SIMPLE BOX\MHF_STD_SOI
ISOCS/LabsS0CS Time: 11/13/14 03:06:41

Genie Cal File: C:\GENIEZK\CALFILES\HMF STD Soil DET3 12.CAL
Genie Cal Time: 11/13/14 04:40:49 - B B
Template: SIMPLE BOX

Geom Description: STD SQOIL DET3 12

Comment : ISOCS:CAL_DATE_11 13 14
_Detector: 3997 '

Collimator: GARDIAN Gl

Convergence: 1.00 &

Area [Sq Meters]: 8.3097e+000 (C)

Mass [Grams]: 2.1529%e+007 (C)

Length [Meters): not used

(C) = Value caleulated by ISOCS
(U) = Value modified by user

Energy Efficiency %Uncertainty %Convergence Final # of Voxels
58.00 5.58031e-011 10.0 -0.111629 91980
59.54 1.02215e-010 . 10.0 ~0.111660 91980
61.00 1.70179e-010 10.0 -0.111436 91980

311.00 1.33446e-007 10:0 -0.068584 91980

311.98 1.33316e-007 10.0 -0.068138 91980

313.00 1.33281e-007 10.0 -0.068280 91980

343.00 1.31014e-007 8.0 ~-0.066076 91980

344.27 1.30866e-007 8.0 -0.065913 91980

345.00 1.30848e-007 8.0 -0.065941 91980

660.00 1.07538e-007 6.0 -0.046390 91980

661.65 1.07343e-007 6.0 ~0.046399 91980

663.00 1.07332e-007 6.0 -0.046158 91980

701.00 1.05656e-007 6.0 -0.044696 91980

702.63 1.05517e-007 6.0 -0.045024 91980

703.00 1.05533e-007 6.0 -0.044989 91980

722.00 1.04767e-007 6.0 -0.044410 91980

723.00 1.04699e-007 6.0 -0.044325 91980

724.00 1.04678e-007 6.0 -0.044336 91980

870.00 9.99552e-008 6.0 -0.040959 91980

871.10 9,98961e-008 6.0 -0.040925 91980

872.00 9.99209e-008 6.0 -0.040875 91980

1172.00 9.46366e-008 4.0 -0.037510 91980
1173.22 9.45753e-008 4.0 -0.037430 91980
1174.00 9.45323e-008 4.0 -0.037356 91980
1273.00 9.33380e-008 4.0 ~-0.036296 91980
1274 .45 9.33041e-008 4.0 -0.036721 91980
1275.00 9.32991e-008 4.0 -0.036561 91980
1331.00 9.25565e-008 4.0 -0.036075 91980
1332.49 9.25278e-008 4.0 -0.036041 91980
1334.00 9.24694e-008 4.0 -0.036215 91980
1406.00 9.09506e-008 4.0 -0.035384 : 91980
1407.95 9.09330e-008 4.0 -0.035388 91980
1409.00 9.09547e~008 4.0 -0.035440 91980
1460.80 8.98753e-008 4.0 ~0.035057 91980
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1ISOCS Multi-Curve Efficiency Plots

Interpolated Efficiency Calibration Curve

Attachment 10.3
|
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Attachment 10.3

ISOCS Multi-Curve Efficiency Plots

Interpolated Efficiency Calibrafion Curve

10000

u] Measured Calculated
1e-006
1e-007 =
// s = LT,
yi
/
/
1e-008 -
/
7
/
/
1e-009 7
Vi
1e-010
1e-011
10 100 1000
Energy (keV)
Datasource: DETO1
/
]
TBD-401 Page 96 of 107




Attachment 10.3
ISOCS Multi-Curve Efficiency Plots

A

CANBERRA

Geometry Composer Reporrt
Date: Thursday, November 13, 2014 - 17:10:55
Description: MHF_STD_SOIL_DET4_12
Comment: CAL DATE 11_13_14 -
File Name: E:\GEQS\In-Situ\MHF_STD. SOIL_DET4_12.geo
Software: ISOCS
Template: SIMPLE_BOQX, Version: (default)
Detector: 3998 ‘
Collimator: GARDIAN G1 (GARDIAN 1 COLLIMATION MODEL)
Environment: Temperature = 65 °F, Pressure = 760 mm Hg, Relative Humidity = 70%
Integration: Convergence = 1.00%, MDRPN = 24 (16), CRPN = 2% (16)
Dimensions (inches)
“No. " Descripion: T-ai [ &2 [ d3 [ -da [ .d5 | di6, | Material |Denslty:{Rel Conc.
1 Box 0.2 230 61 85 csteel 7.9
2 Source - Top Layer 0 none
3 Source -~ Bottom Layer 56 dirtl 1.2 1.00
4 Absorberl 0.282 stwall 1.4
5 Absorber2 ‘ none
6 Source-Detector 55.5 -57.5 -0 -57.5 0
List of energies for efficiency curve generation
58.0 59.5 61.0 311.0 312,0 313.0 343.0 344.3
345.0 660.0 © 661.7 663.0 701.0 702.6 703.0 722.0
723.0 724.0 870.0 871.1 " 8720 11720 1173.2 1174.0
1273.0 1274.4 1275.0 1331.0 13325 1334.0 1406.0 1407.9

1409.0 1460.8

© ISIMFLE BOX Y
14 ’

v

Refarende
Fione

T @@ 6.1-. /L/c

s T TR ;__ . Hrm%fj

|
w7 /I Dreslion

_(_6_"[ @ e | Coniverdion
A
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Attachment 10.3
ISOCS Multi-Curve Efficiency Plots

AN

Geometry Composer Report CANBERRA
Date: Thursday, November 13, 2014 - 17:10:55

Description: MHF_STD_SOIL_DET4_12

Comment: CAL DATE 11_13_14

File Name: E:\GEOS\In-Situ\MHF_STD_SOIL_DET4_12.geo

Software: 1SOCS

Template: SIMPLE_BOX, Version: (default)
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Attachment 10.3
1SOCS Multi-Curve Efficiency Plots

IS0CS/LABSOCS RESULTS

ISOCS/LabSOCS File: C:\GENIE2K\isoecs\data\GEOMETRY\In~-Situ\SIMPLE BOX\MHF_STD_ SOI

ISOCS/LabSOCS Time:

Genie Cal File:
Genie Cal Time:

11/13/14 03:;11:11

C:\GENIE2K\CALFILES\HMF_STD_Soil_ DET4_12.CAL

11/13/14 04:44:00

Template: SIMPLE BOX

Geom Description: STD SOIL DET4 12
Comment : ISOCS: CAL DATE 11 13 14
Detector: ' 3998

Collimatof: GARDIAN Gl

Convergence: 1.00

Area [Sq Meters]:
Mass [Grams]: 2.1529e+007 (C)
Length [Meters]: not used

(C) = Value calculated by ISOCS ~

8. 3097e+000 (C)

(U) Value modified by user
Energy Efficiency $Uncertainty %Convergence Final # of Voxels
58.00 2.36237e-010 10.0 -0.066905 91980
59.54 3.91345e-010 10.0 ~-0.062494 91980
61.00 5.98820e~-010 10.0 -0.058443 91980
311.00 1.45221e-007 10.0 -0.025770 91980
311.98 1.45065e~-007 10.0 -0.025710 91980
313.00 1.44895e-007 10.0 -0.025719 91980
343.00 1.40109e-007 8.0 -0.027005 91980
344,27 1.39939%e-007 8.0 -0.026636 91980
345.00 1.39875e-007 8.0 -0.026768 91980
660.00 1.19375e~007 6.0 -0.028793 91980
661.65 1.19201e~007 6.0 ~0.028894 91980
663.00 1.19192e-007 6.0 -0.028781 91980
701.00 1.17555e-007 6.0 -0.029015 91980
702.63 1.17483e-007 6.0 -0.028967 91980
703..00 1.17473e-007 6.0 ~0.028869 91980
722.00 1.16740e-007 6.0 ~0.028978 91980
723.00 1.16718e-007 6.0 -0.028942 91980
724,00 1.16682e-007 6.0 ~-0.029083 ) 91980
870.00 1.12300e-007 6.0 -0.028853 91980
871.10 1.12265e-007 6.0 -0.028616 91980
872.00 1.12274e-007 6.0 -0.028820 91980
1172.00 1.07649e-007 4.0 -0.027592 91980
1173.22 1.07629e-007 4.0 -0.027463 91980
1174,00 1.07582e-007 4.0 -0.027231 91980
1273.00 1.06283e~007 4.0 -0.026774 91980
1274.45 1.06258e-007 4.0 -0.026776 91980
1275.00 1.06243e-007 4.0 ~0.026788 91980
1331.00 1.05436e-007 4.0 -0,026531 91980
1332.49 1.05467e-007 4.0 -0.02644¢6 91980
1334.00 1.05427e~-007 4.0 -0.026491 91980
1406.00 1.04410e=007 4.0 -0.025708 91980
1407.95 1.04351e-007 4.0 -0.025660 91980
1409.00 1.04317e-007 4.0 -0.025598 91980
1460.80 1.03581e-007 4,0 -0.025466 91980
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Interpolated Efficiency Calibration Curve

0O  Measured

Calculated

Attachment 10.3

ISOCS Multi-Curve Efficiency Plots
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Attachment 10.3
ISOCS Multi-Curve Efficiency Plots

interpolated Efficiency Calibration Curve
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Primary Efficiency taken from ECC files, for set energies (keV):

|Weight | 58.0) 59.5! 61.0! 311.0! 312.0| 313.0! 343.0| 3443 345.0| 660.01 661.7
1 1000  4.15e-011 7.78¢-011 132e-010  1.33¢-007  1.33e-007  1.33e-007  1.31e-007  1.31e-007  1.31e-007  1.07e-007  1.07¢-007
2 1.000  3.68e<011 6.95¢-011 1.19e-010  1.32e-007  1.32e-007  1.32e-007  1.30e-007  1.30e-007  1.30e-007  1.07e-007  1.07e-007
3 1.000  558e-011  1.02e-010  1.70e-010  1.33e-007  1.33e-007  1.33e-007  1.31e-007  1.31e-007  1.31e-007  1.08e-007  1.07e-007
4 1000  2.36e-010 391010  5.99e-010  1.45e-007  1.45e-007  1.45¢-007  1.40e-007  1.40e-007  1.40e:007  1.19e-007  1.19e-007

Sum 3.70e-010  6.41e-010 ~ 1.02e-008  544e-007  5.44¢-007  543¢-007  532e-007  531e-007  531e-007  4.41e-007  4.41e-007

Error% 1.00e%001  1.00e+001 - 1.00e+001  1:00e+001  1.00e+001  1.00e+001  8.00e+000  8.00e+000  8.00e+000  6.00e+000  6.00e+000

Information for input ECC files {
File'Name File Stamp Path

1 MHF_STD_SOIL_DET1_-12 Thu_Nov_13_02:55:25_2014.
2 MHF_STD_SOIL_DET2_12 Thu_Nov_13_03:00:51_2014
3 MHF_STD_SOIL_DET3_12 Thu_Nov_13_03:05:42_2014
4 MHF_STD_SOIL_DET4_12 Thu_Nov_13_03:10:12_2014

File Name

Description:
Comment:

YA

CANBERRA

File Starnp

MHF_STD_Soil_SUM_D12

‘Cal Date 11/13/14

C:\GENIE2K\isocs\data\GEOMETRY\In-Situ\SIMPLE_BOX\
C:\GENIE2K\isocs\data\GEOMETRY\In-Situ\SIMPLE_BOX\
C\GENIE2K\s ocs\data\GEOMETRY\In-Sitil\SIMPLE_BOX\
C:\GENIE2K\isocs\data\GEOMETRY\In-Situ\SIMPLE_BOX\
Information for saved file with multiefficiency data:

Path

Multi-Efficiency Report

MultiEfficiency Report/Style2 // Printing: Thursday, November 13, 2014, 03:24:04
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Primary Efficiency taken from ECC files, for set energies (keV):

6:00e+000 6.00e+000 6.00e+000 6.00e+000

C:\GENIE2K\isocs\data\GEOMETRYIn-Situ\SIMPLE_BOX\
C:\GENIE2K\is ocs\data\GEOMETRY\In-Sitn\SIMPLE_BOX\
C:\GENIE2K\is ocs\data\GEOMETRY\In-Situ\SIMPLE_BOX\
C:\GENIE2K\isocs\data\GEOMETRY\In-Situ\SIMPLE_BOX\

MHF_STD_Soil_SUM_D12
Cal Date 11/13/14

%,

S

7N
CANBERRA

Information for input ECC files

Information for saved file with multiefficiency data:

Multi-Efficiency Report

663.0! 701.0’ 702.6! 703.0; 722.0! 723.0| 724.0| 870.0! 871.1 872.0| 1172.0! 1173.2
1.07e-007 1.06e-007  1.05e-007  1.05e-007  1.05e-007 1.05e-007  1.05e-007  9.99¢-008  9.99e-008  9.99e-008 9.46e-008 9.45¢-008
1.07e-007 1.05e-007  1.05e-007  1.05e-007  1.04e-007 1.04e-007  1.04e-007  9.96e-008  9.956:008  9.95¢-008  943e-008  9.43e-008
1.07e-007 1.06e-007  1.06e-007  1.06e-007  1.05e-007 1.056-007  1.05e-007  1.00e-007  9.99e-008 9.99e-008 9.46e-008  9.462-008
1.19e-007 1.18e-007  1.17e-007  1.17e-007  1.17e-007  1.17e-007  1.17e-007 1.12e-007  1.12e-007  1.12e-007 1.08e-007  1.08e-007
441e-007  4.34e-007  4.34e-007  4.34e-007  4.31e-007  4.30e-007  4.30e-007  4.12e-007  4.12e-007  4.12e-007  3.91e-007  3.91e-007

6.006+000  6.00e+000  6.00e+000  6.00e+000  6.00e+000  6.00e+000  4.00e+000  4.00e+000

MultiEfficiency Report/Style2 // Printing: Thursday, November 13, 2014, 03:24:04
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Primary Efficiency taken from ECC files, for set energies (keV):

1409.0

A

MHF_STD_Soil SUM_D12
Cal Date 11/13/14

CANBERRA

Information for input ECC- files

C:\GENIE2K\isocs\data\G EOMETRYIn-Situ\SIMPLE_BOX\
C:\GENIE2KNs ocs\data\GEOMETR Y\In-Situ\SIMPLE_BOX\
CAGENIE2K\isocs\data\GEOMETRY\In-Situ\SIMPLE_BOX\
C\GENIE2K\s ocs\data\GEOMETRW\In-Situ\SIMPLE_BOX\

Information for saved file with multiefficiency data:

1174.0! 1273.0! 1274.4| 1275.0| 1331.0; 1332.5| 1334.0! 1406.0| 1407.9} 1460.8
9.45e-008  9.33e-008  9.33¢-008  9.33e-008  9.25e-008  9.25¢-008  9.24e-008  9.09¢-008  9.09e-008  9.09¢-008  8.98e-008
9.42e-008  9.30e-008  9.30e-008 . 9.30e-008  9.23e-008  9.22e-008  9.22¢-008  9.07e-008  9.06¢-008  9.07e-008  '8.96e-008
9.45¢-008  9.33e-008  9.33¢-008  9.33e-008  9.26e-008  9.25¢-008  9.252-008  9.10e-008  9.09e-008  9.10e-008  8.99e-008
1.08e-007  1.06e-007  1.06e-007  1.06e-007  1.05e-007  1.05e-007  1.05e-007  1.04e-007  1.04e-007  1.04e-007  1.04e-007
3.91e-007  3.86e-007  3.86e-007  3.86e-007  3.83e-007  3.83e-007  3.83e-007  3.77e-007  3.77e-007  3.77e-007  3.73e-007
4.00e+000  4.00e+000  4.00e+000  4.00e+000  4.00e+000  4.00e+000  4.00e+000  4.00e+000  4.00e+000  4.00e+000  4.00e+000

WMulti-Efficiency Report

MultiEfficiency Report/Style2 // Printing: Thursday, November 13, 2014, 03:24:04
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Attachment 10.3
ISOCS Multi-Curve Efficiency Plots

ISOCS/LABSOCS RESULTS

ISOCS/LabSOCS File: C:\GENIE2K\isocs\data\GEOMETRY\In-5itu\Multiefficiency\MHF_S1
ISOCS/LabSOCS Time: 11/13/14 03:24:17 '

Genie Cal File: C:\GENIEZK\CALFILES\HMF_STDﬁSoil_SUM_DlZ.CAL
Genie Cal Time: 11/13/14 04:47:11
Template: ( (SIMPLE BOX)+ (SIMPLE BOX)+ (SIMPLE_BOX) + (SIMPLE_BOX)+
Geom Description: STD Soil SUM D12
Commerit : 1SOCS:Cal Date 11/13/14
Detector: (3994)+(3996) +(3997) +(3998) +
Collimator: (GARDIAN G1)+ (GARDIAN_G1)+ (GARDIAN_G1)+ (GARDIAN_G1)+
Convergence: 1.00 %
Area [Sqg Meters]: 1.0000e-004 (C)
Mass [Grams]: 1.0000e+000 (C)
Length [Meters]: not used
(C) = Value calculated by ISOCS
(U) = Value modified by user
Energy Efficiency %Uncertainty %Convergence Final # of Voxels
58.00 3:70385e-010 . 10..0 0.0000000 64000
59.54 6.40906e-010 10.0 0.0000000 64000
61.00 1.01996e-009 10.0 0.0000000 64000
311.00 5.4423%e-007 10.0 0.0000000 64000
311.98 5.43701e-007 10.0 0.0000000 64000
313.00 5.43431e-007 10.0 0.0000000 64000
343.00 5.32005e~-007 8.0 0.0000000 64000
344.27 5.31396e-007 8.0 0.0000000 64000
345.00 5.31283e-007 8.0 0.0000000 64000
660.00 4.41441e~-007 6.0 0.0000000 64000
661.65 4,40685e-007 6.0 0.0000000 64000
663.00 4.40644e-007 6.0 0.0000000 64000
701.00 4.34004e-007 6.0 0.0000000 64000
702.63 4.33518e-007 6.0 0.0000000 64000
703.00 4,33556e-007 6.0 0,0000000 64000
722.00 4.30536e-007 6.0 0.0000000 64000
723.00 4,30310e-007 6.0 0.0000000 64000
724.00 4.30212e-007 6.0 0.0000000 64000
870.00 4.11732e-007 6.0 0.0000000 64000
871.10 4,11520e-007 6.0 0.0000000 64000
872.00 4,11604e~-007 6.0 0.0000000 64000
1172.00 3.91209e-007 4.0 0.0000000 64000
1173.22 3.91005e-007 4.0 0.0000000 64000
1174.00 3.90830e=-007 4.0 0.0000000 64000
1273.00 3.85963e~-007 4.0 0.0000000 64000
1274.45 3.85837e-007 4.0 0.0000000 64000
1275.00 3.85807e-007 4.0 0.0000000 64000
1331.00 3.82779e~-007 4.0 0.0000000 64000
1332.49 3.82725e-007 4.0 0.0000000 64000
1334.00 3.82510e=007 4.0 0.0000000 64000
1406.00 3.76946e-007 4.0 0.0000600 64000
1407.95 3.76834e-007 4.0 0.0000000 64000
1409.00 3.76865e~-007 4.0 0.0000000 64000
1460.80 3.72897e-007. 4.0 0.0000000 64000

TBD-401 Page 105 of 107



Interpolated Efficiency Calibration Curve

[u]
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Attachment 10.3

ISOCS Multi-Curve Efficiency Plots
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Attachment 10.3
ISOCS Multi-Curve Efficiency Plots

Interpolated Efficiency Calibration Curve
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Attachment 10.4
MicroShield Modeling Results

GARDIAN SYSTEM

Calibration Records
MHF IP-1 Intermodal with Liner

Summation
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Attachment 10.4
‘MicroShield Modeling Results

GARDIAN SYSTEM

Calibration Records
MHE IP-1 Intermodal with Liner

Attached-

MHF Intermodal Wall Thickuess, [P-1 Specs,

Gardian Trailer Wall Thickness

Intermodal Positioning

Det. 1-4 Density 1,2 models, individual efficiency cals, Summation Cal.
Det, 1-4 Density 1.6 models, individual efficiency cals, Summation Cal,
Det. 1-4 Density 2.0 models, individual efficiency cals, Summation Cnl.
Det 1-4 Sum Curves for Density 1.2, 1.6, & 2.0,

Sum of all Segment Spectra

6 0.0 © ¢ 0 o0 ©

Performed by ,ﬂ%f/ éé/ {pr Date__ //-/2-/Y

Reviewed by /Q///;/O u,[emwr-—* Date /l-22-1Y
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Attachment 10.4
MicroShield Modeling Results

MHF Intermodal with Liner Wall Thickness

(Homogenized)

61!’

Wall Steel = 10 gauge = 0.1345”
230" x 60” = 13,800 in?at 0.1345” thick

+ 3 Vertical Rails 60” x 15” = 2700 in®

+ 2 Horizontal support beam 480” = 960 in’

+ Chain guard 2”x2”x22” = 176 in*

+~100 bs hardware 2,617 in

o (if 100Ibs x 453.6g/lb / 7.86g/cc = 577 1cc = 352in°/0.13457=2617 in%)

Total Area = 13800+2700+960+176+2617 = 20253 in’
Effective Thickness =20253/13800 x 0.1345” thickness = 0.20” Steel

+ 1 Steel Liner Plate 230” x 48” = 11040 in? / 13800 in® x 0.1875” Thick = 0.15” Steel

Total Effective Thickness = 0.35” Steel
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Attachment 10.4
MicroShield Modeling Results

C&RP B-20
Appendix 8.1
Rev. 0

Page 1 of |

Energy Solutions Main Trailer Wall

—r

Steel Channel flattened = 7"

Detector is positioned 14” behind the outside wall of the Main Trailer. Utilizing a 90 degree collimator will give a 28”
diameter Field of View. Worst case positioning will place the detector between two of the channels, thus including both in
the field of view. The channels also contain 0.5” by 2 3/8” rectangular holes which will not subtracted from the steel area
thus being more conservative.

Material area

Total area of the field of view: A = r? = w142 = 615.75 in’.

Area of flattened steel channel: (7” x 18.8”) + (1/2 7" x 3.525” x 2ends) x 2channels =312.55 in’.
Area of PVC: 615.75 in” = 312.55 in” = 303.20 in’.

Area of trailer skin: 615.75 in’.

Effective Thickness

PVC = 1/16"thick x (303.2/615.75) = 0.031”

Steel = 1/16” thick x (312.55/615.75) = 0.032"

Al Skin = 1/16” thick x 615.75/615.75) = 0.063”

Homogenized Wall Density

Total Effective wall thickness = 0.031 + 0.032 + 0.063 = 0.126”
Density = 0.031/0.126*1.4g/cc PVC + 0.032/0.126*7.86g/cc steel + 0.063/0.126*2.7g/cc Al = 3.69 g/cc.

Material percentage = 0.344/3.69 = 9% PVC, 2.00/3.69=54% Steel, 1.35/3.69=37% Al.

For Modeling purposes, the Main Trailer Wall (MTWall) (Absorber 1) = 0.126” thick at 3.69 g/cc comprised of 9% PVC,
54% Steel and 37% Al.
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Attachment 10.4
MicroShield Modeling Results

C&RP B-20
Appendix 8.2
Rev. 0

Page | of |

Energy Solutions Support Trailer Wall |

Steel Channel flattened = 3 5/8"

Detector is positioned 14” behind the outside wall of the Support Trailer. Utilizing a 90 degree collimator will give a 28”
diameter Field of View. Worst case positioning will place the detector between two of the channels, thus including both in
the field of view. The channels also contain 0.5” by 2 3/8” rectangular holes which will not subtracted from the steel area
thus being more conservative.

Material area

Total area of the field of view: A = 7% = 1142 = 615.75 in’.

Area of flattened steel channel: (3.625” x 11.28”) +(1/2 3.625” x 2.775” x 2ends) x 2channels = 102 in’.
Area of wood: 615.75 in” — 102 in” = 513.75 in’.

Area of trailer skin: 615.75 in’.

Effective Thickness

Wood = 1/4” thick x (513.75/615.75) = 0.209”

Steel = 1/16” thick x (102/615.75) = 0.010”

Al Skin = 1/16” thick x 615.75/615.75) = 0.063"

Homogenized Wall Density

Total Effective wall thickness = 0.209 + 0.010 + 0.063 = 0.282"
Density = 0.209/0.282*0.75g/cc wood + 0.010/0.282*7.86g/cc steel + 0.063/0.282*2.7g/cc Al = 1.44g/cc.

Material percentage = 0.556/1.44 = 39% wood, 0.279/1.44=19% Steel, 0.603/1.44= 42% Al.

For Modeling purposes, the Support Trailer Wall (STWall) (Absorber 1) = 0.282” thick at 1.44g/cc comprised of 39% wood,
19% Steel and 42% Al
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Attachment 10.4
MicroShield Modeling Results

Intermodal IP-1 & 1P-2

< 168" R
~ -~
415" I A
e
)
!
With Det £ 57.5" | l .
: 115"
55.5"standoff = FOV~ 111" | S a4~ __>:
Hes! |
n \,
.14 = =
85” .
Ve
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Attachment 10.4

MicroShield Modeling Results

HBPP IM Containers

Type A/IP2 Intermodals Type IP1 Intermodals Type I1P1 Intermodals
(Gray) Type IP1 Intermodals (Gray) {Purple, Non- lined) {Purple; lined)
Tare Welght = 9450 [bs Tare Welght = 8000 Ibs Tare Welght = 8150 Ibs Tare Welght = 10680 lbs

1 PGEU 1003,

2 SDCU 1002

3 SDCU 1004

4 SDCU 1005

5 SDCU 1006

6 PGEU 1007

7 PGEU 1008

8 PGEU 1009

9 SDCU 1010
10 PGEU 1011
14 PGEU 1012
12 SDPCU 1013
13 PGEU 1014
14 PGEU 1015
15 PGEU 1016
1.6 SDCU 1017
17 SDCU 1018
18 PGEU 1019
19 SDCU 1020
20 PGEU 1021
21 PGEU 1022
22 SDCU 1023
23 SDCU 1024
24 PGEU 1025
25 PGEU 1026
26 SDCU 1027
27 PGEU 1028
28 SDCU 1029
29 SDCU 1031
30 SDCU 1032

{additonit 22 of Steel éntby Ficor and dtare

1 MHFU-1281

2 MHFU-1451

3 MHFU-1554

4 MHFU=1565

5 MHFU-1G41

G MHIFU-1712

7 MHFU-1746
8 MHFU-1757

9 MHFU-1870

10 MHFU-1895,
11 MHFU-1905
12 MHFU-1913
13 MHFU-1938
14 MHFU-2006
15 MHFU-2036
16 MFFU-2044
17 MHFU-2071
18 MHFU-2003)
19 MHFU-2114
20 MHFFU-2129
24 MHFU-2162
22 MHFU-2180
23 MHFU-2206
24 MHFU-2207i
26 MHFU-2210
26 MHFU-2212
27 MHFU-2246
28 MHFU-2271
29 MHFU-2297
30 MHFU-2310
31 MHFU-2337
32 MIFU-2380
33 MHFU-2383
34 MHFU-2413
35 MHFU-2417
36 MHIFU-2422

Th2 Intersadats shaced inlight blug are
des'gnated lor ROV Stipimiants 2nd hisve an

\e!ght of ~18,6001bs

PGEU 1000
PGIEU 1003
PGEU 1030
PGEU 1040
PGEU 1052
PGEU 1055
PGEU L056
- PGEU 1061
PGEU 1081

N o=

TNt a Ww

o

10 PGEU 1109

11 PGEU 1132
12 PGEU 1142
13 PGEU.1158
14 PGEU 1169
15 PGEU 1193
16 PGEU 1201

1 PGEU 1044

2 PGEU 1047

3 PGEU 11033

4 PGEU 1034

5 PGEU 1035

6 PGEU 103G
/7 PGEV 1037

8 PGEU 1038

9 PGEU 1039
10 PGEU 1044,
11 PGEU 1042
12 PGEU 1043
13 PGEU 1045
14 PGEU 104G
15 PGEU 1048
16. PGEU 1049
17 PGEU 1050
18 PGEU 1051
19 PGEU 1059
20 PGEU 1063
21 PGEU 1066
22 PGEU 1079
23 PGEYU 1087
24 PGEU 1094
25 PGEU 1098
26 PGEU 1204
27 PGEU 110G
28 PGEU 1207
29 PGEU 1108
30 PGEU 1110
31 PGEU L2112
32 PGEU 1113
33 PGEU 1118
34 PGEU 1119
35 PGEU 1121
36 PGEU 2136
37 PGEU 1143
38 PGEU 1151
39 PGEY 172
40 PGEY 1175

Th2 Unsdintermedals bave an
ddiionit 3716 shaet of steeblintng tha
Irnar walls of the containar, Tha
sheelirzcosers the ficor, both ends ard
s'des ard extends 5™ up fromtha base.
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Attachment 10.4
MicroShield Modeling Results

This page contains confidential commercial information and has been redacted.
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Attachment 10.4
MicroShield Modeling Results

This page contains confidential commercial information and has been redacted.
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Attachment 10.4
MicroShield Modeling Results

This page contains confidential commercial information and has been redacted.
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Attachment 10.4
MicroShield Modeling Results

This page contains confidential commercial information and has been redacted.
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Attachment 10.4
MicroShield Modeling Results

This page contains confidential commercial information and has been redacted.
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Attachment 10.4
MicroShield Modeling Results
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Attachment 10.4
MicroShield Modeling Results

This page contains confidential commercial information and has been redacted.
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GARDIAN SYSTEM

Calibration Records
MHF IP-1 Intermodal with Liner

Density 2.0

TBD-401

Attachment 10.4 .

MicroShield Modeling Results
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Attachment 10.4
MicroShield Modeling Results

A

Geometry Composer Report CANBERRA
Date: Tuesday, November 18, 2014 - 15:43:14
Description: MHF_Liner_SOIL_DET1_20
Comment:. CAL DATE 11.18.14
File Name: E:\SIMPLE_BOX\MHF_Liner- SOIL_DET1_20.geo
Software: 1S0Cs
Template: SIMPLE_BOX, Version: (default)
Detector: 3994
Collimator: GARDIAN G1 (GARDIAN 1 COLUUMATION MODEL)
Environment: Temperature = 65 °F; Pressure = 760 mm Hg, Relative Humidity = 70%
Integration: Convergence = 1.00%, MDRPN = 29 (16), CRPN = 24 (16)
Dimensions (inches)
No.] ~ Description. =~ | d&i | d2 [ -d3 [ d4 | d5 [~ di6 . ]. Material .| Denslty:|Rel:Coric.
i Box 0.35 230 61 85 csteel 7.9
2 Source - Top Layer 0 <none>
3 Sourcé - Bottom Layer 56 ' dirt1 2 1.00
4 Absorberl 0.126 mtwall 3.7
5 Absorber2 0.02756 germanum 5.4
6 Source-Detector 55.5 57.5 0 57.5 0

List of energies for efficiency curve generation

58.0 ~ 595 - 61.0 311.0 312.0 313.0 343.0 344.3
345.0 660.0 661.7 663.0 701.0 702.6 703.0 722,0
723.0 724.0 870.0 871.1 872.0 1172.0 1173.2 1174.0

1273.0 1274.4 1275.0 1331.0 1332.5 1334.0 1406.0 1407.9
1409.0 1460.8 - -

SIMFLE BOX

®

L©
- o) . -
65
T
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Geometry Composer Report

Attachment 10.4
MicroShield Modeling Results

A

CANBERRA

Date: Tuesday, November 18, 2014 - 15:43:14
Description: MHF_Liner_SOIL_DET1_20

Comment: CAL DATE 11_18_14

File Name: E:\SIMPLE_BOX\MHF_Liner_SOIL_DET1_20.geo
Software: 1SOCS

Template: SIMPLE_BOX, Version: (default)

TBD-401
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Attachment 10.4
MicroShield Modeling Resuits

ISOCS/LABSOCS RESULTS

ISOCS/LabSOCS File: C:\GENIE2K\isocs\data\GEOMETRY\In-Situ\SIMPLE BOX\MHF Liner ¢
ISOCS/LabS0OCS Time: 11/18/14 02:05:41

Genie Cal File: C;\GENIEQK\CALFILES\HMF_Liner Soil_DETl_ZO.CAL
Genie Cal Time: 11/18/14 02:41:00 B
Template: SIMPLE . BOX

Geom Description: HMF Liner D1 20 .

Comment : ISOCS:CAL DATE 11 18 14
Detector: 3994 - -
Collimator: GARDIAN Gl

Convergence: 1.00 &

Area [Sg Meters]: 8.3097e+000 (C)

Mass [Grams]: 3.5881e+007 (C)

Length [Meters]: not used

(C) = Value calculated by ISOCS

(U} = Value modified by user

Energy Efficiency $Uncertainty $Convergence Final # of Voxels
58.00 5.07355e~013 10.0 -0.118527 81760
59.54 1.22849%e-012 10.0 -0.112697 81760
61.00 2.60106e-012 10.0 -0.,107622 81760

311.00 5.70837e-008 10.0 - -0.030549 81760

311.98 5.70579%e-008 10.0 -0.030180 81760

313.00 5.70803e-008 10.0 -0.030422 81760

343.00 5.70316e-=008 8.0 -0.031052 81760

344.27 5.70019e-008 8.0 -0.030868 81760

345.00 5.70183e-008 8.0 -0.031117 81760

660.00 5.13165e-008 6.0 -0.033302 81760

661.65 5.12385e-008 6.0 -0.033479 81760

663.00 5.12407e-008 6.0 -0.033135 81760

701.00 5.07%14e-008 6.0 -0.033172 81760

702.63 5.07306e-008 6.0 -0.033386 81760

703.00 5.07452e-008 6.0 -0.033377 81760

722.00 5.05368e-008 6.0 -0.033410 - 81760

723.00 5.05129%e-008 6.0 -0.033298 81760

724,00 5.05115e-008 6.0 -0.033372 81760

870.00 4.92791e-008 6.0 -0.032413 81760

871.10 4.92528e-008 6.0 -0.032391 81760

872.00 4.92768e-008 6.0 -0.032272 81760

1172.00 4.82107e~008 4.0 -0.029503 81760
1173.22 4.81875e-008 4.0 ~0.029425 81760
1174.00 4.81703e-008 4.0 -0.029266 81760
1273.00 4.79540e-008 4.0 ~-0.028286 81760
1274.45 4.79408e-008 4.0 -0.,028483 81760
1275.00- 4.79390e-008 4.0 -0.028212 81760
1331.00 4.77585e-008 4.0 -0.027758 ’ 81760
1332.49 4.77495e~-008 4.0 -0.027658 81760
1334.00 4.,77311e-008 4.0 -0.027999 81760
1406.00 4.71881e-008 4.0 -0.026588 81760
1407.95 4.71900e-008 4.0 -0.026713 81760
1409.00 4,72039%9e-008 4.0 -0.026645 81760
1460.80 4.67976e-008 4.0 -0.026163 81760
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Attachment 10.4
MicroShield Modeling Results

Interpolated Efficiency Calibration Curve

’ O Measured Caltutated

6e-008

o008 \M% |
R

4e-008

3e-008

2e-008

1e-008

Vs

0 500 1060 1500 2000 2500
Energy (keV)

Datasource: DET02
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Attachment 10.4
MicroShield Modeling Results

Interpolatéd Efficiency Calibration Curve

a Measured Calculated

1e-007

1e-008 ¥

1e-009

1e-010

1e-011 - 7

1e-012

o}

1e-013 0
10 100 1000 10000

Energy (keV)

Datasource: DET02
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. Attachment 10.4
MicroShield Modeling Results

£

Geomelry Composer Report CANBERRA
Date: Tuesday, November 18, 2014 - 15:44:15
Description: MHF_Liner_SOIL_DET2_20
Comment: Calib 11/18/14
File Name: E:\SIMPLE_BOX\MHF_Liner_SOIL_DET2. 20.geo
Software: 1SOCS
Template: SIMPLE_BOX, Version: (default)
Detector: 3996
Collimator: GARDIAN G1 (GARDIAN 1 COLLIMATION MODEL)
Environment: Temperature = 65 °F, Pressure = 760 mm Hg, Relative Humidity = 70%
Integration: Convergence = 1.00%, MDRPN = 24 (16), CRPN = 24 (16)
Dimensions (inches) :
No. " ‘Description: dy | d2 | d3 | d4 | d5: [ d6 | | Materal: ‘|.Density, |Rel Conc.
1 Box 0.35 230 61 85 csteel 7.9
2 Source - Top Layer 0 <none>
3 Source - Bottom Layer 56 dirt1 2 1.00
4 Absorberl 0.126 mtwall 3.7 '
5 Absorber2 0.0315 germanum 5.4
6 Source-Detector 55.5 -57.5 0 57.5 0
List of energies for efficiency curve generation
58.0 59.5 61.0 311.0 312.0 313.0 343.0 344.3
345.0 660.0 661.7 663.0 701.0 702.6 703.0 722.0
723.0 724.0 870.0 8711 872.0 1172.0 1173.2 1174.0
1273.0 1274.4 1275.0 1331.0 13325 1334.0 1406.0 1407.9
1409.0 1460.8
[

1.3

inside

- insgég/‘—

L

Referer
Piane

1.2 inside

-7 /I
’, /querqrxa :

L4 Frame

1.t ¥
m:'lc'kness L _[24 I
. 6.1
® ' L,d—LL
" O 5.2
- \, o /
6—':_25 o (1) glf:::’:{:bn
i,
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Geometry Composer Report

Attachment 10.4
MicroShield Modeling Results

A

CANBERRA

Date:
Description:
Comment:
File Name:
Software:
Template:

Tuesday, November 18, 2014 - 15:44:15
MHF_Liner_SOIL_DET2_20

Calib 11/18/14
E:\SIMPLE_BOX\MHF_Liner_SOIL_DET2_20.geo
1SOCS

SIMPLE_BOX, Version: (default)

TBD-401
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ISOCS/LabSOCS File:
IS0CS/LabSOCS Time:

Genie €Cal File:
Genie Cal Time:
Template:
Geom Description:
Comment :
Detector:
Collimator:
Convergence:
Area [Sg Meters]:
Mass [Grams]:
Length [Meters]:
(€C)

" C:\GENIE2K\isocs\data\GEOMETRY\In-Situ\SIMPLE BOX\MHF Liner ¢

not used
= Value calculated by ISOCS
(U) = Value modified by user

Attachment 10.4
MicroShield Modeling Results

ISOCS/LABSOCS RESULTS

11/18/14 02:13:49
C:\GENIE2K\CALFILES\HMF Liner Soil DET2 20.CAL
11/18/14 02:48:22
SIMPLE BOX

MHE Liner D2 20
ISOCS:CALIB 11/18/14
3996 -
GARDIAN Gl

1.00 %

8.3097e+000 (C)
3.5881e+007 (C)

Energy Efficiency %Uncertainty $Convergence Final # of Voxels
58.00 4.50229%e-013 10.0 -0.113920 81760
59,54 1.09907e-012 10.0 -0.107239 81760
61.00 2.34344e-012 10.0 -0.101340 81760

311.00 5.67251e-008 10.0 -0.004884 81760

311.98 5.67002e-008 10.0 -0.004519 81760

313.00 5.67233e-008 10.0 -0.004837 81760

343.00 5.66950e-008 8.0 -0.006479 81760

344.27 5.66662e-008 8.0 -0.006220 81760

345.00 5.66830e-008 8.0 -0.006548 81760

660.00 5.11028e-008 6.0 -0.016226 81760

661.65 5.10254e-008 6.0 -0.016373 81760

663.00 5.10278e-008 6.0 -0.016077 81760

701.00 5.05863e-008 6.0 ~0.016620 81760

702.63 5.0525%e~008 6.0 -0.016855 81760

703.00 5.05405e-008 6.0 -0.016791 81760

722.00 5.03357e-008 6.0 -0.017079 81760

723.00 5.03120e-008 6.0 -0.017052 81760

724.00 5.03107e-008 6.0 -0.017141 81760

870.00 4.91007e-008 6.0 -0.017868 81760

871.10 4.90746e-008 6.0 -0.017803 81760 .

872.00 4.90986e-008 6.0 -0.017663 81760

1172.00 4.80615e-008 4.0 -0,017553 81760
1173.22 4.80385e-008 4.0 -0.017450 81760
1174.00 4,80214e-008 4.0 -0.017229 81760
1273.00 4.78119e-008 4.0 ~-0.016637 81760
1274.45 4.77798%e~-008 4.0 -0.016905 81760
1275.00 4,77971e-008 4.0 -0.016586 81760
1331.00 4.76203e-008 4.0 -0,016301 81760
1332.49 4.,76113e-008 4.0 -0.016231 81760
1334.00 4,75931e~-008 4.0 -0.016564 81760
1406.00 4.70553e-008 - 4.0 -0.015423 81760
1407.95 4.70573e-008 4.0 -0.015561 81760
1409.00 4.70712e-008 4.0 -0.015551 81760
1460.80 4.66684e-008 4.0 -0.015254 81760

TBD-401
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Attachment 10.4
MicroShield Modeling Results

Interpolated Efficiency Calibration Curve
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Attachment 10.4
MicroShield Modeling Results

Interpolated Efficiency Calibration Curve
l 0 Measured Calculated I
1e-007 ;
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Attachment 10.4
MicroShield Modeling Results

£

Geometry Composer Report CANBERRA
Date: Tuesday, November 18, 2014 - 15:45:15
Description: MHF_Liner_SOIL_DET3_20
Comment: CALDATE 11_18 14
File Name: E:\SIMPLE_BOX\MHF_Liner_SOIL_DET3_20.geo
Software: 1S0CS
Template: SIMPLE_BOX, Version: (default)
Detector: 3997
Collimator: GARDIAN G1 (GARDIAN 1 COLLIMATION MODEL)
Environment: Temperature = 65 °F, Préssure = 760 mm Hg, Relative Humidity = 70%
Integration: Convergence = 1.00%, MDRPN = 2% (16), CRPN =2% (16)
Dimensions (inches)
No. ‘Description dil 42 [ d3 Jod4. ] d5. [ d6. .] Material | Density [Rel.Conc.
1 Box 0.35 230 61. 85 csteel 7.9
2 Source - Top Layer 0. <noney>
3 Source - Bottom Layer 56 dirtl 2 1.00
4 Absorberl 0.282 stwall 1.4
5 Absorber2 0.03543 germanum 5.4
6 Source-Detector 55.5 57.5 0 57.5 0
List of energies for efficiency curve generation
58.0 59.5 61.0 311.0 312.0 313.0 343.0 344.3
345.0 660.0 661.7 663.0 701.0 702.6 703.0 722.0
723.0 724.0 870.0 871.1 872.0 1172.0 1173.2 1174.0
1273.0 1274.4 1275.0 1331.0 1332.5 1334.0 1406.0 1407.9
1409.0 1460.8 '
iz oo v
|4x 41«1 H |km
N Py

. £ 7,
inside ! |
\]\311\‘\
! /
H g
g7
1.1 !
woll. { .

- %
thickness L2 f =

1

Referenda |

1.2 inside

. /Releler-ca 1
- Pioae 1

—,

R (i) ® 5.2
64”7 o1 gt =
2 . Coroention
A
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Geometry Composer Report

Attachment 10.4
MicroShield Modeling Results

A

CANBERRA

Date:
Description:
Comment:
File Name:
Software:
Template:

Tuesday, November 18, 2014 - 15:45:15
MHF_Liner_SOIL_DET3_20

CAL DATE 11_18_14
E:\SIMPLE_BOX\MHF_Liner_SOIL_DET3_20.geo
1S0CS

SIMPLE_BOX, Version: (default)

TBD-401
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ISOCS/LabS0CS File:
IS0OCS/LabS0OCS Time:
Genie Cal File:
Genie Cal Tine:
Template:

Geom Description:

Comment : ISOCS:CAL DATE 11 18 14
Detector: 3997 - - T
Collimator: GARDIAN G1
Convergence: 1.00 &
Area [Sg Meters]: 8.3097e+000 (C)
Mass [Grams]: 3.5881e+007 (C)
Length [Meters]: not used
(€) = Value calculated by ISOCS
(U) = Value modified by user
Energy Efficiency %Uncertainty
58,00 6.78963e-013 10.0
59.54 1.60782e-012 10.0
61.00 3.33974e-012 10.0
311.00 5.71854e-008 10.0
311.98 5.71588e-008 10.0
313.00 5.71804e-008 10.0
343.00 5.71113e-008 8.0
344.27 5.70808e-008 8.0
345.00 5.70969e-008 8.0
660.00 5.13387e-008 6.0
661.65 5.12605e-008 6.0
663.00 5.12628e~008 6.0
701.00 5.08120e-008 6.0
702.63 5.07511e-008 6.0
703.00 5.07656e-008 6.0
722.00 5.05566e-008 6.0
723.00 5.05327e-008 6.0
724.00 5.05312e-008 6.0
870.00 4.92952e-008 6.0
871.10 4,92689%e-008 6.0
872.00 4.92929e-008 6.0
1172.00 4.82237e-008 4.0
1173.22 4.,82005e-008 4.0
1174.00 4.81833e-008 4.0
1273.00 4.79671e-008 4.0
1274.45 4.79539e-008 4.0
1275.00 4,79521e-008 4.0
1331.00 4.77719e-008 4.0
1332.49 4.77629e-008 4.0
1334.00 4.,77445e-008 4.0
1406.00 4.72020e-008 4.0
1407.95 4.72040e-008 4.0
1409.00 4.72179e~-008 4.0
1460.80 4.68121e-008 4.0

ISOCS/LABSOCS RESULTS

SIMPLE BOX

MHF Liner D3 20

TBD-401

$Convergence
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
=0
-0.
-0.
-0.
.033172
.033385
.033377
.033409
.033297
.033371
.032412
.032391
.032271
.029502
.029424
.0292¢66
.028286
.028482
.028212
: 027758
.027658
.027999
.026587
.026712
.026644
.026162

-0

116644
110901
105918
030549

030180

030422
031052

030868

031117
033302
033479
033135

Attachment 10.4

MicroShield Modeling Results

C:\GENIE2K\isoes\data\GEOMETRY\In-Situ\SIMPLE BOX\MHF Liner
11/18/14 02:19:31 »
C:\GENIE2K\CALFILES\HMF Liner Soil DET3 20.CAL
11/18/14 02:54:17

Final # of Voxels

81760
81760
81760
81760
81760
81760
81760
81760
81760
81760
81760
81760
81760
81760
81760
81760

' 81760
81760
81760
81760
81760
81760

(81760
81760
81760
81760
81760
81760
81760
81760
81760
81760
81760
81760
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Interpolated Efficiency Calibration Curve

I [n] Measured Calculated

Attachment 10.4
MicroShield Modeling Results
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Attachment 10.4
MicroShield Modeling Results

Interpolated Efficlency Calibration Curve
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Attachment 10.4
MicroShield Modeling Results
Geometry Composer Report CANBERRA
Date: Tuesday, November 18, 2014 - 15:46:11
Description: MHF_Liner_SOIL_DET4_20
Comment: CAL DATE 11_18_14
File Name: E:\SIMPLE_BOX\MHF_Liner_SOIL_DET4_20.geo
Software: 1S0cs j
Template: SIMPLE_BOX, Version: (default)
Detector: 3998
Collimator: GARDIAN G1 (GARDIAN 1 COLLIMATION MODEL)
Environment: Temperature = 65 °F, Pressure = 760 mm Hg, Relative Humidity = 70%
Integration: Convergence = 1.00%, MDRPN = 24 (16), CRPN = 2% (16)
Dimensions (inches)
"No. _ Description' . di’ | d2 ] d3. ] "d4 ] d5..[.d.6_ | Materlal; [Density|Rel. Conc.
1 Box ] 0.35 230 61 85 csteel 7.9
2 Source - Top Layer 0 ' none
3 Source - Bottom Layer 56 dirt1 2 1.00
4 Absorberl 0.282 stwall 1.4
5 Absorber2 - none
6 Source-Detector S5.5 -57.5 0 -57.5 0
List of energies for efficiency curve generation
58.0 59.5 61.0 311.0 312.0 313.0 343.0 344.3
345.0 660.0 661.7 663.0 701.0 702.6 703.0 722.0
723,0 724.0 870.0 871.1 872.0 1172.0 1173.2 1174.0
1273.0 1274.4 1275.0 1331.0 13325 1334.0 1406.0 1407.9
1409.0 1460.8
[
RNy il
1.4 -Z
NN |} | -
7 ) / »//I b P
‘,‘//’ Réferende 12 nside ,/Releuncc 1
s 23 ., - / , Pians- ' Plas ]
msldeSJ iz s r A
1 e
b I
ll ’ 6.3
(hlckness —_— | N
61
) 3 R C? ® . L/C T
6.4! e I g;ﬂ:‘rbon -
61:-— . ©
i
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Attachment 10.4

MicroShield Modeling Results

Geometry Composer Report

X

CANBERRA

Date: Tuesday, November 18, 2014 - 15:46:11
Description: MHF_Liner_SOIL_DET4_20

Comment: CAL DATE 11_18_14

File Name: E:\SIMPLE_BOX\MHF_Liner_SOIL_DET4_20.geo
Software: ISOCS

Template: SIMPLE_BOX, Version: (default)

TBD-401
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ISOCS/LabSOCS File:
ISOCS/LabS0OCS Time:

Genie Cal File:
Genie Cal Time:
Template:

Geom Description:
Comment :
Detector:
Collimator:

- Convergence:

Area [Sq Meters]:
Mass [Grams]:
Length [Meters]:

ISOCS/LABSOCS RESULTS

C:\GENIEZK\isocs\data\GEOMETRY\In—Situ\SIMPLE_BOX\MHF_L}ner_

11/18/14 02:25:34

Attachment 10.4
MicroShield Modeling Results

C:\GENIE2K\CALFILES\HMF Liner_ Soil DET4_20.CAL

11/18/14 02:57:39

‘SIMPLE BOX

MHF Liner D4 20

ISOCS:CAL DATE 11 18 14

3998
GARDIAN_G1
1.00 %
8.3097e+000 (C)
3.5881e+007 (C)
not used

(C)

o

Value calculated by ISOCS

(U) Value modified by user
Energy Efficiency %Uncertainty
58.00 2.81601e-012 10.0
59.54 6.03%42e-012 10.0
61.00 1.15387e-011 10.0
311.00 6.21344e-008 10.0
311 98 6.20973e-008 10.0
313.00 6.20642e-008 10.0
343.00 6.09865e-008 8.0
344.27 6.09483e~-008 8.0
345.00 6.09493e-008 8.0
660.00 5.69372e-008 6.0
661.65 5.68717e-008 6.0
663.00 5.68834e-008 6.0
701.00 5.64863e-008 6.0
702.63 5.64625e-008 6.0
703.00 5.64606e-008 6.0
722.00 5.62901e-008 6.0
723.00 5.62907e-008 6.0
724,00 5.62813e-008 6.0
870.00 5.53379e-008 6.0
871.10 5.53289e-008 6.0
872.00 5.53425e-008 6.0
1172.00 5.48156e-008 4.0
1173.22 5.48208e-008 4.0
1174.00 5.47985e-008 4.0
1273.00 5.46021e-008 4.0
1274.45 5.45974e-008 4.0
1275.00 5.45917e-008 4.0
1331.00 5.44040e-008 4.0
1332.49 5.44358e-008 4.0
1334.00 5.44270e-008 4.0
1406.00 -5.41744e-008 4.0
1407.95 5.41522e-008 4.0
1409.00 5.41387e-008 4.0
1460.80 5.39531e-008 4.0

TBD-401

$Convergence
.023530
.018229
.013421
.013212
.013226
.013210
.009237
;009533
.009222
.009404
.009517
.009409
.010667
.010648
.010658
.011118
.011111
.011278
.013359
,013109
013353
.013869
.013776
.013572
.013477
.013195
.013232
.013070
.012956
'.012937
.012096
.012092
.011995
.011874

Final # of Voxels
81760
81760
81760
81760
81760
81760
81760
81760
81760
81760
81760
81760
81760
81760
81760
81760
81760
81760
81760
81760
81760
81760
81760
81760
81760
81760
81760
81760
81760
81760
81760
81760
81760
81760
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Attachment 10.4
MicroShield Modeling Results

Interpolated Efficiency Calibration Curve
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Attachment 10.4

MicroShield Modeling Results

Interpolated Efficiency Célibration Curve
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10} 4o g obed

- | Primary Efﬁéiency taken fram ECC files, for set energies (keV):

1 MHF_Liner_SOIL_DET1_2(
2 MHF_Liner_SOIL_DET2_2¢
3 MHF_Liner_SOIL_DET3_2(
4 MHF_Liner_SOIL_DET4_2(

File Name

Description:
Comment:

CANBERRA

Tue_Noyv_18_0204:49_2014
Tue_Nov_18_0212:56_2014
Tue_Nov_18_0218:33_2014
Tue_Nov_18_0224:41_2014

File Stamp

MHF_Liner_SOIL_SUM_20
Calib Date 11/18/14

C\GENIE2K\isocs \data\GEOMETRY\In-Situ\SIMPLE_BOX\
CAGENIE2K\iso¢s\data\GEOMETRYIn-Situ\SIMPLE_BOX\
C:\GENIE2K\socs\data\GEOMETRYAIn-Situ\SIMPLE_BOX\
CAGENIE2K\socs\data\GEOMETRYIN-Situ\SIMPLE_BOX\
Information for saved file with multiefficiency data:

Path

# {Weight | 58.0| 59.5] 61.0! 311.0} 312.0! 313.01 343.0 344.3] 345.0! 660.0/. 661.7
1 1000  5.07e-013  1.23e-012  260e-012  571e-008  571e-008  571e-008  570e-008  5.70e-008  570e-008  5.13e-008  5.12e-008
2 1000  450e-013  1.10e-012  234e-012  567e-008  567e-008  567e-008  567e-008  567e-008  567e008  5711e-008  5.10e-008
3 1000  6.79e-013  1.61e-012  3.34e-012  572e-008  572e-008  572e-008  571e-008  571e-008  5.71e-008  5.13e-008.  5.13e-008
4 1.000  2.82e-012°  6.04e-012  1.15e-011 6.21e-008  6.21e-008  6.21e-008  6.10e-008  6:09e-008  6.09e-008  5.69e-008  5.69e-008

Sum 4456012  9.97e-012  1.98e-0M 233e-007  2.33e-007  2.33e-007  2.32e-007  2.32e-007  2.32e-007  211e-007  2.10e-007
Error,% 1.00e+001  1.00e+001  1.00e+001  1.00e+001  1.00e+001  1.00e+001  8.00e+000  8.00e+000  8.00e+000  6.00e+000  6,00e+000
Information for input ECC files

File: Name File Stamp Path

MultiEfficiency Report/StyleZ /{ Printing: Tuesday, November 18, 2014, 02:31:34

Multi-Efficiency Report

sjinsay BulfoPO PISIYSOIOIN

0| WswyoeRy




l0¥-adlL

10} Jo £ obed

Primary Efficiency taken from ECC files, for set energies (keV):

663.0/ 701.0} 702.6| 703.0] 722.0| 723.0| 724.0! 870.0i 871.1 872.0] 1172.0] 1173.2
5.42e-008  508e-008  5.07e-008  507e-008  505e-008  5.05¢-008  505e-008  4.93e-008  4.93e-008  4.93e-008  4.82e-008  4.82e-008
5.10e-008  5.06e-008  505e-008 5056008  503¢-008  503e-008  5.03¢-008  4.91e-008  491e-008  4.91e-008  4.81e-008  4.80e-008
513e-008  5.08e-008  508e-008  5.08e-008  5.08e-008  505¢-008  5.05¢-008  4.93e-008  4.93e-008  4.93e-008  4.82e-008  4.82¢-008
5.60e-008  5.65e-008  565¢-008  5.65¢-008  563¢-008  5.63e-008  563e-008  553e-008  553e-008  5.53e-008  5.48¢-008 ~ 5.48e-008
2.10e-007  2.09e-007  2.08e-007  2.09e-007  2.08e-007  2.08e-007  2.08¢-007  2.03e-007  2.03e-007  2.03e-007  1.99e-007  1.99¢-007
6.00e+000  6.00e+000  6.00e+000  6.00e+000  6.00e+000  6.00e+000  6.00e+000  6.00e+000  6.00e+000  6.00e+000  4.00e+000  4.00e+000

C:\GENIE2K\is ocs\data\GEOMETRY\In-Situ\SIMPLE_BOX\
C:\GENIE2KVisocs\data\GEOMETRY\In-Situ\SIMPLE_BOX\
C:\GENIE2K\isocs\data\GEOMET RYAIn-Situ\SIMPLE_BOX\
C:\GENIE2K\Vs ocs\data\GEOMETRY\In-Sitt\SIMPLE_BOX\ .

MHF_Liner_SOIL_SUM_20

Calib Date 11/18/14

‘\’\3

u}

CANBERRA

Information for input ECC files

Information for saved file with multiefficiency data:

Multi-Efficiency Report

MultiEfficiency Report/Style2 // Printing: Tuesday, November 18, 2014, 02:31:34

s)nsoy BulepO PRIUSOIOIN
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Primary Efficiency taken from ECC files, for set energies (keV):

1174.0} 1273.0| 1274.4] 1275.0: 1331.0| 1332:5, 1334.0! 1406.0! 1407.9; 1409.0! 1460.8
4.82e-008  4.80e-008  4.79e-008  4.79e-008  4.78e-008  4.77e-008  4.77e-008.  4.72e-008  4.72e-008  4.72e-008  4.68e-008
4.80e-008  4.78e-008  4.78e-008  4.78e-008  4.76e-008  4.76e-008  4.76e-008  4.71e-008  4.71e-008  4.71e-008  4.67e-008
482e-008  4.80e-008  4.80e-008  4.80e-008  4.78e-008  4.78¢-008  4.77e-008  4.72e-008  472e-008  4.720-008  4.68¢-008
5.48¢-008  5.46e-008 . 546e-008  546e-008  5.44e-008  544e-008  5.44e-008  5.420-:008  542¢-008  541e-008 . 5.40e-008
1.99e-007  1.98¢-007  1.98e-007  1.98e-007  1.98e-007  1.98e-007  1.97e-007  1.96e-007  1.96e-007  1.96e-007 1.94e-007
4.00e+000  4.00e+000  4.00e+000  4.00e+000  4.00e+000  4.00e+000  4.00e+000  4.00e+000-  4.00e+000  4.00e+000  4.00e+000

Information for input ECC files.

C:\GENIE2K\is ocs\data\GEOMETRY\In-Situ\SIMPLE_BOX\
C\GENIE2K\isocs\data\GEOMETRY\In-Sitt\SIMPLE_BOX\
C:AGENIE2K\isocs\data\GEOMETRYIn-Situ\SIMPLE_BOX\
C:AGENIE2KVisocs\data\GEOMETRY\In-Situ\SIMPLE_BOX\

Information for saved file with multiefficiency data:

MHF_Liner_SOIL_SUM_20 '
4 Calib Date 11/18/14
o
[w]
A
[=] Y
2 YA
CANBERRA Multi-Efficiency Report
|
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. g
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Attachment 10.4
MicroShield Modeling Resulits

ISOCS/LABSOCS RESULTS

ISOCS/LabSOCS File: C:\GENIE2K\isocs\data\GEOMETRY\In-Situ\Multiefficiency\MHF_ Li
ISOCS/LabsS0CS Time: 11/18/14 02:31:57

Genie Cal File: C:\GENIE2K\CALFILES\HMF Liner Soil SUM D20.CAL
Genie Cal Time: 11/18/14 03:02:26
Template: (SIMPLE BOX)+ (SIMPLE BOX)+(SIMPLE BOX)+ (SIMPLE_BOX)+
Geom Description: MHF Liner SUM 20
Comment : IS0CS:Calib Date 11/18/14
Detector: (3994)+(3996)+(3997)+(3998) +
Collimator: (GARDIAN G1)+(GARDIAN G1)+(GARDIAN G1)+(GARDIAN G1)+
Convergence: 1.00 %
Area [Sq Meters]: 1.0000e-004 (C)
Mass [Grams]: 1.0000e+000 (C)
Length [Meters]: not used
(C) = Value calculated by ISOQOCS
(U) = Value modified by user
Energy Efficiency $Uncertainty $Convergence Final # of Voxels
58.00 4.45256e-012 10.0 0.0000000 64000
59.54 9.97480e-012 10.0 0.0000000 64000
61.00 1.98229e-011 10.0 0.0000000 64000
311.00 2.33129%e-007 10.0 0.0000000 64000
311.98 2.33014e-007 10.0 0.0000000 64000
313.00 2.33048e-007 : 10.0 0..0000000 64000
343.00 2.31824e-007 8.0 0.0000000 64000
344.27 2.316%7e-007 8.0 0.0000000 64000
345,00 2.31748e~007 8.0 0.0000000 64000
660.00 2.106%5e-007 6.0 0.0000000 64000
661.65 2.1039%6e-007 6.0 0.0000000 - 64000
663.00 2.10415e-007 6.0 0.0000000 64000
701.00 2.08676e-007 6.0 h 0.0000000 64000
702.63 2.08470e-007 6.0 0.0000000 64000
703.00 2.08512e-007 6.0 0.0000000 64000
722.00 2.0771%-007 6.0 0.0000000 64000
723.00 2.07648e-007 6.0 0.0000000 64000
724.00 2.07635e-007 6.0 0.0000000 _ 64000
870,00 2.03013e-007 6.0 0.0000000 64000
871.10 2.02925e-007 6.0 0.0000000 64000
872.00 2.03011e-007 6.0 0.0000000 64000
1172.00 1.99311e-007 4.0 0.0000000 64000
1173.22 1.99247e-007 4.0 0.0000000 ’ 64000
1174.00 1.99173e-007 4.0 0.0000000 64000
1273.00 1,98335e~007 4.0 0.0000000 64000
1274.45 1.98291e-007 4.0 0.0000000 64000
1275.00 1.98280e-007 4.0 ~0.0000000 64000
1331.00 1.97555e-007 4.0 0..0000000 64000
1332.49 1.97559e-007 4.0 0.0000000 64000
1334.00 1.97496e-007 4.0 0.0000000 . 64000
1406.00 1.95620e~007 4.0 0.0000000 64000
1407.95 1.95604e-007 4.0 0.0000000 64000
1409.00 1.95632e-007 4,0 0.0000000 64000
1460.80 1.94231e-007 4.0 0.0000000 64000
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Interpolated Efficiency Calibration Curve
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Attachment 10.4
MicroShield Modeling Results
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Attachment 10.4
MicroShield Modeling Resuilts

Interpolated Efficlency Calibration Curve
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Attachment 10.4
MicroShield Modeling Results

GARDIAN SYSTEM

Calibration Records
MHF IP-1 Intermodal with Liner

Density 1.6
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Attachment 10.4
MicroShield Modeling Results

Geometry Composer Report CANBERRA
Date: Tuesday, November 18, 2014 - 15:42:56
Description: MHF_Liner_SOIL_DET1_16
Comment: - CAL DATE 11_18_14
File Name: EN\SIMPLE_BOX\MHF_Liner_SOIL._DET1_16.geo
Software: ISOCS
Template: SIMPLE_BOX, Version: (default)
Detector: 3994 .
Collimator: GARDIAN G1 (GARDIAN 1 COLLIMATION MODEL)
Environment: Temperature = 65 °F, Pressure = 760 mm Hg, Relative Humidity = 70%
Integration: Convergence = 1.00%, MDRPN = 2% (16), CRPN = 24 (16)
Dimensions (inches) .
No.| Description: T 41| d2 |, d3-.] ‘d4. ] .d5.| d.6 | Matedal. |-Density:|Rel:Conc.
1 Box "~ 035 230 61 85 csteel 7.9
2 Source - Top Layer 0 <none>
3 Source - Bottom Layer 56 dirtl 1.6 1.00
4 Absorberi 0.126 mhwall 3.7
5 Absorber2: 0.02756 germanum 5.4
6 Source-Detector 55.5 57.5 0 57.5 0

List of energies for efficiency curve generation

58.0 59.5 61.0 311.0 3120 3130 343.0 344.3
345.0 660.0 661.7 663.0 701.0 702.6 703.0 722.0
723.0 7240 870.0 871.1 872.0 1172.0 1173.2 1174.0

1273.0 1274.4 1275.0 1331.0 1332.5 1334.0 1406.0 1407.9

1409.0 1460.8

SIMPLE BOX

e

- Retererda

21 4Vl ) Fene
1.3 S #=-
inside !
KAN 2
t
1 7
J 2 WA I
1 74
wall — Ja
thickness t&mm—f T
3 ® - L
28 ] T
6. treet
e ol g,
65 )
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Geometry Composer Report

Attachment 10.4
MicroShield Modeling Results

A

CANBERRA

Date: Tuesday, November 18, 2014 - 15:42:56
Description: MHF_Liner_SOIL_DET1_16

Comment: CAL DATE 11_18_14

File Name: E:\SIMPLE_BOX\MHF_Liner_SOIL_DET1_16.geo
Software: 1SOCS

Template: SIMPLE_BOX, Version: (default)

TBD-401
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ISOCS/LabS0OCS File:
ISOCS/LabSOCS Time:

Genie Cal File:
Genie Cal Time:
Template:

Geom Description:
Comment :

ISOCS/LABSOCS RESULTS

11/18/14 02:03:44

Attachment 10.4
MicroShield Modeling Results

C:\GENIE2K\CALFILES\HMF Liner Soil DET1 16.CAL

11/18/14 02:39:22
SIMPLE BOX
HMF Liner D1 16

IS0CS:CAL_DATE_11_18_14

Detectox: 3994
Ceollimator: GARDIAN_Gl
Convergence: 1.00 %

Area [Sq Meters]: 8.3097e+000 (C)
Mass [Grams]: 2.8705e+007 (C)

Lerigth [Meters]:

not used

(C) = Value calculated by ISOCS

(0) Value modified by user
Energy Efficiency %Uncertainty
58.00 6.33573e-013 10.0
59.54 1.53396e-012 10.0
61.00 3.24770e-012 ' 10.0
311.00 7.09848e-008 10.0
311.98 7.09546e-008 . 10.0
313.00 7.09817e-008 10.0
343.00 7.09089e-008 8.0
344.27 7.08720e-008 8.0
345.00 7.08902e-008 8.0
660.00 6.36907e-008 6.0
661.65 6.35930e-008 6.0
663.00 6.35986e-008 6.0
701.00 6,30231e-008 6.0
702.63 6.29504e-008 6.0
703.00 6.29676e-008 6.0
722.00 6.27029&-008 6.0
723.00 6.26720e-008 6.0
724.00 6.26706e-008 6.0
870.00 6.10965e-008 6.0
871.10 6.10659e-008 6.0
872.00 6.10924e-008 6.0
1172.00 5.97013e~-008 4.0
1173.22 5.96696e-008 4.0
1174.00 5.96471e-008 4.0
1273.00 5.93596e-008 4.0
1274.45 5.93432e-008 4.0
1275.00 5.93416e-008 4.0
1331.00 5.91092e-008 4.0
1332.49 5.90960e~-008 4.0
1334.00 5.90698e-008 4.0
1406.00 5.83823e-008 4.0
1407.95 5.83819e-008 4.0
1409.00 5.83999e-008 4.0
1460.80 5.7889%e-008 4.0

TBD-401

$Convergence

0.087456
. 080981
.075679
. 028446
.028008
.028447
.030478

030225

.030508
. 031712
..031830
.031523
.031072
.031264

031268

.031150
.030929
.030975
.029119
.029118
.028929
.025862
.025795
.025642
.024495
.024726
.024583
.023944
.023895
.024160
.023088
.023105
.022994
.022531

C:\GENIE2K\isocs\data\GEOMETRY\In-Situ\SIMPLE BOX\MHF Liner ¢

Final # of Voxels
81760
81760
81760
81760
81760
81760
81760
81760
81760
81760
81760
81760
81760
81760
81760
81760
81760
81760
81760
81760
81760
81760
81760
81760
81760
81760
81760
81760
81760
81760
81760
81760
81760
81760
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Attachment 10.4
MicroShield Modeling Results
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Interpolated Efficiency Calibration Curve
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Attachment 10.4
MicroShield Modeling Results

Interpolated Efficiency Calibration Curve
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Attachment 10.4
MicroShield Modeling Results

AN

-

Geometry Composer Report CANBERRA
Date: Tuesday, November 18, 2014 - 15:43:58
Description: MHF_Liner_SOIL_DET2_16
Comment: Calib Date 11/18/14 ,
File Name: E:\SIMPLE_BOX\MHF_Linei_SOIL_DET2_16.geo
Software: 1S0CS ‘
Template: SIMPLE_BOX; Version: (default)
Detector: 3996
Collimator: GARDIAN G1 (GARDIAN 1 COLLIMATION MODEL)
Environment: Temperature = 65 °F, Pressure = 760.mm Hg, Relative Humidity = 70%
Integration: Convergence = 1.00%, MDRPN = 24 (_16), CRPN = 21 (16)
Dimensions (inches) '
No.. - Déseription L it | d2 43 | -da || d5 | d6 . | Material [Density |Rel Conc
1 Box 0.35 230 61 85 csteel 7.9
2 Source - Top Layer 4] <none>
3 Source - Bottom Layer 56 dirtl 1.6 1.00
4 Absorber 0.126 mtwall 3.7
5 Absorber2 0.0315 germanum 5.4
6 Source-Detector 55.5 -57.5 0 -57.5 0
List of energies for efficiency curve generation
58.0 _59.5 61.0 311.0 312.0 313.0 343.0 344.3
345.0 660.0 661.7 663.0 701.0 702.6 703.0 722.0
723.0 724,0. 870.0 871.1 872.0 1172.0 1173.2 1174.0
1273.0 1274.4 1275.0 1331.0 1332.5 1334.0 1406.0 1407.9
1409.0 1460.8
i

1.3 24

ingide
3.1
t

.1
all

%

{

A

- Pig 4
Py
e
g Referenda
< 4 \ Piane
i Y
. ;\i\ 1
1 < 1R e —_—
1 ) S el .
1 / - L (]
] &
)
1
I

TBD-401
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Attachment 10.4
MicroShield Modeling Results

AN

Geometry Composer Report CANBERRA
Date: Tuesday, November 18, 2014 - 15:43:58

Description: MHF_Liner_SOIL_DET2_16

Comment: Calib Date 11/18/14

File Name: E:\SIMPLE_BOX\MHF_Liner_SOIL_DET2_16.geo

Software: 1S0CS

Template: SIMPLE_BOX, Version: (default)
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IS0CS/LabS80OCS File:
ISOCS/LabSOCS Time:

Genie Cal File:
Genie Cal Time:
Template:

Geom Description:
Comment :

ISOCS/LABSOCS RESULTS

Attachment 10.4

MicroShield Modeling Results

C: \GENIEZK\lsocs\data\GEOMETRY\In Situ\SIMPLE_ BOX\MHF Liner

11/18/14 02:11:20

C:\GENIE2K\CALFILES\HMF Liner Soil DET2 16.CAL

11/18/14 02:47:01
SIMPLE BOX
MHF Liner D2 16

ISOCS:CALIB_DATE 11/18/14

Detector: 3996
Collimator; GARDIAN Gl
Convergence: 1.00 %

Area [Sq Meters]:

Mass [Grams]:

Length [Meters]:
{C) =

8.3097e+000 (C)

. 2.8705e+007 (C)

not used

Value calculated by ISOCS

([

(U) Value modified by user
Energy Efficiency %Uncertainty
58.00 5.62258e-013" 10.0
59.54 1.37243e-012 10.0
61.00 2.92622e-012 10.0
311.00 7.05694e-008 10.0
311.98 7.05402e-008 10.0
313.00 7.05681e-008 10.0
343.00 7.05194e-008 8.0
344,27 7.04837e-008 8.0
345.00 7.05023e-008 8.0
660.00 6.34421e-008 6.0
661.65 6.33451e-008 6.0
663.00 6.33509e-008 6.0
701.00 6.27842e-008 6.0
702.63 6.27121e-008 6.0
703.00 6.27293e~-008 6.0
722.00 6.24686e-008 6.0
723.00 6.24380e-008 6.0
724,00 6.24367e-008 6.0
870.00 6.08879%e-008 6.0
87l.10 6.08575e-008 6.0
872.00 6.08840e-008 6.0
1172.00 5.95253e-008 4.0
1173.22 5.94938e-008 4.0
1174.00 5.94715e-008 4.0
1273.00 - 5.91917e-008 4.0
1274.45 5.91754e~-008 4.0
- 1275.00 5.9173%e-008 4.0
1331,00 5.89455e-008 4.0
1332.49 5.89325e-008 4.0
1334.00 5.89065e-008 4,0
| 1406.00 5.82248e-008 4.0
| 1407.95 5.82245e-008 4.0
3 1409.00 5.82426e~-008 4.0
} 1460.80 5.77366e-008 4.0

TBD-401

%Convergence
.0%94637
.088870
.084219
.011033
.010657
.011217
.014503
.014262
.014571
.024023
.024133
.023852
.023817
.024038
.024020
.024027
.023912
.023954
.023104
.023070
.022897
.020810
.020712
.020544
. 019544
.019792
.019687
.019028
.018976.
.019266.
.018140
.018191
. 018104
.017642

Flnal # of Voxels
81760
81760
81760
81760
81760
81760
81760
81760
81760
81760
81760
81760
81760
‘81760
81760
81760
81760
81760
81760
81760
81760
81760
81760
81760
81760
81760
81760
81760
81760
81760
81760
81760
81760
81760
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Attachment 10.4
MicroShield Modeling Results

Interpolated Efficiency Callbration Curve
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Attachment 10.4

MicroShield Modeling Results

Interpolated Efficiency Calibration Curve
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Attachment 10.4
MicroShield Modeling Results

, | A

Geometry Composer Report CANBERRA
Date: Tuesday, November 18, 2014 - 15:44:57
Description; MHF_Liner_SOIL_DET3_16
Comment: CAL DATE 11_18_14
File Name: E:\SIMPLE_BOX\MHF_Liner_SOIlL_DET3_16.geo
Software: 1S0CS
Template: SIMPLE_BOX, Version: (default)
Detector: 3997
Collimator: GARDIAN G1 (GARDIAN 1 COLLIMATION MODEL) ’
Environment; Temperature = 65 °F, Pressure = 760 mm Hg, Relative Humidity = 70%
Integration: Convergence = 1.00%, MDRPN = 24 (16), CRPN = 24 (16)
Dimensions (inches)
‘No. Description - dE d2 L d3 | d4 745 | d6 .. [. Materal; j Denslty |Reli Conc.
1 Box 0.35 230 61 85 csteel 7.9
2 Source - Top Layer 0 <none>
3 Source - Bottom Layer 56 dirt1 1.6 1.00
4 Absorber1 0.282 stwall 1.4
5 Absorber2 -0.03543 germanum’ 5.4
6 Source-Detettor 55.5 57.5 0 57.5 0
List of energies for efficiency curve generation
58.0 59.5 61.0 311.0 312.0 313.0 343.0 344.3
345.0 660.0 661.7 663.0 701.0 702.6 703.0 722.0
723.0 724.0 870.0 871.1 872.0 1172.0 1173.2 1174.0
1273.0 1274.4 1275.0 1331.0 1332.5 1334.0 1406.0 1407.9
1409.0 1460.8

-

SIMFLE BOX
/ 1.4/"—
inside,
(2

,-/” /
-
-
. [ ‘| Referenda.
- 1 Fione Fi
2.
1.3 ° ! <= | —_——
Inside \ rx A
sl ) A )
* | T [P ‘
1 227 5
v
1 ]
]

|5 ‘/ % - A°
woll P 3
thickness 1= - ———

TBD~401 ’
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Attachment 10.4
MicroShield Modeling Results

AN

Geometry Composer Report , CANBERRA
Date: Tuesday, November 18, 2014 - 15:44:57

Description: MHF_Liner_SOIL_DET3_16

Comment: CAL DATE 11_18 14

File Name: E:\SIMPLE_BOX\MHF_Liner_SOIL_DET3_16.geo

Software: 1SOCS

Template: SIMPLE_BOX, Version: (default)
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Attachment 10.4
MicroShield Modeling Results

ISOCS/LABSOCS RESULTS

I1S0CS/LabSOCS File: C:\GENIE2K\isocs\data\GEOMETRY\In-Situ\SIMPLE_BOX\MHF Liner_ ¢
ISOCS/LabSOCS Time: 11/18/14 02:17:45

Genie Cal File: C:\GENIE2K\CALFILES\HMF Liner Soil DET3 16.CAL
Genie Cal Time: 11/18/14 02:51:10 - - - -
Template: SIMPLE BOX
Geom Description: MHF Liner D3 16
Comment: ISOCS:CAL DATE 11 18 14
Detector: 3997 o - - =
Collimator: GARDIAN G1
Convergence: 1.00 %
Area [Sq Meters]: 8.3097e+000 (C)
Mass [Grams]: 2.8705e+007 (C)
Length [Meters]: not used
(C) Value calculated by ISOCS

(U) Value modified by user
Enerqgy Efficiency $Uncertainty $Convergence Final # of Voxels
58.00 8.47855e-013 10.0 . 0.086462 81760
59.54 2.00758e-012 o 10.0 0.080053 81760
61.00 4,16993e-012 10.0 0.074815 81760
311.00 7.11112e-008 10.0 -0.028445 81760
311.98 7.10800e-008 10.0 -0.028007 81760
313.00 7.11061e-008 10.0 ~-0.028446 81760
343.00 7.10079e-008 8.0 -0.030476 81760
344.27 7.09701e-008 8.0 -0.030223 . 81760
345.00 7.0987%e~-008 8.0 -0.030506 81760
660.00 6.37182e-008 6.0 -0.031710 81760
661.65 6.36204e-008 6.0 -0.031829 81760
663.00 6.36259%9e-008 6.0 -0.031521 81760
701.00 6.30486e-008 6.0 -0.031071 81760
702.63 6.29758e-008 6.0 -0.031262 81760
703.00 6.29930e-008 6.0 -0.031267 81760
722.00 6.27274e-008 6.0 -0.031148 81760
723.00 6.26965e-008 6.0 -0.030927 81760
724.00 6.26950e-008 6.0 -0.030973 81760
870.00 6.11164e-008 6.0 -0.029117 81760
871.10 6.10858e-008 6.0 -0.029116 81760
872.00 6.11123e-008 6.0 -0.028928 81760
1172.00 5.97174e-008 4.0 -0.025861 81760
1173.22 5.96856e-008 4.0 -0.025794 81760
1174.00 5.96632e-008 4.0 -0.025640 81760
1273.00 5.93758e-008 4.0 -0.024494 81760
1274.45 5.93594e~-008 4.0 -0.024725 81760-
1275.00 5.93579e-008 4,0 -0.024581 81760
1331.00 5.91258e-008 4.0 -0.023943 81760
1332.49 5.91126e-008 4.0 -0.023893 81760
1334.00 5.90864e-008 4.0 -0.024159% 81760
1406.00 5.83996e-008 4.0 -0.023087 81760
1407.95 5.83992e-008 4.0 -0.023104 81760
1409.00 5.84172e-008 4.0 -0.022993 81760
1460.80 5,79079e-008 4.0 -0.022530 81760
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Interpolated Eificiency Calibration Curve
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Attachment 10.4

MicroShield Modeling Results
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Attachment 10.4

MicroShield Modeling Results

Interpolated Efficlency Calihration Curve
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Attachment 10.4
MicroShield Modeling Results

Geometry Composer Report CANBERRA
Date: Tuesday, November 18, 2014 - 15:45:55
Description: MHF_Liner_SOIL_DET4_16
Comment: CAL DATE 11_18_14 .
File Name: E:\SIMPLE_BOX\MHF_Liner_SOIL_DET4_16.geo
Software: 1S0CS
Template: SIMPLE_BOX, Version: (default)
Detector: 3998
Collimator; GARDIAN G1 (GARDIAN 1 COLLIMATION MODEL)
Environment: Temperature. = 65 °F, Pressure = 760 mm Hg, Relative Humidity = 70%
Integration: Convergence = 1,00%, MDRPN = 24 (16), CRPN = 24 (16)
‘ ) Dimensions (inches)
No. Description di | 42 | a3 | a4 | a5 | &6, | . Material | Density [Rel,Conc:
1 Box 0.35 230 61 85 csteel 7.9
2 Source - Top Layer 0 nonpe
3 Source - Bottom Layer 56 dirtl 1.6 1.00
4 Absorberl 0.282 stwall 14
5 Absorber2 none
6 Sourcé-Detector '55.5 -57.5 0 -57.5 0
List of energies for efficiency curve generation
58.0 59.5 61.0 311.0 312.0 313.0 343.0 344.3
345.0 660.0 661.7 663.0 701.0 702.6 703.0 722.0
723.0 724.0 870.0 871.1 872.0 1172.0 1173.2 1174.0
1273.0 12744 1275.0 1331.0 1332.5 1334.0 1406.0 1407.9
1409.0 1460.8 :
v
|4>< @ ﬁ1 H r» |
i " e N NN o
."/ 1.2 ir;sﬁi - /I / -
M A7 g L e
Ay : ) ’
inside g

1.1
wall
thickness’
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Attachment 10.4
MicroShield Modeling Results

AN

Geometry Composer Report CANBERRA
Date: Tuesday, November 18, 2014 - 15:45:55

Description: MHF_Liner_SOIL_DET4_16

Comment: CAL DATE 11_18_14

File Name: E:\SIMPLE_BOX\MHF_Liner_SOIL_DET4_16.geo

Software: 1SOCS

Template: SIMPLE_BOX, Version: (default)
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Attachment 10.4
MicroShield Modeling Results

ISOCS/LABSOCS RESULTS

ISOC5/LabSOCS File: C:\GENIE2K\isocs\data\GEOMETRY\In-Situ\SIMPLE_ BOX\MHF Liner ¢
ISOCS/LabSOCS Time: 11/18/14 02:23:20

Genie Cal File: C:\GENIEZK\CALFILES\HMF_Liner_Soil_DET4_16.CAL
Genie Cal Time: 11/18/14 02:56:41
Template: SIMPLE BOX

Geom Description: MHF Liner D4 .16
Comment: ISOCS:CAL DATE 11 18 14
Detector: 3998 - - T
Collimator: GARDIAN G1

Convergence: 1.00 %

Area [Sqg Meters]: 8.3097e+000 (C)

Mass [Grams]: 2.8705e+007 (C)

Length [Meters]: not used

(C) = Value calculated by ISOCS
(U) = Value modified by user

Energy Efficiency $Uncertainty %Convergence Final # of Voxels
58.00 3.51674e~-012 10.0 -0.106567 81760
59.54 7.54136e~-012 10.0 -0.099314 : 81760
61.00 1.44079%e-011 10.0 -0.092374 81760
311.00 7.72792e-008 10.0 -0.005557 81760
311.98 7.72379e-008 10.0 ~0.005596 81760
313.00 7.71930e-008 10.0 -0.005423 81760
343.00 7.58412e-008 8.0 . -0.007321 ' 81760
344.27 7.57938e-008 8.0 -0.007034 81760
345.00 7.57900e-008 8.0 ~-0.007220 81760
660.00 7.06843e-008 6.0 -0.014125 81760
661.65 7.06013e-008 6.0 -0.014153 81760
| 663.00 7.06135e~008 6.0 -0.013945 81760
| 701.00 7.01071e-008 6.0 -0.014423 81760
| 702.63 7.00797e-008 6.0 -0.014372 81760
| 703.00 7.00782e-008 6.0 ~0.014428 81760
; 722.00 6.98590e-008 6.0 -0.014472 81760
| 723.00 6.98589e~008 6.0 -0.014555 81760
| 724.00 6.98474e-008 6.0 ~0.014714 81760
870.00 6.86345e-008 6.0 -0.014608 81760
871.10 6.86220e-008 6.0 -0.014296 81760
872.00 6.86383e-008 6.0 -0.014513 81760
1172.00 6.79031e-008 4.0 -0.012609 81760
1173.22 6.79035e-008 4.0 -0.012484 81760
1174.00 6.78775e-008 4.0 -b.012206 81760
1273.00 6.76033e-008 4.0 —0.011848 81760
1274.45 6.75953e~-008 4.0 -0.011803 81760
1275.00 6.75882e-008 4.0 -0.011577 81760
1331.00 6.73464e~-008 4.0 ~0.011334 81760
1332.49 6.73795e-008 4.0 -0.011289 81760
1334.00 6.73655e-008 4.0 -0.011341 81760
1406.00 6.70369e~-008 4.0 -0.010037 81760
1407.95 6.70080e-~-008 4.0 -0.010066 81760
1409.00 6.69899e-008 4.0 -0.00999%0 81760
1460.80 6.67418e-008 4.0 -0.009666 ' 81760

TBD-401 Page 66 of 101




Attachment 10.4
MicroShield Modeling Results

Interpolated Efficiency Calibration Curve
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Attachment 10.4

MicroShield Modeling Results

Interpolated Efficiency Calibration Curve
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| Primary Efficiency taken from ECC files, for set energies (keV):

‘Weight 58.0 59.5| 61.0s 31 .OE 312.0! 313.0 343.0 344.3] 345.0! 660.0; 661.7
1 1.000 6.34é.-01 3 1.53e-012 3.25e-012 7.10e-008 7.10e-008 7.10e-008 7.09e-008 7.09e-008 7.09e-008 6.37e-008 6.36e-008
2 1.000 5.62e-013 1.37e-012. 2.93e-012 7.06e-008 7.05e-008 7.06e-008 7.05e-008 7.05e-008 '7.05¢-008 6.34e-008 6.33e-008
3 1.000 8.48e-013 2.01e-012 4,17e-012 7.11e-008 7.11e-008 7:11e-008 7.10e-008 7.10e-008 7.10e-008 6.37e-008 6.36e-008
4 1.000 3.52e-012 7.54e-012 1.44e-011 7.73e-008 7.72e-008 7.72e-008 7.58e-008 7.58e-008 7.58e-008 7.07e-008 7.06e-008

-Sum 5.56e-012 1.25e-011 2.48e-011 2.90e-007 2.90e-007 2.90e-007 2.88e-007 2.88e-007 2.88e-007 2.62e-007 2.61e-007

Error,% 1.00e+001 1.00e+001 1.00e+001 1.00e+001 1.00e-H001 1.00e+001 8.00e-+000 8.00e+000 8.00e+000 6.00e+000 6.00e+000
Information for input ECC files
File Name File. Stamp Path

1 MHF_Liner_SOIL_DET1_1¢ Tue_Nov_18_02:02:51_2014
2 MHF_Liner_SOIL_DET2_1¢ Tue_Nov_18_0210:28_2014
3 MHF_Liner_SOIL_DET3_1¢ Tue_Nov_18_0216:52_2014
4 MHF_Liner_SOIL_DET4_1¢ Tue_Nov_18_0222:28 2014

File Name

Description:
Comment:

- CANBERRA

}
File Stamp

MHF_Liner_SOIL_SUM_16.
Calib Date 11/18/14

C:\GENIE2Kisocs \data\GEOMETRY\In-Situ\SIMPLE_BOX\
CAGENIE2K\isocs\data\GEOMETRY\In-Situ\SIMPLE_BOX\
C\GENIE2Kisocs \data\GEOMETRYVIn-Situ\SIMPLE_BOXY
CAGENIE2K\isocs\data\GEOMETRY\In-Situ\SIMPLE_BOX\
Information for saved file with multiefficiency data:

Path

Multi-Efficiency Report

MultiEfficiency Report/Style2 // Printing: Tuesday,' November 18, 2014, 02:30:04
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Primary Efficiency taken from ECC files, for set energies (keV):

~ 663.0] 701.0] 702.5! 703.0! 722.0! 723.0l 724.0‘ 870.0° 871.1! 872.0i 1172.0i 1173.2
6.36e-008 6.30e-008 6.30e-008 6.30e-008 - 6.27e-008 6.27e-008 6.27e-008 6.11e-008 6.11e-008 6.11e-008 = 5.97e-008 ~ 5.97e-008
6.34e-008 6.28e-008 6.27e-008 6.27e-008 6.25¢-008 6.24e-008 6.24e-008 - 86.09e-008 6.09e-008 5.09e-008 65.95e-008 5.95e-008
6.36e-008 6.30e-008 6.30e-008 6.30e-008 6.27e-008 6.27e-008 6.27e-008 6.11e-008: 6.11e-008 6.11e-008 5.97e-008 5.97e-008
7.06e-008 7.01e-008 7.01e-008 7.01e-008 6.98e-008 6.99e-008 6.98e-008 6.86e-008 6.86e-008 6.86e-008 6.79e-008 6.79e-008
2.61e-007 2.59e-007 2.52e-007 2.59e-007 2.58¢-007 2.58e-007 2.58e-007 2.52¢-007 2.52e-007 2.52e-007° 2.47e-007 2.47¢-007
6.00e+000 6.00e+000 6.00e+000 6.00e+000 6.00e+000 6.00e+000 6.00e+000 6.00e+000 6.00e+000 6.00e+000 4.00e+000 4.00e+000

Information for.input ECC files

CAGENIE2K\socs\data\GEOMETRY\In-Situ\SIMPLE_BOX\
C\GENIE2K\isocs\data\GEOMET RY\In-Situ\SIMPLE_BOX\
CAGENIE2K\isocs\data\GEOMET RYAIn-SitulSIMPLE_BOX\

C\GENIE2K\isocs\data\GEOMETRY\In-Situl\SIMPLE_BOX\ .
. : Information for saved file with multiefficiency data:

MHF_Liner_SOIL_SUM_16

— Calib Date 11/18/14
5
:
CANBERRA ‘ Multi-Efficiency Report
&

MultiEfficiency Report/Styleé // Printing: Tuesday, November 18, 2014, 02:30:04
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Primary Efficiency taken from ECC files, for set energies (keV):

MHF:_Liner_SOIL_SUM_16
Calib Date 11/18/14

CANBERRA

4.00e++H000

CAGENIE2KVsocs\data\GEOMETRY\In-Situ\SIMPLE_BOX\
CAGENIE2K\is ocs\data\GEOMETRY\In-Situ\SIMPLE_BOX\.
C\GENIE2K\is ocs\data\GEOMETRY\In-Situ\SIMPLE_BOX\
C:\GENIE2K\s ocs\data\GEOMETRY\In-Situ\SIMPLE_BOX\

Information for input ECC files

Information for saved file with multiefficiency data:

Multi-Efficiency Report

1174.0/ 1273.0| 1274.4| 1275.0i 1331.0! 1332.5| 1334.0} 1406.0; 1407.9] 1409.0i 1460.8
5.96e-008  594e-008  593e-008  5.03e-008  5.91e-008  .591e-008  5.91e-008  5.84e-008  5.84e-008  5.84e-008  5.79¢-008
5.95e-008  5.92e-008  5.92¢-008  592e-008  5.89-008  5.89e-008  5.89-008  5.82e-008  582¢-008  5.82¢-008  5.77e-008
5.97e-008  594e-008  594e-008  594e-008  591e-008  5.91e-008  591e-008  5.84e-008  584e-008  5.84e-008  5.79¢-008
6.79e-008  6.76e-008  6.76e-008  6.76e-008  6.73¢-008  6.74e-008  6.74e-008  6£.70e-008  6.70e-008  6.70e-008  B.57e-008
247e-007  246e-007  245¢-007  2.45e-007  2.45e-007  245e-007  2.44e-007  2.42e-007  242e-007  2.42e-007  2.40e-007
4.00e+000 = 4.00e+000  4.00e+000 4,00e+000  4.00e+000  4.00e+000  4.00e+000  4.00e+000  4.00e+000  4.00e+000

MultiEfficiency Report/Style2 // Printing: Tuesday, November 18, 2014, 02:30:04
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ISOCS/LabSoCS File:
ISOCS/LabSOCS Time:

Genie Cal File:
Genie Cal Time:
Template:

Geom Description:
Comment :

ISOCS/LABSOCS RESULTS

Attachment 10.4
MicroShield Modeling Results

\

C:\GENIEZK\isocs\data\GEOMETRY\In—Situ\Multiefficienéy\MHF_Li

11/18/14 02:30:26

C:\GENIE2K\CALFILES\HMF Liner Soil SUM D16.CAL

11/18/14 03:01:18

(SIMPLE BOX)+(SIMPLE BOX)+ (SIMPLE BOX)+ (SIMPLE_ BOX)+

MHF Liner  SUM 16

IS0OCS:Calib Date 11/18/14

(GARDIAN_G1)+ (GARDIAN_G1)+ (GARDIAN G1)

Detector: (3994)+(3996)+(3997)+(3998) +
Collimator:
Convergence: 1.00 %
Area [Sq Meters]: 1.0000e-004 (C)
Mass [Grams]: 1.0000e+000 (C)
Length [Meters]: not used
(C) = Value calculated by ISO0OCS
(U) = vValue modified by user
Enerqgy Efficiency %Uncertainty
58.00 5.56043e-012 10.0
59.54 1.24553e-011 10.0
61.00 2.47518e-011 10.0
311.00 2.89945e-007 10.0
311.98 2.89813e-007 10.0
313.00 2.89849e-007 10.0
343.00 2.88277e-007 8.0
344.27 2.88120e-007 8.0
345.00 2.88170e-007 8.0
660.00 2.61535e-007 6.0
661.65 2.61160e-007 6.0
663.00 2.61189%e-007 6.0
701.00 2.58963e-007 6.0
702.63 2.58718e-007 6.0
703.00 2.58768e-007 6.0
722.00 2.57758e~-007 6.0
723.00 2.57665e~007 6.0
724.00 2.57650e-007 6.0
870.00 2.51735e-007 6.0
871.10 2.51631e-007 6.0
872.00 2.51727e-007 6.0
1172.00 2.46847e-007 4.0
1173.22 2.46753e~-007 4.0
1174.00 2.4665%e~-007 4.0
1273.00 2.45530e-007 4.0 ‘
1274.45 2.45473e-007 4.0
1275.00 2.45462e-007 4.0
1331.00 2.44527e-007 4.0
1332.49 2.44521e-007 4.0
1334.00 2.44428e-007 4.0
1406.00 2.42044e-007 4.0
1407.95 2.42014e-007 4.0
1409.00 2.42050e-007 4.0
1460.80 2.40276e-007 4.0

TBD-401

BC
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0.
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

onvergen'ce
:0946370
.0946370
.0946370
.0946370
.0946370
.0946370
0946370

. 0946370

.0946370
.0946370
.0946370
.0946370

. 0946370

.0946370
.0946370
0946370
.0946370
.0946370
.0946370
.0946370
.0946370
.0946370
.0946370
.0946370
0946370

'.0946370

.0946370
.0946370
.0946370
.0946370
.0946370
.0946370
.0946370
.0946370

+ (GARDIAN G1)+

Final # of Voxels
64000
64000
64000
64000
64000
64000
64000
64000
64000
64000
64000
64000
64000
64000
64000
64000
64000
64000
64000
64000
64000
64000
64000
64000
64000
64000
64000
64000
64000
64000
64000
64000
64000
64000
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Attachment 10.4
MicroShield Modeling Results

Interpolated Efficiency Calibration Curve
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. Interpolated Efficiency Calibration Curve
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Attachment 10.4
MicroShield Modeling Results
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Attachment 10.4
MicroShield Modeling Results

GARDIAN SYSTEM

Calibration Records
MHEF IP-1 Intermodal with Liner

Density 1.2
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Attachment 10.4
MicroShield Modeling Results

AN

Geometry Composer Report CANBERRA
Date: Tuesday, November 18, 2014 - 15:42:13
Description: MHF_Liner_SOIL_DET1_12
Comment: CALDATE 11_18_14
File Name: E:\SIMPLE_BOX\MHF_Liner_SOIL_DET1_12.geo
Software: 1SOCS
Template: SIMPLE_BOX, Version: (default)
Detector: 3994
Collimator: GARDIAN G1 (GARDIAN 1 COLLIMATION MODEL)
Environment: Temperature = 65 °F, Pressure = 760 mm Hg; Relative Humidity = 70%
Integration: Convergence = 1.00%, MDRPN = 2% (16), CRPN = 24 (16)
Dimensions (inches)
No. | - - Description’ diT . d2 |7 d3.. [ da | db |  d6. | Materdal | -Density.|Rel Conc.| .
1 Bok 0.35 230 61 85 csteel 79
2 Source - Top Layer 0 <none>
3 Source - Bottom Layer ' 56 dirtl 1.2 1.00
4 Absorberl 0.126 mtwall 3.7
5 Absorber2 0.02756 germmanum 5.4
6 Source-Detector 55.5 57.5 0 57.5 0
List of energies for efficiency curve generation
58.0 59.5 61.0 311.0 312.0 313.0 343.0 344.3
345.0 660.0 661.7 663.0 701.0 702.6 703.0 722.0
723.0 724.0 870.0 8711 872.0 11720 1173.2 1174.0
1273.0 1274.4 1275.0 1331.0 1332.5 1334.0 1406.0 .1407.9
1409.0 1460.8

SIPLE BOX

i
|-~ 1%

vall 20
thickngss Lo f_=

14
insid/_

1

1

) .
Relerenia

t] Pions

1

!

. e /l
1.2 inside
/Rv:h:mnc-_ 1

d [T

TBD-401
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Geometry Composer Report

Attachment 10.4
MicroShield Modeling Results

A

CANBERRA

Date: Tuesday, November 18, 2014 - 15:42:13
Description: MHF_Liner_SOIL_DET1_12

Comment: CAL DATE 11_18_14

File Name: E:\SIMPLE_BOX\MHF_Liner_SOIL_DET1_12.geo
Software: ISOCS

Template: SIMPLE_BOX, Version: (default)

TBD-401

Page 77 of 101




ISOCS/LabsS0OCS File:
ISOCS/LabS0OCS Time:

Genié Cal File:
Genie Cal Time:
Template:

Geom Description:
. Comment:

ISOCS/LABSOCS RESULTS

C:\GENIE2K\isocs\data\GEOMETRY\In-Situ\SIMPLE_BOX\MHF Liner .

11/18/14 01:57:22

Attachment 10.4
MicroShield Modeling Results

C:\GENIEZK\CALFILES\HMF_Liner_Soil_DET1_12.CAL

11/18/14 02:37:02 ~.
SIMPLE BOX
HMF Liner D1 12

ISOCS:CAL_DATE_11 18 14

Detector: 3994
Collimatoxr: GARDIAN Gi
Convergence: 1.00 %
Area [Sqg Meters]: 8.3097e+000 (C)
Mass [Grams]: 2.1529e+007 (C)
Length [Meters]: not used
(C) = Value calculated by ISOCS
(U) = Value modified by user
Energy Efficiency %Uncertainty
58.00 8.44445e-013 10.0
59.54 2.04422e-012 10.0
61.00 4.32774e-012 10.0
311.00 9.39137e~008 10.0
311.98 9.38764e-008 10.0
313.00 9.39094e-008 10.0
343.00 9.37828e-008 8.0
344.27 9.37350e-008 8.0
345.00 9.37546e~-008 8.0
660.00 8.39616e-008 6.0
661.65 8.38325e-008 6.0
663.00 8.38441e-008 6.0
701.00 8.30464e-008 6.0
702.63 8.29575e-008 6.0
703.00 8.29767e-008 6.0
722.00 8.26140e-008 6.0
723.00 8.25719%e~-008 6.0
724.00 8.25695e-008 6.0
870.00 8.03971e-008 6.0
871.10 8.03602e-008 6.0
872.00 8.03881e-008 6.0
1172.00 7.84016e-008 4.0
1173.22 7.83568e-008 4.0
1174.00 7.83257e-008 4.0
1273.00 7:79048e-008 4.0
1274.45 7.78840e-008 4.0
1275.00 7.78828e-008 4.0
1331.00 7.75552e-008 4.0
1332.49 7.75367e~-008 4.0
1334.00 7.74952e-008 4.0
1406.00 7.65622e-008 4.0
1407.95 7.65557e-008 4.0
1409.00 7.65790e-008 4.0
1460.80 - 7.58944e-008 4.0

TBD-401

%Convergerice
.088722
.083712
. 079547
.024447
.024172
.024589
.029085
.029093
. 029295
.040080
.040150
.039926
.039736
.040105
.040109
.040137
.040063
.040080
.0396406
.039647
.039589
.038832
.038768
038681
.038140
.038564
.038424
.038177
.038152
.038306
.037686
.037724
.037724
.037543

Final #§ of Voxels
91980
91980
91980
91980
91980
91980
91980
91980
91980
91980
91980
91980
91980
81980
91980
91980
912880
91980
91980
91980
91980

' 91980
91980
91980
91980
91980
91980
91980
91980
91980
91980
91980
91980
91980
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Attachment 10.4
MicroShield Modeling Results

Interpolated Efficiency Calibration Curve
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Attachment 10.4
MicroShield Modeling Results

Interpolated Efficiency Calibration Curve
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\ Attachment 10.4
MicroShield Modeling Results

Geometry Composer Report CANBERRA
Date: Tuesday, November 18, 2014 - 15:43:35
Description: MHF_Liner_SOIL_DET2_12
Comment: - Calib. Date 11/18/14
File Name: E:\SIMPLE_BOX\MHF_Liner_SOIL_DET2_12.geo
Software: 1S0Cs ]
Templateé: SIMPLE_BOX, Version: (default)
Detector: 3996
Collimator: GARDIAN G1 (GARDIAN 1 COLLIMATION MODEL)
Environment: Temperature = 65 °F, Pressure = 760 mm Hg, Relative Humidity = 70%
Integration: -~  Convergence = 1.00%, MDRPN = 24 (16), CRPN = 24 (16)
Dimensions (inches)
No, " Description. - &y A2 ] dis di4. |.'dS5: | di67 | Material - | Density:[ReliConc:
1 Box 0.35 230 61 85 csteel 7.9
2 Souirce - Top Layer 0 ) <none>
3 Source -~ Bottom Layer 56 - dirtl 1.2 1.00
4 Absorberl 0.126 mbwall 3.7
5 Absorber2: 0.0315 germanum 5.4
6 Source-Detector 55.5 -57.5 0 -57.5 0

List of energies for efficiency curve generation

58.0 59.5 61.0 311.0 312.0 313.0 343.0 344.3
345.0 - 660.0 661.7 663.0 701.0 702.6 703.0 722.0
723.0 724.0 870.0 871.1 872.0 1172.0 1173.2 1174.0

1273.0 1274.4 1275.0 1331.0 1332.5 1334.0 1406.0 1407.9

1409.0 1460.8

| Yl'
. X 41
. . 51 .
1.4 z v} H "
D

il e
e

/
/ Raferenca |

‘Refererda ,
Pione

® ) ,L} 5.2

Direclicn
Cawerdion

Q@
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Attachment 10.4
MicroShield Modeling Results

A

Geometry Composer Report CANBERRA
Date: Tuesday, November 18, 2014 - 15:43:35

Description: MHF_Liner_SOIL_DET2_12

Comment: Calib. Date 11/18/14

File Name: E:\SIMPLE_BOX\MHF_Liner_SOIL_DET2_12.geo

Software: 1S0CS

Template: SIMPLE_BOX, Version: (default)

TBD-401 Page 82 of 101




ISOCS/LabS0OCS File:
ISOCS/LabS0OCS Time:

Genie Cal File:
Genie Cal Time:
Template:

Geom Description:
Comment. :

ISOCS/LABSOCS

C:\GENIE2K\isocs\data\GEOMETRY\In-Situ\SIMPLE BOX\MHF Liner

11/18/14 02:09:12

RESULTS

Attachment 10.4
MicroShield Modeling Results

C:\GENIE2K\CALFILES\HMF Liner Soil DET2_12.CAL

11/18/14 02:45:01
SIMPLE BOX
MHF Liner D2 12

ISOCS:CALIB. DATE 11/18/14

Detector: 3996
Collimator: GARDIAN G1
Convergence: 1.00 %

Area [Sq Meters]:
Mass [Grams]:

8.3097e+000 (C)
2.1529e+007 (C)

Length [Meters]: not used
(C) = Value calculated by ISOCS
(U) = Value modified by user
Energy Efficiency %Uncertainty
58.00 7.49281e-013 10.0
59.54 1.82865e-012 10.0
61.00 3.89860e-012 10.0
311.00 9.32928e-008 10.0
311.98 9.32571e-008 10.0
313.00 9.32912e-008 10.0
343.00 9.32008e-008 8.0
344,27 9.31546e-008 8.0
345.00 9.31749%e-008 8.0
660.00 8.35990e-008 6.0
661.65 8.34709e-008 6.0
663.00 8.34829%9e-008 6.0
701.00 8.2698%e-008 6.0
702.63 8.26107e-008 6.0
703.00 8.26299%9e-008 6.0
722.00 8.22735e-008 6.0
723.00 8.22317e-008 6.0
724.00 8.22297¢-008 6.0
870.00 8.00963e-008 6.0
871.10 8.00597e-008 6.0
872.00 8.00876e-008 6.0
1172.00 7.81512e-008 4.0
1173.22 7.81067e-008 4.0
1174.00 7.80758e—008 4.0
1273.00 7.76665e-008 4.0
1274.45 7.76458¢-008 4.0
1275.00 7.76447e-008 4.0
1331.00 7.73233e-008 4.0
1332.49 7.73050e-008 4.0
1334.00 7.72638e-008 4.0
1406.00 7.63395e-008 4.0
1407.95 7.63332&-008 4.0
1409.00 7.63565e-008 4.0
1460.80 7.56779e-008 4.0

TBD~401"

%$Convergence
.080712
.075307
.070819
.015912
.015573
.016074
.019763
..019620
.019843
.024412
.02444¢6
.024199
.023559
.023862
. 023859
.023657
.023631
.023607
.022100
.022050
.021960
.020953
.020829
.020713
.019922
.020353
.020202
.018823
.019768
.019926
.019253
.019349
.019317
.019099

Final # of Voxels
81980
\91980
91980
91980
91980
81980
91980
91980
91980
91980
91980
91980
91980
91980
91980
91980
91980
91980
91980
91980
91980
912880
91980
91980
91980
21980
91980
91980
91980
91980
91980
91980
91980
91980
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Attachment 10.4
MicroShield Modeling Results

Interpolated Efficiency Calibration Curve
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0 500 1000 1600 2000 2500
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Datasource: DET02
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Attachment 10.4
MicroShield Modeling Results

Interpolated Efficiency Calibration Curve
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Attachment 10.4
MicroShield Modeling Results

AN

Geometry Composer Report CANBERRA

Date: Tuesday, November 18, 2014 - 15:44:35

Description: MHF_Liner_SOIL_DET3_12

Comment! CAL DATE 11_18_14

File Name: E:\SIMPLE_BOX\MHF_Liner_SOIL_DET3_12.geo

Software: 1SOCS

Template: SIMPLE_BOX, Version: (default)

Detector: 3997

Collimator: GARDIAN G1 (GARDIAN 1 COLLIMATION MODEL)

Environment: Temperature = 65 °F, Pressure = 760 mm Hg, Relative Humidity = 70%

Integration: Convergence = 1.00%, MDRPN = 2% (16), CRPN = 24 (16)

Dimensions (inches)

SMFLE BOX

/ 14

nside

’I/ReTerem‘a
‘Pigne

e
, /
! —— —— I
P ’!R// _—— , =
-

R - /l lc)orecuc:’n
ceer
o reerdion

TBD-401

No.[ —  ~ Descipfion . - | dd | 62 | 43 | a4 [ 45 | d:6_| Waterial _| Density|Rel- Conc.
1 Box 0.35 230 61 85 : csteel 7.9
2 Source - Top Layer 0 ' <none>
3 Source - Bottom Layer 56 dirtl 1.2 1.00
4 Absorberi 0.282 stwall 1.4
5 Absorber2 0.03543 germanum 5.4
6 Source-Detector 55.5 57.5 0 57.5 0
List of energies for efficiency curve generation
58.0 59.5 61.0 311.0 312.0 313.0 343.0 344.3
345.0 660.0 661.7 663.0 701.0 702.6 703.0 722.0
723.0 724.0 870.0 871.1 872.0 11720 1173.2 1174.0
1273,0 1274.4 1275.0 1331.0 13325 1334.0 1406.0 1407.9
1409.0 1460.8
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Attachment 10.4
MicroShield Modeling Results

AN

Geometry Composer Report CANBERRA
Date: Tuesday, November 18, 2014 - 15:44:35
Description: MHF_Liner_SOIL_DET3_12
Comment: CAL DATE 11_18_14
File Name: E:\SIMPLE_BOX\MHF_Liner_SOIL_DET3_12.geo
Software: 1SOCS
Template: SIMPLE_BOX, Version: (default)

X
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ISOCS/LabsSOCS File:
ISOCS/LabS0OCS Time:

Genie Cal File:
Genie Cal Time:
Tenmplate:

Geom Description:
Comment :

ISOCS/LABSOCS RESULTS

C:\GENIE2K\isocs\data\GEOMETRY\In- Sltu\SIMPLE BOX\MHF_Liner

11/18/14 02:15:59

Attachment 10.4
MicroShield Modeling Results

C: \GENIEZK\CALFILES\HMF Liner_Soil DET3_12.CAL

11/18/14 02:49:44
SIMPLE BOX
MHF Liner D3 12

ISOCS:CAL DATE 11 18 14

Detector: 3997
Collimator: GARDIAN Gl
Convergence: 1.00 %

Area [Sq Meters]:
Mass [Grams]:

8.3097e+000 (C)
2.1529%9e+007 (C)

Length [Meters]: not used
(C) = Value calculated by ISOCS
(U) = Value modified by user
Energy Efficiency %Uncertainty
58.00 1.13002e-012 10:0
59.54 2:67532e-012 10.0Q
61.00 5.55651e-012 10.0
311.00 9.40809e¢-008 10.0
311.98 9.40422e~008 10.0
313.00 9.40739e-008 10.0
343.00 9.39137e-008 8.0
344.27 9.38646e-008 8.0
345.00 9.38836e-008 8.0
660.00 8.39979%9e-008 6.0
661.65 8.38686e-008 6.0
663.00 8.38801e-008 6.0
701.00 8.30800e-008 6.0
702.63 8.29909e-008 6.0
703.00 8.30101e-008 6.0
722.00 8.26463e-008 6.0
723.00 8.26041e-008 6.0
724.00 8.26017e-008 6.0
870.00 8.04233e-008 6.0
871.10 8.03864e-008 6.0
872.00 8.04142e-008 6.0
1172.00 7.84227e-008 4.0
1173.22 7.83779e-008 4.0
1174.00 7.83468e~-008 4.0
1273.00 7.79261e-008 4.0
1274.45 7.79052e-008 4.0
1275.00 7.79041e-008 4.0
1331.00 7.7576%e-008 4.0
1332.49 7.75585e-008 4.0
1334.00 7.75170e~-008 4.0
1406.00 7.65848e-008 4.0
1407.95 7.65783e-008 4.0
1409.00 7.66017e-008 4.0
1460.80 7.59180e-008 4.0

TBD-401

%Convergence

0.088202

.083271
.079174
.024436
.024161
.024578
.029076
.029084
.029287
.040078
.040148
.039924
.039734
.040103
.040107
.040135
.040061
.040078
.039645
.039646
.039588
.038831
.038767
.038679
.038139
.038563 .
.038423
.038176
.038151
.038305
.037685
.037723
.037723
.037542

Final

# of Voxels
91980
91980
91980
891980
91980
91980
91980
91980
91980
91980
91980
91980
891980
91980 -
91980
91980
91980
91980
91980
91980
91980
91980
91980
891980
91980
91980
91980
91980

91980

91980
91980
91980
91980
91980
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Attachment 10.4
MicroShield Modeling Results

Interpolated Efficiency Calibrationi Curve
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Energy (keV)
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Datasource: DET02
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Attachment 10.4

MicroShield Modeling Results

Interpolated Efficiency Calibration Curve
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Attachment 10.4
MicroShield Modeling Results

»

A
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TBD-401

®
]
|
)

Dlreslcn
Catiierdion

Geometry Composer Report CANBERRA
Date: ‘Tuesday,'November 18, 2014 - 15:45:33
Description: MHF_Liner_SOIL_DET4_12
Comment: CAL DATE 11_18 14
" File Name: E:\SIMPLE_BOX\MHF_Liner_SOIL_DET4_12.geo
Software: I1S0CS
Template: SIMPLE_BOX, Version: (default)
Detector: 3998 .
Collimator: GARDIAN G1 (GARDIAN 1 COLLIMATION MODEL)
Environment;: Temperature = 65 °F, Pressure = 760 mm Hg, Relative Humidity = 70%
Integration: Convergence = 1.00%, MDRPN = 24 (16), CRPN = 24 (16)
, Dimensions (inclies)
No.. ‘Description.” di | d2 .| -d3 d4 | "d5.7] d6&. | Materal . -| Densify;[Rel: Canc.
1 Box 0.35 230 61 85 csteel 7.9
2 Source - Top Layer 0 none
3 Source - Bottom Layer 56 dirtl 1.2 1.00
4 Absorberl 0.282 stwall 1.4
5 Absorber2 none
6 Source-Detector 55.5 -57.5 0 -57.5 [}
List of energies for efficiency curve generation
58.0 59.5 61.0 311.0 312.0 313.0 343.0 344.3
345.0 660.0 661.7 663.0 701.0 702.6 703.0 722,0
723.0 7240 870.0 871.1 872.0 1172.0 1173.2 1174.0
1273.0 1274.4 1275.0 1331.0 13325 1334.0 1406.0 1407.9
1409.0 1460.8
[
[4 X 41 ~—‘ H ‘_‘_ 51
" adin 2 oréﬁ/
,;4”: rd . /I -7
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Geometry Composer Report

Attachment 10.4
MicroShield Modeling Results

AN

CANBERRA

Date:
Description:
Comment:
File Name:
Software:
Template:

Tuesday, November 18, 2014 - 15:45:33
MHF_Liner_SOIL_DET4_12

CAL DATE 11_18_14
E:\SIMPLE_BOX\MHF_Liner_SOIL_DET4_12.geo
1SOCS

SIMPLE_BOX, Version: (default)

TBD-401
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ISOCS/LabS0OCS File:
ISOCS/LabS0OCS Time:

Genie Cal File:
Genie Cal Time:
Template:

Geom Description:

ISOCS/LABSOCS

C:\GENIEZK\isocs\data\GEOMETRY\In—Situ\SIMPLE_BOX\MHF_Liner_

11/18/14 02:21:37

RESULTS

Attachment 10.4
MicroShield Modeling Results

C:\GENIE2K\CALFILES\HMF Liner Soil DET4 12.CAL

11/18/14 02:55:46
SIMPLE BOX
MHF Liner D4 12

Comment : ISOCS:CAL_DATE 11 18 14
Detector: 3998 h
Collimator: GARDIAN G1
Convergence: 1.00 & '
Area [Sq Meters]: 8.3097e+000 (C)
Mass [Grams]: 2.1529e+007 (C)
Length [Meters]: not used
(C) = Value calculated by ISOCS
(U) = Value modified by user
Energy Efficiency %Uncertainty
58.00 4.68234e-012 10.0
59.54 1.00389%e-011 10.0
61.00 1.91777e-011 10.0
311,00 1.02179%e-007 10.0
311.98 1.02130e-007 10.0
313.00 1.02066e-007 10.0
343.00 1.00251e-007 8:0
344.27 1.0018%e-007 8.0
345.00 1.00176e-007 8.0
660.00 9.31600e-008 6.0
661.65 9.30496e-008 6.0
663.00 9.30631e-008 6.0
701.00 9.23664e-008 6.0
702.63 9,23336e-008 6.0
703.00 9.23319%e-008. 6.0
722,00 9.20284e-008 6.0
723.00 9.20261e-008 6.0
724.00 9.20116e-008 6.0
870.00 9.03228e-008 6.0
871.10 9.03049%e-008 6.0
872.00 9.03232e-008 6.0
1172.00 8.91776e-008 4.0
1173.22 8.91684e-008 4.0
1174.00 8.91356e-008 4.0
1273.00 8.87091e-008 4.0
1274.45. 8.86857e-008 4.0
1275.00 8.86866e-008 4.0
1331.00 8.83446e-008 4.0
1332.49 8.83785e-008 4.0
1334.00 8.83531e-008 4.0
1406.00 8.78860e-008 4.0
1407.95 8.78466e-008 4.0
1409.00 8.78211e-008 4.0
1460.80 8.74575e-008 4.0
TBD-401

%Convergence
.116420
0.108744
.102527
.013974
.013989
.013959
.010098
.010372
.010201
.005344
.005414
. 005296
.006252
.006233
.006247
.006577
.006624
.006718
.00876°9
.008496
.008707
.010700
.010604
.010369
.010596
.010662
.010661
.010712
.010676
.010758
.010295
.010282
.010200
.010322

o

Y

Final # of Voxels
91980
91980
91980
91980
91980
91980
91980
91980
21980
21980
91980
91980
91980
91980
91980
91980
91980
91980
291980
91980
91980
91980
919280
91980
91980
91980
91280
91980
91980
91980
91980
91980
21980
913880
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Attachment 10.4
MicroShield Modeling Results

Interpolated Efficiency Calibration Curve
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Attachment 10.4
MicroShield Modeling Results

lnterpdlated Efficiency Calibration Curve
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10} 40 96 abed

! | Primary Efﬁciency'taken from ECC files, for set energies (keV):

File Name

Description:
Comment:

A

CANBERRA

File Stamp

1 MHF_Liner: SOIL_DET1_1Z Tue_Nov_18_01:56:23_2014
2 MHF_Liner_SOIL_DET2_1Z Tue_Nov_18_0208:12_2014.
3 MHF_Liner_SOIL_DET3_1Z Tue_Nov_18_0215:00_2014
4 MHF_Liner_SOIL_DET4_1Z Tue_Nov_18_0220:38_2014

MHF_Liner_SOIL_SUM_12

Calib Date 11/18/14

C:\GENIE2K\socs\data\GEOMETRY\AIn-Situ\SIMPLE_BOX\
C\GENIE2K\socs\data\GEOMETRY\In-Situ\SIMPLE_BOX\
C:\GENIE2K\socs\data\GEOMETRY\In-Situ\SIMPLE_BOX\
C:AGENIE2K\socs\data\GEOMETRW\In-Situ\SIMPLE_BOX\

Path

Information for saved file with multiefficiency data:

_’f_i Weight 58.0| 59.5! 1.0/ 311.0| 312.0, 313.0] 343.0 344.3] 345.0 660.0! 661.7
1 1000  844e-013  204e-012  433e-012  0.39%-008  09.39e-008  9.39e-008  9.38e-008  9.37e-008  9.38e-008  8.40e-008  8.38e-008
2 1000  7.49e-013  1.83¢-012  3.90e-012  9.33e-008  9.33e-008  9.33e-008  9.32e-:008  9.32e-008  9.32e-008  836e-008  8.35e-008
3 1.000  1.13e-012  268e-012 5568012  9.41e-008  9.40e-008  9.41e-008  9.39e-008  9.39e-008  9.39e-008  8.40e-008  8.39¢-008
4 1.000  4.68e-012  1.00e-011  192e-011  1.02e-007  1.02e-007  1.02e-007  1.00e-007  1.00e-007  1.00e-007  9.32e-008  9.30e-008
Sum 741012  1.66e-011  3.30e-011  3.83e-007  3.83e-007  3.83¢-007  3.81e:007  3.81e-007  3.81e-007  3.450-007  3.44e-007
Error,% 100e+001  1.00e+001  1.00e+001  1.00e+001  1.00e+001  1.00e+001  8.00e+000  8.00e+000  800e+000  6.00e+000  6.00e+000
Information for input ECC files
File Name File Stamp- Path

Multi-Efficiency Report

MultiEfficiency Report/Style2 // Printing: Tuesday, November 18, 2014, 02:28:01
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Primary Efficiericy taken from ECC files, for set energies (keV):

663.0! 701.0] 762.6! 703.0! 722.0| 723.0} ' 724.0! 870.0; 871.1] 872.0/ 1172.0] 1173.2
8.38e-008  8.30e-008  830e-008  8.30e-008  826e-008  8.28e-008  8:26e-008  8.04e-008  8.04e-008  8.04¢-008  7.84e-008  7.84e-008
8.35e-008  8.27e-008  826e-008  8.26e-008  8.23e-008  822e-008  8.22e-008  8.01e-008  '8.01e:008  8.01e-008  7:.82e-008  7.81e-008
8.30e-008  8.31e-008  8.30e-008  8.30e-008  826e-008  8.26e-008  8.26e-008  8.04e-008  8.04e-008  8.04e-008  7.84e-008  7.84e-008
9.31e-008  9.24e-008  9.23e-008 - 9.23e-008  9.20e-008  9.20e-008  9.20e-008  9.03e-008  9.03e-008  9.03e-008  8.92¢-008  8.92e-008
344e-007  341e-007  3.41e-007  3.41e-007  340e-007  3.39e-007  3,39e-007  '3.31e-007  3.31e-007 -3.31e-007  3.24e-007  3.24e-007
6.00e+000  6.00e+000  6.00e+000  6.00e+000  6.00e+000 - '6.00e+000  6.00e+000  6.00e+000  6.00e+000  6.00e+000  4.00e+000  4.00e+000

C:\GENIE2KUs ocs\data\GEOMETRY\In-Situ\SIMPLE_BOX\
C:\GENIE2K\Vs ocs\data\GEOMETRY\In-StulSIMPLE_BOX\
C\GENIE2K\is 6cs\data\GEOMETRY\In-Situ\SIMPLE_BOX\
C:\GENIE2K\s ocs\data\GEOMETRY\In-Situ\SIMPLE_BOX\

MHF_Liner_SOIL_SUM_12

Calib Date 11/18/14

AN

CANBERRA

~

Information for input ECC files

Information for saved file with multiefficiency data:

Multi-Efficiency Report

MultiEfficiency Report/Style2 // Printing: Tuesday, November 18, 2014, 02:28:01
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Primary Efficiency taken from ECC files, for set energies (keV):

1174.0! 1273.0} 1274.4' 1275.0; 1331.0| 133251 - 1334.0 1406.0; 1407.9! 1409.0i 1460.8
7.83e-008  7.79e-008  7.79e-008  7.79e-008  7.76e-008  7.75e-008 , 7.75e-008  7.66e-008  7.66e-008  7.66e-008  7.59e-008
7.81e-008  7.77e-008  7.76e-008  7.76e-008  7.73e-008  7.73e-008  7.73¢:008  7.63e-008  7.83e-008  7.64e-008  7.57¢-008
7.83e-008  7.79e-008  7.79e-008  7.79e-008  7.76e-008  7.76e-008  7.75e-008  7.66e-008  7.66e-008  7.66e-008  7.59e-008
8.91e-008°  8.87e-008  8.87e-008  8.87e-008  8.83¢-008  8:84e-008  8.84e-008  B8.79e-008  8.78¢-008  8.78e-008  8.75e-008
3.24e-007  3220-007  3.22e-007  3.22e-007  3.21e-007  3.21e-007  321e-007  3.17e-007  3.17e-007  3.17e-007  3.15e-007

‘4.00e+000  4.00e+000  4.00e+000  4.002+000  4.00e+000  4.00e+000  4.00e+000  4.00e+000  4.00e+000  4.00e+000  4.00e+000

Information for input ECC files

C:\GENIE2K\isocs\data\GEOMETRY\In-Stu\SIMPLE_BOX\.
C:\GENIE2K\is ocs\data\GEOMETRW\In-Situ\SIMPLE_BOX\
C:\GENIE2KVis ocs\data\GEOMETRY\In-Situ\SIMPLE_BOX\
C:\GENIE2KVs ocs\data\GEOMETRY\In-Situ\SIMPLE_BOX\
Information for saved file with multiefficiency data:

MHF_Liner_SOIL_SUM_12
Calib Date 11/18/14

A

CANBERRA 7 Multi-Efficiency Report

MultiEfficiency Report/Style2 // Printing: Tuesday, November 18, 2014, 02:28:01
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Attachment 10.4
MicroShield Modeling Results

ISOCS/LABSOCS RESULTS

ISOCS/LabSOCS File: C:\GENIE2K\isocs\data\GEOMETRY\In-Situ\Multiefficiency\MHF Li
ISOCS/LabsSOCS Time: 11/18/14 02:28:30

Genie Gal File: C:\GENIEZK\CALFILES\HMF'Liner Soil SUM D12.CAL
Gerniie Cal Time: 11/18/14 03:00:09 - - -
Template: {SIMPLE BOX)+ (SIMPLE BOX)+ (SIMPLE BOX) + (SIMPLE BOX)+
Geom Description: MHF Liner SUM 12 - - -
Comment : ISOCS:Calib Date 11/18/14
Detector: (3994)+(3996)+(3997)+(3998) +
Collimator: (GARDIAN G1)+ (GARDIAN G1)+ (GARDIAN G1)+ (GARDIAN G1)+
Convergence: 1.00 & N - B
Area [Sq Meters]: 1.0000e-004 (C)
Mass [Grams]: 1.0000e+000 (C)
Length [Meters]: not used

(C) Value calculated by ISOCS

(U) Value modified by user
Energy Effieciency %Uncertainty %Convergence. Final # of Voxels
58.00 7.40609e-012 10.0 0.11642Q0 64000
59.54 1.65871e-011 10.0 0.1164200 64000
61.00 3.29606e-011 10.0 0.1164200 64000
311.00 3.83466e-007 10.0 0.1164200 64000
311.98 3.83306e-007 10.0 0.1164200 64000
313.00 3.83341e-007 10.0 0.1164200 64000
343.00 3.81148e-007 8.0 0.1164200 64000
344.27 3.80943e-007 8.0 0.1164200 64000
345.00 3.8098%9e-007 8.0 0.1164200 : 64000
660.00 3.44718e-007 6.0 0.1164200 64000
661.65 3.44222e-007 6.0 0.1164200 . 64000
663.00 3.44270e-007 6.0 0.1164200 64000
701.00 3.41192e-007 6.0 0,1164200 64000
702.63 3.40893e-007 6.0 0.1164200 64000
703.00 3.40949¢-007 6.0 0.1164200 64000
722.00 3.39562e-007 6.0 0.1164200 64000
723.00 3.39434e~-007 6.0 0.1164200 64000
724,00 3.39413e-007 6.0 0.1164200 64000
870.00 3.31239e-007 6.0 0.1164200 64000
871.10 3.31111e-007 6.0 0.1164200 64000
872.00 3.31213e-007 6.0 0.1164200 64000
1172.00 3.24153e-007 4.0 0.1164200 64000
1173.22 3.24010e-007 4.0 0.1164200 64000
1174.00 3.23884e-007 4.0 0.1164200 64000
1273.00 3.22206e-=007 4.0 0.1164200 64000
1274.45 3.22131e-007. 4.0 0.1164200 64000
1275.00 3.22118e-007 4.0 0.1164200 64000
1331.00 3.20800e-007 4.0 0.1164200 64000
1332.49 3.20779%e-007 4.0 0.1164200 64000
1334.00 3.20629e-007 4.0 0.1164200 64000
1406.00 3.17373e-007 4.0 0.1164200 64000
1407.95 3.17314e-007 4.0 0.1164200 64000
1409.00 3.17358e-007 4.0 0.1164200 64000
1460.80 3.14948e-007 4.0 0.1164200 64000
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Attachment 10.4
MicroShield Modeling Results

Interpolated Efficiency Calibration Curve
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2.0

Attachment 10.5
Pre-Operational Validation and Verification Testing of

GARDIAN-1 Systern HPGE Detectors for use at Humboldt Bay
Power Plant, Revision 0

Intreduction

EnergySolutions® GARDIAN-I mobile waste assay system includes four (4) Canberra
ISOCS (In-Situ Object Counting System) characterized detectors. ISOCS technology
allows large containers/volumes of waste to be accurately modeled for proper efficiency -
correction of measurement results. An important component of the ISOCS based
calibration is the characterization file used with each container/geometry model. The
model and applicable detector characterization file allow the detector’s efficiency
response to be determined for each container/geometry. Validation & Verification (V&V)
of each detector’s characterization file as part of pre-operational testing of the system is
therefore an important part of the system’s quality control.

To V&V each of GARDIAN-I's HPGe (high purity germanium) detectors and ensure the
system is ready for use at the Humboldt Bay Power Plant (HBPP), testing was performed
of each detector using a NIST traceable multi-energy source. The source modeled for
testing using ISOCS calibration software included the radionuclide Eu-152, which has
several key gamma energy lines across the cnergy spectrum of interest at HBPP (i.e., 100
to 2000 keV). Each detector MCA was configured with a 4 channel per keV conversion
gain using channels 400 to 8,000 to span the energy range.

Afler verification of each detectors ISOCS characterization file (including evaluation of
current dead layer thickness which can grow for p-type HPGe detectors like those used
with GARDIAN-I), base line measurements were collected with each detector and its
associated check source (i.e., a source originally containing I uCi each of Bu-155 and

- Na-22). The low and high energy range of the source (i.e., 86.5 keV and 1274.5 keV)

were specifically measured to establish a reference point for future response testing to
confirm detector responses remain consistent throughout system operation.

The following sections describe the testing configuration and present V&YV test results.
The attachments at the end of the report provide detailed information on the ISOCS
models, assay reports and spreadsheet evaluations of results.

V&YV Test Configuration
2.1 Test Source

A NIST traceable source containing Eu-152 was used to perform the V&V tests
of the GARDIAN-L HPGe detectors, The source (EnergySolutions ID number
099803) is a point source sealed in a thin layer of epoxy forming a 3/8 diameter
spot in the bottom of a 1” diameter plastic vial. Seven key energies from Eu-152
were specifically cvaluated iricluding 122, 244, 344, 779, 964, 1112, and 1408
keV. These energies provide a goad representation of the GARDIAN-I system
cnergy range (100 to 2000 keV) as well as the range of energies expected to be
encourtered in HBPP waste/materials.

TBD-401

Page 3 of 45




3.0

{ Figure 2-1: Measuremt‘onﬁguration(dctcctor aligned wit point source in bottom of vial)

Attachment 10.5

Pre-Operational Validation and Verification Testing of
GARDIAN-1 System HPGE Detectors for use at Humboldt Bay
Power Plant, Revision 0

The original source activity of the source included 33.54 uCi 5% of Eu-152
(9/21/1998 certificate date), but had decayed to 14.62 uCi at the time of V&V

testing. The higher activity level of the source (relative to typical check sources)

provided better counting precision at a distance that avoided coincidence

summing issues and minimized potential error with precise source positioning. A

copy of the source certificate for source #099803 is included as Attachment 6.1.

2.2 Measurement Configuration

To minimize coincidence summing loses and positioning errors, the outside of the
source vial was positioned 24 inches from the detector end cap during testing (i.e.,
24.5” from the center of the 1” diameter vial). The source (in the bottom of the
vial) was positioned in linc with the center of the detector as shown by Figure 2-1
below.

The vial (liquid scintillation vial) included a 0.033” wall of light density

polyethylene. The Model S573 ISOCS Calibration Sofiware Technical Reference

Manual was used to ensure proper setup of the geometry composer reports for
each detector. Copies of the geometry composer reports for each of the four
detectors are included in Attachment 6.2.

V&V Measurement Results

Table 3-1 below presents the individual detector results obtained for each of the key Eu-
152 energies and the result for the four-detector system as a whole. Although individual
detector results are obtained when operating the GARDIAN-T system (to provide an
indication of the activity distribution in containers/materials assayed), the primary result
is the summed detector response, which effectively is the average activity concentration
throughout the container.

The weighted mean activity of Eu-152 measured by each of the system detectors, which
provides the best quantification of Eu-152 present in the vial, was also evaluated. Table
3-2 below provides the weighted mean activity for cach of the detectors and the system’s
summed (i.e., average) responsc.

TBD-401
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Table 3-1: V&YV Test Results for GARDIAN-I HPGE Detectors

Attachment 10.5

Pre-Operational Validation and Verification Testing of
GARDIAN-1 System HPGE Detectors for use at Humboldt Bay

Power Plant, Revision 0

Energy | Det#l Det #2 Det #3 Det #4 Det Current %
(keV) 3994 3996 3997 3998 SUM Actlvity | Difference
(uCi) (nCi) (uCi) (1Ci) (nCi) ((18))
121.8 15.33 15.44 14.91 15.34 15.26 14.62 +4.4%
244.7 14.45 14.23 14.22 15.26 14.54 14.62 -0.1%
344.3 13.69 13.57 13.85 15.70 14.20 14.62 -2.9%
778.9 14.18 13.23 13.53 15.98 14.23 14.62 -2.7%
964.0 14.26 13.93 13.42 14.80 14.10 14.62 -3.6%
1112.0 14.40 13.23 14.08 15.17 14.22 14.62 -2.7%
1408.0 13.24 13.35 13.90 14.66 13.79 14.62 -5.7%
Table 3-2: Eu-152 Activity Reported by GARDIAN-I HPGe Detectors
Detector Fu-152 Reported Eu-152 Source % Difference
Activity (uCi) Activity (nCi)
#1 —3994 14.15 14.62 -3.2%
#2 — 3996 13.86 14.62 -5.2%
#3 —3997 14.01 14.62 -4.2%
#4 — 3998 15.34 14.62 +4.9%
SUM (Average) 14.34 14.62 -1.9%

4.0 Base Linec Measurement Results

Upon completion of V&V testing, a base line for the current performance of each of the
system detectors was established using the detector’s specific response test source to
provide a reference value for future detector evaluations. The standard source provided
by Canberra for ISOCS detectors was used for this evaluation by attaching the source to
the top cnd of the detector as shown in Figure 4-1 below. The 1” button source at the end
of the source jig is positioned 3.5” from the detector end cap when positioned with the
tab against the end cap as shown in the figure below.

Figure 4-1: Position of Check Source and Detector for Base Line Measurements

TBD-401
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Attachment 10.5
Pre-Operational Validation and Verification Testing of
GARDIAN-1 System HPGE Detectors for use at Humboldt Bay

Power Plant,

Three measurements were collected for cach detector and its associated check source and
the average result for both the 86.5 keV peak (from En-155) and the 1274.5 keV peak
(from Na-22) is shown in Table 4-1 below.

Table 4-1: Base Line Measarements for GARDIAN-I HPGe Détectors

Revision 0

Deteetor Source Control | 86.5keV Line | 1274.5 keV Liﬁe Test Date
Number Activity (cps) Activity (cps) :

#1 - 3994 a‘{’g"sé‘;;) 30.94 627 10/13/14

#2-3996 6232750929) 28.44 581 10/13/14

#3-3997 a(ig%%%%) 37.17 6.09 10/13/14

#4 - 3998 EBE60N) 36.00 717 101014

5.0

6.0

Quality Control charts have been setup for each detector to monitor the response at both
the high and low energy peaks. QC parameters to be monitored include peak centroid for
both peaks (to provide validation of the detector energy calibration) and peak activities
for both peaks (to provide validation of the detector efficiency calibration).

Summary/Conclusion

V&YV testing has been completed for-all four HPGe detectors associated with the
GARDIAN-] assay system. Activities at several gamma energies in the range expected at
HBPP have shown proper response using each detector’s associated ISOCS
chatacterization file. All gamma energies tested were within 10% of the certified source
activity for all four detectors and the summed detector response (i.e., indication of the
overall system result)- was within 6% of source certified activity for each energy and
within 2% of the weighted mean activity for Bu-152.

Base line measurements have been collected for the system’s detectors to allow future
evaluations of detector responses. Quality Control charts have been setup to allow future
response testing and comparison to acceptance criteria. The system’s HPGe detectors are
ready for operation,

Attachments

6.1 V&YV Source Cettificate

62  ISOCS Geometry Composer Reports

6.3 V&V Measurement Assay Reports

6.4 Detector V&V Measurement Results

6.5  Detector Base Line Measurement Results

TBD-401
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Attachment 10.5

Pre-Operational Validation and Verification Testing of
GARDIAN-1 System HPGE Detectors for use at Humboldt Bay
Power Plant, Revision 0

ATTACHMENT 6.1

V&V Source Certificate

(2 pages including this cover sheet)
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Attachment 10.5
Pre-Operational Validation and Verification Testing of

GARDIAN-1 System HPGE Detectors for use at Humboldt Bay
Power Plant, Revision 0

ANALYTICS @%q%ﬁﬁ 1380 Sezboard Indusirial B.Ivd.

- Allanta, Gaorgia 30318 - USA.
is G

Paone (404) 352-8677
Fax  {404) 352-2837

CERTIFICATE OF CALIBRATION
Standard Radionuclide Source

56436-466
Point Souxce in Ligquid Scintillation vial

This standaxd radionuclide source was prepared using
aliquots measured gravimetrically from master radionuclide
solution sources. The Am-241 was calibrated by 4 pi alpha
liquid scintillation counting. The Eu-152 was calibrated in
an ion chamber that wae calibrated by the Ratiomal Physical
Laboratory, Teddington, U.K., and is directly traceable to
national standards. ANALYTICS maintains traceability to the
National Institute of Standards and Technology through
Measurements Assurange Programs as described in USNRC Reg.
' Guide 4.15, Revision 1,

Radionuclide purity and calibration were chéecked using a
germanium gamma spectrometer system. The nuclear decay rate
and assay date for this source are given below.

CALIBRATION DATE: September 21, 1998 12:00 EST

ISOTOPE: Am-241 Bu~152
ACTIVITY (dps): 4.975 E+0S 1.241 E+06
HALF-LIFE: 432.2 y 13.4y
TOTAL UNCERTAINTY: 5.0% 5.0%
SYSTEMATIC: 4.7% 4.7%

RANDOM 0.3% 0.3%

P O NRUMBER P00002429, Item 2

SOURCE PREPARED BY:

nrrie, Radiochemist

Q A APPROVED: 1677

TBD-401 ‘ Page 8 of 45
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Attachment 10.5

Pre-Operational Validation and Verification Testing of
GARDIAN-1 System HPGE Detectors for use at Humboldt Bay
Power Plant, Revision 0

ATTACHMENT 6.2

ISOCS GEOMETRY COMPOSER REPORTS

(9 pages including this cover sheet)

TBD-401 Page 9 of 45



Attachment 10.5
Pre-Operational Validation and Verification Testing of

GARDIAN-1 System HPGE Detectors for use at Humboldt Bay
Power Plant, Revision 0

YA

Geometry Composer Report CANBERRA
Date: Thursday, October 16, 2014 - 17:14:26
Description: Det 3994 V&V Test
Comment:
File Name: E:\3994_VV.geo
Software: 1SOCS
Template: SIMPLE_CYLINDER, Vetslon; (default)
Detector: 3994
Environment: Temperature = 22 °C, Pressure = 760 mm Hg, Relative Humidity = 30%
Integration: Convergence = 1.00%, MDRPN = 21 (16), CRPN = 24 (16)
Dimensions (inches)
No. Description d.x di2. d3 | d4. d.5 .6 Material. | Density. | Rel Cane,

1 Contalner 0.033 | 0375 0.05 Ipolyeth 0.92

2 Source - Top Layer 0 . <none>

3 Source - Bottom Layer 0.05 " epoxy 1.1 1.00

4. Absorberl 0.027559 gemanum | 54

5 Absorber2 none

6 -Source-Detector 24.5 0 [\ 0 0

List of energles for efficlency curve generation
59.5 122.0 244.0 344.0 779.0 964.0 1112.0 1408.0
i

Pkt~

¥

2.1

¥
Inelde I
3

1

1.2 inside dometsr o+ {/_,-" 1 at 6
< el d
o & .,
65
L,
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Geoime 3‘;.'i1“§i" Composer l}#i_ﬂ’:gﬁ;’i wt

Attachment 10.5

Pre-Operational Validation and Verification Testing of
GARDIAN-1 System HPGE Detectors for use at Humboldt Bay
Power Plant, Revision 0

AN
A

CANBERRA

Date:
Description:
Comment:
File Name:
Software:
Template:

Thursday, October 16, 2014 - 17:14:26
Det 3994 V&V Test

E:\3994_VV.geo
1SOCS
SIMPLE_CYLINDER, Verslon: (default)

TBD-401 Page 11 of 45



Attachment 10.5
Pre-Operational Validation and Verification Testing of

GARDIAN-1 System HPGE Detectors for use at Humboldt Bay
Power Plant, Revision 0

AN

Geometry Composer Repoit CANBERRA
Date: Thursday, October 16, 2014 - 17:13:14
Description: . Det 3996 V&V Test
Comment:
File Name: E:\3996_VWV.geo
Software: 150CS
Template: SIMPLE_CYLINDER, Version: (defauit)
Detector: 3996
Environment: Temperature = 22 °C, Pressure = 760 mm Hg;. Relative Humidity = 30%
Integration: Convergence = 1,00%, MDRPN = 24 (16), CRPN = 21 (16)
Dimenslons (lnches)

No. | Desciiption di | d2 | d3 a4 .5 d.6 Materiall | Density, | Ral. Conic.
1 Container 0.033 0.375 0.05 ) Ipolyeth 0.92

2 Source - Top Layer 0 <none>

3 Source - Bottom Layer 0.05 epoxy 11 1.00

4 Absorber1 0.031496 germanum 5.4

5 Absorber2 none

6 Source-Detector 245 0 0 0 0

List of energies for efficiency curve generation
59,5 122.0 244.0 344.0 779.0 964.0 1112,0 1408.0

o .
. o e 7
1.2 Inskio Tlameter ¢ P 8.1 | 5
-~ - i E
5/’ e T R ?/@ ,I’J
—

A

~/
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GGeometry Composer Report

Attachment 10.5

Pre-Operational Validation and Verification Testing of
GARDIAN-1 System HPGE Detectors for use at Humboldt Bay
Power Plant, Revision 0

AN
CANBERRA

Date: Thursday, October 16, 2014 - 17:13:14
Description: Det 3996 V&V Test

Comment:

File Name: E:\3996_VWV.geo

Software: 1SOCS

Template: SIMPLE_CYLINDER, Version: (default)

TBD-401 Page 13 of 45



Attachment 10.5
Pre-Operational Validation and Verification Testing of

GARDIAN-1 System HPGE Detectors for use at Humboldt Bay
Power Plant, Revision 0

// \\.\.
Gieometi v ( ;oM poser R¢ 1!{ ort CANBERRA
Date: Thursday, October 16, 2014 - 17:14:02
Description: Det 3997 V&V Test
Comment:
File Name: E:\3997_VWV.geo
Software: 1SOCS
Template: SIMPLE_CYLINDER, Version: (default)
Detector: 3997
Environment: Temperature = 22 °C, Pressure = 760 mm Hg, Relative Humidity = 30%
Integration: Convergence = 1.00%, MDRPN = 2% (16), CRPN = 24 (16)
Dimensions (inches)
No. Description d.1 d.2 d.3 d.4a d.5 d.6 Material Density | Rel. Conc.

1 Container 0.033 0.375 0.05 Ipolyeth 0.92

2 Source - Top Layer 0 <none>

3 Source - Bottom Layer 0.05 epoxy 1.1 1.00

4 Absorberl 0.035433 germanum 5.4

5 Absorber2 none

6 Source-Detector 24.5 0 0 0 0

List of energies for efficiency curve generation
59.5 122.0 244.0 344.0 779.0 964.0 1112.0 1408.0

12 insids Tometer : # i }
..... i R| 0 E
@ 7
p =N ~
w5
"_ A
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Geometry Composer Report

Attachment 10.5
Pre-Operational Validation and Verification Testing of

GARDIAN-1 System HPGE Detectors for use at Humboldt Bay
Power Plant, Revision 0

PAN
CANBERRA

Date:
Description:
Comment:
File Name:
Software:
Template:

Thursday, October 16, 2014 - 17:14:02
Det 3997 V&V Test

E:\3997_WV.geo
1SOCS
SIMPLE_CYLINDER, Version: (default)

TBD-401 Page 15 of 45



Attachment 10.5

Pre-Operational Validation and Verification Testing of
GARDIAN-1 System HPGE Detectors for use at Humboldt Bay
Power Plant, Revision 0

X
Geometry Composer Report CANBERRA
Date: Thursday, October 16, 2014 - 10:37:55
Description: Det 3998 V&V Test
Comment:
File Name: E:\3998_WV.geo
Software: 1S0CS
Template: SIMPLE_CYLINDER, Verslon: (default)
Detector: 3998
Environment: Temperature = 22 °C, Pressure = 760 mm Hg, Relative Humidity = 30%
Integration: Convergence = 1,00%, MDRPN = 2% (16), CRPN = 21 (16)
Dimensions (inches)

No. Description d.1 d.2 d3 d4 d.5 d.6 Material | Density |Rel. Conc.

1 Container 0.033 0.375 0.05 Ipolyeth 0.92

2 Source - Top Layer 0 none

3 Source - Bottom Layer 0.05 epoxy 1.1 1.00

4 Absorber none

5 Absorber2 none

6 Source-Detector 24.5 0 0 0 0

List of energies for efficlency curve generation
59.5 122.0 244.0 344.0 779.0 964.0 1112.0 1408.0

SIUPLE CiUNDER

[:‘ . \\‘

X s
1.2 Inside dlameter e
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Geometry Composer Report

Attachment 10.5

Pre-Operational Validation and Verification Testing of
GARDIAN-1 System HPGE Detectors for use at Humboldt Bay
Power Plant, Revision 0

FA Y
%

CANBERRA

Date:
Description:
Comment:
File Name:
Software:
Template:

Thursday, October 16, 2014 - 10:37:55
Det 3998 V&V Test

E:\3998_WV.geo
1SOCS
SIMPLE_CYLINDER, Version: (default)

TBD-401 Page 17 of 45
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Attachment 10.5

Pre-Operational Validation and Verification Testing of
GARDIAN-1 System HPGE Detectors for use at Humboldt Bay
Power Plant, Revision 0

ATTACHMENT 6.3

V&Y MEASUREMENT ASSAY REPORTS

(18 pages including this cover sheef)
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Attachment 10.5

Pre-Operational Validation and Verification Testing of
GARDIAN-1 System HPGE Detectors for use at Humboldt Bay
Power Plant, Revision 0

hkkkkkdkhhkhdhhhddkkhhdkhwdhhkhh kI hk kb bk bk kb h bk bk kh ko k ke kb bk hhdkdhhk btk rk k&

Bl GAMMA SPECTRUM ANALYSTIS *okokok ok
ok ok ke kA kA k Ak ke h Ak kA kA AR A AR AR A AR AR AR ARk ko h Rk h kR F Rk ARk ko kkok ko ok ook ke ok

Filename: E:\DET01 101314 1ST VIAL 600 SEC COUNT.CNF

Report Generated On : 10/16/2014 4:26:39 PM
Sample Title : DET 1

Sample Description : VIAL 600 SEC

Sample Identification : SPECT 1

Sanmple Type :
Sample Geometry P

Peak Locate Threshold : 3.00

Peak Locate Range (in channels) : 1 - 65535

Peak Area Range (in channels) : 400 ~ 8000

Identification Energy Tolerance : 1.000 kev ‘

Sample Size : 1.000E+000 Unit

Sample Taken On :

Acquisition Started : 10/13/2014 10:55:03 AM

Live Time ' e 600.0 seconds

Real Time : 602.5 seconds

Dead Time ' : 0.42 %
Energy Calibration Used Done On : 9/16/2014
Efficiency Calibration Used Done On : 10/16/2014
Efficiency ID : ET_3994_V&V_TEST

TBD-401 Page 19 of 45



Peak Analysis Report

Attachment 10.5

Pre-Operational Validation and Verification Testing of
GARDIAN-1 System HPGE Detectors for use at Humboldt Bay

10/16/2014 4:26:39 PM

Power Plant, Revision 0

2

**************************************************************************

REPORT
B R L L e L L L X R Y 22 s st a ]

* ok ok kK

m

.8 =X
It

fi

Detector Name:
Sample Title: )
Peak Analysis Performed on:

Peak ROI
No. start

412-
480~
970-
1098-
1175-
1367~
1461-
1637-
1692~
1767~
1924-
2249-
2335~
2704-
2748-
2974-
3102~
3236-
3456~
3842~
4012~
4329-
4329~
4434-
25 4842-
4995-
5187-
5619~
5823~
5823-

Lodounds WN

30

= First pea

Other pea

Fitted singlet

PEAK

DETO1
DET 1

ANALYSIS

10/16/2014

Peak Analysis From Channel:
Peak Analysis To Channel:

ROI
end

421

495

987
1106
1190
1386
1480
1653
1701
1785

1936

2259
2353
2721
2766
2987
3127
3247
3482
3869
4030
4370
4370
4462
4863
5008
5209
5648
5853
5853

k in
k in

Errors quoted at

Peak
centroid

418.07

487.60

978.89
1101.52
1183.62
1376.90
1470.89
1643.96
1696.79
1775.49
1829.01
2254.66
2345.28
2713.61
2754.67
2979.67
3115.01
3241.55
3469.37
3856.22
4020.48
4343.72
4359.68
4448.67
4851.69
5000.97
5197.24
5633.47
5831.04
5844.43

a multiplet region
a multiplet region

Energy
(keV)

104.59

122.00
244.98
275.67
296.22
344.58
368.10
411.41
424.62
444 .31
482.72
564.17
586,84
678.95
689.21
745.47
779.30
810.94
867.88
964.56
1005.60
1086.36
1090.35
1112.58
1213.24
1250.52
1299.53
1408.44
1457.76
1461.10

1.000 sigma

FWHM Net  -Peak Net Area

(keV)

0.30
1.02
1.13
0.68
0.56
1.16
1.24
1.07
0.58
1,34
0.60
0.99
0.3¢9
1.35
1..04
0.25
1.57
1.16
1.62
1.68
1.27
1.81
1.81
1.54
1.66
0.25
1.25
1.77
1.83
1.83

TBD-401

4:26:39
400
8000

Area
3.19E+4+000

2.68E+004
4.80E+003

. 3.42E+001

1.95E+002
1.12E+004
4.19E+002
7.10E+002
-6.82E+000
1.02E+003
2.75E+001
4.59E+001
1.14E+002
1.49E+002
1.43E+002
-1.39E+001
2,41E+003
3.38E+001
6.60E+002
2,25E+003
1.04E+002
1.34E+003
2,34E+002
1.84E+003
1.83E+002
2.29E+001
1.60E+002
2,12E+003
4.87E+001
1.04E+002

PM

Uncert.

73.24
199.10
98.82
34.67
51.93
124.07
47.58
47.50
23.87
51.74
28.82
28.58
38.13
32.31
35.40
25.76
66.18
22.52
50.99
59.35
22.25
38.35
18.04
53.31
23.21
11.82
18.75
50.80
7.55
10.62

* Kok ok Kk

Continuum
Counts

2:37E+003
4.29E+003
1.53E+003
5.47E+002 -

"8.30E+002

1.21E4003
5.27E+002
4.93E+002
2.56E+002
4.91E+002
3.02E4+002
3.20E+002
3.96E+002
2.75E+002
3.28E+002
2.46E+002
4.65E+002
1.85E+002
4.43E+002
2.84E+002
1.13E+002
1.36E+002
1.33E+002
2.17E+002
9,.41E4+001
4.11E+001
4.91E+001
9.75E+001
5.00E+000
5.25E+000
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Attachment 10.5

Pre-Operational Validation and Verification Testing of
GARDIAN-1 System HPGE Detectors for use at Humboldt Bay
Power Plant, Revision 0

Interference Corrected Activity Report 10/16/2014 4:26:40 PM  Page 3

******************%******************************************************

ok dok ok NUCLIDE IDENTIFICATION REPORT *okok ok ok
*************************************************************************

Sample Title: DET 1

Nuclide Library Used: C:\GENIE2K\CAMFILES\Eul52.NLB
e IDENTIFIED NUCLIDES ..... U
Nuclide Id Energy Yield. Activity Activity
Nane Confidence ({keV) (%) {uCi/Unit) Uncertainty

EU-152 0.974 121.78% 28.40 1.53284E+001
244,69% 7.49 1.44549E+001

.23369E-001
.52689E-001.,

344.27% °  26.50 1.36930E+001 .90951E-001
778.89% 12.74 1.41788E+001 .99683E-001
964.01%* 14,40 1.42625E+001 .00773E-001

1112.02* 13.30 1.43965E+001
1407.95% 20.70 1.32445E+001

:48277E-001
.69961E-001

BT NS

* = Enérgy line found in the spectrum.

€@ = Energy line not used for Weighted Mean Activity
Energy Tolerance : 1.000 kev

Nuclide confidence index threshold = 0.30

Errors quoted at 1.000 sigma
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Interference Corrected Activity Report

Attachment 10.5

Pre-Operational Validation and Verification Testing of
GARDIAN-1 System HPGE Detectors for use at Humboldt Bay
) Power Plant, Revision 0

10/16/2014 4:26:40 PM Page 4

LR R AR R S R SR L L R R R g R g R e N Y R R R ]

ek xok ok INTERFERENCE CORRECTED REPORT ook kdek
R L D R R E SV SR S e ue R A M A AR ARy

Nuclide Wt mean Wt mean

Nuclide Id Activity ~Activity
Name Confidence {uCi/Unit) Uncertainty.
EU-152 0.974 1.414865E+001 1.619683E~-001

?
X
@

|

]

nuclide is part of an undetermined s_oiution
nuclide rejected by the interférence analysis
nuclide contains energy lines not used in Weighted Mean Activity

Errors quoted at 1,000 sigma
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Attachment 10.5

Pre-Operational Validation and Verification Testing of
GARDIAN-1 System HPGE Detectors for use at Humboldt Bay
Power Plant, Revision 0

Interference Corrected Activity Report 10/16/2014 4:26:40 PM Page 5

P T UNIDENTIPFIED PEAKS *hkhhkkkkkk .

Peak Locate Performed on: 10/16/2014 4:26:39 PM

Peak Locate From Channel: 400
Peak Locate To Channel: 8000
Peak Energy Peak Size in Péak CPS Peak Tol.
No. (keV) Counts per Second % Uncertainty  Type Nuclide
1 104.59 5.3202E-003 2294.43
4 275.67 5.6954E-002 101.45
5 296.22 3.2461E-001 26.66
7 368.10 6.9873E-001 11.35
8 411.41 1.1826E4+000 6.69
9 424,62 -1.1372E~-002 -349.88
10 444.31 1.6938E+000 5.09
11 482.72 4.5751E-002 105.00
12 564,17 7.6560E-002 62.22
13 586.84 1.9022E-001 33.41
14 678.95 : 2.4818E-001 21,70
15 689.21 2.3911E-001 24.67 Sum
16 745.47 ~2.3238E-002 -184.77
18 810.94 5.6309E-002 66.65
19 867.88 1.1006E+000 7.72
21 1005.60 1.7359E-001 21.36
M 22 1086.36 2.2396E+000 2.85 Sum
m 23 1090.35 3.9030E-001 7.71
25 1213.24 3.0487E-001 12.69
26 1250.52 3.8216E-002 51.54
27 1299.53 2.6652E-001 11.72
M 29 1457.76 8.1180E-002 15.50 Sum
m 30 1461.10 1.7336E-001 10.21

= First peak in a multiplet region
= Other peak in a multiplet region
= Fitted singlet

= E R

Errors quoted at 1.000 sigma
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Attachment 10.5

Pre-Operational Validation and Verification Testing of
GARDIAN-1 System HPGE Detectors for use at Humboldt Bay
Power Plant, Revision 0

R R g R R R E R o R O e e R T LR L R I,

Fok ko GAMMA SPECTRUM ANALYSTIS *kokkok
R L T L S R N A O OIS

Filename: E:\DET02 101314 2ND VIAL 600 SEC COUNT.CNF

Report Generated On : 10/16/2014 4:27:56 PM

Sample Title ¢ DETO2

Sample Description r VIAL 101314 @ 24"

Sample Identification :+ SPEC 2

Sample Type :

Sample Gecmetry :

Peék Locate Threshold : 3.00

Peak Locate Range (in channels) : 1 - 65535

Peak Area Range (in channels) : 400 - 8000

Identification Energy Tolerance : 1.000 kev

Sample Size .+ 1.000E+000 Unit

Sample Taken On ' :

Acquisition Started : 10/13/2014 3:10:17 PM

Live Time : 600.0 seconds

Real Time . : 602.3 seconds

Dead Time : 0.39 3
Energy Calibration Used Done On i 9/16/2014
Efficiency Calibration Used Done On : 10/16/2014
Efficiency ID : ET_3996_V&V_TEST
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Attachment 10.5

Pre-Operational Validation and Verification Testing of
GARDIAN-1 System HPGE Detectors for use at Humboldt Bay
Power Plant, Revision 0

Peak Analysis Report 10/16/2014 4:27:56 PM Page 2

Fhkhhkhkdhhhhddhhhhdhhdhdhhdhhkhh b hhhhd bbbk bk bk hrh bbbk hh b bk kh ok ke kb hk khd

* ok ok ek PEAK ANALYSTIS REPORT Fkokok
e R T L L T L T R R e N Tt T

Detector Name: DET02
Sample Title: DET02
Peak Analysis Performed on: 10/16/2014 4:27:56 PM

Peak Analysis From Channel: 400

Peak Analysis To Channel: 8000
Peak ROI ROI Peak Energy FWHM Net Peak Net Area Continuum
No. start end centroid (keV) (keV) Area Uncert. Counts

1768- 1786 1776,16 444.21 1.24 9.89E+002 51.17 4.81E+002
2247- 2267 2256.23 564.30 1.49 1.45E+002 41.88 4.44E+002
10 2340- 2352 2345.52 586.63 0.47 1.03E+002 29.21 2.84E+002
11 2708- 2725 2714.56 678.93 1.85 1.39E+002 32.73 2.84E+002
12 2745- 2764 2754.84 689.00 1.39 1.73E+002 35.89 3.18E+002
13 2866~ 28B85 2879.20 720.10 1.01 8.16E+001 33.73 3.00E+002
14 3054- 3066 3059.88 765.29 0.73 4.17E+001 23.89 2.00E+002
15 3105- 3128 3115.94 778.30 1.50 2.24E+003 62.00 4.01E+002
16 3458- 3482 3469.98 867.83 1.73 6.84E+002 46.89 3.66E+002
17 3669- 3685 3677.08 918.61 0.38 8.57E+001 23.08 1.41E+002
18 3845- 3870 3856.92 964.58 1.48 2.19E+003 57.34 2.60E+002
19 4013- 4029 4021.45 1005.71 1,31 5.85E+001 20.57 1.16E+002
M 20 4331- 4370 4344.18 1086.39 1.79 1.36E+003 37.25 2.14E+002
m 21 4331- 4370 4359.49 1090.22 1.79 2.41E+002 17.61 1.73E4+002
22 4434- 4463 4449.23 1112.65 1.57 1.68E+003 52.97 2.36E+002
23 4846- 4861 4852.75 1213.51 2.15 1.14E+002 20.46 1.00E+002
24 5185- 5207 5197.58 1299.70 1.60 1.74E+002 18.11 3.98E+001
25 5619~ 5649 5633.53 1408.65 1.66 2.13E+003 50.33 8.39E+001
M 26 5824- 5854 5833.15 1458.53_  1.77 5.34E+001 7.78 5.00E+000
m 27 5824- 5854 5845.15 1461.53 1.77 7.69E+001 8.98 5.75E+000

1 479- 495 487.71 121.84 0.91 2.65B+004 198.58 4.15E+003
2 970- 988 978.31 244.85 0.99 4.69E+003 99.39 1.54E+003
3 1179~ 1189 1183.94 296.05 1.28 3.04E+002 38.86 5.06E+002
4 1367- 1387 1377.53 344.49 1.13 1.10E+004 124.24 1.22E+003
5 1464- 1478 1471.62 368.03 1.16 2.91E+002 41,54 4.78E+002
M 6 1637- 1670 1644.80 411.35 1.24 7.89E+002 31.87 4.10E+002
m 7 1637- 1670 1664.92 416.38 1.24 6.75E+001 16.90 4.02E+002
8
9

First peak in a multiplet region
Other peak in a multiplet region
Fitted singlet

L =4
oo

Errors quoted at 1.000 sigma
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Attachment 10.5

Pre-Operational Validation and Verification Testing of
GARDIAN-1 System HPGE Detectors for use at Humboldt Bay
Power Plant, Revision 0

) Interference Corrected Activity Report 10/16/2014 4:27:56 PM Page 3

dkdkkkhhkhkAkrhdhhhhhrdhhhhkkdhhdhdh bk bbbt hhdhhdh kbbb hkrdbh R bbbk hb b hk ke ke kkk

*k ok okk NUCLIDE IDENTIFICATION REPORT hdk ko
D R R R LAl R R L T L L L

Sample Title: DET02 )

Nuclide Library Used: C:\GENIEZ2K\CAMFILES\Eul52.NLB
Ci e saeeses s anr e IDENTIFIED NUCLIDES = .. iitiinnsnnans .
Nuclide Id Energy Yield Activity Activity
Name Confidence (keV) (%) {(uCi/Unit) Uncertainty

EU-152 0.970 121.78% 28.40
244,69* 7.49
344.27* 26.50
778.89% 12.74
964.01* 14.40
1112.02* 13.30
1409.95* 20.70

.54352E+001 4.26594E-001
.42339E+001 4.51163E-001
.35700E+001 2.89565E-001
.32251E+001 4.68338E-001
.39266E+001 4.86895E-001
.32294E+001 5.28954E-001
.33470E+001 4.70520E-001

[ R N P

*

i

Energy line found in the spectrum.

@ = Enexrgy line not used for Weighted Mean Activity
Energy Tolerance : 1.000 kev

Nuclide confidence index threshold = 0.30

Exrors quoted at 1.000 sigma
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Interference

Corrected Activity Report

B Attachment 10.5

Pre-Operational Validation and Verification Testing of
GARDIAN-1 System HPGE Detectors for use at Humboldt Bay
Power Plant, Revision 0

10/16/2014 4:27:56 PM Page 4

*********ﬁ***************************************************************

hhkkkk

INTERFERENCE

CORRECTETD

REPORT Fkok Kk

*************************************************************************

Nuclide Wt mean Wt mean
Nuclide Id Activity Activity
Name Confidence (uCi/Unit) Uncertainty
EU-152 0.970 1.385616E+001 1.597139E~-001

?

nuclide is part of an undetermined solution

X = nuclide rejected by the interference analysis
@ = nuclide contains energy lines not used in Weighted Mean Activity
‘Errors'quoted at 1.000 sigma
kA kI kkk AL U N I D E N T T F I ED P E A K S Kok kk ok kokd ok
Peak Locate Performed on: 10/16/2014 4:27:56 PM
Peak Locate From Channel: 400
Peak Locate To Channel: 8000
Peak Energy Peak Size in Peak CPS Peak Tol,
No (keV) Counts per Second % Uncertainty Type Nuclide
3 296,05 5.0746E-001 12.76
5 368.03 4.8530E~001 14.26
M 6 411.35 1.3145E+000 4.04
m 7 416.38 1.1245E~001 25.05
8 444,21 1.64%1E+000 5.17
9 564.30 2.4225E~-001 28.81
10 586.63 " 1.7089E-001 28.49
11 678.93 2.3133E-001 23.58
i2 689.00 2.8893E-001 20,70 Sum
13 720.10 1.3606E-001 41.32
14 765.29 6.9496E-002 57.30
16 867.83 1.1394E+000 6.86
17 .919.61 1.4278E-001 26.94
19 1005.71 9.7543E-002 35.14
M 20 1086.39 2,2661E+000 2,74 Sum
m 21 1080.22 4.0248E~001 7.29
23 1213,51 1.8922E-001 18.02
24 1299.70 2.9028E-001 10.40
M 26 1458.53 8.9070E-002 14.55
m 27 1461.53 1.2822E-001 11.67
M= First peak in a multiplet region
m = QOther peak in a multiplet region
, F = Fitted singlet

Errors quoted at 1.000 sigma

TBD-401
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Attachment 10.5

Pre-Operational Validation and Verification Testing of
GARDIAN-1 System HPGE Detectors for use at Humboldt Bay
Power Plant, Revision 0

R T T T R L R e S T A it
FAokkk GAMMA SPECTRUM ANALYSTIS ke dok ok

kK kd Ak hhh kA A XA ANk T b kAR kA d Ak h kb v T A kA A A A A I A I Ak kAR AR Rk d kA kkKk

Filename: E:\DET03_101314_1ST VIAL 600 SEC COUNT,CNF

Report Generated On : 10/16/2014 4:28:34 PM P

Sample Title : DET 3

Sample Description ¢ VIAL @24" - 600 SEC

Sample Identification : SPECT 1

Sample Type :

Sample Geometry :

Peak Locate Threshold : 3.00 A

Peak Locate Range (in channels) : 1 - 65535

Peak Area Range (in channels) H 400 - 8000

Identification Energy Tolerance : 1.000 kev

Sample Size v 1.000E+000 Unit

Sample Taken On : .

Acquisition Started : 10/13/2014 4:17:21 PM

Live Time : 600.0 seconds

Real Time : 602.4 seconds

Dead Time : 0.40 %
Energy Calibration Used Done On : 9/16/2014
Efficiency Calibration Used Done On : 10/16/2014
Efficiency ID : : ET_3997_V&V_TEST
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Attachment 10.5

Pre-Operational Validation and Verification Testing of
GARDIAN-1 System HPGE Detectors for use at Humboldt Bay
Power Piant, Revision 0

Peak Analysis Report 10/16/2014 4:28:34 PM Page 2

****-k******************‘**************************‘***‘*******'***************

dkkokok PEAK ANALYSTIS REPORT Fhkkk
R R L T 2 2 A R R L L L D A SR AU ST

Detector Name: DETOD1
Sample Title: DET 3 _
Peak Analysis Performed on: 10/16/2014 4:28:34 BM

Peak Analysis From Channel: 400
Peak Analysis To Channel: 8000
Peak ROI ROI Peak Energy FWHM Net Peak Net Area Continuum
No. start end\\centroid (keVv) (keV) Area Uncert. _ Counts
1 479~ 494 487.01 121.85 0.92 2.51E+004 193.08 4.06E+003
2 972~ 987 978.25 244.82 1.05 4.66E+003 94.11 1.39E+003
3 1175- 1189 1183.04 296.07 0.65 2.21E+002 49,25 7.65E+002
4 1366- 1385 1376.22 344.41 1.11 1.12E+004 124.88 1.26E+003
5 1463~ 1476 1470.10 367.91 1.07 2.93E+002 38.60 4.33E+002
6 1635~ 1653 1643.41 411.27 1.27 7.93E+002 49.83 5.01E+002
7 1764- 1785 1774.63 444.10 1.26 9,59E+002 56.03 5.81E+002
8 1949~ 1959 1953.53 488.85 1.06 8.66E+001 26.93 ' 2.67E+002
9 2339- 2350 2344.16 586.56 0.67 9.12E+001 28.10 2.78E+002

10 2706~ 2721 2711.60 678.44 1.09 1.31E+002 30.05 | 2,54E+002
11 2743- 2761 2753.83 689.00 1.14 1.55E+002 35.52 3.28E+002
12 2870~ 2884 2876.00 719.55 0.78 9.10E+001 28,51 2.50E+002
13 3102- 3127 3114.67 779.22 1.63 2.28E+003 67.34 5.30E+002
14 3458- 3478 3468.76 867.73 1.50 6.20E+002 44.29 3.70E+002
15 3844- 3869 3855.82 964.46 1.67 2.10E+003 57.64 2.86E+002
16 4012- 4028 4020.08 1005.50 0.80 9.13E+001 21.21 1.15E+002 -
M 17 4329~ 4368 4343.45 1086.29 1.93 1.36E+003 38.94 1.67E+002
m 18 4329- 4368 4358.71 1090.10 1.93 2.52E+002 19.40 1.64E+002
19 4434- 4462 4448.33 1112.49 1.81 1.79E+003 54.12 2.47E+002
20 4841~ 4862 4852.75 1213.50 1.82 1.70E+002 23.69 1.05E+002
21 5188~ 5207 5198.00 129%9.72 1.95 1.62E+002 17.16 3.76E+001
22 5619- 5648 5633.34 1408.41 1.78 2.21E+4003 51.13 8.37E+001
23 5839- 5855 5845.56 1461.38 1.10 7.62E+001 14.56 3.88E+001

First peak in a multiplet region
Other peak in a multiplet region
Fitted singlet

B uon

M
m
F

Exrors quoted at 1.000 sigma
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Interference Corrected Activity Report

Attachment 10.5

Pre-Operational Validation and Verification Testing of
GARDIAN-1 System HPGE Detectors for use at Humboldt Bay
Power Plant, Revision 0

10/16/2014

4:28:34 pPM

3

*************************************************************************

NUCLTIDE

IDENTIFICATTION

REPORT

Yook ke

LR AR AR A AR A R X R L e TR R R T A U A AU A R AR AU AP AR IY

\
|
| Kkkkok
)

Sample Title:

| DET 3
| . Nuclide Library Used: €:\GENIE2K\CAMFILES\Eul52.NLB
| l

IDENTIFIED NUCLIDES

i Nuclide Id Energy Yield Activity Activity
| Name Confidence (keV) (%) (uCi/Unit) Uncertainty
‘ EU-152 0.984 121.78%* 28.40 1.49051E+001 4.12708E-001
; 244.69* 7.49 1.42189E+001 4.41600E-001
i 344.27%* 26.50 1.38544E+001 2.94762E-001
‘ 778.89% 12.74 1.35308E+001 4.98531E-001
‘ 964.01* 14.40 1.34189E+001 4.81521E-001
| 1122.02* 13.30 1.40822E+001 5.50084E-001
| 1407.95% 20.70 1.39017E+001 4.85202E-001
* = Energy line found in the spectrum.
@ = Energy line not used for Weighted Mean Activity

Energy Tolerance : 1.000 keVv
Nuclide confidence index threshold =
Errors quoted at '1.000 sigma

0.30
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Attachment 10.5

Pre-Operational Validation and Verification Testing of
GARDIAN-1 System HPGE Detectors for use at Humboldt Bay
Power Plant, Revision 0

Interference Corrected Activity Report 10/16/2014 4:28:34 PM Page 4

dhkhhFdhhhkhkhkkhrbhbhkdbrwd b kb ddhhhdkhd bbb hdhhhthhhhhhrbbhhdbbrhrdrbhhhhbrhd kit
%%x** I NTERFERENCE CORRECTED REPORT Hikex

*****}****************ﬁ**************************************************

Nuclide Wt mean Wt mean
Nuclide ig Activity Activity
Name Confidence (uCi/Unit) . Uncertainty
EU-152 0.984 1.400573E+001  1.613797E-001

?
X
@

nuclide is part of an undetermined solution
nuclide rejected by the interference analysis
nuclide contains energy lines not used in Weighted Mean Activity

[

Errors quoted at 1.000 sigma

Ekkkdkkhk Ak UNIDENTIPFIED PEAKS *ded ekok okokok ok

Peak Locate Performed on: 10/16/2014 4:28:34 PM

Peak Locate From Channel: 400
Peak Locate To Channel: 8000
Peak Energy Peak Size in Peak CPS Peak Tol.
No. (kev) Counts per Second % Uncertainty Type Nuclide
3 296.07 3.6771E-001 22.32
5 367.91 4,8751E-001 13.20
6 411,27 1.3217E+000 6.28
7 444.10 1.5988E+4+000 5.84
8 488.85 1.4438E~-001 31.08 Sum
9 586.56 1.5204E-001 30.81
10 678.44 2.1841E-001 22.93
11 689,00 2,.5870E-001 22.88 Sum
12 719.55 1.5171E-001 31.33
14 867.73 1.0333E+4000 7.14
16 1005.50 1.5208E-001 23.24
M 17 1086.29 2.2736E+000 2.85 Sum
m 18 1090.10 4.2077E~-001 7.68
20 1213.50 2.8250E-001 13.98
21 1299.72 2.7063E-001 10.57

23 1461.38 1.2703E-001 18.10
= First peak in a multiplet region

Other peak in a multiplet region

M
m=
F = Fitted singlet

Errors quoted at 1.000 sigma
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. *********'k*ﬁk***7\'***********************************\************'**********

Attachment 10.5

Pre-Operational Validation and Verification Testing of
GARDIAN-1 System HPGE Detectors for use at Humboldt Bay
Power Plant, Revision 0

kkkdk - GAMMA SPECTRUM ANALYSTIS ek
R R R P AR A NP RAE SR

Filename: E:\100914 1ST 600 COURNT.CNF

Report Generated On . t 10/16/2014 4:25:49 PM

Sample Title . : DET 4

Sample Description ¢ AM - EU MULTI LINE Q24"

Sample Identification : SPECT 1

Sample Type :

Sample Geometry :

Peak Locate Threshold ¢ 3.00

Peak Locate Range (in channels) : 1 - 65535

Peak Area Range (in channels) : 400 - 8000

Identification Energy Tolerance : 1.000 kev

Sample Size ' ¢ 1.000E+000 Unit

Sample Taken On : ) _

Acquisition Started : 10/9/2014 10:58:38 AM

Live Time : 600.0 seconds

Real Time H 602.9 seconds

Dead Time : 0.48 %
Energy Calibration Used Done On : 9/16/2014
Efficiency Calibration Used Done On : 10/16/2014
Efficiency ID : ET_3998_vV&V_TEST
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Peak Analysis Report

10/16/2014 4:25:50 PM

Attachment 10.5

Pre-Operational Validation and Verification Testing of
GARDIAN-1 System HPGE Detectors for use at Humboldt Bay

Power Plant, Revision 0

Page 2

kkdehkdkkkkhkhdhhkhdhhdhbkdhdhhhkhkkhhhhk b bk ks kb kdekkhddhkhdhhdhkdo bk k kb r ke hk ek

kkk ok

m e R

o

Detector Name;
Sample Title:
Peak Analysis Performed on:

Peak ROI
No. start

479-
908-
970~

1173-

1366~

1459~

1635-

1635~

1768-

1943~

2249-

2338~

2692-

2692~

2742-

3100~

3232-

3459-

3697-

3841~

4006-

4329-

4329-

4432-

4842~

5185~

5616-

5835-

6106~

WO U S WN P

First pea
Other pea

Fitted singlet

PEAK

DETO1
-DET 4

ANALYSTIS

10/16/2014

Peak Analysis From Channel:
Peak Analysis To Channel:

ROI
end

494

916

986
1189
1385
1478
1667
1667
1784
1962
2261
2349
2718
2718
2757
3125
3246
3480
3712
3867
4029
4369
4369
4460
4860
5207
5646
5852
6120

k in
k in

Peak
centroid

486.80
912,12
977.97

1182.92

1375.91

1469.76

1643,14

1662.29

1774.18

1953,13

2254.39

2343.54

2697.64

2713.38

2152.67

3113.40

3240.83

3467.63

3703.29

3854.49

4019.97

4342.06

4357.33

4446.82

4850.72

5195.56

5631.39

5843.90

6113.17

a multiplet region
a multiplet region

Energy
{keVv)

121.80
228.27
244,75
296.04
344.34
367.82
411.20
415.99
443.98
488.75
564.11
586.40
674.95
678.89
688.71
778.90
810.75
867.44
926.34
964.13
1005.47
1085.94
1089.76
1112.11
1213.00
1299.11
1407.92
1460.97
1528.17

Errors quoted at 1.000 sigma

(keVv)

0.88
0.68
1.02
1.05
1.13
1.01
1.17
1.17
1.09
1.13
0.59
0.51
1.22
1.22
1.42
1.55
1.29
1.61
1.00
1.83
0.81
1.84
1.84
1.80
1.02
1.98
1.88
0.66
0.56

4:25:50 PM

400

8000

FWHM Net Peak Net Area

Area Uncert.
3.07E+004 212.68
2.09E+001 - 42.55
5.285+003 103.47
3.51E4+002 . 58.80
1.32E+004 137.22
3.85E+002 55.18
8.41E+002 35.88
4.85E+001 18.59
1.09E+003 53.13
2.05E+002 44.62
1.2964+002 33.91
7.28E+001 31.28
4.68E+001 16.05
1.12E+002 19.19
2.29E4+002 33.96
2.85E+003 70.17
1.29E+002 27.51
8.15E+002 49.55
8.44E+001 22,04
2.49E+003 65.62
1.25E+002 29.51
1.58E+003 42.23
2.89E+002 20.89
2.10E+003 58.87
1.59E+002 24.38
2.16E4+002 21.64
2.63E+003 57.42
8.42E+001 16.47
4.09E+001 6.88

TBD-401

REPORT
LR R R R R R R R SRR R R R R R R R R R 22k L L R L R ey

*kihkk

Continuum
Counts

4,85E+003
8.35E+002
1.73E4003
9. 94E+002
1.61E+003
7.60E+002
5.03E+002
4,36E+002
5.45E+002
5.08E+002
3.86E+002
3.60B+002
2.90E+002
2.72E+002
3.08E+002
4.88E+002
2.17E4+002
4.31E4002
1.33E+002
4.15E+002.
1.86E+002
2.28E+002
2.19E+002
2.95E+002
1.29E+002
6.41E+001
1.36E+002
5.58E+001
2.06E+000
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. Interference Corrected Activity Report

Attachment 10.5

Pre-Operational Validation and Verification Testing of
GARDIAN-1 System HPGE Detectors for use at Humboldt Bay
Power Plant, Revision 0

10/16/2014

4:25:50 PM

3

*************************************************************************

kel NUCLIDE

"IDENTIFICATTION

REPORT

ok ok k

*********************************************************f************ﬁ**

Sample Title:

DET 4

s

Nuclide Library Used: CG:\GENIE2K\CAMFILES\Eul5Z.NLB

DI R R R P T ) .

IDENTIFIED NUCLIDES

Activity
Uncertainty

4.21735E-001
4.67700E-001
3.27724E-001
5.28048E-001
5.18535E~001
5.65938E-001
4.99159E-001

Nuclide Id Energy Yield Activity
Name Confidence (keV)’ (%) {uCi/Unit)
EU-152 0.99¢ 121.78% 28.40 1.53425E+001
244.69* 7.49 1.52565E+001
344.27* 26.50 1.56955E+001
778.89* 12.74 1.59824E+001
864.01%  14.40  1.48020E+001
1112.02* -13.30 1.51696E+001
1407.95%* 20.70 1.46645E+001
* = BEnergy line found in the spectrum.
@ = Energy line not used for Weighted Mean Activity
Energy Tolerance : 1.000 kev
Nuclide confidence index threshold = 0.30
Errors quoted at 1.000 sigma

TBD-401
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Attachment 10.5

Pre-Operational Validation and Verification Testing of
GARDIAN-1 System HPGE Detectors for use at Humboldt Bay
Power Plant, Revision 0

~ Interference Corrected Activity Report 10/16/2014 4:25:50 PM Page 4

P L R R R T R T L e Y T 2 2

ek k ik INTERFERENCE CORRECTED REPORT ok skkok
B L L L g A A

Nuclide Wt mean Wt mean

Nuclide Id Activity Activity
Name Confidence {(uCi/Unit) Uncertainty
EU-152 0.999 . 1.534008E+001 1.716352E-001

nuclide is part of an undetermined solution
nuclide rejected by the interference 'analysis
nuclide contains energy lines not used in Weighted Mean Activity

Bowon

] ?
X
@

Errors quoted at 1.000 sigma

kkkFkkkhkhk UNIDENTIPFIED PEAKS ook deik ok ok ek K

Peak Locate Performed on: 10/16/2014 4:25:49 PM

Peak Locate From Channel: 400
Peak Locate To Channel: 8000
Péak Energy Peak Size in Peak CPS Peak Tol.
No., (kev) Counts per Second % Uncertainty  Type Nuclide
2 228.27 3.4888E-002 203.25
4 296.04 5.8496E-001 16.75
6 367.82 6.4210E-001 14.32
M 7 411.20 1.4015E+000 4,27
m 8 415.99 8.0841E-002 38.32
a 443.98 1.8162E+000 . 4.88 :
10 488.75 3.4118E-001 21.80 Sum
11 564.11 2.1475E-001 26.31
. 12 586.40 1.2137E~-001 42.95
M 13 674.95 7.7928E-002 34.32
m 14 678.89 1.8637E-001 17.16
15 688.71 3.8202E-001 . i4,81 Sum
17 810.75 2.1441E-001 21.39
18 867.44 1.3577E+000 6.08
19 926.34 1.4059E-001 26.13
21 1005.47 2,0818E-001 .23:62
M 22 1085.94 2.6303E+000 2.68 Sum
m 23 1089.76 4.8167E-001 7.23
25 1213.00 2.6536E-001 15.32
26 1299.11 3.5988E-001 10.02
28 1460.97 1.4033E-001 19.56
29 1528.17 6.8227E-002 16.81
M = First peak in a multiplet region
m = Other peak in a multiplet region
F = Fitted singlet ;
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Attachment 10.5

Pre-Operational Validation and Verification Testing of
GARDIAN-1 System HPGE Detectors for use at Humboldt Bay
Power Plant, Revision 0

ATTACHMENT 6.4

DETECTOR V&V MEASUREMENT RESULTS

(5 pages including this cover sheet)
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HPGe ISOCS Detector Verification & Validation Testing

Detector Position: 1 T

Detector ID Number: 3994 .

Source ID Number 099803 _ | _

Source Certification Date: 9211998 | -

Detector Dead Layer (mm) 0.7 J

Test Date: 10/13/2014

Decay
| Original Corrected Measured
Nuclide |Half-Life (days); Energy (keV) | Activity (uCi) Activity (uCi) | Activity (uCi) | % Difference

Eu-152 "4 834E+03 1218 33.54 14.617 1533 | 4.88%

Eu-152 i 4.894E+03 2447 33.54 14.617 14.45 -1.14%

Eu-152 I4.804E+03 3443 33.54 14617 13.69 6.34%
|[Eu-152 | 4804E+03 | 7789 33.54 14617 14,18 2.99%

Ey-152 1 4.894E+03 | 964.0 33.54 14.617 14.26 -2.44%

Eu-152 4.894E+03 11120 ' 33.54 14.617 14.40 -1.48%

Eu-152 4 8Q4E+03 | 1408.0 33.54 14.617 13.24 -9.42%
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HPGe ISOCS Detector Verification & Validation Testing

!
Detector Position: i 2 i .
Detector ID Number: | 3006 |
Source ID Number i 099803 | I ]
Source Certification Date: . _9/21/1998 | N )
Detector Dead Layer (mm) : 080 ¢
Test Date: | 10M3/2014 ¢ :

Decay
! Original Corrected Measured
Nuclide . |Half-Life (days): Energy (keV) | Activity (uCi) | Activity (uCi) | Activity (uCi) | % Difference

Eu-152 ) © 4.894E+03 1218 33.54 - 14.617 165.44 ) 5.63%
Eu-152 . 4804E+03 . - 2447 33.54 14617 14.23 <2.65%
Eu-152 | 4894F+03 | _ 3443 ..3354 14.617 13,57 716%
Eu-152 - - 4.894E+03 7789 33.54 14617 1828 0.49%
Eu-152 4.804E+03 [ 9640 3554 14.617 13.93 -4.70%
Eu-152 4894E403 |  1112.0 33.54 P 14.617 13.23 -9.49%
Eu-152 4.894E+03 | 1408.0 3354 | 14.617 13.35 -8.67%
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HPGe ISOCS Detector Vea'ificatioq & Validation Testing

{3

Detector Position: 3 i
Detector iD Number: 3997 '
Source ID Number 099803 |
Source Certification Date; . /2111998 !
Detector Dead Layer (mm) 090 - | N
Test Date: 10/13/2014

i - Decay

: -Original Corrected | Measurement | -

Nuclide Half-Life (days); Energy (keV) | Activity (uCi) | Activity (uCi) | 1 Actlvity (uCi)| % Difference

Eu-152 4.894E+03 i 121.8 3354 14.617 14.91 2.01%
Eu-152 4.894E+03 244.7 -33.54 14.617 14.22 2.71%
Eu-152 4.894E+03 3443 33.54 14.617 13.85 -5.25%
Eu-152 4.894E+03 ! 778.9 33.54 14.617 13.53 -743%
Eu-152 4.894E+03 964.0 33.54 14.617 13.42 -8.19%
Eu-152 4,804E+03 ! 1112,0 33.54 14.617 14.08 -3.67%
Eu-152 4.894E+03 1408.0 3354 14.617 13.80 -4.90%
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HPGe ISOCS Detector Verification & Validation Testing
' |

1
o
I
H

Detector Position: 4 i
Detector ID Number: 3998 !
Source ID Number 099803 i
Source Certification Date: 9/21/1998 . !
HPGe Dead Layer (mm) 0 L
Test Date: 10/9/2014
Deacay
| Original Corrected Measured
Nuclide Half-Life (days)| Energy (keV) | Activity (uCi) | Activity (uCi) | Activity (uCi) | % Difference
Eu-152 . 4.894E+03 1218 33.54 14,625 15.34 4.89%
Eu-152 |_4.BME+03 ' 2447 3354 14.625 15.26 4.34%
Eu-152 4.894E+03 3443 33.54 14.625 15.70 7.35%
Eu-152 4.894E+03 | 778.9 33.54 14.625 15.98 9.27%
Eu-152 i 4.894E+03 | 864.0 33.54 14.625 14.80 1.20%
Eu-152 i 4.894E+03 ! 1112.0 ! 33.54 14.625 1617 3.73%
Eu-152 | 4.894E+03 1408.0 i 33.54 14.625 14.66 0.24%

0 UOISIADY ‘JUB|d Jamod

Aeg Ipjoquuni Je 9sN 10} 510109190 IDdH WRISAS |-NVIQHYD

Jo Bugisa] uoeoyLSA pue uonepl|eA [euonelado-ald

G0} Wswyoeny



B eSS,

Attachment 10.5

Pre-Operational Validation and Verification Testing of
GARDIAN-1 System HPGE Detectors for use at Humboldt Bay
Power Plant, Revision 0

| : ' ATTACHMENT 6.5

DETECTOR BASE LINE MEASUREMENT RESULTS : ‘

(8 pages inchiding this cover sheet)
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Verification Measurements For HPGe ISOCS Detectors

Baseline Measurements for Detector #3994:
T —1 S ..
Detector Ib: Y
|Source ID © 080701
Current Date: 10/13/2014 | !
T
Nuclide {Half-Life (days)] Energy (keV) | Count 1(cps) , Count 2 (cps) | Count 3 (eps) | Mean (cps)
Eu-155 i _1.812E+03 | 86.5 I 31.500 30.667 30.667 30.944
Na-22 | __9.504E+02 Jl 1274.5 i 6.367 6.333 6.117 6.272

Verification Measurements for Detector #3994: |
T

Date: | 10113/2014

Decay Corrected Eu-155 (cps) ! 30.944 . '
Decay Corrected Na-22 (cps) 6.272 . !
Measured Eu-155 {cps) 30.944

Measured Na-22 (cps) 6.272 o
Eu-155 Error {(+/- 10%) 0.00% |
Na-22 Error (+/- 10%) | 0.00% : |
Eu-155 Channel (344 - 348) {34650 | L
Na-22 Channel (5096 - 5100} 5098.48 :
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Verification Measurements For HPGe ISOCS Detectors
[ ]
Baseline Measurements for Detector #3996: T
[N N j e
 [Detector I: L TEgeE T I
Source ID 1080702 | ;
Current Date: 10/13/2014 :
. i
Nuclide Half-Life (days) Emergy (keV) ! Count 1(cps) | Count 2 (cps) | Count 3 (cps) RMean (cps)
Eu-155 i 1.812E+03 86.5 28.333 28.667 28.333 28444
Na-22 9.504E+02 | 12745 5.883 5.767 5.767 5.806
Verification Measurements folj.[ietector #3996: . T
pater 16132014 T {
Decay Corrected Eu-155 (cps) 28.444 .
Decay Corrected Na-22 (cps) 5.806 I
Measured Eu-155 (cps) 28.444
Measured Na-22 (cps) 5806 i . e
Eu-155 Error (+/-10%) 0.00% ; _
Na-22 Error (#/~10%) 0.00% !
Eu-155 Channel (344 - 348) 34667 |
Na-22 Channel (5096 - 57100) S N I R
' - 0 _I
; : !
_ i L
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Verification Measurements For HRGe ISOCS Detectors

Baseline Wieasurements for Detector #3997 | _

)
4

3007

Detector ID:
Source 1D . __oso7o3_ T
Current Date: 10/13/2014
| —
Nuclide :Half-Life (days)i Energy (keV} | Count i(cps) | Count 2 (cps) | Count 3 (cps) | Wean (cps)
Eu-155 1.812E+03 "~ 86.5 26.833 27.333 27.333 27.167
Na-22 9.504E+02 1274.5 . 6.183 6.183 5917 6.094 .

j

§ - 1

Verification Measurements for Detector #3997: |
1

|

!

[Date:

10/13/2014 '
Decay Corrected Eu-155 (cps) | 27.167 o
Decay Corrected Na-22 (cps) 6.094 |
Vieasured Eu-155 {cps) 27.167 :
Measured Na-22 (cps) 6094 - |
Eu-155 Error (+/- 10%) 000% .
Na-22 Error (+/- 10%) 0.00% i
Eu-155 Channel (344 - 348) 34621 |
Na-22 Channel (5096 - 5100) 5098.59

i

-
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Verification Measurements For HPGe ISOCS Detectors
. ; i
] . i
Baseline Measurements for Detector #3998: 1
B p 0 i
]
Detector 1D: 3988 1 !
Source 1D 010702
Current Date: 10/10/2014 !
i
Nuclide EHalf-L'rfe {days){ Energy (keV) ;: Count 1{cps) | Count2 (cps) | Count 3 (cps) | Mean (cps)
Eu~155 I 1.812E+03 86.5 . ..86.000 85.833 36.167 36.000
Na-22. i 9.504E+02 12745 } 7.133 7.000 7.383 7172
Verification Measurements for Detector #3998: !
i
A .
Date: 10/10/2014 . i
Decay Corrected Eu-155 (cps) 36.000 | J
Decay Corrected Na-22 (cps) 7.172 _'i___ L I
Weasured Eu-155 {cps) 36.000 |
Measured Na-22 (cps) 7172 i ]
Eu-~155 Error (+/- 10%) 0.00% | i
Na-22 Error (+/~10%) | 0.00% i
Eu-155 Channel (345 - 349) | 3647 1 i
Na-22 Channel {5096 - 5100} | 5098.41
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