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AGENDA

* Discussions For Today
* Introduction and Description of Measurement Services

 Technologies developed in Idaho to improve results and legacy
measurements

« Systems and Technologies at SRS that involve specific
requirements for accuracy regarding legacy waste

 Currently in development at Los Alamos to determine accuracy
of large legacy waste containers.
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Measurement Services Introduction

. Our Nationwide Presence at DOE Sites

* Onsite measurements for several different
sites across the United States

« Gamma spectroscopy performed at most of o ©
the Department of Energy Sites and others @) @@

« High activity measurements for fuel-based &
waste and process type waste at various sites

RN e VICEIRSISONEINS NDA and Service Personnel: 9 NDA and Service Personnel: 2
2 ORNL - Tennessee :
 Neut m ment rformed bv th (2 ORNL_Tennessee ___ll'6 NRF— Idaho 10 WCS — New Mexico & Texas
e u ro n eas u re e n S e O r e e NEAtandiseTvicalRersonie!iv) NDA and Service Personnel: 1 NDA and Service Personnel: 2
g rou p as we I I 3 LSSt lie ol 7 | INL - Idaho 41 Portsmouth — Ohio
[NIDP Sl SERAED RErEemE 8 NDA and Service Personnel: 1 NDA and Service Personnel: 1

o Com bl n ed measu re me ntS I nteg ratl n g ga m m a NDA and Service Personnel: 3 NDA and Service Personnel: 6 NDA and Service Personnel: 1

and neutron results .

NDA Systems: NDA WIPP Certified Equipment: NDA Equipment:
° EXpertS all over the P lace for a number of ISOCS Systems MILCC #1 SuperHENCH#1 1SOCS Software
WRAP Gamma Systems MILCC #2 1Q3 System Q2 System
H HENC System MILCC #3 IWAS Systems SGS System
SpeCIa nee S Slab Counters MILCC #4 SGRS Box Counter
ISOCS Software MILCC #5 WAGS ISOCS Systems
Gamma Counter HENC#1 ISOCS Software Shuffler System
Q2 System HENC#2 Slab Counters
Hex Counter HENC#3
SGS System WIPP Certified Equipment:

Neutron Multiplicity Counters

HENC System OspreyDIC
Falcon 5000 Instrument

MILCC System
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NDA Instrumentation
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Current Contracts and Customers

o U.S. Department of Enérgy Facility

¢ L a rg e St C U StO m e r i S th e Wa Ste ° gisslgnfed f;r permanent disposal of Transuranic (TRU) radiouc}%ve wasle
|solation Pilot Plant in Carlsbad, & o
NM.

- URENCO

- AMWTP Idaho

 Livermore National Laboratory
* Nuclear Fuel Services

* Y-12 National Security Complex

MIRION
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Locations and Number of Employees

* Los Alamos NM 15 individuals supporting the site.

« Savannah River has 6 individuals supporting the site
* Oak Ridge 4 individuals supporting the site

- AMWTP |daho 6 individuals supporting the site

* Livermore 4 individual supporting the site

» Skills include not only nuclear instrumentation
measurements but site processes as well.

IMJB.' ONConnect

Users’ Conference




Work completed at sites since 1997

» The number of containers measured and emplaced at WIPP is approximately 265,202
total containers.

* We have assayed more than 200,000 containers of TRU waste destined for WIPP,

representing approximately 75% of all waste placed in the underground
« Assay issues solved at a number of different sites.
 Total emplaced containers shown to right
« Mirion has measured most of these as stated above and has worked at each site
 All containers at LANL and SRS were measured on Mirion systems.
* Majority of waste at INL was measured on Mirion systems.

MIRIONConnect
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Certifier  Payload

Site

Cntrs

ANL-E 553
BAPL 5
HANFORD 14,132
INL 88,690
LANL 22,345
LLNL 1,308
NTS 1,819
ORNL 5,757
RFETS 40,548
SNL/NM 19
SRS 12,120
VNC 32
WIPP 21
Total: 187,349

®
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16,789

134,260

28,163
1,319
1,860
5,908

40,588

33
35,183
94
13

265,202




Specific Tasks Performed by Measurement Services

« Gamma spectroscopy
* Neutron measurements
« ISOCS modeling for several different applications

« SISOCS modeling if modeling is required beyond the basic
ISOCs templates

* NDA 2000 experts and ability to setup most NDA systems.
* Individuals with significant amount of Genie knowledge

« Ability to interact with government agencies such as the EPA and
DOE

* Procedure development and assistance with certain parts of
readiness assessments for NDA equipment.
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Largest Customer WIPP and Appendix A

* What are some of the basic requirements we must follow for
our work. One of the requirements is confirmation of

calibrations.

* In order to confirm that the calibration of a modality (e.g., a gamma efficiency curve) of
an NDA system was correctly established, the accuracy and precision of the system
are determined after each calibration or re-calibration. Accuracy and precision for fixed
geometry systems are determined by performing replicate measurements of an
appropriate surrogate matrix selected from within the expected operating range of the

calibration being confirmed.

* Interpretation was each calibration performed needed a confirmation performed each
time with a similar matrix as to what was being measured.
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Largest Customer WIPP and Appendix A

* What are some of the basic requirements we must follow for
our work. One of the requirements is confirmation of
calibrations.

* In order to confirm that the calibration of a modality (e.g., a
gamma efficiency curve) of an NDA system was correctly
established, the accuracy and precision of the system are
determined after each calibration or re-calibration. Accuracy
and precision for fixed geometry systems are determined by
performing replicate measurements of an appropriate
surrogate matrix selected from within the expected
operating range of the calibration being confirmed.
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Largest Customer WIPP and Appendix A Cont.

* What are some of the basic requirements we must follow for
our work? One of the requirements is the basic accuracy
requirements for the calibration as well.

» Accuracy is reported as percent recovery (%R). Accuracy shall be 100% + 10%. The
justification for accuracy outside of the 90% - 110% range will be documented. For
gamma systems, the accuracy shall be calculated for each useable gamma energy line
over the calibration range. The accuracy for each line shall be 100% £ 10%. The
justification for not using certain gamma lines due to matrix density, filter density, or
attenuation will be documented. Precision is reported as percent relative standard
deviation (%RSD)

« Can be difficult to meet for most matrices over a significant range of energy lines.
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Solution for Containers and meeting requirements

(Gamma)

 Predefined efficiency calibrations were difficult to meet
requirements for several containers.

* Applying a different analysis method was needed to provide the needed accuracy for
the data quality objectives.

« NDAZ2000 already used onsite at Idaho so the question was how to perform efficiency
calibrations.

* Integration of ISOCS into NDA2000 to improve Accuracy.
« How to meet the calibration confirmation portion of the WAC
* Figure of Merits (FOM)

MIRION
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55-Gallon Drum
Standard

Waste Box
10 Drum
Overpack

SLB-2

MIRION
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WIPP TRU PACT Shipping Containers

BT e i M T

- o8 K TRUPACT-11 Testing
Nuclear Regulatory
Commission-certified
transportation package
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WIPP Transportation R

Why we
perform the
measurements

T
\'\'5\ idaha Nationat
*

Laboratory

Rocky Fiats f
Environmental Df
Techriology Site &5

Crevsensicnd

Urivet sty U6 Wastul
Rt R Hese s

Los Alamos\
Nationat |
L aboratory

" Waste Isclation 2 :
{iéf{Ptlot Plant 7 vannah River,
X

\—*

' Lngand

O Small Quansity Ste wih Legacy TRU Waste
O Large Quantity Site with Legacy TRU Waste
Q0 Site De-nventoried of Legacy TRU Wase
= US Interstate (Open)
=== US Hghway (Qpen)
= Routa Not Qpan
== Route Closed (FY 2013)

SSES Proposed Cosures
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Game of Acronyms

« DOE

= Department of Energy
- AMWTP

» Advanced Mixed Waste Treatment Plant
 NDA

= Non-Destructive Assay
« ISOCS

= |n-Situ Object Counting System
- EPA

= Environmental Protection Agency
- EM

= Environmental Management
 NNSA

= National Nuclear Safety Administration
- WIPP

= Waste Isolation Pilot Plant
- SISOCS

= SUPER In-Situ Object Counting System

MIRION
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Efficiency Types

* Predefined Efficiencies
= Modeled
= Empirical

« Require sources for validation
many times multiple sources

« Matrix Containers for each
efficiency also required

« Maintenance, tracking and upkeep
of containers and sources

« Calibration confirmations required

IMJB.' ONConnect

Users’ Conference

 Extended ISOCS Models

* Modeled calibrations no sources
= On The Fly for each Container

« Equivalent confirmations required
with no sources.

 Figure of Merits to confirm
calibration once assay completed

» Multiple types of FOM'’s to assist
with validation

* Non-container specific




Historical Measurements at Los Alamos

 Lead lined containers at Los Alamos
e Empirical calibrations with lead lined Containers

(S50K)
e Line Sources required for calibration
Mobile HEE * Data below is results compared against

Acceptable Knowledge data
* Example of complete empirical process with no

modeling

Drum | MT | Density | Baseline | Measured | Pu%R | Baseline | Measured | “"Am

ID (glce) Total Total Total *Am %R
Pu (g) Pu (g) *'Am (g) | Mass (g)

1 WG | 2.05 86 83.9 97.6% | 7.2 6.48 89.95%

2 WG | 1.98 34.1 34.5 101.1% | 8.7 6.83 79.0%

. .. 3 WG | 1.98 17.6 20.7 1174% | 6.4 6.57 102.5%
High Efficiency Neutron 4 WG | 134 | 6l4 58.5 953% | N/A 6.28 N/A
Counter with Integrated 5 WG | L15 8.23 12.4 150.7% | N/A 9.94 N/A
Gamma Detector 6 WG | 124 92.32 61.7 66.8% | N/A 6.34 N/A
7 WG | 118 29.00 29.4 101.4% | N/A 3.34 N/A

8 WG | 1.94 71.3 77.9 109.3% | 7.5 6.99 93.2%

9 WG | 2.03 40.0 44.9 1123% | 8.3 7.50 90.36%

MIRION
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(b} 12-inch Standard

Pipe Overpack Containers
Used for Higher activity containers

Contain pipe component with waste material
inside a 55-gallon drum with fiberboard
Container used for a significant amount of waste
at Los Alamos and Savannah River

Z

A
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Results from POC measurements

« Compared HENC data vs
validated calorimetry data

* Measured by Los Alamos
NDA group to verify HENC
measurements

* Significant cost and time to
load and measure POC’s
with calorimetry data.

* Well defined empirical
calibration verification
however time consuming
and expensive

II\/IIRIONConnect
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Neutron Data Results

Calorimetry Results Average Value %R STDEV %RSD
Pu239/Pu238 Mass (g)

92.2 grams MT-52 111.1 12] 6.3 5.6

117.5 grams MT-52 129 110 9.5 7.4

5.5 grams MT-83 5.1 93 0.3 5.1

12.4 grams MT-83 11.3 91.2 0.2 1.9

19.6 grams MT-83 16.7 85 0.4 24

Gamma Data Results
Calorimetry Results Average Value %R StDev %RSD
Pu239/Pu238 Mass (g)

92.2 grams MT-52 112 121 2.3 2.0
117.5 grams MT-52 126 107 34 2.7
5.5 grams MT-83 4.89 89 0.2 3.3
12.4 grams MT-§83 9.58 773 0.1 1.5
19.6 grams MT-83 15.0 77 0.3 1 ¥

®
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IDAHO Solutions to TRU and LLW Waste

- Addresses the issues related to the conventional means of extracting

pred

« Wit

MIRIO
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efined efficiencies
What container shapes? What material types? When will we know?

Predefined efficiencies usual require “commissioning” or “validation” for the range of
container shapes and material types.

Predefined efficiencies usual cover a broad range of physical parameters, e.g., fill
height, material type, material distribution, efc., and inherently have rather large Total
Measurement Uncertainties (TMU’s).

Maintenance for a plethora of predefined efficiencies can be extremely cumbersome.

Predefined efficiencies are extremely costly ($$$) and time consuming
(weeks/days/months)

h the expansion of ISOCS to the NDA 2000 environment
Any container shape that can be supported by ISOCS

Methodology for efficiencies “on-the-fly” that can be internally validated for each
assay.

The methodology is NQA-1 and approved by the DOE including boxed and drummed
waste materials at LLW designated for disposition to WIPP.

Need only a fiducial TMU for cylinders and/or boxes.
Works with any gamma NDA instrument, ISOCS cart, Q2, SGS, 1Q3, MILCC, etc.
Saves time, $$$ and training is usually less than a week.

MIRION
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IDAHO Solutions to TRU and LLW Waste

Developed for TRU materials for disposition to WIPP.

ISOCSGEO

Gustom ISOCS Matrix

— Temphte Asate €—

Composer

Editor

Defauk
Temthe ~» Config.ini

? Acceptable Knowledge (AK)

Supervisory SW
(Site Specific)

>

Aummaum Interface

GUI Custom

——> As
Widget 2

N
I
g
55
NDA 2000

N

i

Active-X Custom

Widget

@m

1SOCS on- Differential

3DGamma Imager

Geni
enie FOM

—» Attenuation —#» 2000NID —»

the-Fly SAC

LACE Scriptlets
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Scaled
T™MU

Involve site customization which may take several months.
Many pieces are now newly released standard products.

Main goal is to establish an efficiency, which can be validated, for an
object which can be modeled with standard ISOCS (currently) and
even Super ISOCS and MCNP (near future).

Validation involves utilizing Figure-Of-Merits (FOM) which can be
customized.

Interoperates, using custom binaries and scripts, with the customers
databases such as WTS (Waste Tracking System), FTS (Fissile
Tracking System), RTR (Real-Time Radiography) and 3-D Gamma
Imager and whatever other database or data source the customer
might have.

Custom GUI widget launched during assay (demographics); yields
Assay.ini.

Custom Active-X control interprets waste container data to CAM
(analysis) via Assay.ini.

®
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Main Data Input Form

w. Request for ISOCS Parameters - 1.0.41

Waste Container |D: |P2500501

Counter Description: |Z-235-1 0124

‘Waste Container Description: |55 Gallon Drum

Waste Container Volume (liters): IZDB' a

Height (in: [527353

Fill Height (2, 120

Diameter/ |22-5197 Gross Weight (Ibs): 465.3333

‘Width [in]:

Change/Approve | Density (ka/l): 1.1094

I Primary GIS Waste Container |21 37125

Volume [liters):

Primary GIS Objective Yolume Density (ka/l):

T
e
Depth (in: L Tare Weight (Ibs): T
T
froms

I pEc bl W::{?;Tuﬁzn[tﬁlen'z;: |21 37125 Secondary GIS Objective Yolume Density (kg/l): 1.0733
[~ Has Attenuator
Material Type/IDC: IP DP-SLDG EI
Attenuator Type: I ,ﬂ
Material Type/IDC Editor Attenuator Thickness (in): I 0
Primary Detector: I 8143 LI Secondary Detector: IB1 51 LI
Primary Detector GIS: IZ'295'1 0x-55q debris j Secondary Detector GIS: |2'295'1 0x-55g debris j
Primary Detector Standoff (in): IIjI Secondary Detector Standpff ID
Primary Detector Height (in): I':' Secondary Detector Height ID
First Approver Generate WTS HTML I WTS IDC
Second Spprover GEOQ Composer

MIRIONConnect 21
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Executable that gets called (shelled) from within
NDA 2000 Operations.

Generic version incorporated into standard product
(48-8711).

Can be completely customized by Canberra or by
the customer themselves with some supervision.

Must follow a few simple rules as defined by the
NDA 2000 Expanded ISOCS architecture.

Otherwise, very flexible since the output to the INI is
also read, and interpreted, by the Active-X control
which is also customizable.

Works with and without supervisory SW via the NDA
2000 Automation interface.

«  Several controls to access a plethora of demographic information about the waste container.

«  The operator can create a material type or GIS that is specific to the waste container.

. If there is an additional attenuator of Pb, Cd, SS, CSTEEL, etc., it is easily added — no need to be previously defined

in the default GIS file.

«  Material type editor creates custom mu library for the assay only; performs temporary swap on SPACE.INI when

analyzing.

*  Approval scheme for detector parameters only possible at assay time.

m MIRION




l waste_wmg.bat - Notepad

WTS Query

B Editor of mu-library: 'C:\GENIE2K\isocs\data\parameters\mu01_

File Edit Format View Help

from A

<

set ORASQL=A

select A
container_id A
AlAl","AlA] container_type_code A
A|A]","A|A] GENERATOR_ID A|A|'-"A|A| IDC A
AlAl","AlA] "Iron-based metals/alloys kg" A
AlAalT, "AlA] "Aluminum-based metals ﬁg" A
AlA],"AlA] "other metals kg" A
AlALY,"AlA] "other inorEanic materials kg" A
AN UALAL "vitrified kg" A
AlAlT,"AlA] "cellulosics kg" A
A|A|","A|A| "Rubber kg" A
AlA]", "AlA] "Plastic %waste materials) kg" A
AlA|","A|A| "Inorganic matrix kg" A
AIALT,"AlA] "organic matrix kg" A
AlAl,"AlA] "cement (solidified) kg" A
AlAl, "AlA] "soils/gravel kg" A
AlALT,"AlA] "steel packaging) kg" A
Alalt,"AlAa] "Plastic (packaging) kg" A
Alal,"Ala] "cellulosics packaging kg" A
AlALY,"AlA] "MLLW waste kg" A
AlA]Y, "AlA] puck_height A
AJALT, TP TALAL %cmnt_att® AfA]TT A

(WITH par AS A
(SELECT wm. analysis_id A

,SUM(CASE WHEN wm.waste_parameter_code = 1 THEN ROUND(wm.weight * 0.

,SUM(CASE WHEN wm.waste_parameter_code 3 THEN ROUND(wm.weight
,SUM(CASE WHEN wm.waste_parameter_code = 4 THEN ROUND(wm.weight
,SUM(CASE WHEN wm.waste_parameter_code = 5 THEN ROUND(wm.weight
,SUM(CASE WHEN wm.waste_parameter_code = 6 THEN ROUND(wm.weight
,SUM(CASE WHEN wm.waste_parameter_code = 7 THEN ROUND(wm.weight
,SUM(CASE WHEN wm.waste_parameter_code = 8 THEN ROUND(wm.weight
,SUM(CASE WHEN wm.waste_parameter_code = 9 THEN ROUND(wm.weight
,SUM(CASE WHEN wm.waste_parameter_code = 10 THEN ROUND(wm.weight
,SUM(CASE WHEN wm.waste_parameter_code = 11 THEN ROUND(wm.weight
,SUM(CASE WHEN wm.waste_parameter_code = 12 THEN ROUND(wm.weight
,SUM(CASE WHEN wm.waste_parameter_code = 13 THEN ROUND(wm.weight
,SUM(CASE WHEN wm.waste_parameter_code = 14 THEN ROUND(wm.weight
,SUM(CASE WHEN wm.waste_parameter_code = 15 THEN ROUND(wm.weight
,SUM(CASE WHEN wm.waste_parameter_code = 16 THEN ROUND(wm.weight

FROM waste_material wm A
WHERE wm.analysis_type like '%analysis_type%' A

EIE I

,SUM(CASE WHEN wm.waste_parameter_code = 2 THEN ROUND(wm.we1i
= 0

X XK E XXX

[el=felofolefa]

0.
0.
0

0.45359237,2) END) "Rubber k
0.45359237,2) END) "Plastic
0.45359237,2) END) "Inorganic matrix ki

i~ Chemical Farmula Compos
Material INFO

Material Name: |wippmx01

Cle

Formula

Density, a/cm3: |1

me
1|

Comment: |imn-based_melals/alloys_’/._

Chemical Composition

2|x

dAs
onent

|

ass

C:0.62%MN:0.45%FE: 98 93%[CSTEEL:100.00%] entage
Element X n=|1 =
atom ratios
() Ca Fm L Pb
e Cd Fr Lu Pd
bg Ce Ga Mg Pm
W Cf Gd Mn Po
om [EHlGe Mo Pr Mass Attenuation Polynomial coefficients
R 1] Eneray range: 0010000 - 0.015843 Me <
e & BF Ne Ry [a0=35740957es001
lsu Cs Hg Nd Rb  |al=+1.1613792e+001 a2=+1.4827913e+001 23=+6.9316398e-001
B Cu Hg Ne Re a4=-9.9886718e-001 55=-8.8981515e-002 af=+2.8583814e-002
Ba Dy | N Rh a7=+3.6448280e-003 58=+1.0000000e+000
Be E;u In Np Rn Energy range: 0.015849 - 0.031623 MeV L, & into
Bi Es Ir 0 Ru rary
K Eu K 088 I b
C Fe La Pa Sc - Tommert |
4 l » -

Close | Help

X

~ Material library
Double click for Info

sulfate -

sulftoxd
teflon

tin
tungsten
u308
uf§
water

wippmx02
wippmx03
wippmx04
wippmx05
wippmx06
wippmx07
wippmx08
wippmx09
wippmx10
wippmix11

wippmx12
wippmx13
wippmx14
wippmx15
wippmx16
wood_oak

woodpine
zinc =

Delete substancel

g
%waste materials) kg" A
A

45359237,2) END) "organic matrix kg" A
45359237,2) END) "Cement (solidified) kg" A
45359237,2) END) "soils/gravel kg" A
45359237,2) END) “steel packaging) kg" A
45359237,2) END) "Plastic (packaging) kg" A
45359237,2) END) "cellulosics packaging kg" A
45359237,2) END) "MLLW waste kg"A

il

[tn1,cot

4

1

e These 16 parameters are entered by the RTR analyst and the Oracle query reduces to weight
percent per material type.

e The Operator or ETR accesses the information and seamlessly enters the material weight
percents in the ISOSC materials editor.

e Future plans to completely automate this process so no human intervention required.

MIRIONConnect
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GUI widget, upon loading,
calls customizable script file
that calls a site specific BAT
file that queries the customers
WTS database.

We wok with the customer in
developing the customizable
interfaces; start with a generic
set of QA'd interfaces.

In general, the information
returned is core AK and RTR.

The core AK information
contains info such as the
waste container type, gross
weight, tare weight, IDC, etc.

The core RTR information
consists of the distribution of
materials, over-pack
information, IDC verification,
puck heights for compacted
drums, etc.

To the left is an example were
the 16 WIPP identified
material types are accessed
from the customer’s ORACLE
database.

®
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RTR Query/Generate HTML

[} WTS Container Report [1

L W

C ‘@ file:///C:/Users/Marcel/Nextcloud/AMW 20ISOCS/Dr 620Data/IC-604/10576118/10576118 __report.html
i Apps Work TPW520 NAS LEDHD TV's Personal
- [ WTS Container Report [1 X Y ¥
WTS Container Report [10576118]
[¢] ‘ @ filey///C:/U: loud/AMWT} 0ISOCS/Drum%20Data/IC-604/10576118/10576118__report.html R+ 4
Waste Container Information: [10576118] 3 Apps Work TPW520 NAS LEDHD TV's Personal
R 10576118 "5 1o ASY| 08-MAR-18 e o AT WTS| 08-N~
[CONTAINER _ID|[C Type|HISTORICAL_IDJFILL] IDC |WASTE_STREAM_PROFILE|WASTE_MATRIX_COD|DESCRIPTION|GROSS_WEIGHT_KG| TARE_WE|| " H 00045” H ” H ” Res”"s‘NCR Assayu H
CWI CH Debris|
from Re- CONTAINER_ID | NONCONFORMANCE_REPORT_ID || NCR_TITLE | NCR_COMMENT
packaging I 10576118 118389 Il Valid NDA results cannot be generated with current data ||
10576118 425 ANLE27E|  90]IC604 BN510.4 $5400| AMWTP RH 47.0080453 24
Debris - RPT-|
TRUW-83 Images from the RTR video
IDCs|

Assay Result: [10576118]

[ANALYSIS_{[FISSILE_GRAM_EQUIVALENT]FISSILE_GRAM_EQUIVALENT_ERROR|[FISSILE_GRAM_EQUIVALENT_LIMIT|TRU_ALPHA_CONCENTRATIQ

E i‘ .
0000453718, PU238][000279375] __.000033979] 004777277 000551044 000279386 DASSAY103

0000453718 PU239[[2.87349725| .349493973][ 178157172 021668668 010419047 DASSAY103)

0000453718 PU240]174508229 02122486].039613246] .004818028] 002316675, DASSAY103|

0000453718 PU241| 00225675 .000274481][232446156] .028271658] 013593993 DASSAY103

0000453718 PU242| 001314254 .000159848][5.1914E-06] 6.3141E-07 3.0361E-07, DASSAY103

0000453718, SR90 0 0 0 0 DASSAY103

0000453718, U233 0 DASSAY103) =
0000453718 U234 0 DASSAY103

0000453718 U235 0 DASSAY103

0000453718 U238 0 DASSAY103 "
«

+ Custom query

0000453718 2.88273597| 349494845 3.5817256| 12745.98
Assay Result Isotope: [10576118]

IANALYSIS_I|ISOTOPE_CODE|| MASS |MASS_ERROR| ACTIVITY |[ACTIVITY_ERROR|MINIMUM_DETECTABLE_ACTIVITY||LAST_UPDATE_BY|LAST |

0000453718 AM241|.010338162, 001257397/|.035459309| -004312799| 002073743 DASSAY103|

0000453718 CS137| 0 0 0 0 0 DASSAY 103

0000453718 NP237| 0 0 0 0 0| DASSAY103|

ol ol

o

ol ololol
ol ololol
olo|lolo|lo

o

|
:
ﬂ
=y

* Displays complete RTR report in HTML format.

» Takes x second intervals of frames (stills) from
MP4 video.

. ,féluds Operator/ETR in changing GEO/GIS on-the-
Y
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Detector-Standoff/Centerline

. Request for ISOCS Parameters - 1.0.41
‘Waste Container ID: IP2SDUSD1 Height (in): |32"7953 Fill Height [%): 80.0
L |Z-295-101-2x4 Diameter/  [535757 3 . [465.9933
Counter Description: I ‘Width finl: Gross Weight (Ibs): Helght [II"I]Z Fil Helght [z]:
‘Waste Container Description: ISS Gallon Drum Depth (in): I Tare Weight (Ibs): |58'D Fiareter:
(o Gross Weight (lbs):
‘Waste Container Yolume (liters): |2US'EI Change/Approve | Density (ka/l): |1'1 034 Width [in
" . — = Depth (in): I Tare Weight (Ibs):
| Rl W\afztﬁnlfeor[lﬁtael?se]: 2137125 Primary GIS Obijective Yolume Density (ka/l): 1.0733
I i [oamis 7 el |2EIE!4D : ; |1_1|:|!34
szl Wa\;ﬁuﬁoen[lﬁlerg: 2137125 Secondary GIS Objective Volume Density (ka/; 110799 Yolume (liters): Density (ka/l):
|~ Has Attenuator . e 155 Gallon Drum
Material Type/IDC: |PDPSLDG = Waste Container Description: I
Attenuator Type: I L’ IPDP Slu dge
Material Type/IDC Editor e T s I|:| Comment;
Primary Detector: I81 43 j Secondary Detector: l81 51 ZI First Approver
Primary Detector GIS: |z-295-1 0x-55g debiis LI Secondary Detector GIS: |2-295-1 0x-55q debris :I
Primary Detector Standoff (in): I':' Secondary Detector Slanc!pf[ I':' Second Approver
Primary Detector Height (in): I':' Secondary Detector HeighE I':I
First Approver Generate WTS HTML | WTS IDC
Second Spprover GEOD Composer

* Waste container parameters are passed from NDA 2000 Operations.
* Actual values used for debris drums but not for overpacks.

* Net weight is computed from GW and TW; GW >=TW.

* Dual approver scheme.

*  REQUIRED comment field (V1.1).

MIRIONConnect 21 () MIRION

Annu Conference TECHNOLOGIES

I 9
ternal Usea— 5 Bc?ogerr 3021 - p.27




Secondary Approver
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. ISOCS LASER can be used as a reference point (LASER offset located in Config.ini).

. Optional LASER range finder for accurate detector distance.

. Passwords set in Config.ini.

. Once Second approver completes successfully then the GUI widget is dismissed.

®

X tcr Primary Deector Standof{Cetern
— - - — — Physical Detector Position
Waste Container [D; |P2500501 Height fin} 1777957 Fil Height (% 17°7
i 7 . |8149
Counter Description: IZ'ZSE'1 01-2x4 I\)A',aig;ﬁtlei:;: 225137 Gross Weight (Ibs): 4653333 [eects I
T - l— . 2 |23
‘Waste Container Description: I55 Gallon Drum Depth [in): Tare Weight (bs); 1570 Detector Standoff (in): I Matched!
‘Waste Container Yolume (liters): |2DE!.D Change/Approve | Density (ka/l): I1 1034 Detector Centerline (in): |1 7 Matched!
| Primary GIS WWaste Container | 37 2 A ; | 7 Used Laser as
4 Volume (iters]: 2137125 Primary GIS Objective Yolume Density (ka/l): 1.0733 Reference: ]
| Secondary GIS Wavsgleuﬁzn[lﬁalleng 2137125 Secondary GIS Objective Volume Density (ka/l): 1.0733 z
2 — Model/Material/Geometry
[~ Has Attenuator v Validate GIS: 2-295-10x-55g debris

Material Type/IDC: IPDP'SLDG Ll : 5

Attenuator Type: | = [v Validate Material Type/IDC: PDP-SLDG
Material Type/IDC Editor e e (e ] [v Validate Attenuator: NONE
v “alidate Container Parameters
Primary Detector: I81 43 LI Secondary Detector: I81 51 ll
Primary Detector GIS: |2'295'1 0x-55g debris .:I Secondary Detector GIS: |2'295'1 0x-55g debris .'J >
|—- R User: |user
Primary Detector Standoff (in): u Secondary Detector Slanqpl[ u l
Primary Detector Height (in]: 1" Secondary Detector Height [o Password: [~
First Approver Generate WTS HTML | WTS IDC ,TI Cancel
Second Approyver GEO Composer

. First/second approver scheme where the detector distance and centerline are entered into the GUI widget and ultimately to the assay specific INI file.
. These two dimensions, detector distance and centerline, are the most important pieces of information that are gone once the cart/detectors have been moved so this step is crucial.
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IDAHO Solutions to TRU and LLW Waste

o Boxed waste containers are defined by the inner
height (H), inner length/width (L) and inner depth
(D) which define the box objective volume (HxLxD).

o By convention, a rectangular box has L > D. The
e - radiological-bearing waste, of material type MT and
~ LONgth density p, occupies the objective volume scaled by

T y the fill height (FH) which occupies the lower portion

of the objective volume. The box also has a gauge

thickness (12 GA, 14 GA, etc.) made of construction
materials such as carbon steel, plywood and
fiberglass.

.k :'; 9*‘/' e As with cylinders, the detectors are collimated and
SE P 3 l Ao may optionally contain an attenuator with a defined
4

Objective Volume j

Detector
Collimator
Attenuator

thickness.

e The detector faces the box in the horizontal
midpoint (L/2 on the length side and D/2 on the

\_ depth side) and approximately the height midpoint

(H/2) which defines the reference height (RH).

/; Radiological (Waste) . 'ghe detector}/\c?]llimﬁtog must be at a standrc])ff (SO)
. . istance such that the box corners are in the
Bearing Materials detector view as defined by the collimation but not

too far away so as not to introduce unwanted
background.

e To get the best sensitivity the box is scanned on the
midpoint of all four sides. This canbe
accomplished with a single, primary, detector or,
optionally, with a secondary detector. The scan
with a single, primary, detector involves starting on
the length (L) side and moving to the right (CCW)
by 900 shifts until all 4 sides have been assayed.

|[MIRION Connect g 0
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IDAHO Solutions to TRU and LLW Waste

Primary Primary
i i * Architecture has a concept of primary and secondary detector for both
cylindrical and rectangular geometries.
* Primary and secondary should be like-for-like as their physical spectra
5 _f 2 .z can be summed to further improve sensitivity.
§- 2x2 LI § E'__I 1x4 I__Ig
a @ - - * Only the primary detector need be defined; the secondary detector is a
bonus for throughput and sensitivity.
i ) * General concept is M x N where M is the number of detectors (1-2)
) ) and N is the number of positions.
Primary Primary
* The box/drum is moved N-1 times after the initial position. SW keeps
- brims track of the segments/detectors and summing (physical spectra and
] " NID results).
1
*  2x2 —the long side determines the primary detector for a reference
point; the secondary detector is to the right facing the box as viewed
through the primary detector (to facilitate GIS selection). Assay for
2x1 2 600 s and then rotate the box (fork lift truck) by 180 degrees.
*  1x4 — same as 2x2 but only the primary detector and the box is rotated
three times.
1 +  2x1/1x2 — MILCC arrangement for a two detector MILCC (2x1) and a
Secondary . one detector MILCC (1x2)

MIRION
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TMU Scaling/FOM Reduction (Correction)

* Two main aspects of TMU scaling: ISOCS object volume
and FOM correction.

+ |ISOCS Object Volume Scaling

= |UE is utilized to establish TMU budget for VWA, 100% FH,
fiducial volumes/containers — very costly!

= Need to adjust, on the fly, for either a slightly different container
and/or FH.

« FOM Correction

= VWA TMU budget includes point source and Iumpg matrix
randomization which together can be 35% - 75% depending in
the matrix materials, density and volume.

= FOM evaluation limits, computed per assay, tell us that the
efficiency field is actually known, validated, to a degree much
better than the hypothesis from the IUE VWA randomization.

= Analytical formula for drastically reducing the point source and
lumpy matrix TMU budget scaléd to the FOM evaluation limits.

MIRIONConnect
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Okay Let's Discuss

* Does everyone see the process steps and the overall intent
with the ldaho assay process?

« Comments so far?
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PDP Results for this Process
» Performance Demonstration Program (PDP) “

» Defined in Appendix A and has a specific

Orocess 1SOCS-200 Idaho 73.79 1.64
 Entails yearly blind measurements of matrices

usuallé/ a 55-gallon drum or Standard Waste

Box (SWB) ISOCS-201 Idaho 79.82 0.57
« Material usually is placed randomly in the

containers with varying activities.
- Types of material is usually weapons grade MILCC LANL 107.18 1.84

t}/ e material but could also be enhanced Am- (Predefined)

1 or heat source. 150CS)

« Specific accuracy and precision requirements

depending upon activity and matrix MILCC3 LANL 82.04 0.87
- Within a specific timeframe the results must be (Predefined

reported to DOE. ISOCS)

 Failure of a PDP can be a painful process to

recover from depending upon the issue. Box PDP results for measurements taken in September 2020.

|[MIRION Connect g 0 ‘
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Figure of Merit Description and Functionality

 Highly intense, customizable, calculations sent directly to the report
fil (Genie 2000 feature).

* Three main FOMs: LACE, Multi-View (MV) and ISOTOPIC.

« LACE FOM checks the integrity of the LACE curve with respect to
slope and curvature.

« MV FOM evaluates the consistency of the ISOCS efficiency versus
response for static (non-rotating) measurements for 2 or more
independent views of a cylindrical or box shaped object.

* ISOTOPIC FOM determines if the nuclide NID ratios are consistent
with those either from measured and/or declared isotopics.

« All FOM’s involve evaluation limits which are associated with site
customizable tension parameters.

II\/IIRIONConnect
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. essons from historical measurements

 Quality empirical measurements can be made using specific
sources and containers

» Almost every WIPP system as we move towards the more difficult
waste would need similar sources and containers.

» Source movements are becoming more difficult at DOE D&D
facilities.

|t has taken months for N3B at Los Alamos to recover from a
number of DSA issues that are still not solved.

* Modeling is already a significant part of the overall measurement
scheme.

* The next step is to continue to develop the efficiency verification
tools for each measurement reducing the need for source
movements and additional matrix containers.

II\/IIRIONConnect
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Bolas Grande Los Alamos

* Large containers used for specific experiments at Los Alamos

e Designated as dynamic experiments to measure the effects by detonation of high
explosives.

* Difficult to size reduce and place in some WIPP shipping containers.

* Can they be measured in their current form.

MIRION
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Bolas with Standard ISOCS

Edit dimensions - Sphere 'R
Desciptiors [Bolas Grandes Simple Sphere + Thin PuO2WT ok |
° Ap p Iy f t d d ISOCS Comment  [Det5030-BGWT =025 " - Pu0ZWT = 000010 " Densiy = 3.075
use O S an ar Unts: “mm Cem Cm  ®in R

sphere Yo Desgowon |G (G193 dn [ o3 teww Do
e SISOCS not required currently s —
from how we foresee the e T O O =
L%}Templatenrawing

analysis path.

* Initial Bolas data looks
promising during initial analysis.

* Planis to integrate extended
ISOCS pathways similar to Idaho.

* Not possible to provide
confirmation objects to meet
that specific part of the WAC.

e Figure of Merit processes will
have to be applied.

@

' FittoWindow

|[MIRION Connect g 0
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SWB'’s with cemented containers SISOCS

* Another different waste form at Los Alamos . Crosssacton i 2Y-plone
will be a SWB with two cemented drums 1.036+3 -
place into the larger container.

* The larger analysis issue will be SWB’s with
one cemented container and one empty
container.

* Current calibrations cannot be used to
analyze the SWB with an empty drum.

* Another example of how we will need to
apply SISOCs and the portions of integration - o -
with NDA2000 that will be required. Crosssecton in X - pane. 2 axis, mm

* SISOCS renderings are shown on this page for =~ w
the two full containers.

515 A

Y axis, mm

X axis, mm

-963 -
T
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SWB'’s with one dunnage drum

RRRRRR -Project

. [13287 o = _Er::z:‘mwkq [ e =
* SWB with dunnage and waste = P | N =
. Pressch n&sm 93. i ame.
Contalner- Temperature [20 Enis ICels:s -] =i = }3 ||| Meterel | pengy, groma [
* The N3B EM contractor not PP e
SeectColinaor————— | 81| [0506  wateid| [ps5  [coER
Tope [Cindical | || Cleat | @ Planar ousing Shaped

willing to repackage. o ot e
* ISOCS needed for the inclusion ===
of spherical objects within a box = | ===

« Additional attenuators tha
cannot be modeled in traditional

ISOCS templates.

Cross-section in ZY - plane
at depth = 0 mm along X- axis

507 A

Y axis, mm

568 1.86e+3
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Criticality Control Overpack (CCO) Savannah River

e CCO is a specific container built for WIPP shipments
that can transport large amount of Plutonium

e Large amounts of Plutonium can be place in the CCO.

* The certified limit is 325 grams of Pu.

* There will be a significant number of these measured
at Savannah river.

* Most will be measured on a High Efficiency Neutron
Counter (HENC).

* Predefined efficiency calibration using ISOC’s
modeling techniques.

* Combined neutron and gamma analysis

[MIRIQNConnect ] M | ek
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Criticality Control Overpack (CCO) Savannah River

* Example ISOCS model rendering showing the
basic mode for the CCO.

* Inner pipe container with cans of material
loaded evenly into the pipe.

e Usually, will contain at least two cans of
material placed into the CCO.

e Gamma results shown below.

Sequence # 239 Pu Gamma Ray Energies (keV)
375.05 392.53 413.71 422.6 451.48 645.94 769.26
725 1.06E+07 | 1.06E+07 | 1.10E+07 1.04E+07 | 1.12E+07 | 9.98E+06 | 1.04E+07
726 1.07E+07 | 1.06E+07 | 1.10E+07 1.11E+07 1.11E+07 | 9.87E+06 | 9.73E+06
727 1.06E+07 | 1.04E+07 1.11E+07 1.07E+07 1.11E+07 1.07E+07 1.01E+07
Average: 1.06E+07 | 1.05E+07 | 1.10E+07 1.07E+07 1.11E+07 1.02E+07 1.01E+07
Std Dev: 8.30E+04 | 8.69E+04 | 8.24E+04 | 3.49E+05 | 6.60E+04 | 4.40E+05 | 3.47E+05
%R: 95.55% 94.58% 99.20% 96.47% 100.06% 91.41% 90.52%
%RSD: 0.78% 0.83% 0.75% 3.25% 0.59% 4.33% 3.45%
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Neutron Results for CCO

Measured
Sequenc Measured Pu Measured 24%Pu 200py . Mass
d Mass Total (g) Mass Fraction ‘(’g)

et
725 1.897E+02 6.193E-02 1.175E+01
726

* Neutron measurements were
even better for this material.

» Usually more accurate

measurement when you have 1.874E+02 6.193E-02 1.160E+01

: 727 1.897E+02 6.192E-02 1.175E+01

enough material. Average: 1.889E+02 6.193E-02 1.170E+01
° D|d | mention neutron 1.35E+00 3.32E-06 8.34E-02
%R: 98.69% 102.92% 101.57%

measurements are usually the ARD: T 0.01% 0.71%

way to go if possible.

MIRION
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Just something for the commercial Side

TMI Measurements

- Exelon required measurements of chemical cleaning tanks at the Three-Mile
Island Nuclear Generating Station

- These Chemical Cleaning Tanks (CCT) are located in the Chemical Cleaning
Building (CCB)

= The CCB was ori%inally intended to be used in the chemical cleaning of the steam generators
for TMI Units | and 2.

= EPICOR-II System contains the following components which are located in the chemical
cleaningg building: five processing pumps, a transfer pump, pre-filter/demineralizer (containing
pre-coat material and cation bedresin), two demineralizers (one cation bed followed b&a
mixed bed), clean wastes (holdlng? receiver tank (CHRT; formerly the rinse hold tank; RHT or
CCT-2), oft-specification water (holding) receiving/batch tank (OHRT; formerly the chemical
cleaning solution tank; CCT-1), chemical cleaning building sump pump, mondrail hoist system,
and ventilation filtration system.

® These chemical cleaning tanks were modified in the
early1980’s to accommodate waste water processing from
the March, 1979 TMI-2 accident

I MIRION Connect ‘g# Bott
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Radionuclides required for Identification and specific tank to be measured

CCT-1 Description and expected radionuclides with initial survey

The CCT-1 is a 95,000 gallon tank and is the smaller diameter tank.. The RHT/CCT-2 is a
larger 135,000 gallon tank. The CCT-1 is a capsule-shaped tank 38’ 6” in height with 10° 11”
radius hemispheres at the top and bottom.

The CCT-1 is currently in service and the water fill height may chan%e daily. Typical fill
heights might be 30" and sediment depths might be as high as 3’ but more than likely the
sediments are suspended due to pumps agitating the water within CCT-1.

Volatile fission products such as Cs-137 and I-131 might be expected as well as Co-60 from
activation of steel in the form of rust sediments that work their way to the tank. In an initial
investigation, a two position survey, using a Canberra Inspector 1000 with Nal probe, was
conducted by Canberra when visiting the TMI site on August 29", 2016. The first survey,
acquired just outside the CCB, there was a significant Compton scattering continuum but no
discernable peaks albeit the count time was relatively short. The second survey was
conducted within 10’ of the CCT-1, presumably near the bottom and Cs-137 and Co-60 is
evident, and abundant. Note that I-131 was not detected and this is expected as the decay
half-life is extremely short. Also note that the Nal Probe is not collimated so it is not certain if
the Cs-137 and/or Co-60 was actually emanating rrom the contents of the CCT-1 but might

be originating from a nearby pipe of valve or even the larger tank (RHT/CCT-2).

|[MIRION Connect g 0
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Equipment Description

@® Equipment used for characterization activity

» Falcon-5000

= Mechanically cooled detector with smaller BEGE2830 High Purity Germanium
Detector

= Detector is ISOCS characterized for source less efficiency calibration

= Special tungsten collimator with small aperture that attaches to standard
collimator

= 100 foot Ethernet cable

> Inspector-1000 with Nal probe Figure 2: Shows location of Falcon down
looking into CCB.

» IPIX-Gamma camera for hotspot identification
» QA/QC’s were performed daily.

@® Data reporting requirements

» Quantify Co-60 and Cs-137 in activity concentration with associated
uncertainties.
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Measurement Description Up looking

® Measurements were made of the CCT-1 using the
Falcon 5000 and the IPIX.

® Measurements using the Falcon were taken looking-
up from just below the CCT-1.

® Collimation was used to reduce interference from

other source. _ :
Figure 3: Shows bottom view of CCT-1.

® Tungsten and Pb used for attenuation. )

Units are feet/

® Several Super ISOCS models were create for this e R
emica eaning lank-
geometry. N

® Measurements were taken with and without the tank
full (90% capacity) of water.

® |PIX views were also acquired at this location. o
& |
100 mm Collimator
i
|
A 4 l /
MIRIONConnect o =] IRION
Annual Users’ Conference I <= ccHNoLOGIES
Figure 4. Upward view of CCT-1. |




Measurement Description Down looking

® Measurements were made of the CCT-1 using the
Falcon 5000 and the IPIX.

® Measurements using the Falcon were taken looking
straight down on the the CCT-1 from through the roof.

® Collimation was used to reduce interference from
other source

® Asingle Super ISOCS model was created for this
view.

79T

® These measurements were accomplished with the
tank 90% full of water.

@® |PIX views were also acquired at 50-75% the tank
height.

v ST

Figure 5: Down looking view of CCT-1.

|[MIRION Connect g 0

MIRION

TECHNOLOGIES




® Models were created down looking and up

looking

® Example model is shown in figure 6 (to the right).

® Layers of sediment and water were separated in

Super ISOCS Model description

the model.

® Another model included potential volumetric
hotspots assuming several superhot resin beads
may have worked their into the system.

@® Hotspots were also observed from the IPIX
gamma camera views.
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4= Do_MHS - cct-1_base_sand_2.1-pb.txt

slider for cross-sections x|

Import MHS-file  Export MHS-file  Mu-Editor  Run GIS-Project  Display Cro;

Start Over Move/Rotate/Tilt Scene  Cut Entire Final Scene

Lnils Reference Coordinate System
Ciin o ’7 RCS —‘

rdinates of Obiect points in RCS ————— —— Material Parameters——

g Legend for cross-section
9.93e+3 9.93e+3 ‘ P #  Shape Color Material Priority Rel.Conc. =
« F o endb  pom water 5 1
g g 11 SPH  mmm30dss 4 0
| | - Isicle  ——ron 2 5
o5 b ; 3.66e+3 fside W water 4 1
- X 1 — fside . sand 4 100
7.27e+3 - -3.66e+3 Isice default air 3 o
N = fside defautt sir 3 0
-3.66¢+32, mm 3.60e+3 - ir 10 SPH e 304ss 2 0
£ - Iside  p—iron 2 5
fside  m—vater 2 1
Shotileoend E_ i1 BOX csteel 1 0
. a 1.33e+3 - | 2 BOX  mmmmperite 1 o _I
Select cross-section plane. § [C3 BOX  mmmmmrubber 1 0
O @l # T ko > 4 CL mmmcsteel 1 0 |
Select step value [2] along depth-asis G'°b°\',':°°'d'"°'e S'“;’"
10 1 01 0.01 0.001 | 0.0001 [ 66294 |T Move selected
IS - - - - e object to edit
10000 0 !
Move slider exactly at depth : 0 Go E
-7.27e+3
Move away Move toward
from observer observer ezl ||| e | 0 3.66e+3
X axis, mm th Zib Material | Density | RelCon | Priority | CutPL 4
T box T T.25 BA00 B0 BA00 O BI2T, o0 892l U T B921... 3200  csteel 7.86 a 1
2 box 0 76.2 6400 6400 6400 0 892 /' 3200 8923 1) 0 8923 3200 perlite 015 1] 1
3 box 0 254 6400 6400 6400 O 8999.2 3200 89932 0 0 8993.2 3200 tubber 1.05 0 1
4 o 1} 254 127 127 127 6477 B610.. O 5207 -6610.. 0 -647.7  -B610.. 127 csteel 7.86 0 1
5  box 1} 50.8 2032 2032 2032 6477 6584 O 5461 -6584.. 0 -647.7  -6584.. 1016  lead 1135 0 1
6 box 1} 1651 127 127 127 B477 6534 0 6842 -6534.. 0 -B47.7  -6534.. B35 tungsten 11 1} 1
7 pl 0 1] 1] 374. 0 -10 3740. 1] -10 3740.. 0 0 3740... 10 1) 3
8 pl 0 0 0 B2.. |0 10 6251... 0 10 5251... 0 0 5251... 10 sand 21 100 4
g 1} 50927 332.. 332. 332. 0 2545.. 0 33274 -2545. 0 0 -2545.. 33274 0 5 b
Iside: 127 304ss 7.81 0 5
Iside: 0793.. iron 7.86 5 5
endb 5092.7 water 1 1 5
10 sph 0 66548 332.. 332.. 332. 0 -2546.. 0 33274 -2546.. 0 0 -2546... 33274 0 2
Iside: 127 304ss 7.81 0 2 i
< | >

Figure 6:

Example basement SuperlSOCS
model description.

®

MIRION

TECHNOLOGIES




Results ana Analysis

® The results are separated into CCB roof and CCB basement measurements.

® The CCB roof measurements are sensitive to the radioactive material plated within the inner
CCT-1 walls.

® The CCB basement measurements were sensitive to the volume within the bottom
hemisphere of the CCT-1.

® The maximum Cs-137 activity concentration measured from the CCB roof is 5.84x10-4
uCi/ml and that for the CCB basement is 2.19x10-2 uCi/ml. The total Cs-137 activity
concentration is the sum of these two values 2.25x10-2 uCi/ml with a 2-0 Total Measurement
Uncertainty (TMU) of 73%. This implies that the total Cs-137 activity concentration is well
less than the class A limit of 1 uCi/ml limit including a 2-c TMU.

® The maximum Co-60 activity concentration measured from the CCB roof is 5.01x10-1 uCi/ml
and that for the CCB basement is 2.16x10-2 uCi/ml. The total Co-60 activity concentration
is the sum of these two values 5.23x10-1 uCi/ml with a 2-o Total Measurement Uncertainty
(TMU) of 48%. This implies that the total Cs-60 activity concentration is well less than the
class A limit of 700 uCi/ml limit including a 2-c TMU.

® Reported Values based on the CCB Roof Model and Basement Model:

m Activity Concentration (uCi/ml) 2-c TMU

Cs-137  2.25X10-2 73%

MIRION Conn Co-60  5.23X10-1 48% m
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Stories of Issues Encountered in the Field

» Mysterious reduction in Neutron Background
» Mysterious increase in Gamma Background
* Neutron Add-A-Source QA/QC failure

* Unexplained noise on system

« Saturation of neutron counting software

» Another neutron background issue
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Background

« Cannot say how many measurements have not had
full background evaluations before starting.

* Understanding your measurement environment
before you start actively acquiring data cannot be
overstated for accuracy and quality of
measurements.

* Understanding your background can be even more
important for neutron type assays.

* Once again | like neutron measurements.
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What we were aiming for today?

* Introduction and some understanding of measurement
services.

* History of measurements from predefined empirical
efficiency to predefined modeled efficiencies ending with
objective specific efficiencies.

* Initial data shows work still needed to improve accuracy
for the FOM type analysis.

* Very positive results for the FOM type analysis for new
projects at other sites within the WIPP program.

* Move this type of data review into other projects were
technical viable.
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