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«/ NCSProgram based on surveys by HP technicians
- "gamma walRover” for in-situ
- "non-conforming item" measurements
« 5 gallon bucket measurements (in NCS control)
« intact container measurements

«” Alllimits based on MCNP calibration for Nal

«” Final U-235 gram determination from ISOCS/HPGe
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The NCS program relies on in-situ 2x2 Nal
measurements based on bounoling U-235 assumptions
built into Monte Carlo calculations.

NCS Controls commence at Ol g U-23 5/L

Nal ( > 75 keV) LaBr with MCA (185 keV)

Channel:678 : 1012.4 keV Counts:16 Preset:60.0 [ 60.0 Channel:678 : 1012.4 keV Counts:16 Preset:60.0 [ 60.0
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Left: 652 19751 keV Area: 270,0+14, 4% Left: 653 1 975.1 keW Area: 2700214 4%
Right: 632 :1042.1 keW Integral: 454.0 Right: 692 :1042.1 kel Integral: 454.0
Centroid: 676 : 10039 ke FUWHM, FUTM: 4.2, 30.5 kel Centroid: 676 :1003.9 keV FWHM, FWTM: 4.2, 305 ke\s

- Example LaBr UO2 spectra with windows highlighfecl
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[nitial Survey Program

& NCS Program based on surveys by HP technicians
- "gamma walkover” for in-situ
- "non-conforming item” measurements
- 5 gallon bucket measurements (in NCS control)
- intact container measurements

«” Alllimits based on MCNP calibration for Nal

& final U-235 gram determination from ISOCS/HPGe
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+ > 15 g U-235 (on site); or
> 01 g U-235/L; and »
« > 096 wt.% U-235 (disposal)

volume and spacing control
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Sell an idea to Westinghouse...

@ Portable multi-channel analyzer with resolution high enough to depict the 185 keV
photopeak

@ Technical basts to assign U-235 mass or enrichment values from counts 9
@ ickresuits
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Portable multi-channel analyzer with resolution high enough to depict the 185 keV
photopeak

. Technical basis to assign U-235 mass or enrichment values from counts

. Quick results

W Gamma - LaBr_Ra226 spec.CNF [Ra226_Inspector.CNF]
File MCA Calibrate Display Analyze Edt Options Datasource Help

o] wlvlalels] <0 H &)
Channel: 239 : 357.0 ke¥ Counts: 2275 Preset: 0/238.31
Acquire

ROl Index:
]

Datasource

[Prev] [Nexd]

~ TIME INFO —
Acq. Start: 5/16/2007 22418AM Elapsed
[Next | Dead Time: 1.11% Live (secs.): 238,310
Comp. Preset Region: Real (secs.): 240.380

0 - 0 [channels) Total [cnts. ): 0.00

[For Help, press F1 | Execution Status: ready
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‘) Why InSpector 1000
®

- Sourceless, stabilized gamma probe

- Operation in extreme temperature variations
(LaBr more robust)

- Full spectral analysis available

- multiple efficiency calibrations, libraries,
and analysis sequences

- LaBr offers excellent energy resolution and high

light yield
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Need basis to quqnhfy U-235 mass and

enrichment for common geomehies—in the

field

SUCH AS
- typical bucket

o bounciing 1ump condition
e uniform distribution

e subterranean pipe
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DEVELOPMENT IMPLEMENTATION

Waste
Disposition Plan

Y Measurement
Technique

Waste/Detector
Models
(MCNP)

Analysis
Methods
(GENIE)

Prior Site
' Parametric Studies Knowledge

2351) Mass &
Enrichment

Calibration Basis




Technical Basis
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Assumptions

- 100 wt%, 5 wt% U-235/total U

- U02 particulate at full density, 10.96 g/cc

- U02 tap density of 3.5 g/cc

- 50 year decayed U02 source term with Bremsstrahlung
- 186 ReV uncollided photon bin tally

- reported results are at 97.7% confidence interval
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2,4, 6,and 8 inch cut depths

enrichment=100%

LaBr Detector
and PMT




reshold

E(ed Waste depth

) probe hej
. ght
6" radiys

Nd sat ,
o
0 25%,
® 50%,

s ® 95% full
= enrichment=5%, 100%

FC with soil/UO, source

LaBr Detector and PMT
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Detector Field of View, In-Situ Threshold

prorwwmn * 0 fixed waste depth
- 3,6 probe height
« 5-36" radius
« dry and saturated soil

« 100% enrichment

Soiland 0.1g
235U/L mix

22.86 (9”)
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15.24cm

- .

Annular Segmented
« PVC, carbon steel -« collimated, not collimated
« 45 -18 - 0.1gU235-700gU235
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y= 6E-11x2 + 0.0004x + 0.0507
R=1

5.0E+05

R*=1

y = 3E-11x*+ 0.0002x + 0.188
RP=1

1 00 Wt 9 (o) FC — Poly. (95% filled)

1.0E+06 1.5E+06

detector response (gross cpm)

~ y=2E-11x?+ 0.0001x + 0.5959

RE=1

2. 0E+06

25%filled
50%filled
75%filled
95%filled
—— Poly. (25% filled)
—— Poly. (50% filled)
Poly. (75% filled)

2.5E+06
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Variation

Best Fit Equation

5.08 cm

35U = -5E-10 * cpm? + 0.0005 * cpm - 0.4795

10.16 cm

= -4E-09 * cpm? + 0.0025 * cpm + 2.8362

15.24 cm

]
o1
-

= -1E-07 * cpm? + 0.0128* cpm + 1.622

20.32 cm

th]
a
-

= -2E-06 * cpm? + 0.0588 * cpm + 0.8825

Field Container

25%

= 2E-11 * cpm® + 0.0001 * cpm + 0.5959

50%

= 3E-11 * cpm? + 0.0002 * cpm + 0.188

75%

= 5E-11 * cpm® + 0.0004 * cpm + 0.0776

95%

= 6E-11 * cpm? + 0.0004 * cpm + 0.0507

Field Container

25%

= 2E-11 * cpm? + 0.0001 * cpm + 0.5959

50%

= 3E-11 * cpm® + 0.0002 * cpm + 0.188

75%

= 5E-11 * cpm? + 0.0004 * cpm + 0.0776

95%

O o | | u v o | u  ulu | a la

= 6E-11 * cpm® + 0.0004 * cpm + 0.0507
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~—#—3 inches - dry
~#—6 inches - dry

—a—3 inches - wet

:

6 inches - wet

detector response (cpm)
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bterranean Piping Resu

-ground is dry compacted soil
-carbon steel pipe material
tungsten silicone collimator
-probeis 6" from pipe outer surface

~debris is 02 at 3 g/cc

-102 in segmented distribution

-5 wt.% enrichment

-equations represent relationship up to 15.9 gfft
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Y =3E-9* ¢
g 2*5U=9E-9* cpm?- GE-6*
BIPY=1E-8* ¢
§ 235 = 2E-8 * cpm?

) =4E-8* cpm® - 6E-6* cpm ¥ + 0.0167 *cpm - 0.1191

235) = _3E-10 * cpm® + 1E

54+ 4E-6*

I.BE-B*

-2E6*

cpm

cpm

cpm?

cpm i+

-5*cpm?+ 3E-5* cpm + 0.6524
+0.0044 * cpm + 0.0232

7+ 0.009% * cpm - 0.026

0.0112 *cpm - 0.1865

2+ 0.0112*cpm-0.1216

* ¢pm3 + 3E-5* epmi? 4+ 0.0158 * cpm + 0.059

* cpm?-0.0001* cpm? + 0.0477 *cpm - 0.2445

C 3-0.0007 *cpm?+ 0.1347 *cpm - 2.1399

-ground is dry compacted soil
-carbon steel pipe material
-tungsten silicone collimator
-probe is 6" from pipe outer surface
-debris is U02 at 3 g/cc

-U02 in segmented distribution

-5 wt.% enrichment

-equations represent relationship up to 15.9 g/ft




Prezl




i

Ollletly omposer ma
0Cs 5 and Standard Mlxed Gam

IS GE C

-}\‘l" i i 1

JTr ) N

1

| qted

NP simuic
IJ.I\EAIL i

Mcnp Comparisan > I‘SOCS
SEREmme——

chqmcfenzahoﬂ
mmmmwmm interpolated efficiency, grid
g@m%

. macrosource described in
Mmm

1poser
* Materjq] atte

Geom e frry Con

i . r
Nuation Iactorg




HEU Waste

+

MCNP simulated

0.00 100.00 200.00 300.00 400.00 500.00 600.00
energy (keV)

Counts from 185 line are Qpplied to entire

photopeak above Continuum
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ISOCS Geometry Composer and Standard Mixed Gamma

NIST Traceable Marinelli LaBr - Default InSpector 1000 Report

. Weighted Weighted . Weighted
Weighted Mean Mean Weighted Mean

ey |ty | paiy || iy | Wty
(uCi/unit) Unce:talnty Uncertslnnty (uGi/unit) Uncertainty
% uCi %
Co-57 15.2 1.1+0.188
Co-60 1.5+0.106
Cd-109 1.0+0.147
sn113 | ooos | 1184 | o001 | oo0os | 327 | @ ooz | 16050
Cs-137 1.4+0.169
Ce139 | 0007 | 2244 | 0002 | o006 | 203 | = o001 | 12:0353
0.8+0.127
2

Y-88 not identified 0.010 0.002

-
>
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' 2.1 1) e

: MCNP Efficiency and ISOCS Efficiency for U-235 photons

Parameter 1SOCs MCNP Comparison w I S O C S

neludes Canberra d
EaE= * includes Canberra detector
1857 136603 | 0.0008 11140089

| so% | 1857 | 100 | os2 | 637€0s | o008 | 7.12e0s | 00011 | 10s8% | 112:0080 | characterization

Coon [ uosr | 100 | ooz | auoeos | oon | seos | oo | soors | asnsoom | » interpolated efficiency grid
e

Gl Lo (Lo L |Loe L o Lo Lnon | * macrosource described in

« C C

eometry Composer

» material attenuation factors

»
MCIIZ\;P S « Materials (Z) almost identical to
. photon itally
MCNP

« uncollided source pho{on interaction in crystcﬂ

« direct result is overall efficiency (intrinsic +)
* can calculate intrinsic efficiency {entering crysfql

volume/interact in crysml volume)
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IMPLEMENTATION
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Burial Pits
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Process wastes,
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I\Ion-Conformmg [tems,
Intact Containers
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In-situ Field Measurements



Burial Pits

Process wastes,

garbqge N
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Non-Conforming Items,

Intact Containers



Subsurface Piping




Exqmple Meqsuremenfs

Channel:124 : 184.8 keV Counts:1352 Preset:120.0 ) 120.0

cpm (1001 keV)
cpm (185 keV)

Sqrt(Counts)

Enl’ —

Left: 114 1 169.5 keW Area: 7FECE0£2,3%
Right: 135 1 20 v Integral:
Centroid: 125
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CONCLUSIONS

e InSpector 1000 with the LaBr probe is excellent for quick,
in-field efelashastel measurements

e Identify nuclides and quantities of concern for NCS in
real-time

» Enhances integrity of NCS program

. Multiple methods to quanﬁfy fissile material and
enrichment

« MCNP and ISOCS software methods have good

agreemenf for efficiency

»




