
06108/2005 WED 09:39 FA! 509 376 0887 FLUOR Q!002

Dale ReceMld for Clearanee Proce"
(MM/DDIVY) INFORMATION CLEARANCE FORM

o~, /"9-/"'5
A Infonnatlo~ Category B. Documenl Number HNF-26370-FP t<- e. II, 0o Abstrad o Journal Artide C. Title

o Summary o Intamet Status of Portable Non-Destructive Assay at thGl Plutoni=

o VISual Aid o Sollware Finishing Plant

tiS] Full Poper o Repor!

o Other
D, InlOmal Address

E. Required Inlonnatitn
3. Does Infonnation Conlaln the Following: (MANDATORY)

I. Is document potentially Classified? a No @VIS \MANDATORy)
a. New or Novel (Palantlble) Subject Malter? @ No aVes

( 5 t'e rf), K. H ~ If "Yes", Disclosure No :
Manager ReqUired (Pnnt and Sign) b. Information Received In Confidence. Such as Proprietary andlor

~ ~~11.0. G:o/v!@:o

Inventions?

IfVes a Vas Classified @No aves If "Yes", AffIX Appropriale logandsINotices.
/IDC ~=luired (PrJnland Sign)

Co Copyrights? @ No aVes If "Yes", Attach "annisslon.

2. Reference. In the Informalion are Applied Technology @NoOVes d. Trademarks? @ No aYes If "Yes·, Identify In Document

Export Conlrolled Info"",,Uon ONoOVes 4. "'Infonnalion requiting submission to OSTI? a No @ Yes

O. Release level? @ Pubf:e a Umited

F. Complete Illr a Journal Article

1. Tille 01 Journal

G. Complele Illr a Prlsenlation

1. Trtle for Conference or Meeting 46-b AnouaJ Meeting or "'b~ In·.. n-.,f"e p4' N"cJe,,~ Jvfato"'~i"!J!,! fJ!'O"Q'e",ept-

2. Group Spon$Orlng rnstitute of Nuclear Materials Manaq"m"nt

3. Dale olConlerenee July 10-14 4. CilylStBle Phoenix. Arizona

O. W1l1lnlonnation be Published In Proceedings? ONo @Yes e. Will Material be Handed Out? aND @Yes

H. AuthorlRaquestor

Q.O ~~ n
Responsible Manager

"'rho D 1<",,,,J,, • 1<"ith p. Bonser /L?4,:r¢.t4"---
(Print and Sign) IPrint and Sign)

O,,\~ ~(a
Approval by Direct Repor! to FH President (Speech/Miele. Only) "D 'R. k'1 n ~ ()[;/()t./<:t_{

/Print and Slonl
I. Reviewers Yes Print SIgn8t\1re Pubile VIN Ilf N. complete J)

~ k, • (See yO;;. , «) (j)/ NGaneral Counsel M. Npr'" 11', S

O!Iice of External Alrairs ~ h. iL. P 11 "1 v1 (S ...... t'5. "3- ) GJ/ N

DOE·l'll ~ l., T: N,.,. ,·del' ( See ,0;:). Lf) @/ N

Other J21J /11, A ,41,'",'0'... '1 .EC;;r;. -t, Gdd.<1!-.jJ fir ~lqW (J)/ N

0
i r F

Y / NOther

J. If Inlormalion Indud.s Sansitive Inlonnation Ind Ifl not 10 be released to the PUbilc Indlcale category below. ~. ~Prov'lo Applied Technology o Protected CRAOA Q FOil
o PersonaUPrlvate o Export Conlroiled

~<t;) ••••••• "9'~
o •• ~flC:/.. •• ~

[J Proprietary [J Procurement-Ssnsitive ~ ..~ ..o BU'slne&S-SQnslt1v~ o Palentable
• •Q.. • • • •

o Prodecisiona) o Other (Spedfy)
. <.~ ... :m

DUCNI J} ••••CU.."'~.··, ~.~.f.-;jJ~
K IfAddijional Cornroonls. Pie.... Attach Separate Sheet , 0·01- If

A-ll001-401 (05105)



HNF-26370-FP
Revision 0

Status of Portable Non­
Destructive Assay at the
Plutonium Finishing Plant

Prepared for the U.S. Department of Energy
Assistant Secretary for Environmental Management
Project Hanford Management Contractor for tha
U.S. Department of EnOlgy under Conlraet DE·AC06-96RLI3200

Fluor Hanford
P.O. Box 1000
Richland. Washington

Approved for Public Release;
Further Dissemination Unlimited



HNF·26370-FP
Revision 0

Status of Portable Non-Destructive
Assay at the Plutonium Finishing
Plant

B. D. Keele
Fluor Ha~ford

K D. Bonser
T. D. Cooper
LW. Curfman
S. T. Hurlbut
J. D. James
Fluor Hanford

Date Putlished

June 2005

T. L. Welsh
Pacific Northwest National laboratory

D. K Balmer, AGA

M. Cameron, CTECH

KL Chase. PEe
J.A. Pestovich, AGA

J. Pestovich, Jr., AGA

V. L. Jennings, E2
On contract to Fluor Hanford, Inc.

To Bl!JI PrHented at
46th Annual Meeting of the 'nldtute of Nucrear Materiel, Man.gament

Institute of Nuclear Mat.rial. Management (INMM)
Phoetlix. Arizona

Julv fo-14, 2005

Prepared for the U.S. Department of Energy
Assistant Secretary for Environmental Management
Project Hanford Management Contnetor for the
U.S. Department of Energy under Contract DE·...C06-96RLI3200

Fluor Hanford
P.O. Sox 1000
Richland. Washington

Copyright u.,.....
By acceptance of this article. lh. publisher andlor recipient .cknowledges the U.S. Government'. right to retain.
nonexclusIve. royalty-froe ticenseln and to any copyright covering tNs paper.

Approved for Public Release;
Further Dissemination Unlimited

d· ffi tZnLfJ
~eleaseApproval



LEGAL DISCLAIMER
This report wu prepared .. an account of work sponsored by
In Igency .Ithl UnKed Stales G.v.mm.nt, Neftherth. Unfted
States Government nor Iny agency thereof. nor Iny of their
.mpl.y n.r Iny .f th.~c.ntreet..., oube.ntreet.nl or th.~
.mpl.y makes Iny warranty. express.r Impll.d••r
eseumes Iny 1egiliabDily or responslbUKy for thl IOCUflCY.
compl.t.nns, .r Iny t~d part'j'a us. or the resutts.f aucl\ use
.f Iny Information. Ipparatus, product, .r process disclosed••r
repres.nts that Is us. would not Infr1nge prlval.1y own.d rights,
R.fer.nc. her.ln to Iny epecl!lc comm.rclal product, process•
• r Servlcl by tradl naml. trad.rnal1<. manufacturer. or
.th.rwIs•• doee not n.....ar1ly COnstitutl .r Imply Its
end...em.nt. r..omm.ndaUon. or favoring by th. UnKed
States Govemment .r Iny Igency ther.of .r Its contractOnl or
subcontraetonl, Th. views Ind .plnlons .f luth....xpr....d
her.ln do n.t nec...a,lIy atate .r ,e"eel thos••fthe UnKed
States G.vemment .r Iny Igency ther.of.

ThJs document Is lvallabl.lo thl U.S. Department.f En.rgy
Ind Its contractonl.ln paper from th. OffICI .f ScIentific Ind
T..hnicallnformatlon (OSTI). ft Is Ivallabl. for aal. to the
pubUc from the national Technical Information Service (NTIS).

ThIs report hi. been reproduced from thl best lvallabll copy.
Availbilin paper copy.

HNF-26370-FP
Revision 0



Status of Portable Non-Destructive Assay at the Plutonium Finishing Plant

Brian D. Keele, Terri L. Welsh,' Dave K. Balmer," Keith D. Bonser, Michelle Cameron",
Kevin L. Chase--, Thurman D. Cooper, Elizabeth (Liz) W Curfman, Sam T. Hurlbut,

Jc:remy D. James, John A. Pestovich- ,Joseph Pestovich, Jr. -- and Vernon L. Jennings"
Fluor Hanford, Inc.

P.O. Box 1000, Richland, WA 99352

ABSTRACT
Collimated portable gamma-ray detectors are used to quantify the plutonium holdup in styJport of
facility deactivation and decommissioning. The Generalized Geometry Holdup model t ,2 recently
has been implemented for data reduction to support a new decontamination and decommissioning
mission. An approach to assess the total measurement uncertainty (TMU) has been developed.4

The TMU is added to the assay value for compliance with safety based limits. Details of the
measurement techniques and comparisons to assays ofmaterials removed are described.

DETECTION EQUIPMENT
The primary detection systems are 2 by 2-inch (5.1 by 5.I-cm) Sodium Iodide (NaI) detectors. The
region-of-interest (ROI) is approximately 405-435 keY. Spectral background is subtracted using an
ROI from approximately 440 to 450 keY. ROIlimits are determined by counting sources as shown
in Fiy,ure I, ROI Limits Used in Analysis. The low-energy limit is set above the extent of the 376
keY 41Am photopeak. The high energy limit is set to just lower than the Compton edge from I37CS
and also below the low-energy extent of the 511 keY annihilation photopeak resulting from the
decay of22Na. An interesting phenomena occurs because the ROI's occupy a portion of the
spectrum with a fairly consistent slope, small gain shifts only have slight effects on the net count
rate.

Figure I. ROI Limits Used in Analysis.
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ASSAY CONVENTIONS
Most gloveboxes are assayed by placing the detector inside gloveports to assess each surface. The
floor, sidewalls, and ceiling are assessed by tipping the detector. Measurement shots are selected
with the goal to assay the complete surface with adjacent measurements overlapping at near the
Effective Lengthtt (EffL). When practical, internal glovebox equipment is avoided during the
assay ofsurfaces and is assessed separately. Otherwise, such equipment is inherently included in
the assay ofsurfaces. Corrections for incident angles are not made, nor are selfattenuation
corrections made on area source geometry items.

A secondary means is to model the entire glovebox as a single plane ofactivity down the centerline
of the glovebox. The detector is placed back from the front edge at a distance equal to one-half the
glovebox depth or greater. The detector is intentionally aligned with the edge and corners of the
glovebox to fill one-halfand one-fourth of the detector field ofview, respectively. Weighting factor
corrections are applied for partial field ofview measurements. To avoid glovebox frame/structure
on the edges and comers of the glovebox, the detector generally is moved in from the edge by
approximately 4 in. (10 em) and aimed slightly outward pointing at the center of the floor, wall, or
ceiling.

Linear systems such as vacuum piping, ventilation ducts and some conveyor gloveboxes are
assayed from the far field and calculated as line sources. Spccial items such as valves and elbOWS
are assessed separately as point sources. Spacing between adjacent shots is maintained at near the
Eff L. Selfattenuation and finite width corrections are made.

TOTAL MEASUREMENT UNCERTAINTY
The TMU includes all identified sources ofuncertainty that affect the quality ofa final measured
value.

Systematic uncertainties are evaluated by segregating individual measurements into distinct
populations with similar characteristics. Each distinct population group is assigned an uncertainty
that represents each member in the group. Generally, the population group size is an entire surface,
line length, or item.

The systematic uncertainty of the measurement is calculated as follows:

(m... xar)1 +(m...xaK )1 + L(m,XaCF(An,)1 + (m...x aCF(An••n.nY +,
a'l'.......... = L(m,xaICF )1 + L(m,xa","u... )1 +L(m,xa.,... )1 + L(m,xaoqu;,)1

p P P . ,p p p p

+L(m xa\ol .. )1 +L(m xa"", didrib )1 + L(m xarbl< )1 +L(m xas.m..on )1
P 8, P p P 8, P P

P P P P

11 EtTL is a unitless geometrical constant ofwidthldistanee approximately equal to the full width at half maximum of
the radial response curve.



where:
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is the calculated total and population mass, respectively.
represents the population group.
is the uncertainty for the mass fraction of239pu.
is the calibration uncertainty.
is the attenuation uncertainty for each shield.
is the general attenuation uncertainty that is judged to be 10 percent, due to
additional sources of uncertainty including: measurements at angles, poorly
known material densities, use ofempirically determined coefficients, and a
variable thickness ofglove material.
is the uncertainty assoeiated with the item correction factor (ICF)tt. It is due to
both the uncertainty of the position of the deposit within the line width or point
source and due to the uncertainty in the width ofa line or size of the point source.
is the distance uncertainty. It is a systematic uncertainty in relation to line
sources, because the detector is held a consistent distance from the surface ofan
item for multiple measurements.
is the contaminated glove uncertainty. Assays made through glove ports, bagout
ports and windows are assumed clean, but may be contaminated with plutonium.
is the intervening equipment uncertainty. Assays made through glove ports
assume the activity is located on the opposite surface. Intervening process
equipment may be included in assay measurements from both sides resulting in
assaying the item twice.
is the ledges uncertainty. When a glovebox is modeled as a center plane, the
assay is through the glovebox wall. Additional steel framework between panels
and around edges could represent significant shielding on the near surface, but
not on the far surfaee.
is the material distribution uncertainty. Measurements ofarea and line sources
have sensitivity to non-uniform material distributions, there may be a diminished
response at the edge ofa surface or line, and it is not generally practical to space
adjacent measurement shots uniformly at EffL.
is the forward background uncertainty due to background interference from
plutonium dcposits forward ofthe dctector and difficult to account for in a
normal background measurement. The uncertainty is assigned based on technical
judgment.
is the Sorenson" uncertainty. Measurement assays assume the detector is aiming
directly at the object. However, this is not always the case and results in an
underestimation of the activity.

The attenuation uncertainty and the ICF uncertainty are estimated from the range of plausible
correction factors. The distance uncertainty, UJISI' is estimated from the range ofplausible distances.
In each case, the range is assumed to represent four standard deviations ofa normal distribution.

II The teF is the historical Plutonium finishing Plant name for the finite Width Correction factor.
II Donald L. Sorenson is a senior NDA lechnician althe Plutonium finishing Plant.



The ledges and Sorenson uncertainty are assumed tq represent an underestimation by as much as
50 % and II %, respectively. The intervening equipment and contaminated glove uncertainty are
assumed to represent an overestimation by as much as 50 %. Each case is assumed to represent the
boundary at three standard deviations ofa one-sided probability distribution. Therefore, U/.dges,

USor<mon, u"IU,p are assigned uncertainties of 17 %, 4 %, and 17 %, respectively. The contaminated
glove uncertainty, Ugl".., is also estimated to be 17 %, however, a default value ofone-half the
maximum value, or 9 %. is assigned.

The basis for the material distribution uncertainty is depicted in Figure 2, The Individual Detector
and Overall System Response to a Single Point Source Located on the X-axis, showing the effects
ofun-even detector spacing in relation to counting a single point source located on the x-axis. The
x-axis also represents measurement positions. The Y-axis represents the individual detector
responses to a point source located accordingly on the X-axis. The thick black line represents the
average response of the overall measurement system (measurements made at each detector
location).

Figure 2. The Individual Detector and Overall System Response to a Single Point Source
Located on the X-axis.
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Spacing ofmeasurements
Near EffL
Less than +/- 25% of Eff L
Greater than +/- 25% ofEff L
Angled measurements

Figure 2 is taken to represent the extreme case ofpositioning effects due to assaying a localized
deposit when the detector placement deviates from normal spacing. In reality, material distributions
tend to be spread out. The minimum and maximum values of Figure 2 are taken to be the lower and
upper ends ofa normal probability distribution at the 99 % confidence level, or six sigma. These
curves were used to support a default guidance listed in Table I, Default Guidelines for (1..0, dutrib.

The two dimensional uncertainty is estimated by root sum square ofeach dimension.

Table I. Default Guidelines for (1..o,dlstrib.

One dimensional uncertainty Two dimensional uncertainty
3% 4%
12% 16%
22% 31%
N/A 31%

The random uncertainty contribution is estimated using the following reduced equation:

[[ ~]2 ],,~O";lf
O'(random)= L I +O'~ +0';""+0'~.... +40'2

J N.I Jutpol'"

where:

(1
i

(flength

(1dut

i

j

is the uncertainty due to counting statistics adjusted for selfattenuation
(reference 2)
is the standard deviation in the mean

is the area uncertainty for area source items
is the length uncertainty for line source items
is the distance uncertainty for point source items. It is considered random as
the distance bias to the actual deposit is variable depending on the rotation of
the object.
is each individual measurement
is each individual item, line segment or surface in the total system.

The overall TMU is the root sum square of the random and systematic components.

COMPARISONS TO FIXED INSTRUMENTS
At the time ofthis writing assays of material removed from 16 gloveboxes, 3 demisters and 4
vacuum lines have been compared with differences between initial and post remediation holdup
measurements. Table 2, Glovebox, Demister, and Vacuum Line Comparison Data, shows the
comparison data.



Residue material from gloveboxes is measured using calorimetry, a small table segmented gamma
scanner, an add-a-source neutron counter, or a fixed Nal counter. Waste materials ultimately are
assayed by either a large table segmented gamma scanner, an add-a-source neutron counter, or a
fixed Nal counter. The Fixed Nal counter is used for small gram items. It uses a wider ROI and
more simplistic attenuation and geometry correction than the portable instruments.

Comparison data is confounded by several factors, some ofwhich are listed in the table notes.
Several gloveboxes are interconnected with conveyors. Cross contamination can occur either
through physically staging packages and equipment in gloveboxes or through a common ventilation
system. Glovebox filters are generally external to the glovebox and are not part of this comparison.
Lastly, this comparison does not account for uncertainties in the Fixed NDA systems.

It is also noted that some gloveboxes were omitted from this comparison. One omitted glovebox
likely was cross contaminated with items not assessed by NDA, two gloveboxes were initially
assayed early in the implementation of the Generalized Geometry Holdup method before the
described assay conventions were standardized in practice, and several gloveboxes had negligible
removals compared to the NDA values.

Table 2. Glovebox, Demister, and Vacuum Line Comparison Data. (2 sheets)

Removals Within Within
Initial 2'd + +/- +/-

10 NDA 2f1 Removals' NDA' 2 fl' 2'd NDA 1 (Jb 2 (Jb

Box A 645 250 449 198 102 647 X X
BoxB 129 130 41 132 86 173 X X
BoxC 328 290 31 194 122 225 X X
BoxD 192 148 18 127 80 145 X X
BoxF 768 764 822 145 92 967 X X
BoxHc 609 1256 409 241 292 650 X X
BoxId 157 132 99 67 100 166 X X
BoxK 738 592 194 603 438 797 X X
BoxL 1144 906 248 475 304 723 X X
BoxM 45 34 9 0 2 9
BoxNc 1167 768 403 916 800 I3I9 X X
BoxO 1302 1098 734 280 266 1014 X X
BoxP 565 716 245 217 146 462 X X
BoxRr 2048 1126 1069 1522 982 2591 X X
BoxS 329 210 55 299 178 354 X X
BoxT 32 24 16 12 14 28 X X

Sub Total 10198 4842 5428 10270



Table 2. Glovebox, Demister, and Vacuum Line Comparison Data. (2 sheets)

Removals Within Within
Initial 2'd + +1- +1-

m ID!A 2n Removals' NDA' 2 n' 2'dNDA I nb 2nb

Demister A 354 220 298 NIA& 298 X X
DemisterB 357 302 337 NIA' 337 X X
DemisterC 391 380 331 NIA& 331 X X
Sub Total 1102 966 NIA& 966

VacA 1019 448 925 67 56 992 X X
VacB 507 378 489 45 106 534 X X
VacCh 696 354 819 183 192 1002 X
VacDi 287 516 282 NIA 282 X X

Sub Total 2509 2515 295 2810
Grand Total 13809 8323 5723 14046

Notes: .
, Several gloveboxes had multiple assay and removal cycles. The second NDA represents

last assay made at the time of this writing.
b The uncertainty for this purpose solcly is taken to be the uncertainty reported for the

initial measurement.
<The first assay ofbox H was particularly difficult, the measurement was through a

one-half inch lead floor. The subsequent assay was through the gloveports.
d Box I contains a high background from adjacent gloveboxes.
• Box N contains glass tanks, which were calculated as drained in the first NDA, but

unknowingly (to NDA) they were not empty. Tanks were drained for the subsequent NDA.
f Box R was found to contain materials in which self-attenuation was not accounted for in

the first NDA. Material was removed for second NDA.
&The item was completely removed. There was no subsequent NDA.
h Vacuum line C was calculated as empty, but found to be plugged with a solid material.

The additional attenuation was not accounted for in the initial assay.
i Vacuum line D was interior to a glovebox and subject to a large uncertainty in

differentiating glovebox background from contained plutonium.

DISCUSSION
At the time ofthis writing, assays of the plutonium removed compares favorably with the difference
between initial and subsequent portable measurements using the generalized geometry holdup
method. The TMU calculation for gloveboxes appears to be somewhat overstated, except for
Box M. There is no attributable reason for the discrepancy in Box M. In general, it is thought that
the material distribution uncertainty may be somewhat overstated. It may also be overstating the
TMU by including separate terms for the counting statistics adjusted for selfattenuation, the



standard deviation of the mean, and the material distribution uncertainty. Given the consequences
ofunderstating NDA uncertainties, there are no plans to revise uncertainty estimates. More data is
needed for comparison purposes. It is planned to report additional comparative data in the future.

A nationally recognized means for determining the TMU, for holdup measurements, is needed. It is
hoped that this field work can be a step toward that end.
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