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TECHNICAL
EDITOR'S NOTE

Making Progress
Measuring Holdup

We are now publishing four Journal
issues a year in addition to the pro-
ceedings of the annual meeting. The
papers for an annual meeting are se-
lected by a "papers committee" on
the basis of abstracts and short sum-
maries submitted well in advance of
the meeting. The authors are required
to submit final drafts, suitable for off-
set printing. By making a special
effort, our dedicated and competent
staff publish the Proceedings within a
reasonably short time. The Proceed-
ings papers are not edited, although
they number far more than those in
the regular Journal issues. Our as-
sumption is that selection for
presentation at an annual meeting
should ensure that the topics are rele-
vant and that speedy publication is
more important than reviewing and
editing so many papers.

Most of the papers in the regular is-
sues of the Journal now are taken
from the several topical meetings and
workshops which the Institute spon-
sors each year. In such cases, those
responsible for organizing these meet-
ings make the selections and help
with the editing. This means that the
associate editors, listed on the mast-
head, are not responsible for their ac-
curacy or clarity.

This procedure has some advan-
tages and some disadvantages. An
advantage is that it assures us of hav-
ing several high-quality technical
papers in each of these issues. This is
important for our members who wish
to keep up with the technical devel-
opments in the field, and to
encourage libraries to subscribe to
and keep the Journal on file. Libraries
are interested in the technical issues
which have a lasting value for future
reference, not the editorials and com-
mittee reports. To be of interest to
libraries and abstracting services,
four issues a year with several techni-
cal articles each is a minimum.

The disadvantage of this system is
that the topics represented do not
cover all of the areas of interest to
our members. Just about every area of

CHAIRMAN'S MESSAGE

interest to our members is included
in the annual meetings. Still, it
would be good to have more volun-
tary contributions for regular JNMM
issues.

The papers in this issue were se-
lected from those presented at the
Technical Workshop on Process
Holdup of Special Nuclear Materials,
which took place in Rockville, Md.,
March 2-4. This was an extremely
well-organized and well-managed
workshop. Each of the authors was
asked to prepare a summary of the
paper to be presented, and these sum-
maries were printed in a neat report
which was handed out at the meet-
ing. This made it possible to plan
ahead for the discussions which fol-
lowed each session and obviated the
need to take notes while attempting
to understand the presentations.

Holdup of nuclear materials in
equipment has been with us as long
as there have been nuclear materials
to process. Considerable progress has
been made in locating and "mea-
suring" it during the last 20 years;
but more progress is needed. K.K.S.
Pillay, the chairman of the organizing
committee, provided a bibliography
with 71 items in the workshop pro-
gram, which is not a large number of
items for a subject so varied, com-
plex, and universal. Some of the
authors requested and received con-
structive suggestions as to how to
make better assessments. That the
workshop was useful, there can be no
doubt. That more discussion and ex-
changes are merited, is also obvious.
Comments on these papers, and on
this topic in general will be
welcomed.

William A. Higinbotham
Bzookhaven National Laboratory
Upton, New York

Facing Change with an
Eye on Quality

Greetings fellow members and sup-
porters of the INMM. For the past
two years I have been sharing my
views and ideas as Chairman of the
Institute. This has been a pleasure,
and I have enjoyed discussions with
many of you.

During the past two years, the In-
stitute has continued to uphold its
reputation as a serving and caring
professional organization. At the
same time, the INMM has been fac-
ing transition, as change is a way of
life. Yet, there has been a steady im-
provement in virtually every area of
INMM activity. This trend began sev-
eral years ago when we implemented
long range planning.

In looking back over the past years'
successes, I see two common ele-
ments: the quality of the people and
the quality of the programs. The In-
stitute is fortunate to have a
membership composed of such high
quality professionals. This associa-
tion is the major reason that it has
been an honor and privilege to serve
as Chairman of the Institute.

In the coming years, the INMM
will continue to face challenges, and
it must continue to handle change.
Planning for the future — long range
planning — will continue to be a key
element in the task of keeping the
INMM a viable organization. The In-
stitute must accept the challenges of
globalization and work to provide the
quality programs that are needed, at
the proper cost. At the same time,
the Institute must carefully guard its
personal character and professional

2 • JNMM IULY 1988



JNMM COMMENT

quality, traceable to our roots over a
quarter century ago.

Finally I would like to thank you
for all your support. I encourage each
member to continue your involve-
ment in INMM activities and, where
possible, expand them. Also, you
must continue to support your lead-
ership; be encouraging, and let them
know your desires and concerns.

Charles M. Vaughan
GE Nuclear Energy
Wilmington, North Carolina

A Summary of Discussions
at the Technical Workshop on Process Holdup
of Special Nuclear Materials

The INMM-sponsored technical
workshop on process holdup of spe-
cial nuclear materials (SNM) held at
Rockville, Md., March 2-4, 1988, pro-
vided a forum for timely discussion
of ideas and exchange of information
among persons concerned with the
problems of holdup at nuclear mate-
rials processing facilities in the U.S.,
two from the U.K., and representa-
tives of the Nuclear Regulatory
Commission (NRC) and the Office of
Safeguards and Security of the De-
partment of Energy (DOE) attended
the workshop. Formal presentations
of papers at each session were fol-
lowed by lively, responsive, and
constructive exchanges among the
participants. Individual perspectives
on problems and participation in dis-

cussions of issues related to holdup
varied with each participant's back-
ground, past experiences, and current
responsibilities. There were good-
natured confessions of inadequate at-
tention as well as serious expressions
of frustrations in dealing with holdup
problems.

The 26 formal presentations at this
workshop and extended discussions
that followed demonstrated that
holdup is considered an insidious
problem by facility operators and reg-
ulators alike. The first two sessions
reviewed safeguards-related issues
such as the impact of holdup on in-
ventory differences (IDs) and the
frustrations and rewards in attempt-
ing to estimate hidden inventories
through nonintrusive measurements.

THE LATEST IN NUCLEAR SAFEGUARDS

PMCA 2056-4K Portable Multi-Channel Analyzer For NDA Applications
GRAND - 1 Gamma Ray and Neutron Detection For Spent Fuel Burn-Up
APPLICATIONS
• Definitive identification of plutonium or uranium
• Determination of uranium-235 enrichment of uranium

oxide bulk materials, fresh fuel assemblies and
hexafluoride storage cylinders

TRAINING PROGRAMS AVAILABLE
These instruments were developed under the US Technical Support Program by Los Alamos National Laboratory

• Determination of amount of uranium-235 in research
reactor fuel elements

• Determination of spent fuel burn-up for estimating
residual plutonium content

avidson Co. 19 Bernhard Road • North Haven, CT 06473 USA • (203) 288-7324 • Telex 703410
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Papers representing a variety of
processes and plant experiences re-
sulted in exchange of new ideas and
information among all the
participants.

One of the formal presentations of
the first day described the experi-
ences in designing a new facility with
holdup estimation in mind. A second
paper from a highly enriched ura-
nium recovery operation gave a
"lessons learned" type presentation
covering a wide range of plant experi-
ences. Two papers addressed
experiences at a plutonium facility
with extremely challenging holdup
measurement problems. The authors
described the innovative approaches
they had taken to estimate holdup in
a variety of contaminated canyon
floors and process equipment. An-
other paper provided insights into
holdup problems at a mixed oxide
plutonium processing facility, the
compounding of ID problems, and at-
tempts to identify and measure
holdup. Several papers in the first
day's sessions reviewed problems
unique to uranium enrichment
plants. The capability for orderly
shutdown of processes to estimate
holdup at most bulk handling facili-
ties was contrasted against the need
to make such estimates in a dynamic
mode at gaseous diffusion plants. An
unusual experience involving a 15 Mt
uranium holdup in a twenty foot long
pipe at a low-enrichment gaseous dif-
fusion plant and approaches taken by
the plant operators to address the
problem received special attention.

The second day's activities started
out with "Unresolved Issues Regard-
ing Holdup," where two senior
representatives from U.S. federal
agencies presented their views of
holdup problems. These presentations
were complemented by presentations
of issues common to all facilities as
well as those of special concern to
NRC licensees and DOE production
facilities. The lively discussion that
followed clarified many issues as well
as underlined the need for regulatory

reforms and new perspectives on op-
erational and safeguards practices at
processing facilities. Recently issued
amendments to the NRC's materials
control and accounting (MC&A) re-
quirements and upcoming new orders
from the DOE were extensively dis-
cussed. The impacts of performance-
oriented MC&A requirements issued
by the NRC and graded safeguards in
the new DOE orders were explored.

Holdup assay techniques were dis-
cussed during several presentations
and at a dedicated session. A number
of papers based on neutron and
gamma measurements reviewed pro-
gress made in holdup measurements
over the years, and presented new
and innovative ideas for using avail-
able technologies to measure holdup
at operating facilities. A unique appli-
cation of in-situ neutron activation
analysis to estimate SNM dispersed
in a hostile environment was the sub-
ject of one of the presentations. A
paper from British Nuclear Fuels,
pic., reviewed the applications of
multiple neutron detectors placed
throughout a plutonium finishing
plant to estimate in-plant plutonium
accumulations on a near-real-time
basis. The importance of understand-
ing physical models of radiation
transport and detection to develop
mathematical expressions and their
potential value to instrument calibra-
tions was also discussed at this
session. The advantages and limita-
tions of NDA techniques and the
need for innovations in planning of
holdup measurements, designing por-
table instruments, and preparing
geometrically and chemically com-
patible standards for noninvasive,
nondestructive holdup measurements
were highlighted during this session
as well as others. In general, all dis-
cussions on holdup measurements
emphasized the objective of achieving
improved measurement accuracy and
the need to establish credibility to
support material balance inventory
data.

The final session was dedicated to

the use of statistical sampling and
modeling in holdup estimation.
Three papers demonstrated the poten-
tial value of models in estimating
holdup. In the opening paper, holdup
models were developed for a new fa-
cility using published data from
experimental studies. For the process
of interest, anticipated holdup was
believed to conform to a negative ex-
ponential growth curve. Such
modeling efforts have value in eval-
uating process and equipment design
choices. In the second paper, comput-
ational issues related to developing
model-based in-process inventories on
a near-real-time basis were discussed.
A third paper addressed issues related
to tritium holdup and brought out ex-
periences in tritium inventory
control. The importance of detailed
knowledge of the process operation
for model development and validation
was emphasized. The use of formal
sampling plans to provide technically
defensible holdup estimates was the
subject of yet another paper, where
unique aspects of holdup relative to
the application of textbook sampling
principles were reviewed.

Eight selected papers from the
workshop have been prepared for pub-
lication in this issue of the Journal of
the INMM.A separate publication is-
sued by the INMM provides sum-
maries of 23 of the presentations at
this workshop.

This workshop on holdup was the
first forum for open discussion of
concerns among responsible people,
and it has paved the way for renewed
efforts to develop practical solutions
to holdup problems that have been
haunting the nuclear process industry
from its inception.

K.K.S. Pillay
Los Alamos National Laboratory
Los Alamos, New Mexico

T.L. Brumfield
Martin Marietta Energy Systems, Inc.
Oak Ridge, Tennessee

Workshop Program Co-Chairmen
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Selected Results for Measuring Holdup in
Oxide Hoods and Transfer Lines at Hanford

R.A. Jones and R.E. Kerns
Westinghouse Hanford Company

Richland, Washington U.S.A.

ABSTRACT
Physical inventories require quantifying the holdup in
process equipment; one practical way of accomplishing
this is measuring the gamma ray from plutonium (239Pu).
Field measurements of plutonium holdup in dry plu-
tonium oxide hoods or process transfer lines is frequently
biased low, due to the possibility of heavy loading caus-
ing severe self-attenuation of the gamma rays. An experi-
ment was performed to determine the allowable loading
limits for measuring plutonium holdup in dry oxide
hoods. Field measurements of transfer lines in a plu-
tonium production facility are frequently biased low due
to the self shielding of the holdup material. Fixed and por-
table gamma ray measurements were made of 6-ft-long
sections of pipe. The results of this comparison are being
used as a correction factor for routine field measurements
of piping in the production facility.

INTRODUCTION
By procedure, the maximum quantity of residual plu-
tonium in a working dry oxide hood is specified in crit-
icality limits; thus, the quantity of plutonium allowed far
exceeds the quantity that can be realistically measured by
portable gamma nondestructive assay (NDA). An experi-
ment was performed in a process hood in the oxide conver-
sion area of the Plutonium-Uranium Extraction (PUREX)
Plant at the Hanford Site, Washington, to investigate plu-
tonium measurement in dry hoods. Known aliquots of ox-
ide powder were added to the floor, and portable NDA
measurements were taken after each successive addition.
Sufficient measurement points were used to ensure that
the entire floor of the hood was measured. The 413.7-keV
239Pu peak was measured, using a shielded intrinsic ger-
manium detector and portable MCA, and total plutonium
was calculated based on the known isotopic abundances of
the material. The gram values determined by NDA for
each oxide lot were compared to the gram values deter-
mined by using wet chemical analytical methods on the
same aliquot. The results were used to estimate allowed
plutonium loading when performing portable gamma
NDA measurements on oxide hoods at the PUREX Plant.

In a process plant the sheer number and lengths of trans-
fer lines (solution, vacuum, and exhaust), their frequently
awkward locations, and their dynamic loading has made
measuring the self-attenuation of the plutonium gamma
ray for each measurement point along these pipes quite
impractical. Yet, it is known that the self-attenuation of
the holdup material can be considerable in the size of pip-
ing and loading typically encountered. A method was
needed to estimate the self-attenuation in piping. An esti-
mate was derived, based on a comparison of portable NDA
with fixed gamma NDA measured values for 6-ft-long sec-
tions of pipe.

OXIDE HOOD DETAILS
The hood section used was 36 in. wide and 6 ft. long at the
floor level. The physical space constraints required that
the detector be no more than 12 in. from the walls of the
hood. Measurement points were chosen every 12 in. along
both sides of the hood to ensure full overlap, and the mea-
surement was extended one position beyond the active
area of the hood on each end. The detector was placed on
the floor for each shot, shooting parallel to the floor with
the active detector centered 2'/z in. above floor level. The
shielding for this detector caused the response to drop to
50% at an angle of 26'/2 degrees from the center line,- thus,
the 12-in. spacing ensured full overlap at the near wall. The
hood walls are formed of 3/i6-in.-thick stainless steel, with
2-in.-thick Benelex shielding. The attenuation of samples
of Benelex were measured and the results used to correct
the measurement data for all inventory work as well as for
this test.

During the measurement process, leaded gloves in the
hood were moved before Run 4 and a length of channel
iron was discovered under them. The data was corrected
for the attenuation caused by the channel iron and both
corrected and uncorrected data were turned over to an in-
dependent statistics team for analysis. A beginning back-
ground run and five data runs were made as material was
added and subtracted from the hood in measured
amounts. The measurement team was not informed of the
amount or if it was an addition or subtraction until the
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data was turned in. The background run showed 470 g of
plutonium uncorrected and 504 g of plutonium corrected
for the channel iron. Table 1 and Figure 1 summarize the
net amounts found for the next five runs compared to the
sum of the amounts actually added.

Table 1. Net Amounts of Plutonium jg).

Amount

Actual

Uncorrected

Corrected

Run (% of actual)

1

922

866
(94%)

951
(103%)

2

922

869
(94%)

929
(101%)

3

1,172

1,155
(99%)

1,241
(106%)

4

649

745
(115%)

817
(126%)

5*

337

371
(110%|

419
(124%)

'New detector

Recoveries were excellent for both corrected and uncor-
rected data when the hood configuration was not dis-
turbed. In Run 2 no material was added, but the existing
material was rearranged into a nonuniform distribution,
with piles scattered around the hood and close to the
edges. In Run 4, when the leaded gloves were removed, a
significant error was introduced. Between Runs 4 and 5
the intrinsic germanium detector failed and was replaced
by the backup detector. This did not significantly affect
the results.

S 700

Z

a 500

i
W\;

RUN 1

J ACTUAL

] UNCORRECTED

CORRECTED

M
'̂ ifeiisSs

Figure 1. Recoveries of Added Oxide Measurements.

OXIDE HOOD CONCLUSIONS
Experimental results indicate that portable gamma NDA
in oxide hoods is reliable at levels to at least 70 g of plu-
tonium/ft2. Problems due to self-attenuation at these
levels are minor compared to problems caused by changes
in the hood configuration. This underlines the importance
of bringing the hoods to a standard repeatable configura-
tion for each inventory. Runs 1 and 2 contained the same
material, but in Run 2 it was rearranged into a nonuniform

distribution, with piles scattered around the hood and
close to the edges. This caused only minor errors, due to
the large amount of overlap between adjacent shots/ thus,
distribution errors appear to be small when the hood can
be shot from both sides and all areas of the hood are over-
lapped between adjacent shots.

TRANSFER LINE DETAILS
The data generated for the comparison was from 6-ft-long
sections of a 6-in-inside diameter pipe. The sections were
so heavily caked with plutonium that they had to be
scraped before the data could be obtained. The following
procedure was used to obtain the data. The pipe was
gamma assayed by portable NDA (all NDA measurements
were taken from the side of the pipe) for its plutonium
holdup. All removable plutonium was sent to the Plu-
tonium Finishing Plant NDA Laboratory where the plu-
tonium content was measured by a Segmented Gamma
Scan Assay System (SGSAS). The cleaned 6-ft-long pipe
sections were again assayed by portable NDA for any re-
sidual plutonium. The difference between the first porta-
ble NDA and the second portable NDA was compared to
the SGSAS-measured amounts removed from each sec-
tion. These results are shown in Table 2.

Table 2. Plutonium Holdup Measurements.

First NDA
(g)

103

102

120

146

155

168

150

182

196

Second NDA
(g)

9

6

10

23

18

25

5

8

14

Delta mass
(g)

94

96

110

123

137

143

145

174

182

Measured
SGSAS

(g|
217

195

277

247

317

249

263

297

357

Ratio

2.31

2.03

2.52

2.01

2.31

2.06

1.81

1.71

1.96

NDA = Nondestructive assay.
SGSAS = Segmented Gamma Scan Assay System.

The portable NDA instrumentation consisted of an
241Am-doped Nal detector connected to two single chan-
nel analyzers. One analyzer was used to measure the plu-
tonium peak (375 to 500 keV) while the other analyzer was
used to measure the 241Am doping peak. Measurement of
the doping peak was used as a quality control check on the
detector calibration. The SGSAS was a commercially
available unit from Canberra, Inc.

PIPE TEST CONCLUSIONS
The spread in observed ratio seems to have no correlation
to the amount of material in the pipe, which seems rea-
sonable considering the uncertainty of the analytical mea-
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surements, self-attenuation, and nonuniformity of the plu-
tonium. The SGSAS is also a gamma-ray measuring sys-
tem and, as such, is affected to some extent by the same
self-shielding and attenuation factors which affect the por-
table NDA systems. Due to the limited data, no detailed
evaluation was done.

Based on the bias observed (detailed in Table 2), current
practice at this facility is to double the portable NDA-mea-
sured amount of plutonium for piping of less than 10 in. in
diameter and 6 ft. in length, with assay values greater than
50 g. The portable NDA team feels this practice gives an
improved estimate of the plutonium holdup in pipes. As
more test results become available, this practice will be
reevaluated.

SIGNIFICANCE
The methods developed are useful in accounting for self-
attenuation of plutonium when measuring holdup in ma-
terial balance areas. There is a tendency for holdup quan-
tities to increase with throughput in a processing plant.
The implementation of these methods was necessary to
prevent holdup measurements from adding a significant
bias to the accounting of special nuclear materials at the
Hanford site plants.

DISCLAIMER
This report was prepared as an account of work sponsored
by an agency of the United States Government. Neither
the United States Government nor any agency thereof, nor
any of their employees, nor any of their contractors, sub-
contractors or their employees, makes any warranty, ex-
press or implied, or assumes any legal liability or

responsibility for the accuracy, completeness, or any third
party's use or the results of such use of any information,
apparatus, product, or process disclosed, or represents that
its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial product, process,
or service by trade name, trademark, manufacturer, or oth-
erwise, does not necessarily constitute or imply its en-
dorsement, recommendation, or favoring by the United
States Government or any agency thereof or its contrac-
tors or subcontractors. The views and opinions of authors
expressed herein do not necessarily state or reflect those of
the United States Government or any agency thereof.

Roger A. Jones earned his M.S. degree in nuclear chemistry from
Oregon State University at Corvallis, Oregon in 1976. He ac-
cepted a position at the Hanford Site in 1978 and has been respon-
sible for the technical support to a counting room responsible for
analysis of effluent, waste, and research support samples from
throughout the site. In 1980 he became a member of the Portable
NDA team that measures holdup at production facilities; in 1982
he became a team leader of other chemists involved in these roles.

Robert E. Kerns earned his B.S. degree in math/physics from
Whitman College at Walla Walla, Washington in 1969, and an
M.A.T. degree in physics from Kansas University at Lawrence,
Kansas in 1971. After several years of service as a math/science
teacher, he accepted a position at the Hanford Site in 1980, setting
up the PUREX Plant counting room preparatory to plant restart.
His interest include portable NDA, automation, and data base
maintenance and design.
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Measurement Campaigns
for Holdup Estimation

R.R. Picaid
Los Alamos National Laboratory
Los Alamos, New Mexico U.S.A.

ABSTRACT
The derivation of technically defensible holdup estimates
is described. Considerations important in the planning of
measurement campaigns to provide necessary data are re-
viewed and the role of statistical sampling is discussed.
By design, the presentation is nonmathematical and in-
tended for a general audience.

INTRODUCTION
Though clearly important, use of sampling principles in
the planning of holdup-related activities is sometimes
viewed with apprehension. Holdup is often poorly under-
stood to begin with, and the incorporation of other eso-
teric matters only adds to an image problem.

Unfortunately, there are no painless options. In many
operating facilities, surface areas on which holdup has ac-
cumulated amount to many square miles. It is not practi-
cal to pursue 100% measurement of all such surface areas.
Thus, some portion is measured — constituting a "sam-
ple," whether obtained by a formal procedure or not. Un-
derstanding the principles behind sampling is important
in planning and in developing legitimate holdup esti-
mates. Although derivation of legitimate, facility-wide
holdup estimates is not currently mandated by Depart-
ment of Energy regulatory requirements, the related activ-
ities would greatly advance the present state of
knowledge.

PLANNING OF A MEASUREMENT
CAMPAIGN: PRELIMINARIES
Before a measurement campaign begins, reliable measure-
ment techniques must be available. As with nondestruc-
tive assay (NDA| measurements used for accountability,
calibrations must be developed to convert observed re-
sponses to material amounts. This may require careful
construction of special standards, interpretation of clean-
out data from pieces of equipment previously measured,
and/or use of results from controlled experiments. Also, it
is important that measurement uncertainties be deter-
mined at this stage, and that those uncertainties not be
"picked out of the air" but be representative of achieved

accuracies. Interested bystanders, such as regulatory
bodies, may want to be convinced of the validity of mea-
surement procedures and claimed uncertainties before
lending credence to the results.

There are many cases where direct holdup measure-
ments are possible on a periodic basis. Here, the term "di-
rect measurement" usually means NDA because results
can be obtained quickly and with a minimum of intrusive-
ness on operations. Measurement campaigns based on di-
rect measurements can be designed through the
application of sampling theory. Holdup estimates and as-
sociated uncertainties are obtainable via the usual
procedures.

Given necessary input information, development of a
cost-effective, technically sound sampling plan for a mea-
surement campaign is straightforward. The corresponding
mathematical optimization reduces to the propagation of
measurement and sampling errors together with integer
programming, the details of which are not of concern here.
An artificial example from the world of systems studies,
illustrating the calculations for stratified sampling, has ap-
peared1 in the literature. In that paper, an efficient mea-
surement campaign was derived using parameters
concerning a (hypothetical) operating facility. I am not
aware of any similar work in the open literature, perhaps
owing to the specialized nature of the problem and/or re-
strictions concerning classified data.

Principles common to other applications of sampling —
uses ranging from Nielsen television ratings to projection
of election outcomes — are long established and widely
understood. Unfortunately, applications to holdup estima-
tion are, in some ways, unique. Consider the example
where material has plated out within the pipework of a
large facility. The total amount of piping (perhaps mea-
sured in the tens or hundreds of miles| may be difficult to
determine because facility blueprints are out of date or
awkward to read. Moreover, access to some of the piping
for measurement may not come easily. A textbook ap-
proach to holdup monitoring — "measure a random sam-
ple of pipe sections" — may be difficult to implement.
Nevertheless, such sampling is the basis for the meth-
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Table 1
Major Factors in the Planning of Measurement Campaigns

Factor Importance Practical Considerations

anticipated amount of holdup
in each type of equipment, on
average

homogeneity in amounts of
holdup for each type of
equipment

costs

sampling frame (i.e., the
comprehensive list of
equipment containing holdup)

measurement uncertainties

uncertainty in estimated
holdup

want to devote most effort, all other things
equal, to areas containing the most holdup

similar to sampling of bulk materials; i.e., if
amounts are very homogeneous, sample sizes
can be small

can't effectively propose or allocate a budget if
specific costs are unknown

individual items to be measured constitute a
sample (possibly stratified or clustered) from
this list

can't propagate errors without knowledge of
these

crucial for interpretation of bottom line results;
a vs. cost curve is helpful for budget allocation

cleanout data and results from previous
measurement campaigns (if any) can be used
here

impacts sampling error contribution to overall
uncertainty

costs can be large when there is interference
with operations; some costs are hard to
estimate initially

collecting this information can be very tedious
.(e.g., exactly how many miles of piping exist in
a large plant?),- facility blueprints helpful here

cleanout data, holdup experiments, and (in
principle) measurement control efforts based on
realistic standards can supply information

depends on measurement errors (for measured
items) and sampling errors (for extrapolating
results to unmeasured items); uncertainty can
be large for both reasons

odological purity at the heart of defensible holdup
estimates.

PLANNING OF A MEASUREMENT
CAMPAIGN: SPECIFIC CONSIDERATIONS
Many factors influence the planning of a measurement
campaign; see Table 1 for summary. Quantitative informa-
tion on these factors is necessary input for a serious design
effort and for sample size determination.

Perhaps the single most important consideration is the
anticipated holdup in different pieces of equipment. The
amount of holdup being measured in any given instance
can vary greatly depending on the situation. From the
standpoint of planning, it is desirable to concentrate most
effort, all other things equal, where the most material is.

As with generic sample survey design, planning is circu-
lar and prone to problems with 20/20 hindsight. Efficient
surveys exploit the known demographics of the population
of interest; however, if the demographics were known
completely, there would be no need to conduct a survey.

For example, a measurement campaign might be de-
signed calling for extensive monitoring on a certain type of
equipment that is felt, a priori, to contain much holdup. It
could turn out, upon actually making the measurements,
that holdup in the equipment was less than anticipated. In
the extreme, the resource allocation could be inefficient
because of the initial misconceptions. There's not much to
be done about this problem except to recognize that it ex-
ists and that planned effectiveness can be different than
actual effectiveness. Obviously, interpretation of results
from previous measurement campaigns (if any), prelimi-
nary NDA surveys, and controlled experiments can be use-
ful in the planning stage.

Homogeneity in amounts of holdup for a given type of
equipment can also impact sample design. Return to the
example where holdup has plated out inside some pipe-
work. From section to section along the length of pipe-
work, amounts of holdup in those sections could be
roughly the same or, if there were low spots or other points
of accumulations, the amounts from section to section
could be more variable. This factor affects sampling errors
similar to the way material homogeneity affects bulk sam-
pling of materials. That is, if there has been uniform plat-
ing and the pipe sections contain very nearly the same
amounts of holdup, it is not necessary to measure too
many sections to get a good idea of the holdup in the en-
tire length of piping. Conversely, if holdup in pipe sections
were less uniform, more measurements would be needed
to give the same quality estimate.

The standard deviation of the estimated holdup depends
on two elements. The first is the effect of measurement
uncertainties for those items that are measured and the
second is the effect of sampling errors that result from ex-
trapolating results from the measured items to the items
that are unmeasured. Both contributors can be distur-
bingly large. Through error propagation, a legitimate esti-
mate of uncertainty can be obtained. Such estimates are
not achievable in the absence of the formal sampling plan.

(Aside. Although overall facility holdup is relevant to
the facility's cumulative ID, the ID for an individual ac-
counting period is affected by the change in holdup during
the period. In some cases, NDA count rates can be fairly
reproducible if there has been little or no change in the
holdup for a particular item. If so, changes in holdup may
be estimable with small absolute error even though the
amount ( s ) of holdup involved may not be well
known.) Although space constraints for this paper pre-
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Figure 1. Typical shape of a (uncertainty in estimated holdup)
vs. cost (of measurement campaign) curve.

elude the detailed treatment of a realistic numerical exam-
ple, Figure 1 displays the typical shape of a a vs. cost curve,
where a denotes the standard deviation of the estimated
holdup corresponding to the optimal sampling plan. Note
that the curve has a diminishing returns shape. Its asymp-
tote corresponds to the limiting accuracy that can be
achieved given measurement uncertainties were there to
be infinite resources and 100% sampling carried out.

Derivation of Figure 1 for a specific application is ex-
tremely useful in planning, even if the calculations are
based on rough estimates for costs, measurement uncer-
tainties, and so on. Results indicate what kind of perfor-
mance can be anticipated for given expenditures.
Determining a "best" amount of resources to expend on a
measurement campaign is rather subjective, involving the
tradeoff between increased cost and increased accuracy of
holdup estimation. Other factors, such as the negative
publicity that could arise from holdup-related ID prob-
lems and potential difficulties posed by re-assignment of
measurement personnel, may also require subjective
evaluation.

Several reasons exist for the diminishing returns phe-
nomenon. One is that sampling errors behave this way; for
example, exit polls to project election outcomes don't sur-
vey millions of people, but usually less than 2000. Indeed,
although this is counter-intuitive to some, the absolute
number of people sampled is much more relevant to over-
all survey accuracy than the fraction of the population
sampled. Secondly, the effects of so-called systematic mea-
surement errors persist and are not diminished by increas-
ing the sample size. And third, the incremental
component of overall costs is often linear in the sample
size. For large populations, carrying out too many mea-
surements (i.e., thousands) can be time-consuming, expen-
sive, and unnecessary for stated purposes.

PLANNING OF EXPERIMENTS
Controlled experiments are an essential part of under-
standing holdup. Historical data are often fraught with
shortcomings — corresponding measurements may not be

of adequate quality to determine the nature of material
deposition, relevant factors affecting holdup may not be
controlled or recorded, and confirmatory information
(cleanout data, precise knowledge of material input to the
equipment) may be unavailable. Collection of data as part
of a hasty response to an ID crisis has occasionally exagge-
rated these problems. As such, the value of historical data
for holdup estimation is often limited and controlled ex-
periments are quite useful.

The first step in planning an experiment is to determine
the objective(s). Many things could be of interest, such as
perfecting techniques for routine measurements to be
made during future measurement campaigns, obtaining
uncertainty estimates appropriate for those measure-
ments, characterizing holdup accumulation with respect
to throughput in a piece of equipment for certain operat-
ing conditions, characterizing holdup accumulation in the
form of a spatial profile, or determining which operating
conditions affect holdup and which do not. Different ob-
jectives naturally lead to different experiments.

Modeling of experimental results can have many bene-
fits. The mere act of developing and validating the model
leads to improved understanding of the dynamics of
holdup accumulation. Moreover, estimation can be pur-
sued in a more timely and cost-effective manner; indeed, it
may be possible to estimate holdup at certain times with-
out resort to direct measurement at those times. The re-
lated subject matter, primarily time series modeling and/
or response surface methodology, is extensively discussed
in the statistical literature. Successful applications of
model development for holdup estimation have been re-
ported (e.g., Ref. 2).

Of course, limitations must also be recognized. If esti-
mation of holdup were an easy problem, it would already
be solved. In some instances, it is impractical to develop
models, such as when negligible amounts of material are
involved, high quality measurements to determine the
specific form of the model are not achievable, acceleration
of time is difficult (that is, reproducing effects of long-
term process operation from short-term experiments), or
costs of experimentation exceed benefits.

Nonetheless, there is no substitute for tackling the
holdup problem head on. The alternative is the status quo,
where holdup is often a mystery.
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ABSTRACT
Residual material in processing equipment is today and
will in the future continue to be one of the major prob-
lems in controlling and accounting for nuclear material.
Existing facilities were designed for product quantity,
quality, and safety; not for minimization and quantifica-
tion of residual material in process. With the develop-
ment of measurement systems, and with enhanced
material control and accounting practices and pro-
cedures, inventory differences have been emphasized.
The improvement in processing input and output mea-
surements has highlighted theproblems of quantifying re-
sidual process material. The primary purpose for
quantifying material held up in process is to determine
the inventory difference and its related uncertainties or
statistical variances. This quantification and its associ-
ated problems must be addressed if we are to prevent,
deter, and detect theft and/or diversion of nuclear
materials.

INTRODUCTION
Recently revised DEO Order 5633.3, "Control and Ac-
countability of Nuclear Material", defines holdup as "the
amount of nuclear material remaining in process equip-
ment and facilities after the in-process material, stored
materials, and product have been removed." It further
states that "Estimates or measured values of materials in
holdup may be reflected in the facility's inventory
records."

In the DOE complex, processing facilities, such as scrap
recovery, oxide-to-button lines, and processing facilities
employ large and complicated equipment (dissolvers, pre-
cipitators, extraction columns, mixer-settlers] to attain
DOE-scale throughputs. Process holdup in this equipment
during inventory, and any variation between inventories
can be an important contributor to the inventory differ-
ences and their control limits. Recognizing the large un-
certainties usually associated with holdup estimates or
measurements, biases can significantly reduce or mask
the real Inventory Difference (ID). As a result, DOE is con-
cerned that ID's may soon become an endangered species.

Ensuring that ID's continue to be a valid indicator for de-
tecting possible theft or diversion should be one of our pri-
mary concerns.

A prime example of the complexities of process holdup
is a glovebox and its associated filtering system. Most
gloveboxes have square corners that are difficult to reach
from the glove ports. At the time of inventory, the bulk of
residual material can be removed by sweeping and shovell-
ing until only gram amounts are left as contamination and
accumulation in the corners. The problem then becomes
one of determining how many grams remain and how ac-
curately the quantity is known. You may find that the re-
sidual material is less than 20 grams, but the uncertainty
associated with the material is greater than 20 grams. If a
material balance area (MBA) has many gloveboxes, the un-
certainty associated with this residual material may be a
significant contributor to the inventory variance. It can be
a greater contributor than kg quantities of material that
are in an accurately measurable form.

The significance of the glovebox holdup is augmented
by the ventilation system and associated filters. Normally
the filtration system (e.g., HEPA filter) is located on or
near the glovebox. The ventilation system has been de-
signed to minimize the release of SNM when a filter is
changed, but generally is not designed to minimize holdup
or facilitate its removal.

The holdup quantities and uncertainties for the HEPA
filters are similar to the glovebox. One difference is that if
a filter is left in place for a relatively long period, then the
accumulated quantities are greater and associated mea-
surement uncertainties are much greater due to unknown
absorption effects. When a filter is removed, material is
introduced into a ventilation system, resulting in less to-
tal holdup but a larger measurement uncertainty due to
the number and type of measurements required in ac-
counting for the distributed material.

In uranium processing, the UF6 to U3OK or UO2 process-
ing activities illustrate many of the problems encountered
in monitoring or measuring holdup. The physical form of
the SNM changes from a solid to a gas to a liquid back to a
solid, and chemical composition changes approximately
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five times. In addition to the problems with gloveboxes
and ventilation systems discussed above, in this flow we
have: (1| a very reactive form of SNM, UF6, that has to be
heated to be removed from its container and can react
with the moisture in air to form a solid or can plate out on
cool surfaces; (2) hundreds of linear feet of piping and asso-
ciated valves and tank storage systems that have large sur-
face areas for "film" holdup, drainage problems, and are
prone to leaks; (3) SNM in a solution that can react with
the metal and the binder in concrete to cause containment
leaks,- and (4) SNM calcining systems that are prone to
holdup and which cannot be disassembled for cleaning
without major expenditures in time and labor.

STUDIES AND DEVELOPMENTS
DOE has funded the development of equipment and per-
formance studies to identify, quantify, and resolve prob-
lems associated with the control and accounting for
holdup. In the area of equipment, significant advances
have been attained. Stabilized portable single channel an-
alyzers, portable multichannel analyzers and associated
Nal and GeLi detectors have been developed that allow
measurement systems to be taken into a process area, to
the point of holdup locations, to make measurements.

Two of the holdup measurement problems that have not
been solved are the acrobatic skill and endurance required
of personnel in the measurement of holdup. The holdup
version of "Murphy's Rule" is "SNM holdup seeks an area
with highest background, the most inaccessible location,
and the point with the greatest shielding, while maintain-
ing a configuration that produces the greatest possible self
attenuation." A third problem which has always been an
obstacle is unique to the quantification of holdup. It is the
general misconception and lack of understanding of
holdup measurements. As Jim Sprinkle of the Los Alamos
National Laboratory (LANL) noted recently, "Some people
consider holdup measurements to be a black art. I prefer
the description of holdup measurements as lots of hard
work requir ing extensive t ra in ing and careful
observation."

BASIC APPROACHES: LEARNING TO LIVE
WITH HOLDUP
While studies have not always provided results imme-
diately applicable to the problem, they have provided in-
sight to the problems and have pointed the way for future
developments. To date, there are several aspects of holdup
that are well known and documented. Primary among
these is that today's facilities were not designed with the
minimization, quantification or removal of holdup in
mind. Additionally, we know that over time SNM accu-
mulates in most areas of a facility. Often, the accumula-
tion can be considered to be deminimus in relation to a
specific inventory difference. Holdup has been found in
the concrete in dike areas, in solid concrete block, on
roofs, outside doors to process areas, in demister filters, in
muffle furnaces, adhered to clothing worn in process
areas, as residue in containers previously used to hold pro-
cess materials, on the Raschig rings in tanks of process
solution, or in equipment removed from a processing area.

Secondly, measuring holdup in all pieces of equipment
and associated facilities is not a viable option in terms of
time, money and radiation exposure to personnel. Re-
moval of holdup and processing it to a measurable form is
also not a viable option in terms of production constraints.
Product quality is often related to impurity content.
Equipment that is coated with a film of SNM introduces
less impurities in the product than does cleaned equip-
ment. Thus, we have to find a way to "Live with Holdup."
Studies such as the one performed by K.K.S. Pillay and
R.R. Picard of the Los Alamos National Laboratory, enti-
tled "Learning to Live with Holdup" will be of special im-
portance in the design and initial start-up of new facilities
of modification of existing facilities.1

There are five basic approaches to living with holdup
that are used currently:

1. Equilibrium — Seek a state of equilibrium such
that process holdup is quantified only when it is
removed from the process, either as a consequence
of operational actions or as a result of criticality
concerns. In this approach, reduction of process
holdup is not attempted and process holdup quan-
tities are not, normally, booked. The approach is
based on the assumption that process holdup is the
result of a trickle loss from the process flow, the
quantities are not applicable to any one inventory
period, and the increase of holdup for each inven-
tory period is less than the measurement
uncertainty.

2. Clean-out — Clean-out and process all SNM to ac-
curately measurable forms. Measurable quantities
of SNM are not allowed to remain in process equip-
ment. All holdup is removed and accounted for in
the appropriate inventory period. This approach is
the most work intensive and costly. It generates ex-
cessive "down-time" for processing equipment and
often causes the subsequent generation of "off-
spec" product (result of cleaning and removal of
SNM coating).

3. Monitor and Quantify — Develop target values for
the quantities of SNM allowed to remain in pro-
cess equipment. The target values should be demi-
nimus quantities of SNM; or at a level that can be
accurately quantified; or at a level that does not
significantly contribute to the inventory difference
or its uncertainty. This approach is in wide use and
lends itself to engineering efforts to reduce holdup.

4. Historical In-Growth (Modeling) — Determine
holdup growth rates based on a history and study of
recovered quantities and of processing activities.
This approach assumes that the rate of growth of
holdup is proportional to either throughput or
time. Thus, the distribution of holdup can be mod-
eled and quantities can be determined mathe-
matically either from the throughput or the
elapsed time since the last clean-out in relation to
historical throughput and recovered holdup. A vari-
ation of this approach incorporates process holdup
measurements. In this approach, the distribution
of holdup is known or has been modeled. The rela-
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tionship of the holdup at a specific point or group
of points to the total holdup is known. The total
holdup can thus be evaluated based on a limited
number of measurements. The limitation of the
historical in-growth/modeling approach is that a
segment of the process has to be cleaned and the
recovered material accurately quantified prior to
implementing the approach.

5. Sampling — Determine quantities on a statistical
sampling basis. This approach assumes that
holdup patterns are known or are at least similar
for similar equipment. Thus, the measurements of
a few items in a population allow the extrapolation
of measurement values to all equipment.

All five of these approaches have limitations, but there
are examples of processing equipment for which each is
considered appropriate. A combination of these ap-
proaches is probably the most desirable when one con-
siders production requirements in relation to material
control and accounting requirements for existing facili-
ties. The most practical approach for controlling holdup is
to incorporate the concern in the design of the facility and/
or its subsequent modifications. Equipment can be de-
signed to minimize the potential and to facilitate the re-
moval of holdup. These types of design concerns have been
successfully implemented for many years in the areas of
health and safety and the prevention of criticality. If we are
to "live with holdup", we must give it a similar priority.

CONCLUSIONS
A review of practices and holdup studies performed by the
national laboratories and plant operators leads to the fol-
lowing general conclusions:

1. A rapid survey for hot spots is feasible and cost
effective.

2. Plant operators should develop an overall strategy
for holdup quantification.

3. The more experienced the staff, the higher the
quality of results.

4. The measurement program staff will be challenged
by the extensive documentation, calibration, and
training requirements.

5. The quality of a holdup program is determined by
the clean out and recovery efforts in validating
results.

If progress is to be made in minimizing insider vul-
nerabilities, ways must be found to accurately control and
quantify holdup. If this cannot be done to acceptable
levels, then means must be developed to minimize its vari-
ability and monitor the boundaries of its containment. For
cost-effectiveness, better measurement, estimation, and
control methods must be developed to reduce the contri-
bution of holdup to inventory differences to aid in coun-
tering insider vulnerabilities.

From a graded safeguards point of view, there is no gain
in striving for the third and fourth decimal places of feed
and product measurements when the control limits may
be dominated by process holdup variability. Usually, one
knows how to attack the third and fourth decimal places
for high quality materials (better measurement control,

improved standards, more training, and so forth.) With
process holdup, one often does not really know how to at-
tack the problem. This is where cooperation between the
R&D labs, the Field Offices, and the facility operations
remain essential.

Finally, the new DOE Order 5633.3 places a premium on
the timeliness of detection and performance criteria. Ob-
viously, these objectives go far beyond the variability of
holdup at inventory time. To implement the order, one
must attack the problem of holdup quantification on an
hour-by-hour basis or even shorter! Nor is this unreason-
able: health and safety systems already demand contin-
uous control of hazardous quantities of SNM in process to
protect personnel and sustain operational viability. Moti-
vated by the requirements of the revised DOE orders,
holdup technology must advance in parallel with the De-
partment's ability to control the process operation to meet
all the health, safety, efficiency, economy, quality assur-
ance and safeguards requirements.
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ABSTRACT
Performance-oriented safeguards regulations reflecting
the different strategic value of special nuclear material
were recently published as final rules. These rules have a
significant impact on the requirements for holdup calcu-
lations and measurements. For licensees processing low
enriched uranium, it is expected that few, if any, holdup
measurements will be made for safeguards purposes.
However, for licensees processing high enriched uranium
orplutonium, the new regulations require extensive anal-
ysis of holdup measurements and estimations in model-
ing process flows, holdup, and yields for individual unit
processes. Good quality holdup measurements and esti-
mations will be required for both physical inventory and
process monitoring purposes.

INTRODUCTION
This paper will discuss current requirements for process
holdup measurements as viewed by the regulator of the
licensed industry and it will discuss the impact of the re-
cently published performance-oriented safeguards rules on
holdup measurements. In the past few years, performance-
oriented material control and accounting (MC&A) regula-
tions that reflect the different strategic value of special nu-
clear material, for example different enrichments of
uranium, were published.1,2 These rules impact six low-
enriched uranium and four high-enriched uranium fuel
processing licensees. If licensed plutonium fuel fabrica-
tion becomes a reality, the facility would have to follow
the high-enriched uranium rules. The Nuclear Regulatory
Commission (NRC) has now completed the review of all
six low-enriched uranium licensees' plans for implement-
ing the new rule and these licensees are in the final stages
of implementing the rule. The NRC is currently reviewing
the initial submittals by the licensees authorized to pro-
cess high enriched uranium.

In many respects, the traditional safeguards material
control and accounting practices are retained in the new
performance-oriented rules. For example, licensees are re-
quired to have measured material balances based on mea-
sured values of uranium and U-235. However, for the low-
enriched uranium licensees,3 it is expected that few, if any,
holdup measurements for MC&A purposes will be con-
ducted. Ventilation equipment may be the most common

item measured for holdup, and then only for physical in-
ventory. Because of the small quantities of uranium in-
volved, only a minimal measurement control program is
needed. Equipment which is cleaned out can be assumed
to have a zero value for MC&A purposes (exclusive of any
health and safety requirements] even though some residue
may remain in the equipment.

However, the new rules for licensees processing high-
enriched uranium4 change considerably because of the
material's high strategic value. There is a strong emphasis
on more timely and localized loss detection. To achieve
these detection objectives, the MC&A measurement and
control programs need to be much more vigorous.

The new regulations establish requirements for unit
process monitoring to detect abrupt and protracted losses
of material. The new regulations also reduce the physical
inventory frequency from two to six month intervals.
With regard to the treatment of holdup, there are two dis-
tinct aspects of the rule. The first case is measurement of
holdup for periodic physical inventories; the second case is
the estimation (based on historical performance or engi-
neering estimates) and actual measurement of holdup in
the unit process monitoring systems.

PHYSICAL INVENTORY
HOLDUP MEASUREMENTS
For physical inventories, holdup measurements must be
made with systems calibrated using standards that are tra-
ceable through an unbroken chain of comparisons, includ-
ing the overall uncertainty in each, to a national standard.
The performance of each of the holdup measurement sys-
tems has to be monitored using standards that are repre-
sentative of the material being measured with respect to
geometric distribution, matrix, and uranium content.
Standards must be constructed and controlled to ensure
the continued validity of the standards' assigned values.
Control limits with levels of significance of 0.05 and 0.001
are used to evaluate the reliability of the holdup measure-
ment system. Control data exceeding the 0.05 limit must
be investigated and corrective action taken. Whenever the
control data exceeds the 0.001 limit, the holdup measure-
ment system must not be used for MC&A purposes until
it has been brought into control at the 0.05 limit. Control
limits are sometimes exceeded because of instrument drift
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or failure or someone changing instrument settings. To
bring the system back into control, recalibration is often
needed. Bias corrections have to be applied to individual
measured holdup areas if for any measurement system: (1)
the relative bias estimate exceeds twice the standard devi-
ation of its estimator, (2) the absolute bias estimate ex-
ceeds 50 grams of SNMM when applied across all
measured areas, and (3) the absolute bias estimate on an
individual measurement basis exceeds the rounding error
of effected measurements.

PROCESS MONITORING
HOLDUP ESTIMATES
The new regulations require licensees to subdivide the op-
erations into unit processes. Each of these unit processes
is subjected to periodic tests and evaluations to identify
and to localize losses of strategic special nuclear material.

The criteria or threshold for alarm in each unit process
is based on input and output measurements, yield versus
expected or predicted yield of unit process product, side
streams and holdup.

The determination of holdup for unit process monitor-
ing differs markedly from the requirements for holdup
measurements at the time of physical inventory (as dis-
cussed above). For process monitoring purposes, holdup is
not required to be measured for each abrupt or protracted
material loss test. Rather the process holdup can be esti-
mated based on engineering analysis and verified by actual
holdup measurements and/or historical cleanout data. De-
pending on the strategic attractiveness of the material pro-
cessed, the abrupt loss test is required to be conducted
every 3 or 7 days while the protracted loss test would be
conducted on a longer period of time and this test would
analyze trends in process performance.

Licensees will be expected to prepare engineering
models for each unit process to characterize the holdup
estimates to be used in performing abrupt and protracted
loss tests. For example, historical data can be used in the
model to reflect actual quantities of material recovered
from previous process cleanouts. These data, correlated
with engineering estimates of material accumulated in
the process as a function of throughput and time and other
factors), could be used to model the holdup estimate. It is
expected that the holdup measurements and the process/
equipment cleanout activities conducted during the semi-
annual physical inventories will provide additional data to
evaluate the accuracy of the holdup estimates used for pro-
cess monitoring purposes. Further, any changes in the pro-
cess operations will require reanalysis of the engineering
model used for the process units affected by the change.

Alarm response and resolution are key requirements of
the new regulation. The importance of sound engineering
models for each process unit and its associated estimate of
holdup are highlighted by the specific alarm response ac-
tions required by the regulation. For example, if an abrupt
loss detection estimate exceeds five formula kilograms of
strategic special nuclear material, then processing opera-
tions must be suspended and the NRC must be notified.
Both actions are to be completed within 24 hours of the
occurrence of the alarm. Inaccurate engineering estimates

of holdup should become evident quickly if the holdup es-
timates are identified as the cause of repeated alarms. In
most cases, NRC expects that the licensee's initial re-
sponse to an abrupt loss alarm or a trend indicative of a
protracted loss in a process unit would include review and
reexamination of records of input and output measure-
ments and an assessment and reverification of the contin-
ued validity of the process unit holdup estimates.

QUALITY OF HOLDUP
MEASUREMENTS/ESTIMATES
As noted above, it is important to have sound and good
quality engineering estimates of process holdup to avoid
unnecessary investigations or shutdown of process units
to resolve loss alarms caused by inaccurate estimates of
holdup. Process and engineering analyses and tests should
be performed to evaluate holdup quantities and distribu-
tion and how they change relative to operational parame-
ters. These analyses and tests should be continually
reviewed, evaluated, and updated to reflect the results of
process cleanout and actual holdup measurements taken,
for example, at physical inventory. Further, the quality of
holdup measurements at time of physical inventory is also
important. All program data, including holdup measure-
ments performed for physical inventories, must be con-
trolled so that they do not cause the standard error of the
inventory difference (SEID) to exceed 0.1 percent of the ac-
tive inventory. Active inventory means the sum of addi-
tions to, beginning, ending, and removals from inventory,
after all items which appear in the active inventory calcu-
lation more than once and come from the same measure-
ment system are excluded. Holdup measurement
uncertainty could be a problem in facilities with varying
and large holdup quantities.

Inherently, there are large uncertainties associated with
typical holdup measurements and estimates because of
difficulties in obtaining representative standards. Prob-
lems with accessibility to in-process equipment for
holdup measurement and analysis is likewise a major con-
tributing factor to the uncertainty of holdup measure-
ments and estimates. Large variations in holdup and
SSNM inventory in process ventilation equipment,
gloveboxes, liquid handling equipment, and furnaces have
traditionally been the problem areas in holdup measure-
ments and estimates. A number of cases have been identi-
fied where unaccounted-for-material has been found in
ductwork, which caused both nuclear safety and safe-
guards concerns. In some cases, this happened because fa-
cility operators did not believe that uranium would be
present, trapped or accumulated in ductwork. Quality
holdup measurements and sound engineering analyses
would most likely have detected or predicted the material
buildup earlier so that the material could have been prop-
erly accounted for on inventory. Furnaces, especially large
manual or semiautomatic load furnaces, pose unique
problems of their own in determining holdup. Liquid sys-
tems, for example scrubbers, often accumulate solids
while in other liquid process streams, solids have accumu-
lated in unpredicted locations. Washing, and sometimes
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disassembly of the system, is often necessary to determine
the process holdup.

Whether measuring process holdup for physical inven-
tory or estimating process holdup in conjunction with
unit process monitoring, experience to date indicates that
holdup problems are generally minimized when the pro-
cess is cleaned to the same, or nearly same, level for each
physical inventory and when the process is operated in a
steady state mode. In the latter case, there are generally
fewer variables to influence or alter the established engi-
neering models for estimating process holdup.

USE OF CURRENT TECHNOLOGY/
TECHNIQUES
The new performance-oriented safeguards regulations do
not mandate new techniques for holdup measurement and
do not require the development of new technology for
holdup determinations. The most commonly used holdup
measurement technique by NRC licensees is passive
gamma counting. NRC expects licensees to continue to
use their current holdup measurement techniques to meet
the new requirements. Historical process and equipment
cleanout data will be used in conjunction with engineer-
ing analyses to estimate process holdup to be included in
material control test models for individual process units.
While new developments in process holdup determination
are not required, it is expected however that holdup mea-
surements and estimates will play a more crucial role in
process difference and inventory difference alarm response
and resolution.
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Holdup—Related Issues in Safeguarding of
Nuclear Materials
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ABSTRACT
Residual inventories of special nuclear materials (SNM)
remaining in processing facilities (holdup) are recognized
as an insidious problem for both safety and safeguards.
This paper identifies some of the issues that are of con-
cern to the safeguards community at-large that are re-
lated to holdup of SNM in large-scale process equipment.
These issues range from basic technologies of SNM pro-
duction to changing regulatory requirements to meet the
needs of safeguarding nuclear materials. Although there
are no magic formulas to resolve these issues, there are
several initiatives that could be taken in areas of facility
design, plant operation, personnel training, SNM monitor-
ing, and regulatory guidelines to minimize the problems
of holdup and thereby improve both safety and safe-
guards at nuclear material processing plants.

I. INTRODUCTION
In recent years, because of the increasing concerns over
theft/diversion of special nuclear materials (SNM) for clan-
destine applications, regulatory requirements for safe-
guarding SNM have become very stringent, almost to the
point of seriously affecting the main missions of produc-
tion facilities. An important feature of current regulations
in the U.S. is the requirement to report inventory differ-
ences (IDs) periodically to regulatory agencies, congressio-
nal oversight committees, and the public. This
requirement, which came into effect in 1977, did further
encourage bulk-handling facilities, where potentials for
SNM holdup are generally high, to examine ways to re-
duce holdup and thereby decrease their IDs.

Holdup of materials in process equipment is not unique
to SNM processing. But uncontrolled accumulation of ma-
terials within process equipment is both a safety and safe-
guards concern at nuclear material processing facilities.
Holdup of SNM in process facilities can result from both
normal and abnormal operations of the plant. From a de-
tailed knowledge of the process chemistry and behavior of
material forms, it is possible to make reasonable predic-
tions about regions of holdup as well as the relative magni-
tude of holdup in several kinds of process equipment
during normal operations. However, it would be extremely

difficult to speculate on the magnitude of holdup during
abnormal conditions resulting from process upsets and/or
improper plant operations.

II. THE ISSUES
The role of hidden inventories, or holdup, as a safeguards
problem is now recognized by almost everyone interested
in establishing effective safeguards for SNM. As part of the
effort to organize the first INMM-sponsored workshop on
process holdup of SNM, a literature survey identified over
70 publications in the open literature relevant to this sub-
ject.1 Some of the major issues related to holdup that are
of concern at present to the safeguards community are
identified in the following paragraphs along with some
personal thoughts on the issues themselves and possible
approaches to addressing them.

1. Impact of Plant and Process Designs on Holdup
The influence of plant design on SNM holdup at bulk-

handling facilities has long been recognized. In the
mid-1970s, the U.S. Atomic Energy Commission issued
three specific guidelines 2-4 describing desirable design
features of bulk-handling facilities for minimizing holdup.
Process selection and equipment design do influence
holdup, and in many instances there are alternatives that
can be chosen to minimize holdup. This latter approach
has not yet received the attention it deserves. An illustra-
tive example of alternative process design is the use of mi-
crowave heating for the direct conversion of uranyl nitrate
to uranium oxide. This operation is still carried out in a
sequence of steps involving ammonium diuranate precipi-
tation, filtration, drying, calcination to U3O8 and subse-
quent reduction to UO2. A significant reduction in holdup
can be achieved in this process through the direct denitra-
tion and oxidation of uranyl nitrate to UO2. Similar pro-
cess changes can minimize holdup during large-scale
processing of all SNM.

A second example is in the use of new materials in facil-
ity construction and fabrication of process equipment.
Synthetic polymers, such as chlorinated polyvinyl chlo-
ride (CPVC), polyvinyl diene fluoride (PVDF) such as "KY-
NAR," fiberglass reinforced plastics (FRPs), and corrosion-
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resistant alloys, such as Hastalloy, are now available for
large-scale plant construction and equipment fabrication.
In addition, pure metals, such as tantalum and surface
liners made of high-temperature plastics, are now avail-
able at reasonable cost for process facility applications re-
quiring reduced corrosion and surface adhesion.

2. Impact of Holdup on IDS
It is extremely difficult to locate and measure all hidden

inventories of SNM in a large plant, and this is the pri-
mary reason for large inventory differences (IDs) at some
of the bulk-handling facilities in the U.S. A rough estimate
of the amount of plutonium or uranium required to create
a thousandth of an inch (0.025 mm) coating in about 500
miles (800 km) of 1-inch (2.54 cm) diameter pipes (the
length of pipe ordinarily found in several large processing
facilities) is over 540 kg. This estimate assumes that the
deposit has a density of 1 gm/cm3 and that only a third of
the deposit is the elemental form of the SNM. In many
SNM processing facilities, there are many pieces of equip-
ment with much larger surface areas and those with
greater potentials for heavier material deposition.

Large inventory differences have resulted in many kinds
of regulatory actions at a number of nuclear material pro-
cessing facilities in the U.S. They have ranged from a tem-
porary halting of facility operations to complete cessation
of operations and decommissioning of facilities. The regu-
latory agencies have begun to recognize the seriousness of
this problem. Beginning in January 1986, the U.S. DOE
adopted a new format for presenting its semi-annual re-
port on strategic SNM inventory differences.5 The new
format clearly demonstrates a recognition of the contribu-
tions of process holdup to inventory differences. Of the
nine recognized categories of IDs, two of them, "process
holdup difference" and "equipment holdup difference," ac-
count for a major fraction of total IDs at several bulk-han-
dling facilities.

3. Impact of Holdup on Plant Operations
In addition to large IDs, unidentified holdup of SNM in

process equipment is a serious safety problem due to its
potential for criticality events. A variety of factors contrib-
ute to this situation, including the details of the process,
equipment design, personnel training, process upsets, and
the facility management philosophy. It is possible to iden-
tify and address these issues and take corrective measures
to minimize the impact on both safety and safeguards.

4. Periodic Cleanout of Equipment for Materials -•
Accounting

Although periodic termination of process operations to
cleanout equipment for materials accounting is a desir-
able goal for good materials accounting, this practice is
counter-productive to the primary missions of such facili-
ties, namely the production of nuclear materials economi-
cally and efficiently. Therefore, such practices are frowned
upon by managers of process facilities. As a result, most
holdup measurements done to-date have been in response
to large IDs or criticality safety concerns. Prudent man-
agement of facilities processing large amounts of highly

enriched uranium and separated plutonium should in-
clude scheduled cleanout operations.

5. Advantages and Limitations of Nondestructive Assay
(NDA) Techniques for Holdup Estimation

NDA techniques for measuring plutonium and ura-
nium, using passive gamma and neutron measurements,
have continually improved over the past two decades.
There are, however, fundamental limitations to these
NDA techniques that will continue to affect holdup mea-
surements. The crowded environments of process facili-
t ies , combined wi th n o n - s t o i c h i o m e t r y and
nonuniformity of holdup residuals and the inadequacies of
calibration standards and measurement equipment de-
signs, will continue to offer challenges to NDA measure-
ments of holdup.

6. Development of NDA Instruments and Standards for
Holdup Measurement

Developing suitable standards for NDA of radioactive
materials is always a challenge. However, in the case of
holdup measurements, the problem becomes extremely
complex due to the nonhomogeneity of the sample to be
assayed, its unknown distribution pattern, varying chemi-
cal composition, the complex geometry of the equipment
in which the materials reside, the attenuation of radia-
tions by the equipment and the matrix, and the high back-
ground radiation levels in processing areas. Ideally, it is
desirable to have calibration sources closely simulating
the actual holdup deposits to be assayed. The present prac-
tices are to use point sources, line sources, or uniform flat
sources as calibration standards and extrapolate the re-
sults to other complex geometries. Although this ap-
proach is adequate in many instances and is a desirable
compromise at others, there is much that can be done to
improve calibration standards for holdup measurements
and thus minimize the uncertainties of such estimates.6'7

7. Regulatory Reforms to Accommodate Holdup
Estimates to Reduce IDs

Although safeguarding of SNM was always considered
important from the early days of nuclear technology devel-
opment, regulatory guidelines to achieve this objective
have been in a state of evolution. There is a growing recog-
nition that a significant part of the IDs at the bulk-han-
dling facilities is due to unmeasured inventories and/or
holdup. In addition to regulatory pressures to reduce IDs,
there are several safety and safeguards issues related to cu-
mulative effects of SNM holdup. Because of the unique-
ness of nuclear criticality safety, many holdup-related
safety issues are addressed during plant and process de-
signs. However, in the past, safeguards issues seldom influ-
enced facility design, and they are often difficult to resolve
later.

8. Pragmatic Alternatives to Plant-Wide Holdup
Measurements

A prevailing view is that facility-wide holdup estimates
would have very large measurement and sampling errors;
thus, adjusting an ID to reflect an estimated change in
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holdup would create a new quantity with uncertainty so
large as to render the quantity meaningless. An objective
re-examination of this view as well as current regulations
and the development of pragmatic approaches to include
sound estimates of holdup in calculating IDs would be a
step in the right direction.

Regulatory reforms encouraging the use of modern
tools, such as sampling and modeling, to maximize the
use of resources and develop technically sound estimates
of holdup without interrupting production schedules
would encourage facility operators to invest resources to
address this problem. Although indirect methods of
holdup estimation8 using tracer techniques and mathe-
matical modeling have been demonstrated to be viable and
less instrusive, there have not yet been any plant-wide ap-
plications of these approaches.

9. Costs and Benefits
Current regulatory guidelines do not offer sufficient in-

centives to facility operators to invest resources to esti-
mate holdup. Because various nuclear fuel cycle facilities
contain materials of various attractiveness, the safeguards
and resource requirements do differ considerably across
the nuclear materials production complex. Large-scale re-
source investments to minimize holdup and improve safe-
guards at fuel cycle facilities handling materials of low
attractiveness would not be prudent. At the same time, it
would be a good investment to spend adequate resources
to minimize holdup and improve safeguards by addressing
all the issues discussed in this paper, including a sched-
uled, planned shut-down for a complete cleanout
inventory.

10. Research Efforts to Address Specific Holdup
Problems

In the nuclear fuel cycle, there are very few areas where
holdup of SNM is not a problem. However, the issues are
of great concern when the materials are in chemically
pure and isotopically enriched form due to attractiveness
of materials as well as their potential for causing crit-
icality accidents. Presently, there are several on-going pro-
jects in the U.S. to refurbish and renovate aging
production facilities as well as to build new ones. These
projects offer unique opportunities to incorporate state of
the art technologies that would minimize holdup prob-
lems and improve overall efficiency of materials produc-
tion. In areas of holdup measurement, there is a crying
need to develop specially designed monitoring equipment
and calibration standards to meet the special needs of
holdup measurement. Indirect measurement capabilities,
innovative calibration techniques, portable assay equip-
ment, and proper personnel training can go a long way in
alleviating holdup-related problems at SNM production
facilities.

III. SUMMARY
There is a growing recognition that holdup of SNM in pro-
cessing facilities is deleterious not only to safety but to
the safeguarding of such materials. Both facility operators
and regulatory agencies are beginning to address the com-

plex issues that have been kept in abeyance for a long time.
Presently, there are new opportunities and challenges to
develop and apply new processes, equipment designs and
materials, innovative plant layouts, and specially designed
radiation measurement instruments and calibration
standards. Open discussion of issues identified here is an
essential step in addressing holdup-related issues ratio-
nally and to develop satisfactory solutions to a problem
that has plagued the nuclear process industry for the past
four decades.

IV. REFERENCES
1. K.K.S. Pillay, "A Survey of Open Literature Publications on Pro-

cess Holdup of Special Nuclear Materials," LA-UR-87-4185,
JNMM Vol. 16 No. 4 (July 1988), (INMM, Northbrook, IL,
March 1988).

2. Regulatory Guide 5.8, "Design Considerations for Minimizing
Residual Holdup of Special Nuclear Material in Drying and
Fluidized Bed Operations," US Atomic Energy Commission
(May 1974).

3. Regulatory Guide 5.25, "Design Considerations for Minimiz-
ing Residual Holdup of Special Nuclear Material in Equipment
for Wet Processing Operations," US Atomic Energy Commis-
sion (June 1974).

4. Regulatory Guide 5.42, "Design Considerations for Minimiz-
ing Residual Holdup of Special Nuclear Material in Equipment
for Dry Process Operations," US Atomic Energy Commission
(January 1975).

5. "Semiannual Report on Strategic Special Nuclear Material In-
ventory Difference," DOE/DP-001/17 (January 1986].

6. K.K.S. Pillay, "Tracer Techniques in Estimating Nuclear Mate-
rials Holdup," J. Radioanal. Nucl. Chem (1988) (to be
published).

7. S.F. Marsh, "Nondestructive Assay of Plutonium Residue in
Horizontal Storage Tanks," in "Analytical Chemistry Instru-
mentation," Ed. W. R. Laing, Lewis Publishers, New York, NY,
91 (1986).

8. K.K.S. Pillay, R.R. Picard, and R.S. Marshall, "Estimation
Methods for Process Holdup of Special Nuclear Materials,"
LA-10038, Los Alamos National Laboratory, Los Alamos, NM
(June 1984).

Dr. K.K.S. Pillay is a member of the staff of the Nuclear Technol-
ogy and Engineering Division of the Los Alamos National Labora-
tory. He received his Ph.D. in Nuclear and Radiochemistry from
Penn State. His present interests are in safeguards system design,
process facility safety, safeguards education, and nuclear mate-
rials production limitations for arms control.

His previous work experiences include his association with the
Argonne National Laboratory, the Nuclear Research Center at the
State University of New York at Buffalo, and the Pennsylvania
State University.

Dr. Pillay is a Fellow of the American Nuclear Society and the
American Institute of Chemists. He is an active member of sev-
eral other professional organizations, including INMM, ACS,
HPS, the NY Academy of Sciences, and the American Association
for the Advancement of Science.

20 • JNMM JULY 1988



An Overview of
Holdup Measurement Technology

Martin S. Zucker
Brookhaven National Laboratory

Department of Nuclear Energy
Upton, New York U.S.A.

ABSTRACT
The origin of holdup, where it occurs in plants, and the
methods of assay thus far found useful under conditions
often found in nuclear fuel manufacturing installations
are discussed.

INTRODUCTION
"Holdup" refers to special nuclear material (SNM) unin-
tentionally deposited in or on process equipment or plant
structure. Monitoring and assay of holdup is necessary for
criticality control, calculating material balances, to gauge
manufacturing efficiency, and to protect the environment,
as well as for safeguards. Aside from answering the basic
question of how much material is held up and where it is
located, the purpose of holdup assay may also be to deter-
mine the ease or difficulty of recovery. This information
can have an appreciable financial impact on the facility,
either because of the intrinsic value of the material, or be-
cause of the extent of security required for a decommis-
sioned plant.

Holdup arises through imperfections in the manufactur-
ing process, accidents or failures of equipment, and defi-
ciencies in plant and process equipment design. Since
nuclear fuel manufacturing involves finely divided pow-
ders, reactive liquid and gaseous chemicals, and grinding
and sintering processes, the generation of holdup in plant
and process equipment is inevitable, and assaying for it,
and recovery where practical, has to be considered a part of
the normal manufacturing process.

It is quite apparent in retrospect that many if not all
existing manufacturing plants and process equipment
could have been designed in ways that would have signifi-
cantly reduced the generation of holdup and made it easier
to assay and recover such holdup as did occur.

Setting up an effective measurement campaign or pro-
cedure for holdup assay first involves some study of the
particular plant manufacturing process, including equip-
ment, floor layout, material handling procedures and flow
patterns, and the history of recent and past operations,
since these provide clues as to where to look most effec-
tively for holdup and what techniques will be useful. In

addition to plant documentation, interviews with key per-
sonnel (foremen, health physicists, supervisors, etc.) can
be most helpful in determining the best allocation of re-
sources, manpower, and time.

Certain holdup producing situations seem to occur reg-
ularly in the nuclear fuel manufacturing industry, for
example:

• It must be taken for granted that any process equip-
ment containing liquids will leak on some occasion
and perhaps chronically. This includes in particular,
pumps and pump shaft packings, valves, and even the
catch basins (supposed to help contain the leaks)
which sometimes overflow.

• Nuclear material will often accumulate in ductwork
supplying a negative pressure to glove boxes or other
process equipment in places where there are abrupt
changes in direction or cross section, or simply be-
cause airflow rate is insufficient to keep particles in
suspension. On the other hand, too high an airflow
rate is often the cause of dust particles being swept
out of process equipment and brought into the
ductwork.

• Cleaning up the inevitable accidental liquid or solid
spills on the concrete floors and concrete block walls
typical of plant construction has a tendency to drive
some fraction of the material into this porous media.
Repeated cleanup operations tend to diffuse new ma-
terial into the media and cause further penetration of
the old material.

• Any process involving sintered material being trans-
ported in open trays on a conveyer belt in a tunnel
between process equipment seems inevitably to give
rise to particulates ranging from dust to pellet frag-
ments which deposit in the tunnel.

• Blending and grinding operations by their nature pro-
duce large amounts of SNM dust and fragments. For
some reason sintering furnaces also do.

« Chemical process equipment and piping accumulates
deposits or plating out of nuclear materials that can-
not be completely flushed out even using powerful re-
agents. Repeated flushing of process lines sometimes
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causes leaks, giving rise to holdup in another form.
• Air filter holders, either because of occassional fail-

ures of filters or during the process of changing them,
material is released, also allow accumulations to
occur.

A feature of holdup assay that is different from other
types of nuclear material assay is that the more exten-
sively material is looked for the more material is uncov-
ered. Therefore, there is a built in bias in that the assay
results in a lower limit estimate of the total amount actu-
ally present. At some point, a judgement has to be made
that any increase in measurement effort will involve an
unacceptable rise in cost.

The value of the recoverable portion of the material un-
covered should bear some relation to the cost of the assay.
However, it does seem that in some situations the crite-
rion of cost effectiveness is overruled by other considera-
tions: social, political, or security.

Holdup assay has involved detection of characteristic ra-
diation, usually gamma rays, sometimes neutrons, and
(more rarely) alpha particles and x-rays.

Holdup measurements are made difficult by several fac-
tors: The measurements are usually made under adverse
environmental conditions such as extremes of tempera-
ture and humidity, noise, and contaminated surroundings
requiring uncomfortable protective clothing and occa-
sionally respirators. These poor conditions make it diffi-
cult for personnel to perform efficiently and effectively,
and put stress on the radiation detection instrumentation.

Holdup material is usually distributed with a very low
density, hence count rates and therefore statistical preci-
sion is poor. In the relatively few cases where there are
sizeable concentrations of material, self-absorption of the
characteristic radiation leads to uncertainties. In either
situation, there is usually poor control over the measure-
ment geometry. Often there is interference from sources
other than the one being assayed.

Relating the apparent intensity of the characteristic ra-
diation to the amount of special nuclear material present
is not always straightforward and may even be misleading.
Uncertainties in chemical composition, which influence
(a, n) neutron production also impact on using neutrons as
a signature. Calculation for geometry and allowing for at-
tenuation due to walls, pipes, etc. interposed between the
nuclear material and the detector is another source of
uncertainty.

For the above reasons, assay of holdup is inherently less
accurate and precise than other types of nuclear measure-
ments. The most careful nuclear physics or nuclear chem-
istry measurements are often in the 0.1 to 1% range of
precision and accuracy. Non-destructive assays of nuclear
material that is well characterized will often fall in the
one to 10% range. Holdup measurements in contrast will
only rarely fall into the few percent range; more likely
they will be of the order of 25 to 50% in precision and
accuracy.

Even in those cases where the holdup in a plant is dis-
tributed in a very diffuse way, the total amounts of mate-
rial may be important by any of the usually applied
criteria; financial, safeguards, or environmental. There-

fore, even though the measurements lack precision and
accuracy by usual standards, the potentially significant
amounts of material involved require that one strive for an
unbiased estimate.

INSTRUMENTS
Only the simplest, most portable types of instruments
have proven useful under the harsh conditions under
which most holdup measurements are made. Three partic-
ular electronic packages, used with a variety of detector
heads, have been proven useful.

The earliest was the Eberline Corporation's SAM1 unit,
adapted by that company from a health physics instru-
ment at the request of the Los Alamos National Labora-
tory safeguards group, which then pioneered in developing
safeguards applications using it. This instrument, ba-
sically, is a portable two channel analyzer, complete with
bias supply for a detector, amplifier for nuclear detector
pulses, and a sealer readout. It could be battery powered.
An important feature is the use of a Nal-photomultiplier
detector head with an internal Am241 alpha source to pro-
vide a source of reference pulses to stabilize the gain of the
instrument. This stabilization is essential for Nal detec-
tors, especially those used under the harsh conditions met
in portable, field operations.

Limitations in this instrument led to the development
at Brookhaven National Laboratory of an improved instru-
ment. This battery operated portable and ruggedized unit
improved on the stabilization scheme of the Eberline SAM
and has many automatic features, including precalibra-
tion for nuclides of interest (235U, Pu, etc.), self-checking
features and a built-in programmable calculator for imme-
diate data reduction, e.g., statistics and enrichment.

The third of these instrumentation packages is a minia-
ture battery-operated, microprocessor-driven multichan-
nel analyzer. The original concept was by a Los Alamos
health physics group. Their design was improved on by the
Los Alamos safeguards group and is available commer-
cially. The instrument incorporates the BNL Nal stabiliza-
tion scheme. The microprocessor, using Los Alamos-
developed software tailored for safeguards applications, to-
gether with the flexibility afforded by the multichannel
analyzer capability, makes this portable instrument
(weighing roughly the same as either of the previous two
instruments) the most versatile and powerful electronics
package for holdup measurement. Despite being push-but-
ton operated and menu driven, it is however more difficult
to use than either of the previous devices under field con-
ditions and requires considerably more expertise and
training of the operator.

While the usual application of these three electronic
packages is with Nal detectors, each can also be used with
other detector heads. There are two of particular interest.
One is a neutron detector using a He3 proportional coun-
ter and shielding arranged to produce a directional effect
in the sensivity. Other arrays using BF3 or He3 propor-
tional counters can be custom made to suit particular ap-
plications and can be used with each of these electronic
packages. The second is a hand-held instrinsic germanium
diode gamma detector. The higher resolution of these de-
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tectors compared to Nal enables them to resolve interfer-
ing gamma lines. Such detectors are now commercially
available and will work with either the BSAM or the mini
MCA.

CALIBRATING GAMMA RAY
INSTRUMENTS
In assaying holdup under field conditions, it is of course
necessary to relate the intensity of radiation received from
an object to the amount of special nuclear material con-
tained in or on the object. To accomplish this it is some-
times necessary to idealize the object's geometry as a
point, line, or area source of radiation. For examples, a
glove box wall can be idealized as nuclear material distrib-
uted over an area,- a pipe would be idealized as a linear
source.

Having idealized these objects, one then has the choice
of relating the response of the detector to such an object
mathematically or experimentally.

Neglecting absorption, and to the extent that the detec-
tor can be considered a point (i.e., its dimensions being
small compared to other distances involved in the mea-
surement geometry) the radiation from a point source will
vary inversely as the square of the distance between detec-
tor and source, from a line source inversely as the dis-
tance, while from a plane, it would be ideally independent
of the distance. (This assumes the line and plane dimen-
sions are large compared to the distance between detector
and object).

An alternative procedure, preferred because it can be
made quite realistic and not dependent on idealizations, is
to use synthetic point, line, or area sources to calibrate the
detector.

A point source of 235U radiation is often simulated
using a small disk of high-enriched uranium metal, lami-
nated between thin plastic sheets to make it robust and
contamination-free. Self absorption must be allowed for in
relating the amount of 235U to the instrument response.
An encapsulated pellet of PuO2 of known isotopic compo-
sition, with similar allowances for self absorption, can be
used for Pu.

The effect of a line source on the detector can be synthe-
sized by displacing the point source along a line perpen-
dicular to the detector axis and summing the
contributions. The response to a uniformly dispersed area
source can be simulated in the same manner, by measur-
ing the response to a point source at successively larger
distances orthoganal to the detector axis and multiplying
each of the readings by a weighting factor which is propor-
tional to the area of the annular segment of the surface in
which it is located. Alternatively, an area source may be
fabricated in the following manner:

Sheets of transparent plastic with adhesive on one side
are commercially available. The adhesive is protected
with paper which can be peeled off. This protective paper
is scored with the dimensions of the desired area source,
and this area is peeled off leaving a protected border. Then
(for a 235U source) powdered UO2 is sprinkled and brushed
uniformly over the exposed sticky area. The protected bor-
der is then peeled off and another sheet of transparent plas-

tic, sticky side down, is placed over the first, sealing the
UO2 powder between two sheets of plastic and within a
frame free of UO2. This transparent sandwich can then be
visually examined for uniformity.

Weight measurements of the plastic sheet and paper
backing, before and after loading the sticky side with UO2,
gives the weight of deposited SNM material per unit area.
This area source exposed to the detector at a distance such
that the detector cannot see the source edges, can then be
used to calibrate the response of the instrument in counts
per second per gram 23SU per unit area.

EXAMPLES OF ENRICHED URANIUM
HOLDUP MEASUREMENTS
The concrete floors and cement block walls in areas of nu-
clear fuel manufacturing plants that have been intensively
utilized, particularly for chemical processing, will often
become impregnated with nuclear material. While the ra-
diation levels may be low enough from the point of view of
safety, the contaminated materials may need to be recov-
ered or guarded when the building is decommissioned.

Plant history and a preliminary radiation survey should
indicate which sections of the floors or walls deserve at-
tention. Then a grid is down on the surface to be surveyed
with chalk, for example, and the cordinates inscribed. The
grid spacings should relate to the anticipated concentra-
tion of SNM. Typically they range from one to three feet
on a side.

Floor assays can be accomplished with the aid of one of
the portable detector-instrumentation packages described
above, mounted on a wheeled device resembling a golf bag
cart (the "floor sweeper"). The collimated detector (typ-
ically a 3U" by 3/4" Nal) is printed to the floor, a fixed dis-
tance above it. From one to five separate counts are taken
depending on the apparent intensity and variability within
the grid square, and the results noted on a floor map. The
detector is calibrated by noting the response to an area
source placed on a clean area of the floor.

Guided by the results of the floor sweeper survey, drill
dust samples (made with a rotary hammer drill with car-
bide bit) are taken, again at one to five locations within the
grid square. Hole depths are typically three to five inches,
based on the apparent radioactivity encountered, mea-
sured as described below. It has been found possible to re-
cover 98% to 99% of the powder generated in the drilling
process. This is done with the aid of a small (= 1 foot diam-
eter) cyclone separator operating from a small shop vac-
uum cleaner. The cement powder is sucked out of the
hole, enters the separator and then falls down through the
bottom of the separator into plastic vials. The vacuum
cleaner exit is equipped with absolute filters. A motor
driven eccentric weight sets up a vibration in the separa-
tor, which prevents the powder from sticking to the walls.
The vials, labelled with the grid coordinates where the
samples originated, are assayed in a Nal well counter.
They may also be analyzed by a wet chemistry procedure
and, if desired by mass spectroscopy.

Thus in principle, a correlation can be established be-
tween the "floor sweeper," the gamma assayed drill sam-
ples, and the chemically recovered material. In practice,
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the correlation between the Nal well counter assay and
chemical/mass spectrographic assay of the recovered dust
samples is fair to good, while the correlation of floor
sweeper results with the other two is usually poor, be-
cause of the poor control of geometry and the variable and
uncertain amounts of absorption of radiation by the ce-
ment matrix. Nevertheless, the floor sweeper is still valu-
able because it shows where the more accurate but more
laborious assay procedures should be carried out and
thereby indicates what the proper allocation of time and
effort should be.

Plant walls are typically of hollow, cement or cinder,
block construction. It is therefore difficult to drill into
them to recover material, and nuclear material on one side
of the wall will interfere with assay of the other side. For-
tunately, with some noteworthy exceptions, walls and
ceilings hold much less material than floors. Usually, as-
says of walls and ceilings are done with a device analogous
to the floor sweeper, descriptively termed "the counter
telescope." This is a large (3" x 5") collimated Nal detec-
tor that can be aimed at any angle from horizontal to verti-
cal and is calibrated using area sources.

Duct work often contains holdup. The value of this ma-
terial, the fact that it is in an easily recoverable form and
that significant amounts are often involved, makes it par-
ticularly important to calibrate detectors accurately. This
is often done using mockups of ductwork containing nu-
clear material. Samples of the ductwork identical or simi-
lar to that used in the plant are obtained with the
cooperation of plant engineering or maintenance person-
nel who seem invariably to have samples or "leftovers" of
the ductwork used in fabricating the process line. The in-
ner surfaces of sections of this duct can be covered with
area standard sources, to calibrate the detector for the ac-
tual measurement geometry, including attenuation.

In assaying the ductwork, it is often necessary to place a
lead sheet of flexible lead blanket over the far outside of
the duct in order to prevent radiation from other sources
from interfering with the assay. At a particular point along
the length of the duct, assays are taken at four mutually
perpendicular or opposite directions to compensate for un-
equal distribution of material over the inside duct surface.
Assay results are noted on a map of the ductwork accord-
ing to position. The positions should be chosen at inter-
vals consistent with the apparent intensity of the
radiation, except for places where the ductwork abruptly
changes direction or cross section. These should be treated
separately, since unusually large concentrations are often
found there.

Glove boxes ranging from desk-sized to multistoried
structures form another important holdup source, from
the equipment within and on the inner surfaces of the box
structure. Prior to assay, window ports should be specially
cleaned or replaced if possible, and gloves replaced. Then
the detector can view the opposite walls or objects within
the glove box through the clean windows and the detector
can be inserted into the gloves while keeping it in clean
surroundings.

Objects inside the glove box are idealized as point, line,
or area sources and are assayed using the respective detec-

tor calibrations. Where necessary, attenuations are calcu-
lated from knowledge of the material and thickness of the
objects being viewed. Calibrations are also possible in situ
by introducing (bagged) standard sources. Interference
from neighboring objects is prevented using bagged-in
shielding, or shields placed outside the opposite wall. As
in the case of floor or duct assay, it is helpful to have a
sketch of the box and its contents on which the various
assay results can be noted and tabulated.

Furnaces and ovens are places where holdup is often
found in significant quantities. With these objects there is
the additional problem that their walls are so thick that
calculations of attenuation are hopelessly inaccurate. In
these cases, it has been found possible to send a bagged
detector without collimation into the cooled-down fur-
nace at the end of a suitable long cable, carried on the con-
veyor belt used to feed the furnace.

MEASUREMENT OF PLUTONIUM
HOLDUP
Plutonium isotopes emit gamma-rays of many energies,
some of which are considerably more penetrating than the
186 keV gamma ray of U-235. However, the isotopic com-
position is variable and it changes as Pu-241 decays to
Am-241. The calibration methods described above may be
used, though multiple enclosures for sources are advisable
because of the much greater radio-toxicity of plutonium.

There is however an additional possibility for plutonium
assay in that neutrons emitted by spontaneous fission are
in principle also available for assay. A serious complica-
tion, however, is that neutrons are produced by a, n reac-
tions with light element impurities as well as by
spontaneous fission of the even isotopes. The plutonium
isotopic ratios and the light element concentrations may
not be well established. There is also the problem that the
detection efficiency for neutrons is dependent on the neu-
tron energy, which in turn is strongly influenced by the
presence of moderators. This effect is difficult to compute
in the complicated geometries found in holdup measure-
ment situations. It is also difficult (compared to the corre-
sponding gamma calculations) to calculate neutron
absorption.

However, neutrons do tend to be more penetrating than
gammas, and this makes them useful at least as an auxil-
iary assay signiture. By the same token, it is harder to col-
limate neutron detectors or to shield them against other
sources near the one being assayed.

Deliberately non-directional neutron detectors2 with
flat energy response have been used to sample the total
neutron production in a given room, with the hope that
this constitutes a signature for the total amount of plu-
tonium holdup in the room and its equipment. The mea-
surements are often interpreted using computer code
calculations of what the response of the detector should
be. Aside from uncertainties in the relative (a, n) versus
fission neutron contributions, the assumption is being
made that the room is isolated from neighboring areas, a
condition which is valid only if solid concrete (not cinder
or cement block) walls are the room boundaries.
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CONCLUSION
The picture of holdup assay as presented above should be
seen as a conglomerate of relatively simple common-sense
procedures involving only low technology instrumenta-
tion and a will to do the best job under often highly ad-
verse circumstances.

The techniques described above were developed by in-
dustry, the national laboratories, and the regulatory agen-
cies, who have all cooperated in this difficult area of
nuclear technology. Though the views expressed are my
own, my thanks and acknowledgements go to my col-
leagues and coworkers from all these sectors of the nuclear
field.

'Research carried out under the auspices of the U.S.
Department of Energy Under Contract No.
DE-AC02-76CH00016.
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ABSTRACT
A radiometric method of determining the inventory of an
operating plutonium plant is described. An array of total
neutron counters distributed across the plant is used to
estimate hold-up at each plant item. Corrections for the
sensitivity of detectors to plutonium in adjacent plant
items are achieved through a matrix approach.

This paper describes our experience in design, calibra-
tion and operation of a Plutonium Inventory Measure-
ment System (PIMS) on an oxalate precipitation
plutonium finishing line. Data from a recent trial ofNear-
Real-Time Materials Accounting (NRTMA) using the
PIMS are presented and used to illustrate its present per-
formance and problem areas. The reader is asked to con-
sider what role PIMS might have in future accountancy
systems.

PHYSICAL PRINCIPLES
1. The penetrating nature of neutrons makes them less

susceptible than gamma rays to attenuation in bulk fissile
materials or glovebox construction materials. Inventory
measurements in a plutonium plant using total neutron
counting (TNC) are therefore less likely to underestimate
the inventory than gamma counting. TNC also has the ad-
vantage of simplicity, but is subject to the following
restrictions:

(i| the isotopic and chemical composition of material
at all points in the plant must be well charac-
terized and

(ii) correction for multiplication effects in bulk prod-
uct material is required.

2. Neutrons are emitted from plutonium with energies
of 1-3 MeV and will undergo many interactions with their
surroundings, particularly concrete building materials, be-
fore becoming thermalised and absorbed. After a small
number of interactions, the point of origin of a neutron is
lost. The ideal plutonium inventory measurement system
(PIMS) based on Total Neutron Counting would use detec-
tors sensitive only to 1-3 MeV neutrons so that maximum
information on the mass distribution of hold-up would be
obtained. In practice, such detectors would be unaccepta-

bly bulky, and smaller devices with an intermediate en-
ergy response must be accepted, together with a means of
correctly assigning detected neutrons to the originating
sources. We have developed a simple matrix approach (Fig.
1) to achieve this. The counting rate from a detector is the
sum of the response of that detector to all sources for
which it has significant sensitivity. Provided that all such
sensitivity factors can be measured, the matrix equation is
easily solved for the neutron emission from each plant
area. Correction for multiplication effects, and division by
the specific neutron emission appropriate to the chemical
and isotopic form of material at the point monitored, gives
plutonium mass directly.

3. The performance of a PIMS is determined by the care
with which individual detectors are sited. Criteria for sit-
ing should be to:

(i) maximise detection efficiency to the target item,
while minimising efficiencies to other nearby
items,

(ii) minimise efficiency variation for possible plu-
tonium distributions in the target item, and

Detector 1

I i :̂ L
Glove [box A

f KI.A
Hold-up emitting
HA neutrons/s j^x^

Detector 2

"^ I 'Glove I box B
t^B

Hold-up emitting
nB neutrons/s

Countrate C, = ki,A .nA + k1iB.nB
C2 = k j .A- iA + k 2 B . n B

Where the k,,A is the sensitivity (detection efficiency)
of detector 1 to hold-up in glovebox A etc.

k2,A k2|B

[HA]
[nBJ

Figure 1. Matrix approach
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Detectors are numbered 1-39 (with some gaps)
(E) signifies thermaj neutron room - monitors
PuN - plutonium nitrate, PuOjc - plutonium oxalate, Pu02 - plutonium oxide
OML - oxalate mother liquor
Can weld area is shared with adjacent finishing line

Figure 2. PIMS experimental system

(iii) consider the maximum countrates likely and any
resulting deadtime losses.

4. In designing a. PIMS, considerable effort should be
put into experimentally simulating source-detector geo-
metries to achieve objectives (3.i| and (3.ii). Relationships
to all concrete surfaces and other moderators or reflectors
should be accurately simulated, but steelwork can be ig-
nored. It is, however, impractical to simulate interactions
with nearby sources accurately — instead, more limited
experimental work and available data on, for example, neu-
tron attentuation by concrete has to be used. Theoretical
modelling also has been of some use for this purpose.

5. Once detectors are installed, the system must be cali-
brated before the plant goes active to enable accurate de-
tector sensitivities to be determined. The calibration
source used must be physically small for accurate posi-
tioning and easy access inside plant items, but with a high
neutron emission to minimise count times. Ideally, a plu-
tonium source of characteristics similar to the hold-up ex-
pected at the particular calibration point should be used.
All possible hold-up positions must be covered by this
point calibration exercise, and the data must be combined
in such a way that the expected normal plutonium distri-
bution is closely simulated. The importance of minimis-
ing efficiency variations within a target item is clear.

6. It is important to define detector positions correctly
at the outset, as subsequent modification of detector posi-
tions will involve recalibration under active plant condi-

tions. Definition at an early stage in plant design also al-
lows provision for re-entrant tubes to mount detectors if
this is desirable.

EXPERIMENTAL PIMS
1. Our experimental system is installed on an operating

plutonium finishing line. This consists of a glovebox line
arranged vertically in five concrete cells as shown in Fig. 2.
Plutonium nitrate is pumped to the top of the plant, then
oxalic acid is added to precipitate plutonium oxalate,
which is filtered off, decomposed to oxide in a drier fur-
nace, calcined, blended (optional], and packed in all-
welded steel cans.

2. The locations of PIMS detectors are also shown in
Fig. 2. There are a total of 29 in-process detectors, mostly
single detectors monitoring individual gloveboxes. Lim-
ited use of 2- or 3-detector arrays is made to give much
reduced efficiency variation in key areas (e.g., detectors
33-35 under the calciner). All but two of the in-process de-
tectors are 50-mm diameter boron trifluoride (BF3) neu-
tron counters enclosed in a 25-mm thick polythene
moderator annulus, which itself is enclosed in a 0.5-mm
cadmium neutron shield. This package has a maximum
efficiency at 10 eV (3-4 times the efficiency at 1 MeV) and
the efficiency falls off rapidly below 0.5 eV. The other two
in-process detectors (detectors 36 and 37) are 25-mm -di-
ameter BF3 counters located within the 300-mm thick
neutron shielding that surrounds the two bulk hoppers. A
0.5-mm cadmium shield is positioned over the center of
the detectors to flatten the response variation over the an-
ticipated vertical height of product material.

3. Two more 50-mm BF3 counters (detectors 38 and 39)
are mounted bare in the packaging cell. These room-moni-
tors measure the thermal flux in the cell and will ulti-
mately be used to crosscheck the inventory determined
from the in-process detectors.

4. A particular difficulty with the experimental PIMS is
its proximity to a second plutonium finishing line. Correc-
tions are made for varying backgrounds from this source.
A total of 6 detectors (14, 26, 27, 28, 29, and 32), identical
in design to the in-process detectors, are provided for this
purpose. Background corrections over most of the plant
are small, and are based on a ratio correction that assumes
the background detectors to be sensitive only to the inter-
fering plant (i.e., a one-way interaction). In the packaging
area, background effects are more significant — full cal-
ibration of the interfering plant was therefore carried out,
and detector 27 was included in the matrix so that two-
way correction is available.

5. Data outputs from the experimental system are dis-
played directly as countrates and archived on a data-logger.
Countrate information has proved invaluable to the plant
operators for process monitoring and control and in pro-
viding early warning of blockage problems. Processing the
data to produce the plutonium-mass distribution is done
off-line at present, but work is underway to enable all data
processing to be carried out on-line, giving the plant opera-
tors direct readout of plutonium-mass-distribution on a
whole-plant, individual cell, or plant item basis.
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Table 1
PIMS inventory data (selected)

Day

Whole Plant

Cell Totals
Unpack

RVF & precip.

Furnace

Blender

Packaging

Packaging Cell
Packaging hopper

Dispense screwfeeder

Dispense head

Heat seal box

Can weld area

1

84.1

7.2

10.7

21.5

3.5

41.3

26.8

16.2

-1.5

-0.2

0.0

2

62.9

7.3

14.0

16.1

4.7

20.8

0.4

-2.0

24.0

-2.0

0.4

3 14

103.0 98.O

7.1 7.2

14.0 I 17.0

21.0 | 24.2

2.9

57.8

2.8

46.8

ZS.?' 34.0

10.71 14.9

20.1 | -2.0

-2.0 -0.1

0.4 0.0

15

95.3

7.2

17.3

23.6

3.1

44.0

14.6

14.9

1O.9

4.3

-0.8

16

1O1.7

7.4

15.4

25.0

3.1

50.9

20.9

15.9

4.9

11.8

-2.5

Data normalized to average plant stock of 100

PIMS PERFORMANCE
1. The calibration matrix for any PIMS is diagonal in

nature because detectors are predominantly sensitive to
items in their own cell area and in cells immediately adja-
cent. The leading diagonal efficiencies should be the maxi-
mum terms in their row and column. Figures of merit that
measure the strength of the leading diagonal can be used
as indicators of the quality of system design. Leading diag-
onal terms are typically 5 to 10 times larger than their
nearest-neighbour off-diagonal terms, although in some
areas factors of only 2 times are obtained.

2. Results of a recent trial of near-real-time materials
accountancy (NRTMA) using the PIMS giving a good idea
of its potential. PIMS assessments were carried out daily
at midnight, with the plant operating but with no product
can movements during the measurement. Taking the
PIMS assessment for the previous day as an opening stock,
a closing stock can be calculated daily from receipts and
issues data obtained by conventional means. This can then
be compared with the day's PIMS assessment to derive a
material unaccounted for (MUF) (or inventory difference
(ID) in the normal way.

3. Table 1 shows some of the data obtained from a 16-
day trial. Data have been normalised to an average plant
stock over the trial of 100 units. PIMS data are shown for
the whole plant, for individual cells, and for individual
items within the packaging cell where the bulk of the in-
ventory variation occurs.

4. The PIMS data within the packaging cell include
some negative masses, which result from misallocation in
the matrix approach. Although obviously undesirable,
there is no justification for excluding these negative values
from any summation of data for the cells and the whole
plant. Whole-plant data have been validated against calcu-
lated book stocks for a period of a year from plant start-up,
and the agreement obtained was typically +10%.

5. Figure 3 plots MUF and CUMUF time-series for the
NRTMA trial. The PIMS clearly follows changes in plant
stock — Agreement is again typically within ± 10% re-

sulting in small daily MUFs. One instance of a large posi-
tive MUF followed by large negative MUF the next day is
discounted as due to timing differences in data collection.
Figure 4 shows a regression plot of the change in PIMS
against (receipts-issues) for all available trial data. The cal-
culated slope of 0.82 + 0.08(2ff) suggests some residual bias
in the PIMS which leads it to slightly under-estimate plant
inventory.

PROBLEMS
1. A number of deficiencies are recognized in the experi-

mental PIMS — in particular, because the decision to in-
stall it was taken at a very late stage in plant design, little
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Figure 3. Results of 16-day NRTMA trial
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optimization of detector positions was possible.
This will contribute to bias in the results. Other
potential sources of bias include:

(i) The combination of point-calibration data may be
inappropriate for some plant states. In areas where
discrete bulk source movements occur (e.g., pack-
aging! it may be possible to monitor the plant state
through its control systems and select a matrix ap-
propriate to that plant state. This was done manu-
ally in our NRTMA trials.

(ii) The assumed isotopic and chemical compositions
may not be appropriate at all points. The isotopic
match may be particularly poor when the plant
handles a wide range of isotopic compositions, es-
pecially if measurements are carried out at plant
clean-out where it is not clear that hold-up derives
from the last batch processed. High resolution
gamma spectrometry is to be investigated as a
means of obtaining periodic hold-up isotopics.

(iii) The feed pipe inventory is included in the book
stock calculation but only partly in the PIMS as-
sessment. This may give a small bias under contin-
uous operating conditions.

(iv| Errors may be present in the initial point calibra-
tion due to position mismatch, spectral differences
(if non-plutonium sources were used) or multi-
plication errors (if plutonium sources were used].

(v) Multiplication corrections may be needed in bulk
sources. To date this has not been attempted other
than to position hopper detectors in such a way as
to minimise non-linear response. Non-linearity
will have to be assessed by careful correlation of
estimated plutonium mass from operational data
with corrected neutron emission detected by the
PIMS. Correction for non-linearity can then be
done after matrix solution. Modelling multiplica-
tion using a neutronics code may also be helpful.

2. More fundamental problems of PIMS development yet
to be tackled are:

(i) the elimination of negative hold-up masses by in-
clusion of extra neutron shielding between plant
items or by compromising on detector dimensions.

(ii) error analysis — because the major error source is
in the assumptions made as to the distribution of
material, the starting point is to establish some
limits on this. A probability distribution can then
be defined covering these limits for each sensi-
tivity term. By repeatedly sampling all the distri-
butions to obtain new calibration matrices which
are then solved, error bounds on each hold-up mass
can be derived.

(iii) validation of the initial calibration and subsequent
calibration checks — arrangements have yet to be
discussed with inspection agencies as to how these
could be tackled.

(iv) measurement control — this is limited at present
to periodic standardization by manually attaching
a standard source to each detector in turn. Mea-
surement control algorithms will be incorporated
to analyse this data. More frequent but less rig-

orous checks could also be done by periodically in-
jecting into each channel a known signal and solv-
ing the matrix equation. This would test all parts
of the system except the detectors and their associ-
ated cabling.

CONCLUSION
In a short paper such as this, it is only possible to give a

flavour of this work. We feel the potential of the system
has been clearly demonstrated, and are confident of fur-
ther improvements in performance given greater emphasis
on improved detector siting. Design work is in progress on
a number of new plant installations in parallel with fur-
ther development of the experimental system. We would
ask that the reader consider the role of PIMS in future ac-
countancy systems.
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NUMATH:
A Nuclear Material Holdup Estimator

Alan M. Kiichinsky
Oak Ridge National Laboratory

Oak Ridge, Tennessee U.S.A.

ABSTRACT
NUMATH is a computer program which provides near-
real-time estimations of material compositions and in-
ventories from previous inventory measurements, operat-
ing data, and available on-line process measurements —
in a manner that is transparent to the computer terminal
operator. In steady-state simulated-run testing, NU-
MATH produced estimates within 10% of the measured
inventories for accountable materials.

INTRODUCTION
In response to heightened attention to nuclear material
safeguards and the desirability of providing real-time nu-
clear material inventories, a modular FORTRAN com-
puter program, NUMATH (Nuclear Material Holdup
Estimator),1 has been developed to provide near-real-time
estimations of material compositions and inventories
from previous inventory measurements, operating data,
and available on-line process measurements — in a man-
ner that is transparent to the computer terminal operator.
This program has been tested in the remotely operated
233U Radiochemical Processing Plant (RPP) at Oak Ridge
National Laboratory where, in addition to liquid and
solids blending, the unit operations employed include
solids dissolution, solvent extraction, ion exchange, evap-
oration, precipitation, centrifugation, and calcination.

Since the compositions are used for inventory estima-
tion, the results are cataloged in container-oriented files2

to represent material accumulated in applicable vessels —
including consideration for material previously logged in
these vessels. When an operator prompts a user-friendly,
material-transfer monitoring program2 to terminate the
active use of any vessel in the process, NUMATH is auto-
matically invoked to:

1. Collect pertinent data.
2. Estimate the present composition of material in

every vessel (except source vessels, which main-
tain their material characteristics) involved in the
unit operation based on each vessel's process mea-
surements (i.e., volume and density), previous ves-
sel compositions (calculated or, if available,

analyzed), unit operation characteristics (e.g., flow
rates, vessel connections, transfer characteristics),
and selected models.

3. Store the estimates in the container files (i.e., the
physical inventory) and other appropriate files in
the system.

Records in which estimates are stored are marked as con-
taining estimated compositions until samples are an-
alyzed and the measured values (input via a user-friendly
analytical data base access program2) supersede the
estimates.

NUMATH DESCRIPTION
The inventories of individual vessels involved in a unit
operation may be estimated based on those vessels' func-
tions in the unit operation. Based on data from plant oper-
ating history and the degree of accuracy required for the
estimates (within 10% of analyzed values for fissile and
fertile materials), the assumption has been made that the
models applicable to operations in the subject plant are
weakly dependent on source material compositions and
that resultant material compositions may, therefore, be
calculated without iteration. For steady-rate operations,
three basic models evolve from the above considerations:
the blending model, the separation model, and the conver-
sion model.

The blending model uses a perfect mixing algorithm to
describe the combination of bulk quantities (Qs in weight
or volume units) of materials of different element ( j ) com-
positions (Cf in units of g/L or g/g) from several sources (s
= 1, 2, 3, ... ,n). The element composition resulting in the
subject vessel (v) may then be found from:

It should be noted that Qs, the bulk quantity contributed
from each source, may represent either the net quantity
transferred or the bulk quantity flow rate depending on
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the subject vessel's transfer characteristics. This feature is
provided to permit composition estimates for material re-
siding only briefly in process vessels (e.g., continuously
operated, flow-through columns) in addition to composi-
tion estimates for material accumulating in process surge
and storage vessels.

Isotopic contributions to the inventory are maintained
in units of weight fraction. The weight fraction of the ith

isotope resulting in the subject vessel (Ff) may be
calculated from the isotopic weight fraction (Ff) from the
source s:

y QS

i QS

The separation model uses an equilibrium relationship,
the "distribution law" equation,3 to describe the resulting
distribution of components between phases for processes
in which equilibrium changes occur:

to "

where Df is the distribution factor for element j from ves-
sel s. It is important to note that material is accounted for
by containers in a container data base (CDB)2 and that
multiple, immiscible phases (capable of bearing account-
able quantities of nuclear material) exist as multiple con-
tainers in the CDB. (The isotopic weight fraction resulting
from such material distribution, and for the following con-
version model, have been developed in a manner similar to
that for the blending model.)

The conversion model is used to describe the change in
composition for processes in which completion or near-
completion changes occur. This model is an impirical rela-
tion to adjust elemental compositions of material as it en-
ters the reaction vessel:

V J J Qv

where A, and Bf are constants describing element j compo-
sition adjustments. Notice that Bf permits a partial com-
position adjustment of element j from vessel s, while the
ratio of quantities of Qs and Qv describes a dilution effect.
For a flow mode, Qv is replaced by Qs.

The distribution and conversion factors may be empiri-
cally determined from process operating histories or from
laboratory testing. These factors and the vessel interrela-
tionships are obtained from a special ASCII process defini-
tion file1 that catalogues transfer characteristics of every
vessel involved in the process.

Estimated compositions resulting from the three basic
models are subjected to a specific gravity adjustment. For
any vessels having specific gravity (SpG) instrumentation,

the estimated elemental compositions are adjusted to ex-
pected levels based on the measured SpG. This adjustment
is determined by applying a correction factor to the esti-
mated compositions, C^

adjusted composition = estimated composition • factor.

The empirical correction factor is determined by the ratio
of an expected sum of compositions (based on the mea-
sured SpG) to the sum of compositions estimated by
models mentioned above. This factor adjusts the composi-
tions while preserving the molar ratios of the estimated
species.

NUMATH is not restricted to the three aforementioned
basic models, but may be provided with any number of
user-defined vessel models or, perhaps, rigorous estima-
tors tailored to specific unit operations.

NUMATH IMPLEMENTATION
The composition of material in vessels involved in any
unit operation within the subject plant may be estimated
by a combination of one or more of the basic models de-
scribed above. This concept may be best illustrated using a
block diagram of a simplified separation process (Fig. 1).
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Figure 1. Block diagram of a single-cycle solvent extraction
system.

This diagram depicts all vessels directly involved in a sin-
gle-cycle solvent extraction separation system in which
uranium is recovered from a uranium-thorium mixture.
The models used to estimate the contents, based on source
materials, are shown in parentheses in each block. To ac-
commodate the aqueous and organic phases coexistent in
the contacting columns, the extraction/scrubbing column
and the strip column have been represented as two vessels
each.

NUMATH SIMULATION RESULTS
Trial NUMATH estimations were performed by simula-
tion of solvent extraction operations. Initial conditions (in-
cluding feed compositions) were entered into applicable
vessels, and the unit operations transfers were performed
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Figure 2. NUMATH performance relative to measured inventories for solvent extraction simulation.

on the computer as they would be for actual runs. NU-
MATH was automatically invoked by the transfer opera-
tions. Estimated composition data were accumulated and
evaluated.

The overall performance of NUMATH may be best eval-
uated by how well its composition estimates yield final
inventory totals in relation to the measured final inven-
tory totals for each run (Fig. 2).

For the solvent extraction simulated runs, all but one of
the estimated inventories were within 10% of the mea-
sured inventories for uranium and for thorium. One run
exceeded the ± 10% criterion established earlier for fissile
inventory estimates possibly due to the use of off-specifi-
cation feed. (In such cases, thorium competes with ura-
nium for the unused extraction sites.) The excessive
thorium inventory in another run appeared to have been
caused by a suspiciously high specific gravity measure-
ment which factored into the NUMATH composition
estimates.

CONCLUSIONS
The following conclusions may be drawn from this study
with regard to estimation of nuclear material residing in
process vessels during process operations:

1. NUMATH yielded inventory estimates within
12% of measured values for the accountable mate-
rials collected during a series of steady-state pro-
cess operations using normal-range feed.

2. The estimated inventories appeared to be biased
slightly low for uranium in the simulated solvent
extraction runs. A refinement of model coeffi-
cients may reduce this bias.

3. Specific gravity instrument-calibration shifts may
lead to erroneous estimates when factored into the
NUMATH calculations.
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The residual amount(s) of fissionable materials remaining in proc-
ess equipment after the runout of bulk materials processed is
referred to as "Process Holdup of Special Nuclear Materials."
Locating regions of holdup and estimating the quantity of fissile
materials remaining as holdup are important not only to materials
accountability but also to process safety. Holdup is often referred to
as a "Hidden Inventory." In materials accounting terminology, hid-
den inventories are part of "Materials Unaccounted For" (MUF) or
"Inventory Difference" (ID). MUF or ID could be construed as
"Loss" or "Diversion." From a safeguards perspective, all these des-
ignations are undesirable. Another terminology that is relevant to
holdup is "In-Process Inventory." During process operations and
temporary shutdown, the holdup within the facility is also known as
the in-process inventory. Estimating this inventory is just as
challenging as residuals after process runout.

The role of hidden inventories, or holdup, as a safeguards problem
is now recognized by almost everyone interested in establishing
effective safeguards for special nuclear materials. As part of this
effort to organize the first INMM-sponsored Technical Workshop
on Process Holdup of Special Nuclear Materials, an attempt was
made to update an earlier survey of open literature publications of
relevance to holdup.1 The publications identified during this survey
are listed below. The list includes only those publications that are
generally available through the resources of a good technical library.
An attempt was made to exclude from this list those documents
recognized as internal documents, progress reports, preliminary
reports, abstracts, etc.

The folio wing list of publications is arranged in the order of their ap-
pearance in the open literature.
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INMM TECHNICAL WORKSHOP

Integrated Safeguards
Sponsored by the INMM Technical Working
Groups on Physical Protection and
Materials Control & Accountability

October 17-21, 1988
Albuquerque Marriott Hotel
2101 Louisiana Blvd.
Albuquerque, New Mexico
87110 USA
505/881-6800

Who Should Attend:
Personnel at nuclear facilities engaged in
design planning, implementation,
administration and evaluation of
safeguards systems.

Tentative
Workshop Topics:
Process/Safeguards Integration
Interfaces between the process and
safeguards and enhancement of their
effectiveness.

Integration of MA, MC, and PP
Interfaces between MA, MC and PP and
enhancement of their effectiveness.

Design/Evaluation Tools for
Integrated Safeguards
Overview of tools for evaluation of
safeguards systems and their application
to achieving integration.

Integration of Administration
Procedures and Safeguards
Technology
Interactions between new safeguards
technology and administrative
procedures and how to improve
interfaces between. Organization
structures that enhance integration of
administrative procedures and
safeguards technology.

Orders, MSSAs, and
Integrated Safeguards
How orders stimulate integration and
effects of integrated systems on meeting
performance requirements.

For Specific Program
Information Contact
Co-Chairmen:
Ivan Waddoups
Sandia National Laboratories
P.O. Box 5800, Div. 5245
Albuquerque, NM 87185 USA
505/844-1649

Jack Markin
Los Alamos National Laboratory
P.O. Box 1663, MS E550
Los Alamos, NM 87545 USA
505/667-7777

For Registration Information
Contact:
Institute of Nuclear Materials
Management
60 Revere Drive, Suite 500
Northbrook, IL 60062 USA
312/480-9573 or 9080
Fax: 312/480-9282

miNMM
INSTITUTE OF NUCLEAR MATERIALS MANAGEMENT
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Imperative Ink

Nuclear Imperatives
and Public Trust
Luther J. Carter
Resources for the Future, Inc.
Distributed by
Johns Hopkins University Press
Washington, D.C., 1987,
cloth, $25.00

When I received an invitation to
write this review, my first reaction
was dismay. The first thought was:
this must be another book written by
a frustrated sociology student, unable
to obtain gainful employment, and
peddling some one-dimensional view
of the world. The words "Imperative"
and "Trust" in the title triggered my
apprehension. Later, I found myself
reading it over a couple of nights as a
thriller, and then reading it again
carefully to write this review. My
first reaction was wrong.

This book presents a quite useful
overview of the field. There are some
curious little biases and omissions, to
which we shall refer later. However,
on the whole, it contains a wealth of
information not readily available to
non-insiders.

High level waste management is
such a complex cluster of issues,
technical, political, social, economic,
bureaucratic and so on, that we
should keep in mind the story of the
blind men and the elephant. None of
us, blind men, can really get a broad
perspective of the whole problem. My
several years of work in evaluation of
high level waste management pro-
grams has resulted in a rather
humble attitude and a nagging feeling
that at any given time I am not in
possession of all the relevant and nec-
essary facts. When somebody starts
to tell me about the whole elephant,
I get suspicious of getting just a pro-
jection of the elephant on some
political plane.

Reality is rather delicate and elu-
sive, and it is clearly felt only in
those things with which we have di-
rect and personal experience. Truth,
therefore, in the sense of conformity

with reality, in a document covering
a broad range of issues beyond my di-
rect experience, is difficult to verify. I
have used for this review a rule of
thumb that has served me well over
the years: Look for those statements
about which I have direct experience;
if one statement is wrong, then reject
the whole document,- if no statement
is clearly wrong, then assume ten-
tatively that the document is right. I
have not found a clearly wrong state-
ment by the author, but I will point
to some opinions with which I dis-
agree in the body of the review.

It must be clear by now that I ap-
proached this review with great
trepidation, but that I came to feel
comfortable with the main message
of the book. So much for a partial
statement of prejudices.

The book is broken into four parts:
Part 1, Sources of Public Unease; Part
2, Searching for a Waste Policy,- Part
3, Europe, Japan, and the Interna-
tional Waste Problem,- and Part 4, A
Time to Act.

In the first part, it develops the
theme of the two "imperatives, safe-
guards of SNM and containment of
radioactivity," by describing the light
water reactor fuel cycle, including de-
commissioning, decontamination of
reactors, reprocessing and geological
disposal. Along the way it states that
borosilicate glass offers little or no
advantage over spent fuel in terms of
leach resistance and radionuclide re-
tention. This is a view that is not
supported by present work. Since this
opinion appears frequently in the rest
of the book as part of the argument
against reprocessing, it is useful to
elaborate the point. Borosilicate glass
is not as good as some of the other
waste forms that were considered and
dismissed in the early eighties, but
leach rates of radioisotopes from
glass are much more predictable than
releases from spent fuel.

Spent fuel has outside contamina-
tion, a gap inventory of fission
products (in gas and mobile solids
form) ready to be released when the

cladding fails, and pellets of uranium
dioxide that are thermodynamically
unstable, tending to loose structural
properties. In waste package designs
offering containment for 1,000 years,
glass comes very close to complying
with NRC regulations for controlled
release in some environments and by
itself. The real technical problem is
in the design of a good waste package
for spent fuel.

It is curious that work on alterna-
tive waste forms that could provide
better performance than glass is not
mentioned in this part, particularly
because such waste forms were being
talked about at the time of the pro-
mulgation of the NRC regulations in
10/CFR 60.

It is also curious that the problem
of low level waste resulting from
medical applications of radioisotopes
is ignored.

In describing Standards and Regula-
tions for geologic isolation of nuclear
wastes, the author mixes the require-
ments of the NRC in 10/CFR 60 with
those of the EPA in 10/CFR 191. Per-
haps it would have been useful to
lead the reader briefly through the de-
velopment of those standards, the
concept of reasonable assurance, and
the concept of multiple barriers. On
page 419, near the end of the book,
the author states, "... present regula-
tions prescribe that the waste
package shall contain the radioac-
tivity after repository closure for 'not
less than 300 years nor more than a
1,000 years' ...". As presented in the
book it reads as if the regulations call
for a beginning of releases at 1,000
years. What the regulations say is
that the NRC should not require less
than 300 years nor more than 1,000
years of containment. This mistake
in interpretation is unfortunately too
frequently made. If carried to its logi-
cal conclusion it would lead one to
assume that the Swedish design is
not acceptable in this country be-
cause it is expected to contain the
activity for more than 1,000 years!
Furthermore, the overwhelming of
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uncertainty advocated by Carter at
the end of the book actually implies
design goals of containment longer
than 1,000 years. In my experience,
trying to paraphrase regulations is
dangerous, but is done all the time.
This point about the regulations is a
bit of nit-picking, since this is not
used by Carter in the main thrust of
his argument.

The following chapter under the ti-
tle "Technology Ahead of Itself"
develops the point that from the early
days the AEC/ERDA/DOE tried to
rush technology into applications
with bad results. A description of the
forces in action, such as public vs.
private utilities, the push for the
breeder, the anti-nuclear movement,
military applications vs. civilian ap-
plications, the Price-Anderson Bill,
and others may better explain the dy-
namics of the development. As it is,
the kinetics of the evolution are very
well described, and most people
should find many interesting epi-
sodes, some amusing and some
distressing.

Part 1 ends with the chapter "The
Reprocessing Dilemma", a descrip-
tion of the evolution of commercial
reprocessing of spent fuel, and safe-
guards issues. It follows the initial
successful experiences of Hanford and
Savannah River, and the unfortunate
experiences of West Valley, Morris,
and Barnwell. In doing so, it follows
the differences in plant design philos-
ophy, and the evolution of
requirements. It paints an industry
trying to cut costs, and being urged
by the AEC to do so, competing with
paper designs of competitors, in a
rapidly changing regulatory and pub-
lic opinion climate.

Carter's conclusion, "In sum, by
the mid 1980's prospects for commer-
cial reprocessing had further
deteriorated, whether viewed from a
technical, economic, regulatory, or
political point of view," is too unqual-
ified and strong. I would agree to it in
the following form: By the mid 1980's
prospects for commercial processing

in the U.S., in the near future, had
further deteriorated because of a com-
bination of technical, economic,
regulatory, and political reasons. The
distinctions are important because
they bear on the applicability of the
American experience to other
countries.

Part 2 begins with the chapter "Pol-
icy Struggles in the Bureaucracy".
Here, Carter takes up again the
thread of the evolution of official
waste policy, which started in the six-
ties, and was described in chapter 2.

The time now in the narrative is
the middle seventies and the main is-
sues are beginning to take form: the
controversy between looking at many
sites on a broad geographical basis
and selecting the best, and choosing
either Nevada or Handford because
they are already government sites; the
question of whether to characterize
many repositories or only one; the
not-in-my-backyard attitude of the
States; the choice of reliance on the
geology versus reliance on the engi-
neered barrier system to assure
performance; the loss of power of the
DOE to recommend a solution and
have it accepted; the uncertainties of

prediction in geology,- the question of
retrievability of the waste; the horse
race between the field managers of
the projects. The weave of conflicts of
special interests and agendas de-
scribed here is mind boggling. There
is no way to summarize this chapter,
you have to read it. It is hard reading
but very rewarding.

The next chapter, "Conflict in the
Host States," develops the geological
characteristics of the various reposi-
tory sites proposed at one time or
another and the theme of not-in-my-
backyard in each case. The chapter is
long but is worth reading with care
because of the number of cases re-
viewed, and because one can
understand the birth of many sacred
cows. The discussion of the Yucca
Mountain site in Nevada sticks out a
little and leaves a faint hint that Car-
ter personally likes the Yucca site.

The conclusions are that environ-
mental and land use conflicts should
be avoided, that being able to thor-
oughly investigate a site helps a lot,
that an independent well-financed re-
view group increases the credibility
of the site characterization effort, and
that there should be incentives to the
local population. We can have no ar-
gument with those.

Part 2 ends with the chapter "The
Nuclear Waste Policy Act" which
takes the reader through an inside
view of the congressional debates
that finally led to the Nuclear Waste
Policy Act of 1982, which up to the
end of 1987 was the law of the land.
Carter refers to "The old adage that
there are two things best not directly
observed, one the making of sausage,
the other the making of laws ...". I
agree that the scene described in this
chapter was quite disgusting, and ten-
der youths should not read it in
civics classes, but adults ought to
read it. It leads to an understanding
of the fate of the Monitored Retriev-
able Storage (MRS) and why the
Richton Dome was eliminated from
the selection.

At this point Carter breaks the
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story off abruptly to go into Part 3,
an overview of the international
scene called "Europe, Japan and the
International Waste Problem". I rec-
ommend that the reader skip this
part and go directly to Part 4 where
the yarn left hanging in Part 2 con-
tinues. You can treat Part 3 as an
appendix.

Part 3 is an extensive review of the
reprocessing and waste situations in
the United Kingdom, Germany,
Sweden, France, Japan, and Austria.
As a summary overview it would
have been useful to include Canada
in the list, particularly because the
Canadians were the first to adopt a
throw-away fuel cycle. Also for com-
pleteness, a review of the USSR
program could have helped. Other
than that, the review is quite exten-
sive and even touches on such arcana
as the study on Palmyra island. The
conclusions in this part are that in-
ternational solutions to spent fuel
and waste management are needed,
that retrievable storage of spent fuel
would alleviate the growing backlog
of it, and that practical demonstra-
tion of retrievable disposal would
facilitate future international waste
management arrangements.

Part 4, "A Time to Act", consists
of only Chapter 13, "Common
Ground." Here Carter describes the
controversy that attended the site se-
lection, in the first round when the
DOE selects Hanford over Richton,
and in the second round when the se-
lection of a site in the East is
indefinitely postponed. The narrative
stops at about the fall of 1986. He
then proceeds to list some rather sen-
sible lessons learned in this exercise.
I will not summarize the lessons be-
cause by now the reader of this
review should be able to guess what
they are and because I want you to
read the book.

Carter does offer some solutions.
He proposes to focus the effort on a
single repository site, given that sit-
ing the first repository is enough of a
problem, and choosing between sev-

eral sites involves choices between
not really commensurable problems.

He suggests adopting a Swedish ap-
proach of overwhelming the
uncertainties of site characteristics
with conservative and robust designs
of the engineered barrier system, to
ensure containment for far longer
than would be possible by just rely-
ing on the geologic barriers. He
reminds us that this strategy was at
the heart of the Interagency Review
Group recommendations in 1979, and
that this strategy contributed to the
broad consensus in the scientific
community that geologic isolation
was technically feasible.

He proposes a new openness, en-
couraging broad discussion of the
technical issues by independent ex-
perts, and discussion of methods by
which the repository offers benefits
to the local population.

He finds a role for the National
Academy of Science in choosing one
site for the repository, identifying
waste package design concepts capa-
ble of overwhelming uncertainty,
suggesting methods to be used at a
test and evaluation facility to opti-
mize system containment, and to
help in setting up a credible process
of peer review.

At the time of this review, February
1988, we have seen the Nuclear
Waste Policy Amendments Act of
1987 passed by Congress. In it, Yucca
Mountain is selected as the only site
to be studied, discontinuing all site-
specific work in Hanford, Deaf Smith
County, and crystalline rock. There
are benefit arrangements for the re-
cipients of the repository, to be
negotiated by a "Negotiator", and a
Nuclear Waste Technical Review
Board consisting of 11 members nomi-
nated by the National Academy of
Sciences which shall evaluate the
technical activities undertaken by the
Secretary of Energy.

The Congressional Record of the
House of December 21, 1987, includes
a statement by Representative Snowe
saying: "As a journalist, Luther Car-

ter, predicted earlier this year, 'When
Congress revisits the Nuclear Waste
Policy Act, as it surely will have to
do ... the policy should aim for early
identification of a site that is techni-
cally suitable and relatively free of
conflicts, and it should avoid vain
and far-flung site-screening attempts
that commit DOE ... to a punishing
procedural marathon that goes no-
where.' Mr. Carter's prediction has
come true."

In fact Carter suggested several
things and Congress apparently lis-
tened. The suggestion of
overwhelming uncertainty by a very
conservative design of the waste
package unfortunately does not ap-
pear in the new Act. It is to be hoped
that it does not get lost in the shuf-
fle, because a non-conservative design
can easily lead to an endless period of
controversy.

Reviewed by
Cesar Sastre
Biookhaven National Laboratory
Upton, New York
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IAEA LITERATURE

Posts Vacant in the IAEA

The Department of State, the U.S.
Arms Control and Disarmament
Agency and the Department of En-
ergy have initiated a program to
improve recruitment of U.S. nationals
for employment in the IAEA.

In an effort to support this pro-
gram, JNMM will publish IAEA
vacancies.

Department of Safeguards

Division: Safeguards Information Treatment
Section: Data Processing Development Position:
Systems Analyst Grade: P-4 Vacancy #88/024
Opened: 15 March 1988 Closing: 15 July 1988

Division; Safeguards Information Treatment
Section: Data Processing Development Position:
Unit Leader/Systems Analyst Grade: P-4 Va-
cancy #88/021 Opened: 8 March 1988 Closing: 8
July 1988

Division: Operations B Section: OBI Position:
Senior Inspector - Group Leader Grade: P-5 Va-
cancy #88/019 Opened: 8 March 1988 Closing: 8
July 1988

Division: Safeguards Information Treatment
Section: Data Processing Systems Position: Data
Base Analyst Grade: P-3 Vacancy #88/017
Opened: 1 March 1988 Closing: 1 July 1988

Division: Operations Section: Nuclear Safe-
guards Inspector Position: P-4 (several positions!
Grade: 87/SGO-4 Vacancy #9 June 1987 Opened:
Continuous recruitment will be carried out un-
til 31 December 1988

Division: Operations Section: Nuclear Safe-
guards Inspector Position: P-3 (several positions)
Grade: 87/SGO-3 Vacancy #9 June 1987 Opened:
Continuous recruitment will be carried out un-
til 31 December 1988

Department of Technical Cooperation

Division: Technical Assistance and Co-opera-
tion Section: Latin America Position: Regional
Projects Coordinator Grade: P-5 Vacancy
#88/027 Opened: 12 April 1988 Closing; 12
August 1988

Department of Nuclear Energy and Safety

Division: Scientific and Technical Information
Section: Computer Position: Systems Analyst
Grade: P-3 Vacancy #88/025 Opened: 15 March
1988 Closing: 15 July 1988

Division: Scientific and Technical Information
Section: INIS Position: Technical Information
Officer Grade: P-4 Vacancy #88/022 Opened: S
March 1988 Closing: 8 July 1988

How to Apply
Applications must include a vacancy notice

number, and should be mailed to the United
States Mission to the International Atomic En-
ergy Agency, Kundmanngasse 21, 1030 Vienna,
Austria (Attention Ronald Bartell). After U.S.
Government endorsement is given, the Mission
will forward the application to the Division of
Personnel at the IAEA.

U.S. Candidates must also send a photocopy
of the original application to: (for positions in
the Department of Safeguards) P.O. Box 650,
Brookhaven National Laboratory, Upton, N.Y.
11973, (for all other positions) IO/T/SCT, Rm.
5336, Department of State, Washington, D.C.
20520.

For more information contact Mr. W. Porter,
Department of Energy, FTS 586-6175. Potential
applicants should leave their name, address, and
position in which they are interested. DOE will
then forward a package of information on the
IAEA and the position they wish to apply for.

Spent Fuel Seminar
Proceedings Available

The proceedings of the fifth
Institute of Nuclear Materials
Management Spent Fuel Man-
agement Seminar are now
available. These proceedings are
a valuable reference, containing
the complete text of the 23 pa-
pers presented at the seminar,
held Jan. 20-22, 1988 in Wash-
ington, D.C.

The papers represent the cur-
rent state of technology and
regulation in Institutional Is-
sues; Developments in Dry
Storage Technology; Develop-
ments in Consolidation of
Spent Fuel; Reactor Storage/
DOE Transportation System In-
terface Considerations; and
Technical Issues and Programs.

Copies are available for $200.
For information contact Beth
Perry, INMM, 60 Revere Dr.,
Suite 500, Northbrook, 111.
60062 U.S.A. Telephone
312/480-9573.

Victoreen Publishes
New Catalog

Victoreen, Inc. has published a new
168-page nuclear products catalog
covering instruments and systems.
There are selections for GM/Scintilla-
tion survey meters, ion chamber
survey meters, personal dosimetry,
area minitots, calibration and anal-
ysis instruments, quality assurance/
radiology and more. Contact Victo-
reen, 6000 Cochran Rd., Cleveland,
OH 44139-3395. Telephone (216)
248-9300.

Guide to Background
Investigations Available

The 1988 Guide to Background In-
vestigations is a comprehensive
source directory for employee screen-
ing for internal security.

Using the Guide, employers can
verify such information as criminal
convictions, college degree falsifica-
tions, workers compensation claims
and driving records. The Guide sug-
gests what to look for in each
catagory, and explains in detail how
to use each section.

Included with the Guide is a sepa-
rate 13-page Social Security Number
Guide, a booklet that explains the So-
cial Security numbering system and
explains how to discover abuses of
the system.

The Guide includes all 50 states
and the District of Columbia, permit-
ting detailed demographic checks.
The majority of offices holding public
records will search their files for lit-
tle or no charge. The Guide lists
procedures, fees and laws regarding
the release of information on a state-
by-state basis.

The Guide is available on a sub-
scription basis for $124.95 for one
year (two issues), or $199 for two
years (four issues). Single issues are
available for $95. Contact: National
Employment Screening Services, Inc.,
8801 S. Yale, Tulsa, OK 74137-3575.
Telephone (916) 491-9936.
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At last—no more guessing—

TSA Systems HHMCA-460—

A search instrument that identifies the isotope

Now there is a hand-held SNM de-
tector that not only provides the usual
sensitivity you expect from a TSA
Systems instrument (detects <40
nanoCuries), but also includes a 256-
channel Multi-Channel Analyzer with
operator selectable windows for identi-
fication of HEU, Plutonium, and the
common medical isotopes. It features a
bargraph display and digital readout,
verify mode, two user-definable regions
of interest, and the Search/Find modes
familiar to users of the HHD-440.

All this in a light hand-held instru-
ment that is tough, sensitive, and easy
to use. The HHMCA-460 uses a 1" x2"
Nal detector and "intelligent" micro-
processor-based digital electronics.
You can further expand its capabilities
by using the built-in RS-232C output to
save data to the TSA Printer or a PC,
and by adding the optional gamma or
neutron probes. Rechargeable bat-
teries give up to 10 hours continuous
use.

The TSA Monitor Series also in-
cludes Personnel Portals, Vehicle
Scanners, Waste/Laundry Monitors,
Hand Held Monitors (gamma, beta,
and gamma/beta), and Indoor/Outdoor
Ground Scanners.

When you can't afford to guess-

Call or write now for more information:

TSA Systems, Ltd.
4919 North Broadway
Box 1920
Boulder, CO
80302
(303) 447-8553

CALENDAR

August 1-19, 1988
Seventh Annual Battelle International

Program in R&D Management, Battelle
Memorial Institute, Columbus, Ohio
U.S.A. Sponsor: Battelle Memorial Insti-
tute Contact: Dr. William D. Hitt,
Director, Battelle International Program in
R&D Management, Battelle Memorial In-
stitute, 505 King Dr., Columbus, OH
43201-2693.

August 21-24, 1988
International Reprocessing and Waste

Management Symposium, Denver, Colo-
rado U.S.A. Sponsor: Nuclear Engineering
Division, American Institute of Chemical
Engineers Contact: Wayne Freeby, Bechtel
National, Inc., 50 Beale St., P.O. Box 3965,
San Francisco, CA 94119

September 11-15, 1988
International Topical Meeting on Nu-

clear and Hazardous Waste Management:
Spectrum 88, Pasco, Washington U.S.A.
Sponsor: American Nuclear Society,
Atomic Energy Society of Japan, Canadian
Nuclear Society, American Society of Me-
chanical Engineers, European Nuclear
Society Contact: Joan M. Tenorio, (509)
376-2979, Assistant General Chairman,
Spectrum 88, P.O. Box 159, Richland, WA
99352-0159

September 20-22, 1988
HAZTECH International '88, Cleveland,

OH U.S.A. Sponsor: HAZTECH Interna-
tional Contact/Northwest Center for
Professional Education, (206) 746-4173

September 25-27, 1988
Brookhaven National Laboratory, Tech-

nical Support Organization, 20th
Anniversary Symposium (By Invitation
Only) Sponsor: Brookhaven National Labo-
ratory Contact: Lois Marascia,
Symposium Coordinator, Technical Sup-
port Organization, Brookhaven National
Laboratory, Building 197C, Upton, NY
11973 U.S.A.

September 25-28, 1988
Uranium Seminar '88, Tucson, Arizona

U.S.A. Sponsor: Atomic Industrial Forum
Contact: Conference Office, Atomic In-
dustrial Forum, Inc., 7101 Wisconsin Ave.,
Bethesda, MD 20814-4891

October 30-November 4, 1988
International Conference of the Ameri-

can Nuclear Society, Washington, D.C.
U.S.A. Sponsors; American Nuclear Soci-
ety, European Nuclear Society Contact:

Myron B. Kratzer, (301] 261-1501,1635 Or-
chard Dr., Annapolis, MD 21401

January 11-13, 1989
INMM Spent Fuel Management Semi-

nar VI, Loew's L'Enfant Plaza,
Washington, D.C. U.S.A. Sponsor: Insti-
tute of Nuclear Materials Management
Contact: Beth Perry, (312) 480-9573,
INMM, 60 Revere Dr., Suite 500, North-
brook, 111. 60062

June 11-16, 1989
9th International Symposium on the

Packaging and Transportation of Radioac-
tive Materials (PATRAM '89), Washington,
D.C. U.S.A. Sponsor: U.S. Department of
Energy and the International Atomic En-
ergy Agency Contact: Judith Gale, (301)
986-4870, 7101 Wisconsin Ave., Suite 610,
Bethesda, MD 20814

October 23-28, 1989
1989 Joint International Waste Manage-

ment Conference, Kyoto, Japan Sponsor:
ASME, JSME, AESJ Contact: To submit
papers on high-level waste contact S.C.
Slate, (509) 376-1867, Battelle, P.O. Box
999, Richland, WA 99352; to submit pa-
pers on low-level waste contact F.
Fiezollahi, (415) 768-1234, Bethtel Na-
tional, 50 Beale St., P.O. Box 3965, San
Francisco, CA 94119

The events listed in this calendar were
provided by Institute members or taken
from widely available public listings. We
urge INMM members, especially those
from countries outside the United States,
to send notices of other meetings, work-
shops or courses to INMM headquarters.
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