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1. Abstract g, bration Techni ques for the Calorimetric
Assay of Plutonium-Bearing Solids App11ed
In 1975 Subcommittee ANSI-INMM-8, "Cal- to Nuclear Materials Control."®
ibration Techniques for Nuclear Material
Control" under the guidance of the American The guidance and rationale provided by
National Standards Institute Committee N15 these standards has been applied at the
and sponsored by the Institute of Nuclear Rocky Flats Plant (RFP) operated by Rock-
Materials Management, published four stand- well International, Energy Systems Group,
ards for calibration of bulk measurement of for the United States of Department of
nuclear materials. The calibration tech- Energy (DOE) as well as at other nuclear
niques include those for mass, volume, non- facilities. These applications have been
destructive assay, and plutonium calorimetry instituted during both normal plant opera-
measurements. Since that time, calibration tion and experimental measurements. The
and research personnel of the Rocky Flats results of these applications are discuss-
Plant operated by Rockwell International for ed in their numerical order.
the United States Department of Energy.and.. .. ... . T
workers at other facilities have.applied the... ii..ito L 3. Discussion
direction and guidance of these standards. i uiici i @ ool
dltiREALS Co G ANST N15.18-1975 (Mass)
The results of the applications are
reported, and the value of each standard is At Rocky Flats Plant the Chemistry
discussed. Examples are included togetheri ... nStandards Laboratory (CSL) has instituted
with certain shortcomings and future il (1) the concept of mass measurement pro-
revision plans. TS cess, (2) characterization of that pro-
Woct il iate. e .cess and (3) procedurization of assigning
2. Introduction Kooy 1 tlate iimass values of test objects with the asso-
iy 7t ciated uncertainty determination as out-
The Institute of Nuclear Materials Man- . . i.lined in ANSI N15.18-1975, Sections 4, 5,
agement (INMM) is the secretariat of the.... (.iurcaie and 6 respectively. This effort supports
American National Standards Institute for a checkweighing program to estimate the
development of American National Standards uncertainties of the mass measurement
for Nuclear Materials.Control. This INMM processes for nuclear material control at
committee is designated N15 and currently is the RFP.©
expanding its scope to increase :the subcom- R R ;
mittees beyond the present.twelve active The task force designated INMM 8.1,
groups.t . .. Bk o N v e which developed ANSI N15.18-1975, insti-
[ bl ( i 'R tuted a unique concept in SecL1on 7 of the
One of these subcommittees is s =i Standard for the establishment and main-
designated ANSI-INMM-8, "Calibration 1 : tenance of. the control of mass measure-
Techniques for Nuclear Material Control" and . ments of uranium hexafluoride (UFg) both
has developed four. American National - within and between facilities. Emphasis
Standards which provide guidance for the is placed on the role of control of the
calibration of bulk measurements of Special measurements between facilities, and thus
Nuclear Materials (SNM). These standards establishes decision points for detection
are designated ANSI N15.18-1975, "Mass of measurement problems and making safe-
Calibration Techniques for Nuclear Material. guards judgments.
Control,"2 ANSI N15.19-1975, “"Volume Cali-
bration Techniques for Nuclear Material : The unique concept include the use of
Ccntrol”,3 ANSI N15.20-1975, "Guide to artifacts of UFg packaging cylinders, cal-
Calibrat&ng Nondestructive Assay (NDA’
Systems"® and ANSI N15.22-1975, "Cali- peEr—
2 nnnnuaufuntor1mus:nunmnzsrtstﬂ“~~
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ibrated by a central authority, the
National Bureau of Standards (NBS), to
introduce the mass unit into all’of the-
industries' weighing processes.! These are
called Replicate Mass Standards (RMS). -
This feat is accomplished by comparing the'
RMS to each facility's In-House Standards"
(IHS), also artifacts, and thence the ”
usage of these IHS to quantify the system-
atic and random errors of each UFg mass
measurement process. Section 7 of the
Standard also provides an Administrator -
for a UFg measurement assurance program
(MAP) and the guidelines of the program
appear in Section 8 of the Standard.

The results of application of the '
Standard have shown realistic and accept-
able results and have been report-- !
ed.”>8,9 These demonstrations have '
_shown that the MAP administrator can
immediately update the data base',, and’ thus
detect possible’ safeguards and ﬁntern%]
mass measurement problems.’ ‘A1l of 'these
actions and judgments can then be communi-
cated to the shipper-receiver facilities
and/or regulatory bodies for immediate
action. Further, these actions have
demonstrated that the methods used for
detection of diversion and inspection of
UFg transfers are applicable to both
national and international systems.

The implementation of the Standard's
concept for UFg measurements in an Ameri-
can industry-wide program has now been
inaugurated. The program has been made
possible with the Nuclear Regulatory Com-
mission providing funding to allow the
National Bureau of Standards' Office of
Measurements for Nuclear Safeguards to
actively provide the administration and
technical support for the implementation
of ANSI N15.18-1975 UFg mass measurements
throughout the 1ndustry.1o The goal of
this implementation is to provide an effi-
‘cient means for obtaining uniform mass -
measurement of UFg based on the national
measurement system. This -program is
underway and has been well received by the
industrial participants as recently
reported.

Future revision p]ans include expan-
sion of Sections 7 and 8 based on the -
information g]eaned from this implementa-
tion.

ANSI N15.19-1975 (Volume)

In Section 5 of ANSI-N15.19-1975
"Volume Calibration Techniques for Nuclear
Material Control" guidance is provided for
selection of equipment including tank
configuration, response systems and cali-
bration equipment. Further, the Stanzisd
details criteria for calibration o7 test

measures (provars) for tank volume
calibration procecures in Sections 6 and 7.
Sections 8 and 9 ceal heavily with treatment
of -volume calibration data data analysis
and eva]uat1on;

The RFP C3L has designed a positive

- displacement pisten prover (PDPP) for use in

caiibrating tankage. Trc device was cali-
brated for delivering known volumes of
liquid in_accordance with appendix C of the
Standard.12 The laboratory used the guid-

‘ance of ANSI N15.19-1975, Sections 8 and 9

for estimating the uncertainties of volume
calibration of process tankage in a pluton-
ium processing faci]ity.l

While the—guidance in ANSI N15.19-1975
has been shown to be adequate for vertical
straight-walled tanks, it is not always
applicable to tanks requiring unusual engi-
neering configurations. The statistical.
guidance provided in the Standard has been
found to be overly involved for calibration
personnel. Also, the limited scope of the
standard, i.e., a linear least squares fit
of the calibration data, has been found to
be inadequate for all cases. A revision,
scheduled for 1980, will correct these defi-
ciencies.

Further app]1cat10n of ANSI N15.19-1975

' was performed by the Barnwell Nuclear Fuels

Plant (BNFP) operated by Allied General
Nuclear Fuel Services.l4, During these
studies, the operating personnel of BNFP
relied heavily upon the expertise, counsel
and direction of selected members of

INMM 8.2. Their direction consisted of

(1) planning fcr tank calibreiion,

(2) choice of recently developed measurement
response systems, (3) procedural guidance,
with emphasis cn datails to provide a base
for future measurement and calibration judg-
ments, (4) data collection and (5) data
treatment to produce an adequate calibration
error budget.

This guidence was valuable in achiev-
ing the goals of the volume calibration of
the plant. However, ANSI N15.19-1975 error
analysis procedures required expansion and
revision in orcer to obtain realistic error
statements concerning the calibration func-
tion as applied to the physical conditions
experienced at BNFP. Again, those expan-
sions and revisions are p]anned to be incor-
porated in the future revision of ANSI
N15.19-1975.

Another exercise was conducted at the
Savannah River Plant, operated by du Pont,
in calibrating a replacement tank1l®, Again,
the counsel of the INMM 8.2 members was used
and again similar expansions and revisions
were recuired.

The Mass &nd Yolume Section of the
NBS uidariook a study to determire the
zccuracy of a ruclear fuel reprocessing tank

~volume calibration comparing several instru-

ments as liquid level detectors and generat-



ing data for testing ANSI N15.19-1975.17
The study included the Standard's analysis
technique for application to tank calibra-
tion data. The study concluded that other
more descriptive models should be offered
as options in future publications of ANSI
N15.19-1975.

The Technical Support Organization
(TSO) of Brookhaven National Laboratory
(BNL) used the guidance and rationale.of
ANSI N15.19-1975 in the design of volume
calibration and operational measurements
using specialized equipment at BNFP.18
This experience proved the value of the
Standard and promoted thoughts for
expanding the “Equipment" sect1on of ANSI .
N15.19-1975. .

ANST N15.20-1975 (Nondestructive Assay)

cated, calibrated,

As the title of ANSI NI15.20-1975,
"Guide to Calibrating Nondestructive Assay
(NDA) Systems" implies, its intent is only"
that of a guide rather than a definative
procedure. As such, the text provides
general gquidance for selection, precali-
bration and qualification of NDA systems
in Section 4, a discussion of measurement
errors in Section 5, details of physical
standards in Section 6, general and ana-
lytical concepts of calibration methods in
Section 7, plus some descriptions of assay
errors and a measurement assurance plan .in
Sections 8 and 9, respectively. Valuable.
aids to the user, including guidance for.
solution of problems encountered when - '.!
using specific NDA techniques, are given
in the appendix. Other- appropriate math-
ematical aids are also-. 1nc1uded in the
appendix. . to

The value of the Guidefds-exemplified
by its use by writing -groups of: INMM-9.c
“Nondestructive Assay (NDA).": These ‘pro-

posed Standards all-heavily reference :ANSI

N15.20-1975.' These NDA :American National
Standards will “include procedures: for ut,!
(1) Material Categorization, (2) Container
Standardization, (3) -Physical Standards,
(4) Measurement Controls, :(5) Techniques,
and (6) Automation.
SR SRR B
RFP research personne] have«fabr1— :
and tested . a -crate ll/
counter to estimate the plutonium content
in waste for safeguards. verification mea-
surements.l9 Calibration.of -the ‘instru-
ment was achieved using a specially built
crate with thirty-five tubes for. insertion
of physical standards. Neutron and gamma--
ray.response calibrations, were obtained.-
using guidance of Section..7.:0f ANSI . Lo
N15.20-1975.. Future calibrations, togethw

. systems.

er with detection of associated errors, are
planned using -he rationale cf Sections 5, 7
and 8 of the Standard.

A commercial segmented gamma-ray scann-
ing device has been instalied at RFP for
measurement o7 plutonium _and amaricium-241
in molten salt residues.20 Both isotope
assays are required. Calibration of the
system was achieved using the physical
standard guidarce of N15.20-1975, i.e., both
synthetically obtained and _residue material,

measured calorimetrically.

A DOE requirement at RFP is that of
verification of inventory measured by NDA
“Verification is done using calori-
metry. Recent verification packages have :
been used to provide more accurate NDA cali-
brations by postuiating a log model and
parameter estimates obtained by linear least
squares procedure after a log transformation

. as prescribed_in Section 7 of ANSI

N15.20-1975.21

Application of this Standard has been
well received by the calibration personnel

- but has been found to be lacking in some

accepted options for calculation of both
calibration and assay errors. Revision to
the standard, p]anned in 1980 will include

such opt1ons.

ANST N15.22-1975 (Ca]orimetgx)

ANSI N15.22-1975 titled "Calibration
Techniques for the Calorimeteric Assay of
Plutonium-Bearirg Solids Applied to Nuclear
Material .Control" has as its scope the
establishment of methods for calibration of

. heat-flow calorimetry systems within the

confines. described in the title. Within
this :scope, guidance and methodolegy is

. provided for' equipment types and their oper-

ation and procedures in Sections 5 and 6,
calibration techniques, including physical
standards, in Section 7 and- determination of
plutonium content and the error analysis
associated with this determination in Sec-
tions 8 and 9 respectively. Of primary
value. are the tadles included in the stan-
dard which definz values of nuclear con-
stants for the .radionuclides of interest,
sample calculations, summaries of error

~ sources and the uncertainties of the nuclear

decay parameters. Clarity of the document

. 1s enhanced by tne use of figures displaying
equipment types. and typical calibration and

sensitivity graphics. The rationale used
for obtaining the assignment of values for
hal.f-1ife. and specific power of plutonium
isotopes. and amer1c1um-24l appear .as an
appendix. - .

_RFP has used ANSI N15.22-1975 as both a
calibration and assay guide for calorimetric



measurements of plutonium since its first
day of publication. The sixteen calori-
meters of RFP which measure plutonium-
bearing solids operate equivalently
because of the usage of this standard. Of
notable importance, the Standard provides
best estimates for the heat producing iso-
topes of plutonium and americium (as of
1975) for (1) disintegration energy,

(2) decay mode, (3) total energy,

(4) half-life, (5) decay constant and .
(6) specific power.

A four litre calorimeter which was
designed for use in preparing physical
standards for the RFP NDA package counters
has been ca1%brated using ANST N15.22-1975
guidelines.22 The Standard was also used
to write a computer program, that calcul-
ates the weight of plutonium in a sample
from the power emitted. The Standard was .
particularly useful by supplying the equa- -
tions for the determination of plutonium
content ‘and for the corrections for radio- -
nuclide decay as well as the necessary
constants and their standard errors.
program follows the sample calculation .
procedure illustrated in Table 2 of ANSI
N15.22-1975. Through the guidance of ANSI
N15.22-1975, all meaningful sources of
error_were incorporated into the pro-
gram.23 The derivation of the plutonium .
measurenient uncertainties associated with
the four litre calorimeters was' obtained
by using the general technique for esti-
mating the variance of an arbitrary.func-,.
tion of the random variables&™ and..quanti-
fying the errors of the specificipower oﬁ,
the isotopes given in.Table 4 of. ANSI.
N15.22-1975 and by equat1ons 21.and, 22 of
the Standard.. S gy

The

Plans for revision of this standard
during 1981 will include acceptance of
recently published values.of plutonium.
isotopes half-lives, %y the DOE Plutonium

Half-Life Committee? standardiza-=.. . .
tion of certification. of phys1ca1 stan-' 1,
dards by.NBS and: expan51on of.error.treat~
ment options. .. @ P PVE TS S
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4. Conc]us1ons et
ol N Cit

The app]1cat1ons of these fbur cali~
bration standards have been- found. to be!of
immense value throughout the American .
safeguards program. , Interaction-has been
initiated at all levels.within .the Euro-
pean Safeguards Research. and: Development:
Association (ESARDA) and.the:INMM organi=.: -
zations to discuss possible mechanisms for
extending such experience ...to the inter-
national level.* . Based on such coopera-.
tion, implementation of forthcoming . Inter-
national Atomic Energy Agency:requirements
is expected to proceea on:.a comprehens1ve
basis. - o TR e
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