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1. Abstract bration Techniques  for the Cal orimetric

Assay of Pluzcnium-Bearing Solids Applied
In 1975 Subcommittee ANSI-INMM-8, "Cal- to  Nucl ear Material s Control . „5

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 pl utonium calorimetry instituted during both normal pr ant 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...

workers at other facilities have,appl.i.ed the.  .,1 . .,.., :i·, 3.  Discussion

direction and guidance of these standards..t'. '......,1.1 . '. ....,1'....
.Al,KIAI'. ll,.iANSI 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 togetherl' pStandards Laboratory (CSL) has instituted

with certain shortcomings and future .1/•1 (1) the concept of mass measurement pro-

revision plans. 1. cess, (2) characterization of that pro-
til". i ,il..., ti.. cess.and (3) procedurization of assigning

2.  Introduction :,„.y it.,t   i, imass values of test objects with the asso-
.... :1  j.t.·... .ciated uncertainty determination as out-

1

'

The Institute of Nuclear Materials Man- ti. #:.,  :,1.ined in ANSI N15.18-1975, Sections 4, 5,
agement (INMM) is the secretariat of theact, ..,ji„i_i·j·. and 6, respectively. This effort supports

i American National Standards Institute for a checkweighing program to estimate the
,· devel opment 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 t h e   R F P.6    1

expanding its scope to increase :the subcom:
' mittees beyond the present twelve active The task force designated INMM 8.1,

 

groups.1 . which developed ANSI N15.18-1975, insti-
MI, tuted a unique concept in Section 7 of the

One of these subcommittees is Standard  for the establ i shment  and  mai n-
' designated ANSI-INMM-8, "Calibration tenance of the control of mass measure-

Techni ques for Nuclear Material Control"  and '

ments of uranium hexafluoride (UF6) both

1 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

Control",3 ANSI N15.20-1975, "Guide to artifacts of U76 packaging cylinders, cal-
Calibrating Nondestructive Assay (Nrt'
Systems"4 and ANSI N15.22-1975, "Ca-,i-

DI*XygIETION M TiOS DOCOBIENT IR UNIAMr-'

55

-1-



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, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof. The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 

Portions of this document may be illegible in 
electronic image products. Images are produced 
from the best available original document. 



I 

ibrated by a central authority; the . , *  . . '  
National Bureau of Standards (NBS), t o .  
introduce the mass unit into a1 li 'of'  t he , .  
industries '  weighing processes.' These are 
called Replicate Mass Standards (RMS):,..,. 
This feat  i s  accompl i shed by comparing' the' 
RMS t o  each f a c i l i t y ' s  In-House Standards,' 
(IHS) , a1 so a r t i f a c t s ,  and thence the ' '<  

usage of these IHS t o  quantify the system- 
a t  ic and random errors of each UFg mass 
measurement process. ,Section 7 of the 
Standard also provides an Administrator 
f o r  a UF6 measurement assurance program . .  . ! 

(MAP) and the guidelines of the program 
appear in Section 8 of the Standard. 

; . . !  

The resul ts  of appl ication of t h e  
Standard have shown real is t ' ic  and accept- 
able resul ts  and have been report- I I 

ed.7,8,9 These demonstrations have , I 

shown that  the MAP administrator can , c  

immedia,tely update' the data base';; and' thus 
detect possible safeguards and ~i-kehdal 
mass measurement 'problems.' '311 df' 't'hese , ' 

actions and judgments can then be communi- 
cated to the shi pper-receiver f a c i l i t i e s  
and/or regul atory bodies for  immediate 
act ion. 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. . . 

I .  

1 '  Future revision pl ans incl ude expan- 
sion of Sections 7 and 8 based on the 
i nformation gleaned from th i s  impl ementa- 

The impl ementation 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 Nucl ear Regul atory Com- 
mission providing funding to allow the 
National Bureau of Standards' Office of 
Measurements fo r  Nuclear Safeguards t o  ., 

actively provide the admini s t rat ion and 
technical support for  the implementation 
of ANSI N15.18-1975 UF6 mass measurements 
throughout the industry.lo The goal of 
th is '  implementation i s  t o  provide an ef f i -  
.cient means for  obtaining uniform mass 
measurement of UFg based on the national 
measurement system. This .program i s  . . 

t ion. 
I 

i ' 

ANSI N15.19-1975 (~olume) 

underway and has been well received by the 
industrial participants as recently 

11 reported. 

I In Section 5 of ANSI-N15.19-1975 
"Vol ume Cal ibration Techniques for  Nuclear 
Material Control" guidance i s  provided for  
sel ection of equi pment incl uding tank 
configuration, response system and ca l i -  
brat i  on equi pment . Further, t k 2  Stz:c:.-d 
de ta i l s  c r i t e r i a  for  calibration G-? -<?st 

I 

measures (prov2rs) f o r  tank vol urne 
cal ibration prxecures in Sections 6 and 7. 
Sections 8 and 9 deal heavily with treatment 
o f .  volume cal i5ration data, data analysis 
and eval uations .... 

The RFP C5L' has designed a posit ive 
c!.;splacement pistcn prover (PDPP) for use in 
cai ibrating tank2ge. Tka device was cal i -  
brated for del ivering known vol umes of 
liquid in accondance w i t h  appendix C of the 
standard.12 The laboratory used the guid- 
'ance of AXSI K15.19-1975, Sectioqs 8 and 9 
for estimating the uncertainties of ,401 ume 
cal ibination of process tankage in a pluton- 
i um processing faci l  i ty.13 

While the %guidance in ANSI N15.19-1975 
has been shown to be adequate fo? vertical 
straight-wal led tanks, i t  i s  not a1 ways 
applicable to tanks requiring unusual engi- 
neeri ng configurations. The s t a ~ i  s t i ca l  . 
guidance provided in the Standard has been 
found to be overly involved for cal ibrat  ion 
personnel . A1 so, (the limited scope of the 
standard, i .e., a 1 inear least  squares f i t  
of the cal ibration data,  has been found to 
be inadequate for a l l  cases. A revision, 
scheduled for 1980, will correct these def i - 
ciencies. 

Further appl ication of ANSI r415.19-1975 
was performed by the Barnwell Nuclear Fuel s 
Plant (BNFP) operated by Allied General 
Nuclear Fuel ~ e r v  ices. l4,  l5 Dur? ng these 
studies,  the operating personnel of BNFP 
re1 ied heavily upon the expertise, counsel 
and direction of selected members of 
INMM 8.2. Their direction consisted of 
(1)  planning fc-r tank c a l i b r ~ u i o n ,  
( 2 )  choice of recently developed measurement 
response systems, ( 3 )  procedural guidance, 
with emphasis cln d2tai ls  t o  prov'de a base 
fo r  future measurement and cal ibration judg- 
ments, (4) data coll ection and (5)  data 
treatment to produce an adequate cal ibration 
error budget. 

This guidcnce was valuable I n  achiev- 
i ng the goal s of the vol ume cal i h cat i on of 
the plant. However, ANSI N15.19-1975 error  
anal ysi s procedures required expansion and 
revision in orcer to obtain real i s t i c  e r ror  
statements concerning the cal i bration func- 
tion as ,applied to the physical conditions 
experienced a t  BNFP. Again, those expan- . 
sions and revisions are planned to  be incor- 
porated in the f u t l ~ r e  revision of ANSI 
N15.19-1975. 

Another exercise was conducted at  the  
Savannah River Pl axt ,  operated by du Pont, 
in cal ibrating a rep1 acement tank.16. Again, 
the counsel of the INMM 8.2 members was used 
and again similar expansions and revisions 
were requi red. 

The Mass end 'do1 ume Section of the 
N3S c,dt;-took a st l~dy to determir:e the 
zcc~;-acy of a ruclear fuel reprocessing tank 
voT ume cal ibrzt  ion comparing several instru- 
ments as liquid level detectors and generat- 



n g  data for  testing ANSI ~15.19-1975.~7 
'he study incl uded the Standard's analysis 
echnique ' for  appl ication to tank cal ibra- 
ion data. The study concluded that  other 

more descri p t  i ve model s should be offered 
as options in future pub1 ications of ANSI 
N15.19-1975. 

The Technical Support Organization 
(TSO) of Broo khaven National ~abora tory  
( B N L )  used the guidance and rationale .of 
ANSI N15.19-1975 in the design of vol ume 
cal ibration and operational measurements 
using specialized equipment a t  B N F P . ~ ~  
This experience proved the val ue of the 
Standard and promoted thoughts for  
expanding the "Equipment" section of ANSI 
N15.19-1975. 

ANSI ~15.20-1975 (Nondestructive Assay) 

As the t i t l e  of ANSI ~15.20-1975, 
"Guide to Ca1 ibra t i  ng Nondestructive Assay 
( N D A )  Systems" imp1 ies ,  i t s  intent i s  only 
tha t  of a guide rather than a definative 
procedure. As such, the text provides 
general guidance f o r .  sel ection, precal. i -  
brat ion and qua1 i f icat ion of NDA systems 
in Section 4, a discussion of measurement 
errors  in Section 5, de ta i l s  of physical 
standards in Section 6, general and ana- 
lyt ical  concepts of cal ibration methods in 
Section 7 ,  plus some descriptions of assay 
errors and a measurement assurance plan .in 
Sections 8 and 9, respectively. Val uable . 

aids to  the user, incl uding guidance for . I  
solution of problems encountered when . I ' . !  

using specif ic  NDA techni ques, are give,n 
i,n the appendix. Other 'appropriate math- 
ematical aids are also..included in t h e .  
appendix. , *  . I . . .  . . . , 

. . . . .  . . . . ,  . . . .  ,I r i  . ?  

The val ue of the Guide, : i s  exemp1.i f i ed 
by i t s  use .by writing ,groups o f t  ,INMM-?l(.. 
"Nondestructilv.e Assay (.NDA.) .":% These 'pro- 
.posed Standards a1 1 8-heavsi,ly reference :ANSI 
N15.20-1.975.! .These NDA :American National 
Standards wiBll 'i.ncl.ude .procedures1 for : I V ' J  1 

(1) Materib1 Categorization, (2)  Container 
Standardi zation , ( 3 )  .Physical Standards, ' (4)  .Measurement Co.ntrol s ,, : c5)  Techn.iques', 
and (6) Automation. 

. ., . , . , ,  . , . .  ! . ! ,  . . % J  f . i ! . .  

RFP rese.arch personnel have if.abriL, - a 

cated , cal ibrated, :and tested. a .crate  $ 1 . 1  I Y 
counter to es.timate the plutonium cont,ent 

: in waste for  safeguards. verificati0.n. mea- . , 

j surements.lt9 Cal ibration of *the ins t ru -  
! ment .was achieved using a. specially bui.1 t 

cra te  w.i t h  thirty-.f ive tubes .for. .insertion 
, of physical standards. Neutron and gamma-, 

raye response cal ibrat  ions, were obtained. 
using guidance of Se~ti.on..7~:of..ANSI . . .  I..& 

N15.20-1975. Future cal i br.ati.ons ,. 'togeth.-: 
: . . .  , ' I !  

e r  with detection of associated errors ,  are  
planned using :he rationaie cf Sections 5, 7 
and 8 of the S;andard. 

A commerc! a1 segmented gamm-ray scann- 
ing device has  bem ins l~ i l ec i  CT; RE? for  
meascrer,;,cnt 0-: p? utonium and tnaric i um-241 
i n  moltzn s a l t  residues.2o Beth isotope 
assays are requi red. Cal sbration of t h e  
system was achieved using the physical 
standard guidance of N15.20-1975, i .e., both 
synthetically obtained and residue material , 
measured cal orimetrical ly.5 

A DOE requirement a t  RFP i s  tha t  of 
verification of inventory measured by NDA 
systems. . Verification i s  done using calori- 
metry, Recent verification packages have 
been used to provjde more accurate NDA cal i -  
brations by postulating a log model and 
parameter estimates obtained by 1.i near 1 east  
squares procedure a f te r  a 1 og transformat ion 
as prescribed in Section 7 of ANSI 
~15.20-1975.2~ - .  

Application of th i s  Standard has been 
we1 1 received by the cal ibration personnel 
b u t  has been found -to be 1 acking in some 
accepted options for calculation of b o t h  
calibratio:~ and assay errors. Revision t o  
the standard, planned in 1980, will include 
such opt ions. 

. , .  
ANSI N15.22-1975 (Calorimetry) 

ANSI N15.22-1975 t i t 1  ed "Cal ibration 
Techniq.ues for  the Calorimeteric Assay of 
Pl utoni um-Bear.i ng S31. ids Appl i ed to  Nucl ear  
Materia<l .Controlu has as i t s  scope the 
establishment of methods for cal ibration of 
heat-fl ow cal orimetry syst,ems within the 
confines. described in the t i t l e .  Within 
t h i s  :scope ,. .guidance and methodology i s  
provided for: equipment types and the i r  oper- 
ation and procedures in Sections 5 and 6, 
calibca,tion techniques, including physical 
standards, in Section. 7 and. determination 'of 
pl.utonium conte.nt and the error analysis 
assoc:iated with t h i s  determination in Sec- 
t ions 8 and 9 respectively. Of primary 
val ue are the ta3les inc1,uded in the stan- 
dard which def.i.nz values of nuclear con- 
s tan ts  for  the aradionucl ides of in te res t ,  . 
sample c a l ~ u l a t ~ i o n s ,  .s.ummaries of error  
so.urces and th'e uncertainties of the nuclear 
decay parameters. Cl a r i ty  of the document 
i s  enhanced by. t ~ e  use of figures displaying 
equipment types. and typical cal ibration and 
sens i t iv i ty  graphics. The rational e used 
for obtaining the assignment of values fo r  
ha1.f-1 ife. and <s.pecific power of pl utonium 
i.sotopes. and, arqer.ici um-241 appear #as .an 
appendix.! , ' .  . ' 

. . . . .  RFP has used' ANSI '~15.22-,1975 as both a 
cal i b r a t i ~ s  and assay guide for calorimetric 



measurements o f  pl u ton i  um s i n c e  i t s  f i r s t  
day of publ i c a t i o n .  The s i x t e e n  c a l o r i -  
mete r s  o f  RFP which measure plutonium- 
b e a r i n g  so l  i d s  o p e r a t e  e q u i v a l e n t l y  
because  o f  t h e  usage o f  t h i s  s t a n d a r d .  Of 
n o t a b l e  importance,  t h e  Standard p rov ides  
b e s t  e s t i m a t e s  f o r  t h e  heat  producing i so -  
t o p e s  of plutonium and americium ( a s  of 
1975) f o r  (1 )  d i s i n t e g r a t i o n  energy,  
(2 )  decay mode, ( 3 )  t o t a l  energy,  
( 4 )  ha1 f-1 i f e ,  ( 5 )  decay c o n s t a n t  ,. and 
( 6 )  s p e c i f i c  power. 

A f o u r ,  1 i t r e  c z l  o r i m e t e r  which was 
des igned f o r  use in  p repar ing  physic'al, 
s t a n d a r d s  f o r  t h e  RFP NDA package c o u n t e r s  
has  been cal  ' b r a t e d  using ANSI N15.22-1975 
guide1 i n e s . ~ ~  The Standard was a1 so used 
t o  w r i t e  a computer program, t h a t  ca l  c u l -  
a t e s  t h e  weight of plutonium in  a sample 
from t h e  power emi t t ed .  The S tandard  was 
p a r t  i c u l  a r l y  useful  by supp ly ing  t h e  equa- 
t i o n s  f o r  t h e  d e t e r m i n a t i o n  of plutonium 
c o n t e n t  'and f o r  t h e  c o r r e c t  ions  , f o r  r a d i o -  
nucl i d e  decay a s  we1 1 a s  t h e  necessa ry  
c o n s t a n t s  and t h e i r  s t a n d a r d  e r r o r s .  The 

. . .  program f o l  1 ows t h e  sample ca l  cul  a t i o n  
procedure  i l l  u s t r a t e d  i n  Tab1 e 2 of ANSI 
~15.22-1975.  Through t h e  guidance of ANSI 
N15.22-1975, a l l  meaningful s o u r c e s  o f  
e r r o r  were i n c o r p o r a t e d  i n t o  t h e  pro- 
gram.23 The d e r i v a t i o n  o f  t h e  pl uton.i.m . 
measurement u n c e r t a i n t i e s  a s s o c i a t e d  wi th  
t h e  f o u r  l i t r e  c a l o r i m e t e r s  was' obtai .ned 
by us ing t h e  general  t e c h n i q u e  .for. e s t i -  
mating t h e  v a r i a n c e  of 'an a r b i t r a r y .  func-.,, 
t i o n  o f  t h e  random v a r i a b l e s 2 ?  and:. .quanti-  
f y i n g  t h e  e r r o r s  of t.he speci ,f ici*powey of,,. 
t h e  i s o t o p e s  given in.Tab,l .e 4 of.:ANSI . , .  
N15.22-1975 and by e .quat ions  21,  and: 22 of 

. .  . t h e  S tandard . :  I . I  .;. . . I $ ,  

8 .  s . . . .  . . I  . . .  
Pl ans  f o r  r e v i s i o n  'of t h i s  s t a n d a r d  

d u r i n g  1981 w i l l  i n c l  ude accep tance  of 
r e c e n t l y  publ i s h e d  val u e s .  of pl.uton.ium. 
i s o t o p e s  ha1 f-1 i ves  . b t h e  DOE ,l?l .utoni,um 

2#26 . Hal f-Li f e  Commi.ttee . :, . .,b . standardi.za.- . .  \ . . .  
t i o n  of c e r t i f i . c a t i o n .  o f ; .phys ica l !  stan-:  % I .  1 ,  
d a r d s  by. NBS and: .expansion. of:, e r r o r . . t r e a t t  

. . . . .  . ment o p t i o n s .  . ; .  : )  .,, . . r  . . I  
. . . . .  1 .  I : . ! . .  ......., . I ,  . 

. .  . 4. Conc lus ions  . I I . ~  : .  % !  : 

; I .  , I .  : 8 I :  . ,I , . . . .  

The appl i c a t . i  ons.  o f  t h e s e .  fo.ur,.cal.i.- 
b r a t i o n  s t a n d a r d s  have been found. t o  be! o f  
immense va lue  th roughout  the American ; 
s a f e g u a r d s  program. : Interaction:,has been 
i n i t i a t e d  a t .  a l l  l e v e l s . . w i t h i n . . t h e  Euro- 
pean Safegua.rds Research.  and.  Development: 
A s s o c i a t i o n  (ESARDA) and.  the.: .INMM organi:?. I 

z a t i o n s  t o  d i s c u s s  p o s s i b l e  mechanisms f o r  
e x t e n d i n g  such e x p e r i e n c e  . . .  t o  . the  i n t e r -  
n a t i o n a l  l e v e l .  l -. Based on such soopera-. .  
t i o n ,  imp1 ementat ion.  o f  for thcoming .+Inte.r- 
n a t i o n a l  Atomic Energy' Agency! requ i rements  
i s expected t o  proceed on ;<a  ,comprehensive 

. .  . . . .  b a s i s .  . , . . : -  i , I , \  

s , .  
. , 

: . I  .;!I I . . . .  . .  
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