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Introduction. Purpose of the Paper

1. ln recent years some progress has been
made in the field of statistical sampling
techniques for use in nuclear material veri-
fication. Historically (and in very rough and
broad terms) we can Itstthree stages for the
solution given to this basic safeguards
problem:
1. The "attnbute" and "variable" sampling

approach mentioned in the examples
contained in the Subsidiary Arrange-
ments ta the NNWS-VA.

2. The introduction of the idea of "variable
sampling in attribute mode" and the
approach based on attribute sampling,
variable in attribute mode sampling and
variable sampling.

3. The" new" consideration of the value of
attribute sampling involving a critical
analysis of the approach used in stage
2 with attention payed to :
- the quantitative results obtained by the

measurements carried out with the
attribute tester and

- the consideration of the false alarms
implications

Synopsis of the symbols in this paper and in the
references 2,3, and 4

(Note that when symbols have the same meaning in
all papers or when they are used only by one author
they are not reported in this synopsis)

2. At present the stage 2 approach is used
ln practice. Attnbute sampling IS used to
detect "gross defects", variable sampling
in attribute mode is used to detect "medium

defects" and variable sampling is used for
bias defects (and D statistic).

3. IAEA Manual F /1/ suggests using the
critical value for measurements of possible
defects ln attribute mode for the attribute
tester at a levelof 4a, a being the error
standard deviation of the attribute tester
used. This allows us to avoid the
consideration of the false statement risk (see
further discussion in section 17).

4. ThiS paper intends to describe and
discuss, as simply and informally as
possible, the third stage mentioned above.
We will move from the critical analysis of
stage 2. Stage 1 has been mentioned only
for historical reasons and will not be
considered further.

Description and Critical Analysis
of Stage 2

5. The origin of the recent Interest ln this
matter may be found in the critical analysis
of the recipes currently used for sampling
techniques, as described ln 11I and as
(simplistically) implemented in the field.

6. The analysis and the criticism, in both ItS
destructive and constructive parts, are
summarized in the following by means of an
example, relevant to one Material Balance
stratum. ln fact (see section 4.4.1.2 of 11/and
II of 12/) it is given as known that the
detection of at least one anomaly. linked to
the diversion by gross or medium defects
of an amount equal to or larger than G, is
assured (with a prefixed risk of non detection
ßo) if the sample size fOi every stratum is

calculated as if the quantity G were diverted
only from that stratum.

7. it may be useful to recall that, ln current
safeguards Jargon, defects (the difference
between what should be in an item or batch.
according to records, and what actually is

- physically - ln it) are classified as gross or
medium Size, whenever they concern all the
materlalof an item or batch, or a part of it,
which may be recognized by a Single meas-
urement of the Instrument used as attribute
tester.

8. Let us assume we have to verify a
stratum (quite homogeneous) of N items of
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very Similar size. each containing 1\ units of
nuclear material. If the detection goal !S of
G units and if a ß risk of non detection IS
accepted, it IS well known that a sample of
size n, given by the approximate equation

n = N(1-ßA/G) (1)

must statistically contain at least one
defected Item.

9. This "at least" means that the sample will
contain, with probability 1-ß, at least one
defective item If the diverSion of G has been
operated by emptying completely

r(A) = GIA

Items. ln such a way the number of defective
items is minimized. If the diverSion of G ;,$

obtained by partially emptYing the neces-
sary number of Items, this number of defects
IS higher so that the probability of inclusion
of defective Items in the sample Increases

10. ln the hypothesis that equal amounts
x are taken out from a number of Items to
accumulate the quantity G, the following
elementary relationship between the number
of defective items r(x) and X exists:

r(x) = G/x > riA) (x < A)

11. Equation (1) may be used to calculate
any sample size n(x) which contains, With
probability 1-ß, at least one defective Item.
if all defects are of size x. nix) may be

N ~ 200
A ~ 2
G ~ 4
fj ~ .05

,(x) ~ Glx

n ~ NII-f> tir)

100

n Ix') I
50 51 - t

I

t
ni

-~
~

I~~_-
o 1 2 3 4 5 1U 20 40 60 100 200

GIA dx"

Figure 1 - Attribute sample size n versus r, the number
of defected items, for a specific case defi-
ned by the parameters N, A, Gand ß
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calculated and plotted tor any set of
parameters N, A, Gand ß (provided that NA
is greater than G). ln general the shape of
n versus x is of the type of the plot given iri
Fig. 1. ln view of its practical use, it is
important to understand fully the implication
of this plot.

12. If an inspector uses an attribute tester
capable (but only capable) of assessing with
certitude whether or not an observed item
is empty, the examination of a sample of size
n(A) will allow him to discover an anomaly
in the hypothesis, but only in the hypothesis
that the diversion occurred by emptying
completely the necessary number of items.

13. If the diversion of the amount G has
occurred through defects of a specific size
x* and if the inspector examines a sample
of size n(x*) with an instrument capable of
100% assurance (ex= 0) to detect a defect

x* or larger, then at least one such defective
item will be included in the sample n(x*) with
probability 1-ß.

14. However,
i) if the diversion of G was obtained

through detects of larger size (x > x*)
the relevant number ot detective items
decreases (r(x) < r(x *)) and the risk ot

non inclusion of at least one defective
item in the sample size n(x*) becomes
larger than ß;

ii) if the diversion of G was obtained
through defects of smaller size (x < x*)
the detection probability of at least one
item becomes larger than 1-ß, provided
that the instrument used is capable ot
recognising such defects. If this is not the
case, 1-ß becomes identical to O.

15. Intuitively one understands immediate-
ly that a partial answer to the problem at the
larger spectrum of diversion strategies is that
of oversampling. Repeating the above
reasoning starting from the end, let us see
which practical result may be obtained in the
hypothesis of the availability of an instrument
capable (with ex= 0) of detecting defects
of size x * or larger. If a sample of n(A) items
is examined, it is possible to affirm that in
such a sample there is, with probability at
least 1-ß , at least one defective item,

irrespective of the strategy used to divert the
amount G, provided that the size of defects
is at least x*.

16. The practical consequence of the
above reasoning is found in /1/, sections
4.3.1 and 4.3.2, from where the following
guidelines are derived:
i) Define the attribute tester precision and

accuracy through its relative standard
deviation ó (r.s.d. of the measurement
instrument used for the specific stratum).

ii) Define for that stratum, characterized by
the parameters N and A, a critical
threshold

tM (2)

so that, if a discrepancy exceeds this
threshold, the relevant item is "labelled
as a defect in the attribute tester in-
spection with probability 1"; if the
discrepancy is smaller the anomaly is ne-
glected (if it reflects a real defect it "will
be detected with probability zero": ß =
1).

iii) Calculate the sample size na = n(A),
select it randomly from the population
and measure it with the attribute tester.

iv) Calculate the sample nv = n(tM), select
it randomly from the population and
measure it with the variable tester.

17. ln /1/, section 4.3.2.1, it is suggested
to use, for practical implementation, a value
of(')

t = 4.

This value has the advantage that if an item
is observed as anomalous (the discrepancy
exceeds the amount 4óA) there is a statistical
risk of only 0.003% (practically zero) that the
item in question is not defective.

18. However, the sample sizecalculated for -

the variable (in attribute mode) tester,
n(G/4óA), suggests that the attribute tester
is capable of detecting defects of size 4óA,
which is not strictly true and confuses the
size of the defect with the threshold setting
on the measurement instrument.

19. The approach outlined in section 16
above, implies that the performance of the
variable tester must be of a quality much
higher than that of the attribute tester. ln fact,
it should be possible to detect with
probability 1-ß any anomaly smaller than
4óA, which may indicate an overall diversion
of G. ln practice the results of this second
set of verifications shall be usable either:

for identification of single defective items
(when the single defect is within the
detection capability of the tester used) or
for the detection of a diversion cove.red
by bias defects (defects statistically
detectable only through the cumulative
observation of the whole measured
sample, which are out of the detection
capability for single items).

20. Usually testers with such performances t
are those involving weighings and chemical al
destructive analyses. They are quite costly
and time consuming (both during and after
the inspections) and therefore should, as far
as possible, be compatible with the attain-
ment of the goals /5/ minimized.

The Passage from Stage 2 to Stage 3

21. The practical impossibility of the
extensive use of such variable testers, and
the feeling that the potential of presently
available measurement instruments was not
fully exploited in the function of attribute
testing, led some researchers to make a
thorough analysis of the sampling approach

described in /1/ and currently implemented
(as far as possible) by the safeguards
inspectorates.

22. The principal idea was the incomplete
exploitation of the quantitative results of the
attribute testers, the detection capability of
which was used only for measured
discrepancies larger than 4óA even if smaller

discrepancies may be observed and
provide fruitful information.

23. When the defect under Observation has
a size comparable with the sensitivity of the
instrument used, the data analysis must ob-
viously take into account:

a component of the non detection risk (ß)
which does not depend only on the (at-
tribute) sample size;
a risk of false alarm (which - see section
17 above - was lowered down to insigni-
ficant values by selecting an appropriate
critical threshold for the attribute test).

24. Note that a threshold tóA for defects
(section 16.) corresponds to a threshold of
A(1-tó) for the tester: above A(1-tó) the
measure is accepted, below it is rejected.
For a graphical interpretation see the
abscissa of Fig. 3.

Very generally speaking, the recent
developments in the sampling consider-
ations 12,3,41exploit the performances of the
available attribute testers in their region of
answer higher than A(1-4ô). An attempt to
visualise the situation is made in the following
with the help of Figs. 2 to 4.

25. Once the performance of an attribute
tester is known (8 is known), it is possible to
draft Fig. 2 where the false alarm risk, ex,is
plotted as a function of the threshold T for
acceptance or rejection ot the observations.
Physically T = A(1-tó). If both A and Tare
expressed in terms of absolute standard
deviations (óA = a), .:x is given by the
expression:

ex = '1>(- (A-T)/öA) = 'I>(-t) (3)

~
-....r-

Figure2 - False alarm rate lX versus difect size t
(expressed in 8 A units) or absolute thre-
shol d setti n9 T

(') For the sake of simplicity 4 is used in the following
instead of t. t will be used in the following with the same
threshold meaning, but in a more general context.

2
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where cf>is the cumulative normal distribution
fLJllction.
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Figure 3 - Detection probability of defects versus real item content for different threshold settings.
T is the rejection threshold for defects of real absolute size j Ij A (relative size t = j)

lp: 1-ß

.... 6

Threshold setting

Figure 4 - Detection probability of defects versus threshold setting, expressed in t units or in absolute
value T, for different defect sized d = s Ij A

26. Note that a (the probability that a non
defected item is measured as defective
under the threshold T) has obviously no
relationship with possible defect sizes.

27. Figure 3 describes the probability p =
1-ß to classify as defective an item really
defective versus the real item content (on the
abscissa) for various choices of the critical
T value. If the abscissa IS read from A
backwards, the size of the concerned defect
is directly measurable. For general use the
values of T and of the defects are expressed
in terms of standard deviation öA of non
defected items.

28. The same information mayaiso be
plotted (Fig. 4) to describe the probability p

= 1-ß to classify as defective an item as a
function of the threshold setting T for various
sizes of the defected items.

29. The plots of Figs. 3 and 4, conSidered
together with those of Fig. 2, illustrate the

5 4 23

T

performance obtainable by the specific
tester used (Characterized by ó) when a
stratum, identified by the Item content A. IS
examined. The dotted lines used in both
Figs. 3 and 4 for a t = 4 (equivalent to a
threshold setting of A(1-4ô)) illustrate the
situation existing when the recommended
decIsion rule, mentioned in section 17
above, is used.

30. It is immediately evident that the
"probability area" (on the right hand side
of the dotted lines), which illustrates the
measurement system's capability to detect
defects smaller than those selected by the
adopted decision tule, is not fully exploited.
It must nevertheless be noted that in such
a zone one must be careful because p < 1
and a > 0 values may occur. The Simple
rule of t = 4 has been used until now in
order to "stay on the safe side" and
because it was not yet known how to exploit
the above mentioned

,.
probability area".
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31. ln fact, this exploitation involves
mathematical and statistical calculations
which are not simple, need a lot of appro-
Ximations and are not easy to be described
in simple terms. However, now some results
have become available and these will be
useful to inspectors. It is demonstrated that
an appropriate treatment of the attribute
tester data may be done so that. eventually,
the same detection probability may be
achievea with a sample to be measured" by
variable", Significantly smaller than that
suggested by the fuie of t = 4, used up to

now

The New Approach to Sampling
(Stage 3)

32. Intuitively the smaller sample sizes may
be Justified by the following type of

A
reasoning:

A full exploitation of the data obtainable
from the attribute testers allows, for each
conSidered stratum, the statistical detec-
tion of defects of a size smaller than 4óA
ln such a case the variable testers are
usedonly for the detection of Items
defected for less than 4ôA.
But, in such a hypothesis, the diverSion
of a fixed amount G implies the falsifica-
tion of more than G/4M items. It follows
that samples of smaller size are sufficient
to assure, With the required probability
1-13, that at least one defected item is
Included in the sample to be measured
by the variable tester. (The characteristics

of such a tester have already been
identified above. section 19.)

o

o

33. The algorithm for the calculation of the
variable in attribute mode sample size is
obtained from a process which starts from
the formulation of the non detection prob-
ability of defected iterrrs both for level 1
(attribute) and 2 (variable) sampling. Level
1 sample size is calculated by Eq (1).

34. If.
131 Indicates the probability that no
anomalous level 1 measurement is
observed;

ß2 indicates the probability that no
anomalous level 2 measurement is ob-
served, and

131 and ß2 are independent,
the product: Plß2 = ß must satisfy the
requirement that the overall ß (for all strata)
IS equal to or lower than the desired
prescribed amount (e.g. that fixed ln the
safeguards goals 15/).

35. ln turn 131 depends on .
the probability that a defective item is
included in the sample by attribute (size

= nl) and on
the conditional probability that the
attribute tester prOVides for an alarm
when the defective Item is measured
(remember that now an a > 0 is not
impossible to be met).

A

3
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And ßz depends on nz, the sample size for
level 2 measurement that, in such a way is
indirectly defined.

36. Two authors derived approximate
formula for the calculation of nz, satisfying
the requirement to attain the detection goals
quantified by Gand ßo. The formal devel-
opments proposed are different, as is the
final formula obtained. However, for a num-
ber of numerical examples, these different
formulae lead to very similar numerical
results. The two solutions proposed are out-
lined in the following. They are due respec-
tively to J.8. Sanborn /2/ and to J.L. Jaech
/3/. Jaech's formulation is under consider-
ation by the Agency, for inclusion in a new
version of the Manual F. the part of this draft
that has been made available to the writer
has also been taken into consideration /4/.

37. Going a little further in the description
of the development of the algorithms for the
calculation of nz, the nature (systematic or
random) of the error inherent to the attribute
tester has to be taken into account. This is
done by both authors, and both deal with
the extreme cases of an "all random" or "all
systematic". 80th authors agree that the "all
systematic" case gives the higher sample
size, so that the "all systematic" is conser-
vative in respect of an "all random" hypo-
thesis.

38. It is, however, wise to stress that:
the numerical results obtained using "all
random" and "all systematic"
hypotheses are very similar;

- even if the result of a "mixed" case is not
yet studied, it seems that the "all
systematic" case may give conservative
values of nz;
(last but not least) the "all systematic"
case is formally less camp/ex.

39. The basic data are obviously the same
for the two authors. (Here the symbolism of
Sanborn is used with a few minor excep-
tions. A synopsis of the symbols used in dif-
ferent references is given in the Appendix.)
These basic data are those listed in section 8
above: N, A and G; the overall accepted
risk of non detection ßo and the relative
standard deviation ó of the attribute tester
(section 16(i) above).

40. For both authors the attribute sample
size is calculated by the "usual" Eq. (1).

41. In his approach Sanborn suggests re-
measuring with the variable tester those
items which

are classified as defectuous by the
attribute tester bur for which

- a risk of false alarm practically larger than
zero exists.

42. Note that in the Sanborn approach the
critical value t is optimised as function of h,
so that items classified as defected for a
certain observed amount may not actually

be anomalous but only classified as such for
a statisticaleffect (0: error).

43. A similar suggestion does not appear
in Jaech's approach, where it seems that a
pre-established risk of fa/se alarm rate is
accepted as input datum of the problem.

Sanborn Results

44. The total number of items expected to
be measured by the variable tester is given
by

nz total = nz + nf - nInf / N (4)

where

nz ~ (NóA/G) f (ßo,t,ó)

nz is the sample size calculated on the basis
of the conditions mentioned in section 36
above;

nz = N(1-ßo AlG) <I>(-t)

is the expected number of items to be
remeasured after a doubtful result of the
attribute tester (see section 41);

nInr/N

is a term which takes into account the
probability that the two independent
samples nz and nf overlap; and

f(ßo,t,h)

is a known (tabulated) function of its three
parameters. t (see also (2) in section 16.(ii))
may be defined by the expression

t = (A-T) / óA

and is the number of absolute standard
deviations of the tester exceeding which the
difference between the declared value (A)
and the result of the level 1 measurement
is considered to be anomalous. (The defi-
nition of T is consistent with that given in
section 25. The parameter t is called q in /2/.)

45. Tabulations of f may be found in/2/.
f is a very slowly increasing function of Ó,but
this dependence, at least in the domain of
our interest ó = 0.01-0.2, is so small that
it may easily be neglected and the
conservative value of f for ó = 0.2 may be
used for practica/ implementation.

46. If t has not to be fixed by other consider-
ations (so that f is defined), it may be con-
sidered as a free parameter to be used for
the minimization of the effort quantified by
nz total (this is the "appropriate treatment"
mentioned in section 31. above).

47. It might have been logically anticipated,
as it results in practice, that f is a monotone
increasing function of t : nz grows with t. But
when nz increases the number nf of
expected fol/ow-up measurements
decreases so that a value of t, and then of
nz. which optimizes (minimizes) the nz total
expression (4) may be established
computationally from the parameters A/G,
ßo and Ó. The calculation shows that, as a

general rule, the dependence of optimal
values of t on A/G and ßo is small if not
negligible. ó remains then the only
parameter influencing the optimization of t
and Sandorn suggests the following table as
a "reasonable guide" to choose t on the
basis of ó:

(5)

ó t

0.15 3
0.015 - 0.04 2.5
0.04 - 0.1 2

0.1 1.5

48. The full procedure of verification by
sampling is then the following
i) Calculate nI by Eq. (1) and randomly

select the sample.
ii) On the basis of Ó, select the optimum t

value using the indicative table of the
previous section.

iii) Measure the sample ni by the attribute
tester with a threshold setting consistent
with the optimum value. If one or more
defective items are discovered for which
the false alarm risk is negligible, stop the
procedure and begin the relevant follow-
up actions.

iv) Determine the value of f corresponding

to the optimum 1,the imposed ßo and the
conservative ó = 0.2 values.

v) Calculate the expression at the right
number of Eq. (5) and approximate the
value to the larger integer number.

vi) Measure with the variable tester the
sample of size nz randomly selected from
the N population items.

vii) Measure additionally with the variable
tester those items which

- have been considered doubtful (in the
sense that the relevant anomaly has a
non zero probability to be a false alarm)
after measurement by the attribute
tester and

- are not included already in nz.

Jaech Results

49. (The notation used until now continues
to be adopted, but, in round brackets, the
original Jaech notations /3/ is sometimes
reported for easy reference to the original
text in the next section - see also the
Appendix).

50. The following model is used:

It is assumed that all partial defects are of
size sAó Ux). There are r0 (no) such defects
in the stratum: ro = G/sAó. The number of
such defects that exists among the nI (na)
items measured by the attribute tester is a
random variable. The same is true for the
number of defects that exist among the n2
(nu) items measured by the variable tester.
It is assumed that the nI and nz'samples are
independently drawn. Finally the
assumption is made that a defect of size sA,
if measured by the variable tester, is certain
to be classified as a defect.

4
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51. The calculation of n2 ,s obtained
through an algorithm which makes also use
of the following parameters
a probability that a non defected Item is

classified as a defect by the attrrbute
tester:

q probability that a defect of size sA :s de-

tected by the attribute tester;
critical value for the attribute tester (same
definition as in sections 6 and 44 above

- called k in /3/).

52. The value of n2 to be used is obtained
by means of a "trial and error" process,
which allows the definition of the optimum
(maximum) sample size to be used.

53. The process follows the follOWing
steps:
i) Choose a value for q
ii) From the prescrrbed a value (considered

as one of the input data of the problem)
and the characteristic 0 of the attribute
tester, calculate the crrtical value t. t IS
defined by the relationship

a = <P(-t) (6)

This function is equivalent to (3) and is
graphically represented ln Fig. 2.

iii) Once tand 0 are fixed, the relationship
q = <P(s-t) (7)

links the parameters q and t. It is then
possible to calculate the s corresponding
to the value of q arbitrarily chosen at step
(i).

iv) Fixed s, calculate r0

ro = G/sOA

the number of detected Items present in
the population, according to the model
chosen.

v) Calculate n2 as follows:

n2 = In(ßo/1-q)/ln(1-ro/N)

54. One "trial" is now available.
vi) The solution is found by aSSigning dif-

ferent values to q and by finding, by trial
and error, the value which maximizes n2
and which is then the sample size to be
used for measurements with the variable
tester.

55. ThiS algorithm represents the
approximate solution offered in 131for the

"all systematic" case (see sections 37 and
38). It seems to the writer that this is the most
simple and workable of all the more precise
and complex cases treated by this author.
This solution is included in 14/, where tables
of s as a function of q and a, which may be
very helpful for the calculations involved by
the algorithm, are mentioned, but
unfortunately not yet attached to the
presently available draft copy. Actually they
are not difficult to prepare when tabulation
of the function <Pis available.

56. A superficial reading of 131may give the
misleading impresssion that the sampling is
designed only for defects of a specific size

(So!'>,).But the measurements made by t'le
attrrbute tester are ln fact such that ail
diverSion strategies aimed to divert an
amount of G by means of defects greater
than or equal to the minimum specified Size,
are eventually covered.

57. The problem of the false alarms is,
instead, not very clear:y discussed. The
reading of references 131and /4/ suggests
that a IS an 'input' parameter for the
sampling exercise. If thiS ISSimply the case,
Jaech seems to accept the specified a risk
so that any item measured as defective
(observed value under the critical threshold
T) has to be treated as such without inqUiring

furt'ler If this anomaly,s real or only
apparent.

Further Considerations

58. A number of questions Inherent to t'le
practical use of the suggested sampling
algorithms exist, first of all the approximation
of strata with a group of Items ideally with
equal content A This difficulty is rather linked
to the calculation of n] . this problem has
already been addressed and a number of
solutions are suggested (substratlfication,
conservative approach, use of mean values,
which may be chosen to suit practical
cases). The sole requirement for the
calculation of n2 is that the absolute standard
deViation (sA8) of the attribute tester may be
considered practically constant for all the
items of the considered stratum.

59. The description of the sampling
technique described in sections 53 and 54
(Jaech) is not as complete as the description
of the technique given in section 48
(Sanborn). However it must be clear that the
first case also includes anldentlcal step
relevant to the attribute tester measurements
(for which the t value corresponding to the
maximum n2 is used).

60. What remained Implicit for both
sampling techniques is the fact that the
suggested procedures must be applied in
the same way for all the strata relevant to
the specific Inspection (e.g. PlV) or to the
group of Inspections (e.g. for IC verifications)
or to a full Matenal Balance.

61. Because of the basic principle
mentioned in section 6, one must be
conscious that the discovery of one anomaly
in one stratum is not an indication that
something is wrong in that stratum only, but
an indication that something may be wrong
in the whole strata considered together. This
is the consequence of the fact that, for
sampling calculations, the whole goal
quantity G has been used for each stratum.
the discovery of one anomaly must Involve
the beginning of an inquiry covering all the
strata.

62. Jaech 141 describes explicitly the
"model" he uses for the development of hiS

l:SARUA 8L'LU:TIN

technique while Sanborn lets the reader
deduce SUCha piece 0: 'nformation (some-
thing which 'S not always trivial) However.
t seems that t'le Jaech cO'lclus ons, accord-
Ing to his hypotheses. are Ilflllted to the
consideration of defects greater than or
equal to sSA thiS lower Irmt ISnot expl,citly
dedLclble from Sanborns approadl, giving
the impreSSion that the ,ower l,mit ,he may
cons der is that of the measLrement capa-
bility of the variable tester

63. i'\nother difference between the two
techniques IS that of the false alar'll treat-
ment for the attrbute tester. The rerneasure-
ment of'doubtful' Items (see section 41)
allows Sanborn to neglect the problem
Jaechs attitude seems to be that of accept-
Ing to run a certain fisk because CiS
considered Simply an Input parameter for hiS
sample size calculations.
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Publication of a Book on

Statistics Applied to the Interpretation
of Measurement Data

CETAMA
Centre d'Etudes Nucléaires de Fontenay-aux-Roses
Boite postale 6
92265 Fontenay-aux-Roses (Cedex) France

ln 1978, the CEA's CETAMA* working
group No. 11 ("Statistics") published a work
entitled Statistics Applied to the
Interpretation of Measurement Data. As
this book is now out of print, a new and fully
revised edition is scheduled for publication
at the end of 1985 * *. This article discusses
its contents and the problems it may help
to solve.

The book is divided into six parts, and is
completed by a section of tables and charts:

I. Definitions
II. Analysis of an Observed Distribution

III. Evaluation of Measurement Methods
IV. Problems of Comparison
V. Relating Two Variables
VI Interlaboratory Circuits

The work is illustrated by 78 numerical
examples to provide more tangible applica-
tions for the otherwise abstract discussions
due to the inevitable use of mathematical
symbology. The examples are generally ta-
ken from analytical chemistry, a field in
which it is especially difficult to determine all
of the factors affecting a measurement result
for which analysis laboratories must provide
the user with a maximum of information at
the lowest cost.

I. Definitions

Part I begins with a discussion of random
variables, as statistical applications are
conceivable only where at least one of the
variables studied is random in nature.
Statistical interpretation of measurement
results thus requires that the experimental
findings be assimilable to particular values
of a random variable, and that the occur-
rence frequency of each value (i.e. its
probability) be given by a mathematicallaw
governing the probability of random
variables.

This discussion is followed by a review of
some basic definitions as well as the char-
acteristics of the most common probability
laws.

CETAMA (Commission d'Etablissement des
Méthodes d'Analyse)
CEA (Commissariat à l'Energie At'Jmique)
Centre d'Etudes Nucléaires de Fontenay-aux-Roses--Editions Masson, 120 Bd St Germain.
75280 Pans Cedex 06

Il. Analysis of an Observed Distribution

Part Il includes three chapters covering
the operations used to determine and char-
acterize usable observations.

11.1 Determining the Distribution Law

The first section of chapter".1 discusses
the ways for verifying that the series of ex-
perimental results is actually random, i.e.,
that the value of any given result is indepen-
dent of the values of the previous results.
This random character is the basis of statis-
tics, but it cannot always be taken for
granted and must often be verified. For
example, successive spectrophotometric
measurements on a solution with a color-
ation likely to fade in time may produce re-
sults that are not random because the values
gradually decrease.

ln practice, this verification of the random-
ness of a series of successive observations
is not only a preliminary step for many
statistical procedures, but also an effective
method for directly solving much common
problems as the following:

Is the response of a measurement
instrument subject to drift ?
Has a measurement instrument reached
stable operation after startup?
Does the impurity content of a metal
ingot vary systematically from top to
bottom ?
Does a given factor (e.g. the temper-
ature) affect the result?
Does a qualitative factor (e.g. the identity
of the operator) affect the result?

Once it has been determined that the
observation data may be considered as
particular values of a random variable, the
following chapters provide a way of
evaluating the mathematical form of the
relevant probability law.

11.2 Estimating the Variance and the Mean

A probability law is characterized by
different parameters, the most important of
which are the mean (position parameter)
and the variance (dispersion parameter).
These two parameters alone are sufficient
to define the probability law for a normal
distri bution .

ln general, however, the mean and vari-
ance of the law, which represents an infinite

number of observations, are unknown and
must be estimated from a finite number of
observations.

These estimates must be completed by
an estimate of the possible error, i.e. the
maximum probable deviation between the
true unknown value and the estimated value.
Chapter 11.2 discusses the procedures for
estimating the variance, the mean and their
error ranges, depending on whether or not
the mathematical form of the distribution law
is known.'

Il.3 Outlier values

The presence of values that deviate
considerably from the mean in a set of
observations suggests that they do not obey
the same probability law as the others, i.e.
that they are outlier values that must be
eliminated before statistical treatment.
However, since these deviations mayaiso
be extreme values for the population, they
must only be rejected on the basis of
objective criteria.

Chapter 11.3provides statistical ways for
detecting outlier values with a normal
distribution law.

III. Measurement Results

Two steps are involved in estimating the
value of a quantity measured directly or
indirectly:

the actual estimate based on the
experimental results;
the definition of a confidence interval with
a specified probability of containing the
true value.

Part III addresses the following points.

111.1 Systematic and Random Errors

It is shown in this chapter that the distinc-
tion between random and systematic errors
depends essentiallyon the measurement
conditions.

111.2Characteristics of a Measurement
Method

A statistical definition is given of the
principal characteristics of a measurement
method: repeatability, reproducibility,
accuracy, sensitivity and detection limit.

111.3 Error Propagation

This chapter discusses the error
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calculation specifYing the confidence Interval
on the value of a quantity depending on
whether It IS measured directly or indirectly
as a function of one or more different
physical quantities.

lilA Expressing the Result

The final chapter in Part III summarizes
the practical rules for expressing the
measurement result.

IV. Comparisons

Measurement results are often used to
compare the quantities estimated from them.
ln practice, this involves comparing certain
characteristic parameters (means, vari-
ances, proportions) of the Infinite statistical
populations as represented by a finite
number of experimentalobservations. The
following pOints are examined.

IV.1 Basic Concepts
This chapter reviews the principles of

statistical tests, by which experimental
observations are used to determine the
nature of a population, the form of a
distribution law, the parameters of this law,
etc.

IV,2 Comparing Mean Values
The mean value of the observed

distribution may be compared with a
reference value or with the mean of another
observed distribution. The comparison
between two means is improved when both
variables can be matched. The following are
only a few examples of the applications of
this concept:

Checking the accuracy of a measure-
ment method
Checking the composition of a synthetic
compound
Checking product specification com-
pliance
Checking the theoretical value of a
quantity
Checking the agreement between two
measurement methods, two instruments
or two laboratories.

IV.3 Comparing Variances
Comparing a variance with a reference

value or comparing two variances generally
involves evaluating the reproducibility of
measurement methods, instruments or lab-
oratories, for example to choose between
two procedures or to verify the stability and
reproducibility of measurements over time.

IVA Comparing Proportions and
Acceptance Inspections

This chapter deals primarily With
inspection by attributes in which the items
submitted to examination are designated as
satisfactory or defective.

IV.S Analysis of Variance

Variance analysis is a statisticaltechnique
used to detect the possible influence of one

or more factors on a measurement result
when the result can be considered as a
random variable. This type of analysis can
show the existence of a link among several
quantities, but cannot represent this link by
a mathematical relation.

Variance analYSIS iS a particularly
economical and advantageous way of stu-
dying the effects of several factors on a
phenomenon and has innumerable applica-
tions, two of which are examined in the next
two chapters.

IV.6 Investigating the Causes of Error

This chapter describes the application of
variance analYSIS to two special problems

Evaluating the contribution of one or
more phases of the operating procedure
to the overall uncertainty in the measure-
ment result;
Estimating the mean value of a large
number of results obtained under differ-
ent conditions using the same method.

IV.? Homogeneity of a Materialor of
a Set of Parts

Possibilities of application to homogeneity
analysis are presented for various statistical
techniques already discussed, and for
variance analysis in particular.

V. Relating Two Variables

Measurement results may be used to find
a relationship between two quantities. The
application of the results mayaiso depend
on the existence of such a relationship, either
because the measurement method requires
calibration or because the quantity to be
evaluated is dependent on other measured
quantities X, Y, Z, etc. It is important to note
that the confidence interval for the final result
is not the same depending on whether X,
Y, Z are independent or not.

The first two chapters in Part V deal with
regression analYSIS.

V.I Linear Regression

The regression method ISused to express
the relationship between two quantities
when one of them ISsubject to nonrandom
variations. The regression is termed linear
if the relationship can be represented by a
straight line. An important application to
measurement techniques is plotting the cal-
ibration line representing the measured
quantity directly as a function of the desired
quantity. These quantities are generally dif-
ferent in nature: for example, the first may
be an optical denSity and the second a con-
centration.

V.2 Extended Linear Regression

Nonlinear regressions are handled either
by changing the variables to obtain a linear

regression or by uSing the multiple regres-
sion technique. ThiS method can also be
used to estimate a linear relation between
a random variable Z and several nonrandom
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variables Xl. X2, .

These two ,chapters cover the main
problems related to calibraton

Computing a calibration curve
Determining the confidence Interval tor
a result obtained trom a calibration surve
Checking that the slope ot the calibration
line corresponds to the expected
theoretical value
Checking whether the calibration line
intersects a specltied pOint (e.g the
origin)
Checking whether a new measurement
of a reference quantlty!s compatible with
the previous calibration
Comparing two quantities estimated
using the same calibration line or two dif-
ferent calibration lines
Comparing calibration lines that may
differ by the moment they were plotted,
the extent of the calibration range, the
presence or absence of an element ln
the reference products, the ongin ot the
reference quantities, etc.

V.3 Correlation

The correlation method may be used to
detect a certain correspondence between
the numerical values ot two random vari-
ables without any notion ot a cause-effect
relationship.

VA Relating Two Variables

This chapter summarizes the statistical
methods that may be used to detect a rela-
tionship between two variables.

VI. Interlaboratory Circuits

Variance and regression analysis may be
applied to interlaboratory circuits In ordEn to
evaluate two special problems.

The existence of systematic discrepan-
cies between the results provided by
several laboratories
The reproducibility of the results from
each laboratory.

ln conclusion, we feel that thiS work
provides an overview of the many possibili-
ties offered by statIStical analysIs ln partic-
ular, statistical treatment allows more
thorough implementation of measurement
results, often giving greater productiVity
either by providing better data for a given
number of observations or by ensuring all
of the information required despite a smaller
number ot measurements

Nevertheless, It must not be forgotten that
statistical calculations are based on expliCit
or Implicit hypotheses that may not holeI. It
is indispensable to understand these IlY-
potheses fully. to keep them always in mind
and, before adopting the conclusion fur-
nished by the calculations. to check
scrupulously that they are acceptable given
the conditions under which the experimental
observations were made.

?
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Activities of the ESARDA
Working Groups

1. Low Enriched Uranium

P. Boermans, FBFC, DesseI, Belgium
Convenor ESARDA LEU WG

V. Verdingh, CBNM, Geel
Secretary ESARDA LEU WG

Introduction
The ESARDA Working Group on LEU

was constituted in 1978. The basic idea was
the creation of a plant specific working
group, for which the prime input should
come from plant operators.

The terms of reference of the group are
as follows:
a. The ESARDA Working Group for LEU

Conversion and Fuel Fabrication Plants
is composed of representatives from
plant operators, safeguards authorities
and research establishments.

b. The group acts as a free podium for
discussion, to exchange and demon-
strate experience gained in Nuclear
Materials Management by members of
the Working Group.

c. The Working Group endeavours
throughout its work, to ensure that
safeguards procedures can draw largely,
if not entirely, upon comprehensive
Nuclear Materials Management Systems.

d. The Working Group will restrict actions
to the pragmatic development of current
Nuclear Materials Management technol-
ogy taking into account the requirements

of both plant operations and safeguards.
The work commitment of the plant oper-
ators will be limited to the transfer of
knowledge and assisting each other to
implement improvements with the least
average cost for all members.

The role of the Research and Inspection
Organisations will be to advise upon the
developments in Nuclear Materials Manage-

ment Systems and to support R & D work
if required.

The organisations represented in the
Working Group are the following:

Plant-operators
BNFL
EXXON
FBFC
FBFC
FN
RBU

Springfields, U.K.
Lingen, FRG

Dessei, Belgium
Romans, France

Boscomarengo, Italy
Hanau, FRG

Research and Inspectorate

CEN/SCK Mol, Belgium
ECN Petten, The Netherlands
KFK Karlsruhe, FRG
UKAEA Harwell, U.K.
CEC Safeguards Directorate,

Luxembourg
CEC Joint Research Centre,

Ispra and Geel
The Working Group meets at regular in-

tervals to evaluate actions going on and to
decide upon new actions. Up to this date
the Working Group met 11 times. The last
meeting was hosted by RBU at Hanau on
the 19th and the 20th of June 1984. An
informal meeting was organized on the oc-
casion of the ESARDA Symposium in Liège,
on the 22nd of May 1985.

The activities of the Working Group can
be grouped under all of the three following
items:

- system studies
- DA measurement techniques
- NDA measurement techniques,
each of the mentioned topics specificially
related to LEU facilities.

The work of the Group has been reported
on different occasions: on the lN MM
Symposium in Albuquerque in 1979/1/; on
the ESARDA Symposium in Edinburgh /2/
in 1980, and on the ESARDA Symposium
in Versailles in 1983 /3/.

This document reports on the major
achievements of the Group and on some
perspectives for the future; it is not intended
to be a detailed report on each of the differ-
ent topics.

System Studies
The Working Group considered the

following subjects:

verification schemes
computerized nuclear material
management systems
applications of NUMSAS to plant data.

Verification schemes
The Working Group performed studies to

evaluate the consequences of the verifica-
tion effort in a reference plant with a flow of
about 600 tU. y_l and an average
enrichment of 3%. Different verification
schemes ,were considered.

A first scheme was based on the verifica-
tion of input and output and on the verifi-
cation of the physical inventory once a year.
This scheme has the advantage that the
details of the plant operation are not impera-
tive. The verification of the material flow
(input and output) has been evaluated con-
sidering the LEU conversion/fabrication
plant as a part of a fuel cycle subjected to
an integrated safeguards system.

The verification problems are specific for
different mçJ.terials involved. The materials
can thus be divided into two broad cate-
gories :

materials which are transferred in
standardized containers of small dimen-
sions (U02 powders, U02 peliets) and
that can be easily sampled for the de-
termination of fissile material content by
DA or by NDA measurement.
materials which are transferred in items
of large geometries (UF6 cylinders, U02
fuel assemblies) so that a verification of
the fissile material content requires
special procedures: NDA measure-
ments, containment and sealing tech-
niques.

ln the transfer of the first category of
materials it seems important, in order to
reduce the effort, to make only one veri-
fication either at the outlet of a plant or at
the entrance of the foliowing plant. ln
principle it seems preferable to perform the
verification at the outlet of the plant and to
conserve the information through the use of
containers which can be sealed and verified
for integ rit y .

The second verificbtion scheme is based
0:1 an optimized utilization of a Fast
Response Computerized Accountancy Sys-
tem, together with statistically based sample
verification. This scheme, in contrast with the
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first, 'requires a detailed knowledge of the
piant operations and willlead to an intrusive
control system. The members of the Work-
ing Group considered that, from the opera-
tors point of view, one of the advantages of
a Fast Response Computerized Accountan-
cy System may be the possible reduction of

the frequency or totality of physical inventory
taking. With this approach the detection time
mayaiso be reduced to a significant extent
which is an attractive safeguards feature

A third approach to safeguarding LEU
plants, largely based on containment. can
be considered. An extended use of contain-
ment to overcome the limitations ln the use
of accountancy is a point of increasing Inter-
est in safeguards. This approach has been
mentioned ln the Working Group but no
specific action was started in this area. The
system seems more attractive for future
plants (when foreseen in the conception of
the plant) than for existing facilities.

Computerized nuclear material
management systems

All Working Group members are using
computerized accountancy systems. The
degree of implementation of the computer
systems is different from plant to plant, but
ln general it can be said, that significant
progress in this field has been made in the
last two years. Some Working Group meet-
ings were specially dedicated to this topic.

Some of the plants are fully computerized.
ln the sense of using a quasi real time ac-
counting system.

ln particular, a near real time nuclear
materials management system has been de-
veloped and implemented at FBFC-Dessel.
and presented to the Working Group.

The system permits an interrogation of
stocks and movements following different
parameters. Hard copies following different
layouts exist, for instance the I.C.R., the L.I.I.
and the P.I.L., on listing and on magnetic
disk.

Attention has to be paid to the fact that
the concerned fissile material data are used
for Safeguards control as well as for other
computerized applications as :

- safety reports
- fissile matenal balances for customers
- financial reports (insurance, etc.)
- manufacture reports (production reports)
- custom reports

Thus the system has to be considered as
an "integral" material fallow-up application.

Another near real time nuclear materials
management system has been developed
and implemented at BNFL-Springfields
under a Joint Collaboration Contract
between BNFL and JRC-Ispra and has been
reported at the ESARDA Symposium on
Nuclear Materials Management 14/.

The project was made possible through
the LEU WG and incorporated safeguards
objectives within its framework from its very

conception.
Through this work:
the facilities have been able - assisting
each other - to introduce a more com-
prehensive system for LEU nuclear
matenals accountancy and control than
otherwise would have been possible;
JRC-Ispra has gained experience in the
field and influenced the design of a
computerized materials management
system for a large plant (BNFL);
systems can be easier to audit by the
Inspectorate since consideration was
given to simpliCity and "transparency"
during the design stages With audit re
qUlrements in mind;
the system can produce the Euratom
reports (I.C.R PIL. M.B.R.. LIJ)
directly.

Applications of NUMSAS to plant data
The NUMSAS package (NUclear Matenal

Statistical Accountancy System) developed
by JRC-Ispra is a statistical tool for the
analysis of matenals balance information 151.
The Group expressed interest in this pack-
age since the Euratom Safeguards Director-
ate had indicated that it intended to use the
package on a routine baSIS. FollOWing initial
diSCUSSions, an exercise was arranged
through the Group to apply NUMSAS to
plant data from FBFC-Dessel. (Actually the
code is applied by the Inspectorate on a
routine base for this plant.)

The Group had noted that the analysis of
material balance data at such LEU plants
would be difficult without the use of comput
erized tools because of the volume of data
involved. The code ISdesigned to give MUF,
the standard deviation of the MUF, for each
primary error source component, the contri-
bution to the overall variance of the material
balance. The Group noted the following
main pOints ariSing from the experiment.

the main effort required to implement the
code IS concerned With collecting the
measurement uncertainty data for the
primary error sources and to allocate the
error paths;
the definition of systematic error ln some
cases was necessarily rather arbitrary
and the treatment of systematic errors
was problematic;
in the case considered, with 10,000 entry
lines, there were 65 distinct error paths
comprising 36 primary error source
components;
the code IS designed to eliminate all
correlated batches from the calculation
of MUF vanance. ln thiS case, it was only
possible to eliminate those batches
which appeared with an unchanged
batchname on both concerned Physical
Inventory listings and I.C.R. reports for
the intermediate period;
the results of the run prompted a review
of the error table. The merit of the code
and of this exercise was that it hlghlight-
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ed those factors which made the greatest
contribution to uncertainty 'n the material
balance.

DA Measurement Techniques
These actiVities are considered to be part

of the olanned scheme for plant specific
LEU inter-laboratory measurement evalua-
tion programmes.

Determination of U-content by gravimetry
Members of the Group have taken part

in an Inter-laboratory comparison exercise
for the determination of "U" ln 'UOz" JRC-
Geel produced a certified reference batch
of 10 g UOz pellets for thiS exercise 161and
used direct uranium measurements by po-
tentlorretry and controlled potential
coulometry for the certification.

For verification purposes the uranium
content was checked by the determination
of the totallmpunty content and subs:ract-
ing it from a 100%, taking Into account the
OlM ratio.

The exercise Involved analytlcallaborato-
ries from all of the European LEU fuei labrl-
cators and from certain Research Cer'tres.
The exercise served to confirm the excel.
lence of 'U" ln "UOz" determination for
pure pellets using the gravlmetnc method
at analyticallaboratones throughout Europe
17/.

Determination of U-content by
potentiometric titration

A similar inter-laboratory companson
exerCise as on the gravimetnc determination
of U ,n UOz pellets has already been set up
for the determination of U by potentiometnc
titration The exercise will allow the calcula-
tion of the accuracy and precision In terms
of reproducibility and repeatability of labora-
tory procedures for routine uranium determi-
nations by the potentiometrc titration
method It will also enable the calculation of
the systematic deviation ln these procedures
in terms of deviation from certified values
provided by CBNM

The experiment will be conducted ln two
phases. ln a first phase pure uranylnitl'ate
solutions Will be circulated followed in a
second phase by Similar uranium solutions
doped with impUrities. It will be requested
to perform routine potentiometric analyses.
The experiment Will be performed in the
period 1985-1988, Similar experiments will
be organized in well specified and Justified
cases.

Sampling in LEU plants
An enqUIrY on the sampling procedures

of different types of materials in LEU plants
was undertaken. The enquiry took into con-
Sideration, UF6, UOz powder, UOz pellets,
residues, waste and other materials.

The collected information was normalized
and communicated to the members. The
document was examined and discussed
during a Working Group meeting.
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ACTIVITES OF THE ESARDA WORKING GROUPS

Experiments for the determination of
sampling errors for pure U02 powders in
drums have been carried out at FN. The
results of the experiments have shown that
on standard free flowing U02 powder ex
ammoniumuranylcarbonate no significant
sampling error exists. The determination of
the sampling errors in U02 powder from
other conversion processes and in U02
impure powder has also been considered
as important, the last one mainly in
connection of plant clean-up for inventory
taking.

A study of the water pick-up of uranium-
oxide powders (U02 and U30S) was
executed by JRC-Geel. The results were
communicated to the Group /8/.

NDA Measurement Techniques

Weighscales intercamparisan exercise
The Group discussed weighing and ex-

changed information on measurement con-
trol procedures for weighscales. During the
first round of discussions, the Group con-
cluded that the precision and accuracy of
weight measurements were not sufficiently
well understood. As a result the Group set
up an exercise to gather comparative data
from a number of weighscales and JRC-
Ispra initiated a research programme to
define a method of analysis for such data.

The weighscale comparison exercise
involved four LEU plant operators in EEC
countries, and the JRC-Ispra. JRC manu-
factured the set of seven standard weights
for the exercise. These weights were then
sent to each operator in turn, who carried
out a sequence of 127 weighings of different
combinations of the weights on one or more
weighscales. The 127 combinations gave a
sequence of weights evenly distributed
through the range 0-90 kg.

JRC developed a new methodology for
the analysis of random and systematic errors
in weighing. An initial assessment of the data
showed that the error structure is more
complex than had previously been believed
since bias is not constant. To overcome this
problem JRC developed a second method
which assumed a model with linear bias /9/.

The algorithm for analysis of weighing
data is now available for use by the
operators in computer tape form. The
statistical tools behind th~ methodology are
not always easily understandable by non-
specialists in this field. Therefore a "school
example" is being prepared by the ECN-
Petlen and the JRC-Ispra for the next Work-
ing Group meeting.

The comparison exercise is viewed as a
success by the Group since it has led to an
improved understanding of weighing errors
and has allowed operators to assess their
position relative to other operators. Further,
the exercise was an example of productive
cooperation between the operators and a
research centre. Members of the Group

have, therefore, decided to set up a second
round of the weighscale comparison exer-
cise using the same set of standard weights.

This second round is being executed at
this moment and will be finished at the end
of the year. ln this exercise attention was
specially drawn to the higher weight range
of balances, used for weighing finished
assemblies, and to limited well defined small
parts of the ranges of balances, because of
their use for standardized containers with
slight different weights.

Use of the Neutron Collar in Leu facilities
The Neutron Collar is a special design of

neutron coincidence counter developed at
Los Alamos laboratories for the verification
of fresh fuel assemblies. ln function of the
discussions on verification schemes the
Group discussed ways of safeguarding the
assembly area of LEU plants and recog-
nized the potential value of a fuel assembly
verification measurement device. The instru-
me,nt has been tested in the presence of
Euratom safeguards inspectors at FBFC
Dessei as a part of the Belgian support
programme to the IAEA /10/. The Neutron
Collar has also been used by Euratom safe-
guards inspectors at anumber of reactor
sites and at LEU fabrication plants in the
Community.

The experience gained from using the in-
strument was discussed by the Group and,
in particular, the practical problems of use
for safeguards verification in an operating
plant were addressed.

The main parts noted were as follows:
to some extent the use of the instrument
will be fuel and plant specific in terms of
calibration and in terms of the physical
constraints imposed by the design of the
fuel and the fuel store;
agreements will be required to comply
with site licences and transport regula-
tions (use of neutron source) and cover-
ing liability in the event of damage to
finished fuel;
there may be limitations of use with multi-
enrichment fuel or with fuel containing

.
burnable poisons;
the instrument proved to be reliable and
robust under plant operating conditions:
no noise pick-up was observed even
when differest types of electrical devices
were in operation in the immediate sur-
roundings. The influence of neutron
backgrounds was very small for the
active assay, but important for the
passive mode.
after measurement of an assembly, seal-
ing should be possible. Adequate tech-
niques for sealing assemblies are only in
the development stage at this moment.

Anyway, the Group concluded that the

active Neutron Collar promises to be a useful
measurement technique for flow and in-
ventory verification. A new measurement
campaign was executed at FBFC in the

month of June 1985. The results will be
presented ori the occasion of a next Work-
ing Group meeting.

Use of the rod-scanner for safeguards
purposes

Most of the European LEU fuel fabrica-
tors have, or soon will have, a rod-scanner
in their plant for Quality Control purposes.

It has been noticed that it is possible for
safeguards inspectors to make use of the
scanners to verify operators' data for fin-
ished fuel rods, as it is already the case on
a routine base in some facilities.

This scheme was discussed by the Group
and a sub-group of expert representatives
of plant operators was set up to examine
such a possibility.

The initial findings of the sub-group were
reported to the 9th meeting of the Group in
June 1983. These were:

use of rod-scanners could present differ-
ent problems in different plants. For
example, the rod-scanner is an integral
part of the production line in certain
plants, hence use for safeguards pur-
poses could, under certain circum-
stances, interfere with production;
preparation of standards may present a
problem to the safeguards inspectorate.
although some standard rods have alrea-
dy been prepared and are in use at cer-
tain plants. Given adequate standards,
rod-scanners provide a sufficiently ac-
curate total U235 measurement for ver-
ification purposes for standard fuel;
fuel containing Gadolinium (a burnable
poison) present special problems for
neutron-activation rod-scanner systems.
For these fuels a passive high resolution
detection system may be required.

Actually one of the members of the Work-
ing Group is preparing a draft for a possible
intercamparisan exercise to get a better idea
of the accuracies and precisions relied to this
verification tool.

PHONID-3
JRC-Ispra performed some measure-

ments on LEU material at the UKAEA's
Springfields laboratory. The results were
promising since the instrument remained
stable over a relatively long period, and
accuracy for measurements of LEU
appeared to be better than that achieved
with HEU samples.

During the month of October 1984, a
campaign of measurements on U-waste was

carried out at the CEN-Mol by means of
PHONID-3 device in collaboration with
FBFC-Dessel/11/.

The scope of this work was a preliminary
check of the feasibility of waste assessment
with an active interrogation technique, as
proposed by FBFC-Dessel. FBFC prepared
29 sealed plastic bags containing a well
known quantity of U02 powder and
resembling to real waste, to make a cali-
bration curve. It came out that the efficiency
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of the system was much better by using
thermalized neutrons instead of epithermal
neutrons. It must be pOinted out that in such
conditions the device can easily detect
tenths of a gram of fissile material with
reasonable counting times. The complete
results of this experiment will be reported on
the occasion of the next Working Group
meeting.

The results of the experiments show that
the application of PHONID devices in such
field is promising. Yet they have demons-
trated the feasibility of this kind of
measurements, they also suggest the need
of a deeper investigation' and refinement.

Conclusions and Perspectives
The Group has provided an excellent

forum for an interchange of views between
plant operators, research centres and the
Euratom Safeguards Directorate. Common
problems were identified in view to arrive at
common solutions and at a maximum of
communality in the safeguards system within
the European Community.

ln the future the Group will focus on
following themes and topics:

Prior to start new projects, increased
thought will be given to the potential cost-
benefit factor of the project for all the
parties involved: operators, safeguard
authorities.
The exchange of information with other
ESARDA Working Groups will be
promoted.
Discussion should be started on safe-
guarding recyçled material, and on
mixtures of fresh and recycled materials;
problems expected in following fields are
related to :

- neutron measurements
- gamma measurements.
there should be further looks for meth-
ods for the measurements of low-level
waste (dry and in solution).
Discussions on practical problems
related ta the introduction of material flow
and material Inventory data in comput-
erized systems are desired.
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2. Containment and
Surveillance

Chr. Brückner, KfK, PAE
Past-Convenor of the ESARDA Working
Group on Containment and Surveillance

The actiVities of the ESARDA Working
Group on Containment and Surveillance
(CIS) are based on the following terms of
reference:

"ObJective. To evaluate and recommend
procedures for containment and surveillance
methods for use by safeguarding authorities
to reduce the inspection effort at nuclear
facilities" .

ThiS report relates to the two years 1984 and
1985, during which the author was acting
as convenor of the working group. Four
meetings were performed in this time.

There are 20 members of the group, from
ENEA-Casaccia, EN EL-Rome and
Fabbricazionl Nuclearl-Bosco Marengo,

L_
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Italy, from Harwell and BNFL-Rlsley, United
Klngdorrl, from SCK/CEN Mol, Belgium and
ECN-Petten, Netherlands, from JRC-Ispra
and Euratom Luxembourg, from CEA,
France. and from VDEW-Frankfurt, DWK-
Hannover, KFA-Jülich and KfK-Karlsruhe,
Germany. The IAEA and Sandia National
Laboratories, Albuquerque, U.SA. are
represented as observers. this means. that
faCility operators are represented Ir the
group as well as R & D facilities and
Safeguards Inspection Authorities.

ln the beginning of the two years period
the group started With a broad discussion
about a future programme. From the side
of the convenor.four points were proposed
to describe a more detailed programme
under the heading of the terms of
references:

to determine CIS Instruments and
devices currently applied ln the field by
Euratom and the Agency

2 to identify where Improvements to
currently used techniques and devices
were reqUired and to Identify how these
Improvements may be effected

3 to establish what techniques and deVices
were under development by whom and
to what end

4 to understand the requirements of the
safeguards authontles for containment
and surveillance hardware.

It was agreed that there IS a need for the
Working Group to continue primarily as a
means of interchanging accumulated
experience. For discussion of R & 0 actiVities
the starting point should be the speCification
of need ln this connection the input from
operators was Indicated as cruCial ln
devldlng on the practical CIrcumstances in
which the CIS Instruments and devices have
to operate and prOViding an in-depth
investigation of the performance of
subsequent hardware

ln general the view of the committee was
that the Group prOVided a good forum for
the exchange of opinion and Information.
The members of the Working Group
considered that the Group should be
retained and should continue to take an
active interest ln containment and
surveillance matters following the terms of
references and the pOints proposed by the
convenor. It was, however, indicated as
essential that information should be available
mainly in written form in advance of
meetings so that Informed diSCUSSionscould
take place at working group meetings.

ln agreement With thiS line working group
meetings were performed With the follOWing
structure of the agenda.

1 . short oral report of each member about

- ongoing R & 0 actiVities, results,
new Ideas and so on ln the case of
R & D people

- experience With applied hardware,
probable needs for improvements or

11

ESARDA BULLETIN, Issue No.10, 1986



ACTIVITES OF THE ESARDA WORKING GROUPS

developments, in care of operators
and inspection authorities

2. oral reports about meetings of other
committees dealing with containment
and surveillance, for example IAEA
advisory group meetings, if such
meetings were held

.

3. presentation and discussion of papers
about special subjects, worked out and
circulated beforea meeting. The subjects
were indicated in the previous meeting,
mainly as a result of the short oral reports
of the members.

Presentation and discussion of such
papers from the main part of the present
working group meetings. Papers about the
following subjects were presented and
discussed:

CIS instruments currently used by
Euratom, with description of instrument
characteristics and application (paper
written by Mr. Ch are, Euratom
Luxembourg)
VACOSS III seals for safeguards use,
describing possible applications (Mr.
Haas, Euratom-Luxembourg)
Adhesive paper seals, describing
characteristics of such seals and the
status of development (Mr. Walford,
AERE-Harwell and Mr. Richter, KFA-
Jülich)
Fuel assembly sealing systems and their
tests in the Kahl boiling water power
reactor facility (fuel assembly seals
demonstration experiment) describing
status of development and results of the
actual tests in the Kahl reactor (B.C.
d'Agraives, JRC-Ispra, J. McKenzie,

Sandia Nat. Labs., Chr. Brückner, KfK)
A new developed electronic sealing
system (Mr. Musyck, Mol)
A film produced for Agency Inspectors
training entitled: "Fuel handling in an
LWR power plant and camera
surveillance for safeguards" which also
shows the capability of a film camera
system developed in KfK (Chr. Brückner,
KfK).

ln general it can be summarized that the
Working Group forms a useful forum for
collection of information and experience for
all parties involved, including R & D people
to look for the best way with minimum
burden for operators for a sufficient
performance of safeguards with use of CIS
measures.

3. Destructive Analysis

P. De Bièvre, CBNM, Geel
Convenor of the ESARDA Working Group
on Destructive Analysis

At its annual meeting in Saluggia (Italy) on
1 and 2 October 1985, the Working Group
on Techniques and Standards for Destruc-
tive Analysis of the European Safeguards
Research and Development Association
(ESARDA),

consisting of individuals, responsible for
U and Pu measurements, from about 35
analytical laboratories in the European

Community and of 5 observers from lab"
oratories outside the European Com-
munity,
in view of the growing pressure trying to
prescribe measurement methods and
procedures, with the implied idea that
their use automatically ensures a given
levelof precision and accuracy or
reliability,

discussed questions of the responsibility for
U and Pu analytical measurements.

The WG expresses its opinion that certain
authorities, by their very nature and task,
have the responsibility to decide what
should be measured, e.g. fissionable isotope
and/or fissionable element content of a given
material, and possibly to what accuracy.

However, the Group also expresses its
unanimous opinion that the full responsibil-
ity to decide how such measurements can
best be made, must remain with measure-
ment laboratories and that such a responsi-
bility automatically includes the freedom of
the choice of appropriate measurement
methods. The latter entails the responsibil-
ity of the, laboratories to demonstrate the
quality of the measurements.

The Group stresses that the quality of a
result should be the criterion on which to

. judge measurements, and not the choice of
any given particular method or procedure.
Such "quality" or "Ievel of performance" or
"state-of-the-practice" (as opposed to
"state-of-the-art") can be derived from
internal measurement control programmes
combined with well conducted
interlaboratory measurement evaluation
programmes.
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ESARDA News

8th ANNUAL ESARDA MEETING (Restricted participation)

Copenhagen, 13-15 May 1986

The eighth Annual Meeting will be held in Copenhagen in the Eigtveds Pakhus.
The attendance will be limited to the ESARDA Steering Committee members. coordinators working group
members and observers.

The title of this internal meeting of ESARDA is .

Capabilities and Objectives of the Use of NDA-DA-C/S Measures in Safeguards

The objectives of the meeting are twofold.

give the manageriallevels of the Association the opportunity to make an assessment of the work performed
in various fields through the information given by the working groups and
promote a mutual technical information of all those who are working in the /\ssociation framework

9th ANNUAL ESARDA MEETING

ESAROA announces that the 9th meeting will be a general Symposium on Safeguards and Nuclear Material
Management and will be held in London on 12-14 May 1987.

It will be held ln the new Queen Elizabeth Il Conference Centre near Westminster Abbey.

A call for paper will bewculated soon.
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