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Résumé

Le développement d'un ensemble de confinement du combustible irradié,
destiné aux centrales nucléaires CANDU, a permis de mettre au point le
système de scellement appelé "AECL Random Coil" (ARC). Les scellés ARC
combinent les éléments d'identité et d'intégrité dans une signature
déterminée par ultrasons. Cela est vérifié in situ, en temps réel, avec le
système de lecture des scellés. La mise au^point de cette technique a été
facilitée au moyen d'essais de démonstration effectués dans les bassins de
combustible irradié des réacteurs NRU et NPD. La démonstration du NPD
comprend la mise à l'essai des instruments du système par le personnel de
l'entreprise Ontario Hydro. Elle permet aux inspecteurs de l'AIEA, qui
viennent de Toronto et de Vienne, de diriger les procédures opérationnel-
les et d'effectuer l'acquisition des données. Les procédures et les
systèmes développés lors des essais sont passés en revue et les
caractéristiques de la performance du système, basées sur les obser-
vations, font l'objet d'une estimation. La fréquence minimale recommandée
pour la lecture des scellés est une fois par an après leur apposition
initiale.
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ABSTRACT

The development of the irradiated fuel safe-
guards containment assembly for CANDU nuclear
generating stations has stimulated the develop-
ment of the AECL Random Coil Sealing System,
The ARC seal combines the identity and integrity
elements in an ultrasonically-determined signa-
ture. This i9 verified in situ, in real time
with the seal reading system. The maturation of
this technology has been facilitated with demon-
stration trials in the NRU and NPD irradiated
fuel bays. The NPD demonstration includes
operation of the system tooling by Ontario
Hydro staff. It provides the opportunity for
IAEA inspectors from Toronto and Vienna to
direct the operational procedures and to perform
the data acquisition. The procedures and sys-
tems developed in these trials are reviewed.
The estimation of the system performance charac-
teristics from the observations is presented. A
minimum frequency of reading for individual
seals is recommended to be once per annum fol-
lowing initial deployment.

INTRODUCTION

The development of the AECL Random Coil
(ARC) sealing system for irradiated fuel storage
in CANDU nuclear power stations has been pre-
viously reported (1, 2). The seals are required
to secure a cover to stacks of trays containing
the fuel bundles (Fig. 1). This paper reports
subsequent development of the system and the ex-
perience gained in demonstration trials in ir-
radiated fuel bays by the developers, IAEA in-
spectors and reactor operators. The estimates
of the system performance characteristics and
the methods used to obtain these estimates are
presented.

ARC SEAL DESIGN

The ARC Seal design features a threaded
cap seal in which the identity and integrity
element is a 302 stainless steel wire coil
(Fig. 2 ) . The wire coil in its cylindrical
cavity acts as a conplex backscattering target
for the ultrasonic transducer in the reading
head. The wire is made irregular by twisting as

a pair and then separating the strands. It is
wound on a triangular mandril under controlled
tension for a given number of turns. When
removed from the mandril, the wire springs to an
irregular coil form. The upper end of the coil
is fixed to the seal body while the end of the
wire below the coil is passed down through the
hollow pin and is fixed below the fracture link.
The wire ends are secured with inserts and
welded.

The seal pin engages the collet in the up-
per end of the tie rod whan the seal is threaded
on. Removal of the seal breaks the pin at the
fracture link, deforming the coil until it
fails.

ARC SEAL READING SYSTEM

The seal reading system (Fig. 3) has been
previously reported by Allen and McKenzie (2).
The reading head positions the ultrasonic trans-
ducer over the seal coil with reproducible
vertical, axial and azlmuthal alignment. An
integral 110 VAC powered pump provides a flow
across the transducer face and through the
ultrasonic measurement volume to flush bubbles
out of the system. The transducer is excited by
the transmitter in the Seal Pattern Reader
(SPAR) and radiates ultrasonic energy at 5 MHz
into the water. The central bore in the reading
head has a small annular ledge immediately above
the top of the seal which scatters energy back
to the transducer. The time interval following
transmission to the detection of this echo is
applied to estimate the sound speed in the water
and is used as a timing reference for the ac-
quisition of the seal signature.

The wire coil acts as a complex, distri-
buted scattering target with characteristic
dimensions of the same scale as the ultrasonic
wavelength (a Mie scattering target). Elemental
lengths of the wire scatter energy in all direc-
tions orthogonal to the axis of the segment with
a strength distribution which is dependent on
the angle of incidence to the axis, and the
position of the wire in the scattering volume.
Multiple scattering, including scattering off
the walls of the reading head and seal cavities
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combines to generate a time varying interference
pattern at the receiving transducer. The geo-
metry is illustrated in Fig. 4.

The response of the transducer to this
stimulus is amplified and sampled by the SPAR
electronics. The corresponding digital time
series is acquired with sample averaging, and
tested for a maximum signal level. If the sig-
nal approaches saturation of the receiving elec-
tronics, the excitation to the transducer is
reduced and the acquisition restarted. The
resulting time series is software rectified, and
smoothed with a digital filter. This signature
is compensated for the time deformation effects
of sound speed to correspond to a nominal 25°C
signature of 640 samples with amplitude values
in the range of 0 to 123 units. This compensa-
tion does not address the phase interference ef-
fects inherent to the signature generation which
may not simply scale with sound speed.

Comparison of signatures is estimated by
the SPAR computing the correlation coefficient
for the signature observed with the selected
signature previously recorded on the magnetic
bubble cassette.

The detailed signature obtained from each
seal is influenced by the mechanical charac-
teristics of the reading head, the electroacous-
tic characteristics of the transducer and the
response of the interfacing SPAR electronics.
The transducer characteristics are the most
elusive to control. These consist of the
nominal 'beam' parameters such as beam width,
beam alignment with the transducer physical
axis, and beam symmetry as well as other more
subtle properties such as the character of the
waveform of the energy radiated with a given ex-
citation and the corresponding echo waveforms
associated with finite targets. As a conse-
quence, the system must be regarded as producing
signatures from SEAL AND READING HEAD PAIRS.
Thus the effective seal signature is developed
from two components: the seal in place on the
stack cover, and the specific reading head as-
sembly used to acquire the signature. It is our
view that the portion of the reading head speci-
ficity which is not possible to control or com-
pensate for Is dominated by the electroacoustic
characteristics of the transducer. If the
transducers were acceptably interchangeable, the
physical tolerances of the reading head design
are either adequate for satisfactory perform-
ance, or amenable to software compensation to
make the system reading head independent. Tests
have demonstrated that performance is indepen-
dent of the particular SPARs used to acquire
signatures.

This dependence on the specific reading
head impacts on the system application proced-
ures. Failure of a reading head destroys the
usefulness of all signatures acquired with that
head. Consequently, the system design requires
a minimum of two reading heads to be used with
all seals at a facility. Instability in the
characteristics of a reading head leads to a

systematic reduction in the correlation coeffi-
cients for the seal signatures obtained with
that head and a consequently increased probabil-
ity of false alarms.

PROCEDURES FOR APPLICATION

Training of Seals

The SPAR presents the Inspector with a
menu of software options as shown in Fig. 5.
Prior to the deployment of the seals, the signa-
ture obtained must be qualified either at Agency
Headquarters or at the nuclear generating sta-
tion. The observed signature may be plotted to
determine if it meets a particular "richness"
criterion. If the signature Is not satisfac-
tory, small adjustments to the coil shape may be
made with long nose pliers. Small changes to
the shape of the coil cause unpredictable
changes to the ultrasonic signature. The signa-
ture may be re-acquired and plotted until it is
judged acceptable. This gross qualification
need not be made with the specific reading heads
to be used.

A recommended criterion Is:

"the signature as plotted with the SPAR shall
contain at least 3 separate peaks with ampli-
tudes which each exceed 1.5 divisions provided
that the peaks are not resident in the same
third of the temporal extent of the signature".

This particular criterion was selected to reduce
the likelihood of two signatures generating high
cross correlations. Signatures with too many
peaks become noise-like, and may also have unac-
ceptably high cross correlations.

Installation and Initial Acquisition

The tooling and procedures for the secur-
ing and sealing of the stack cover are described
in the companion paper (3). The selected seal
is fitted to a hollow threaded stud in a lower-
ing tray, and lowered to the stack cover. The
seal is removed from the tray with the installa-
tion tool. The seal is Installed on the rod
top, and the tool removed. The seal is fitted
with a protective covar to prevent debris from
accumulating in the coil volume and to reduce
the risk of accidental damage associated with
irradiated fuel bay operations.

Prior to reading seal signatures, the seal
reading system is tested by performing a "READ
AND COMPARE" procedure on the 'Calibrate Seal'.
This seal has two annular ledges, similar to the
velocity ledge in the reading head, In the bore
where the ARC coil would otherwise be. The sig-
nature from such a seal has proven to be a
stable, sensitive Indicator of changes in the
characteristics of a particular reading head
assembly. Correlation coefficients of less than
0.95 have been found empirically to be indica-
tive of a significant concurrent change in the
correlation coefficients obtained with some ARC
seals, reducing system performance. The call-
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brace seal is mounted on the reading head lower-
Ing base and is thus immediately available for
system testing at the start of seal reading
operations and for further testing in the event
of anomalous performance during subsequent
observations.

The initial signature for a given seal and
reading head combination is acquired with the
"UPDATE BUBBLE" procedure. For this procedure,
the operator must obtain a pair of successive
signatures which produce a minimum correlation
coefficient of 0.9 before the signature will be
accepted for storage on the magnetic bubble
cassette. The procedure is repeated with the
second reading head. The 0.9 threshold is rep-
resentative of the reproducibility of signature
observations on a short time scale. It is lower
than that applied to the Calibrate seal as the
ARC seal signatures are more complex, with
greater variability due to the reading head
positioning tolerances.

The seals previously installed may be
verified by performing a "READ AND COMPARE" pro-
cedure as described above for the Calibrate
seal. In the case of an ARC seal, a minimum
correlation coefficient threshold for verifying
a given seal and reading head pair must be
recommended for signatures obtained over an ap-
propriate time scale. The recommendation of a
threshold value of 0.7 for a time scale of one
year is discussed below. The inspector has the
option of: plotting the observed signature,
recording on the transfer bubble to overwrite
the reference signature for return to Agency
Headquarters, or re-reading the seal. These are
selected on the basis of the correlation coeffi-
cient obtained, and on specific instructions
arising from the seal system signature analyses
at IAEA Headquarters.

The new seal signatures stored on a
"TRANSFER" bubble cassette are copied using the
"BUBBLE TO BUBBLE TRANSFER" procedure to a
"STATION" bubble cassette which is retained un-
der IAEA seal at the particular facility. The
transfer bubbles are returned to Agency Head-
quarters by the inspector to facilitate analysis
of the signatures with regard to system perfor-
mance characteristics. A decision may then be
made to update the station bubble with new
reference signatures obtained in the read and
compare procedures to reduce the risk of false
alarms. In this case the inspector would be
Issued a replacement station bubble to be ex-
changed with the existing station bubble on the
next visit.

ESTIMATION OF SYSTEM PERFORMANCE

False Alarms and Missed Alarms

There are a number of failure mechanisms
which could arise with the application of this
sealing system. Procedural errors such as mis-
identification of the reading head and/or the
seal serial number are readily recoverable
either on site or in subsequent analysis at

Agency Headquarters.

Changes in the performance characteristics
of the seal reading system will result in a more
subtle problem of decreasing correlation coeffi-
cients with time.

Failure of a given reading head may be
either catastrophic such that no signatures may
be obtained, or a sufficient change in charac-
teristics that a subset of the seal signatures
obtained fail to correlate above threshold. In
either case, the seal reading system resorts
solely to the observations with the other read-
ing head to verify seal identities.

Failure of the SPAR electronics is con-
sidered to be detectable. The transducer and
analogue electronics combination is routinely
tested with the Calibrate seal. This system
cannot escape the generic weaknesses of submer-
sible electronic systems which include failures
of watertight seals, connectors, and insulation
leakage related problems.

Missed alarms correspond to failure to
detect seal substitution or tampering. These
represent the real objectives of the sealing
system: to detect and deter unreported access
to the containment assembly. Estimating this
probability is difficult as it is dependent upon
the level of effort applied to defeating the
seal system. The fabrication of the identity is
a poorly controlled process. To replicate a
seal, a divertor would require access to the
specific reading heads, a SPAR or equivalent
hardware and would have to read the seals in-
stalled on the stack covers prior to their
violation. This implies defeating the surveil-
lance systems. The divertor would then have to
manufacture a seal whose signatures generated
with both reading heads correlated above the
threshold. Thus the sealing system performance
is dependent on the security of the seal reading
system hardware stored at the reactor site under
conventional Agency seals.

Observations of Correlation Coefficients

Experiments have been executed at the
Chalk River Nuclear Laboratories (CRNL) in the
laboratory, at the NRU reactor irradiated fuel
bay and the irradiated fuel bay of the Nuclear
Power Demonstration (NPD) facility. NPD is a
CANDU generating station located at Rolphton,
Ontario. This facility, convenient to the CRNL,
is owned by AECL and operated by Ontario Hydro
for staff training, and research and development
support. It is regularly visited by IAEA
inspectors. The NPD experiment has provided the
opportunity to have utility staff operate the
sealing tooling with the IAEA inspectors direct-
ing the procedures and operating the SPAR. Mag-
netic bubble cassettes have been shipped to
Agency Headquarters and returned. The data are
archived and processed at CRNL.

The involvement of facility operators and
Agency inspectors is an important step In th-



development of s. ''^guards equipment. Those in-
volved have provided meaningful input as to how
well the equipment can be expected to perform in
the field. Changes have been implemented to
tooling, hardware, software and procedures.
This experience has provided the Agency with
confidence that the system can be used by in-
spectors as a useful safeguards tool. A working
model of the system has been supplied to the
IAEA to aid in familiarizing the inspectors with
the procedures prior to their work on site. The
ease of handling of the tooling experienced by
reactor personnel will aid in acceptance of the
system by facility operators.

The laboratory observations have been made
with 25 ARC seals and several reading head-
transducer combinations over a period of a few
months. These data show that individual seals
have substantially different sets of correlation
coefficients. For example, one seal may show a
large variability in the correlations obtained
with successive signatures, while another will
have a tightly grouped set of observations. A
conventional approach to estimating the distri-
bution function for correlation coefficients is
to apply Fisher's Z-Transformation (4). This
transform generates a population whose distribu-
tion function Is deformed relative to that of
the correlation coefficients as shown in
Fig. 6. The distribution function for the
transformed correlation coefficients is
described as tending toward the normal distri-
bution. This permits application of normal
statistics to the estimates of properties of the
correlation coefficient distribution. The ap-
plication of this transformation to the labora-
tory data set has shown that this tendency is
observed for the ENSEMBLE OF ALL SEALS, but not
for the sets of correlation coefficients for in-
dividual seals. The estimation of the false
alarm probabilities is facilitated by using nor-
mal statistics to define the area in the dis-
tribution tail below the threshold value. The
actual observations do not fall below the
threshold. The normal distribution is believed
to give a conservative estimate of this perfor-
mance parameter.

The NPD data set consists of 13 months of
observations with 6 seals with two reading
heads, for a total of 130 seal readings. The
observations obtained with IAEA inspectors were
supplemented by others obtained with CRNL staff
performing the inspector functions to expedite
the data acquisition. The transformed correla-
tion coefficients are plotted against the age of
the reference signatures for the NPD data set
obtained with one reading head in Fig. 7. The
least square fitted straight lines are provided
for both heads as a possible model for the
evolution of the mean of the distribution (5).

Estimation of Probabilities

The complex nature of the processes which
govern signature formation have not been model-
led to permit prediction of the evolution of
signature observations and their corresponding

correlation coefficients. We must resort to em-
pirical observations. The estimation of the
false alarm and missed alarm probabilities from
such data sets is difficult. Inspection of the
graph suggests that some mechanism may exist
which gives rise to a frequency distribution of
the correlation coefficients whose mean
decreases with time.

The correlation coefficient is more sensi-
tive to small changes to the signature waveforms
for large values of the correlation coefficient,
and less sensitive as the waveforms become dis-
similar, i.e. lower correlation coefficients.
For example, signatures which were derived from
Gaussian noise would have a distribution of cor-
relation coefficients whose mean was 0.5. The
ARC system signatures are not noise-like, but
rather have a small number of distinctive
features. Deformations of the shapes of signa-
ture features reduce the correlation with the
historical reference signature. It is believed,
from metallurgical arguments, that for this
system, the seal coils are inherently stable.
They may be considered to be highly complex tar-
gets with distributed effectiveness for detect-
ing subtle changes in the properties of the seal
reading system. In particular, the electro-
acoustic transducers are considered to be the
least stable system components due to the
intrinsic physics of these devices.

Given that the data sets explore more
seals than reading head assemblies, the follow-
ing rationale is presented for estimating the
alarm probabilities. One may hypothesize that
the observed correlation coefficients are sam-
ples from a population which unier Fisher's
transform has a monotonically decreasing mean
and a variance which is static for the time
scale of the observations. A normal distribu-
tion is plotted about the straight line with the
slope from Fig. 7 at the one-year Intercept in
Fig. 8. The ordinate intercept is the ensemble
mean obtained in the laboratory experiment.
The standard deviation derived from the labora-
tory data is used to construct the normal
distribution. The area under this distribution
falling below the suggested threshold for cor-
relation coefficients of 0.7 corresponds to the
predicted probability of false alarm. This
value is obtained from tables of the cumulative
distribution function for normal statistics and
is 1.4% of observations. Applying the 80% con-
fidence interval for the slopes as determined
from the NPD data in Fig. 7, the probability
distribution would be shifted up or down to meet
the appropriate one-year intercepts for the
mean. The intersections of the distribution
with the threshold define the areas of the tails
which correspond to the predicted probabilities
of from 0.4% to 3% corresponding to the 802 con-
fidence interval slopes. For such estimating
schemes, the confidence with which trends can be
extrapolated is unknown. Hence, it is only ap-
propriate to estimate the alarm probability on
the time scale of the observations.
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In these observations, one or two seals
have been observed to behave substantially dif-
ferently from the balance of the ensemble.
These are characterized by sets of correlation
coefficients which undergo an anomalous reduc-
tion in the mean and then stabilize, or which
show an apparent trend with a slope signifi-
cantly more negative than that for the balance
of the ensemble* These observations are based
on the performance of single seal and reading
head combinations. Discriminating between seals
with more scatter in the correlation coefficient
distribution (larger variance) and greater
slopes is limited by the small number of sam-
ples. The addition of one observation may sig-
nificantly alter the impression one may have of
the performance of a particular seal.

The impact of a set of seals representing
perhaps 3% of the total seal population which
fall below threshold with a probability ap-
proaching certainty on a time scale of one year
is equally as significant as the more general
trend of decreasing correlation coefficients.
No scheme has been developed by which one may
discriminate against such seal and reading head-
combinations from the initially observed signa-
tures.

The potential for missed alarms may be
addressed in part by examining the correlations
between different reading head and seal combina-
tion signatures. The observations from the
laboratory have a larger number of signature
pairs for analysis than the NPD experiment.
These data show the cross correlations to be
nearly normally distributed. Hence, the mean
and variance may be applied directly to estimat-
ing the probability of either confusing two sig-
natures as the same, or of failing to detect a
seal substitution. This approach predicts a
probability of observing a pair of signatures
with the same reading head which correlate above
the 0.7 threshold to be less than-0.01%. This
estimate must be tempered with the observation
that a single seal pair in the laboratory ex-
parlment correlated at 0.58 while one pair at
NPD correlate at up to 0.69 with one reading
head. These correspond to frequencies of occur-
rence of 0.32 and 17% (one reading head only)
respectively. This particular aspect of the
sealing system performance is dependent on the
criterion used in the preparation ("training")
of the seals prior to installation. We believe
that the "training" criterion recommended above
will serve to give a better distribution of sig-
nature "richness", and reduce the frequency of
pairs with "high" cross correlation coeffic-
ients.

SUMMARY

The ARC Sealing system has shown promise
as a viable candidate for in situ verifiable
sealing of Irradiated fuel in CANDU generating
station storage bays. Refined estimates of the
system performance will be possible only when
the system is commercially procured and deployed
on the intended application scale. The system

is capable of verifying the identity and In-
tegrity of the seals installed on a time scale
of one year with a single seal failure rate es-
timated to be of the order of 1%. This estimate
is derived with techniques which are believed to
be conservative. Performance on longer time
scales can not be predicted without additional
observations or an effective model.

The mean time to fall for the reading head
assemblies with several applications per year is
not known, but is expected to be several years.
A recommendation for a minimum of annual reading
of all seals with both reading heads is believed
to be prudent. This parameter is subject to im-
provement with experience and other safeguards
considerations.

The complexity of the hardware in the
field to attain this level of performance has
been shown to be usable by IAEA inspectors with
training. It is recommended that the system be
supported by maintaining a data base of all ob-
tained signatures at IAEA Headquarters to moni-
tor performance. Analysis of the data base
would be used for determining when reading heads
are to be replaced and when reference signatures
for specific seals should be updated. Com-
parisons between signatures would be used for
predicting seal and reading head combinations
which are vulnerable to specific alarm modes.
These combinations would either be flagged for
special attention, or in extreme cases a seal
may be scheduled to be replaced.

The sealing system described derives its
security of identity from the complex mariner in
which the elactroacoustic signature is gener-
ated. This same mechanism is the principle
liability as the performance is determined to a
significant degree by the properties of the par-
ticular transducer used to generate and receive
the ultrasonic energy. Such transducers are
difficult to specify and qualify adequately for
this application. Their characteristics are
vulnerable to aging effects.

The development of this system and the ap-
plication procedures have benefited signifi-
cantly from the participation of IAEA inspectors
and utility operators.
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Containment Unit Cover Sealing Detail

Figure la
Safeguards Containment Units in Irradiated Fuel

600 MW CANDU



- 7 -

RANDOM COIL OF
STAINLESS STEEL
WIRE

CAP

STUD

Figure 2a

Ultrasonic Seal Cross Section

Figure 2b

Ultrasonic Seal Signature Time Series

f ' **•?

Figure 3
Reading Head Cable Reel Seal Pattern Reader

(SPAR)



- 8 -

TRANSDUCER

SAMPLE SCATTERED
•RAY1

ARC VOLUHf

TOOL BODY

SEAL BODY

Figure 4
Ultrasonic Signature Generation Geometry

ENTER '0'
ENTER 'I1

ENTER '2'
ENTER '3'
ENTER '4'
ENTER '5'
ENTER '6'
ENTER '7'
ENTER '8'

TO WRITE CALIBRATE DATA TO BUBBLE
TO UPDATE BUBBLE
TO SINGLE SEAL READ AND COMPARE
TO SINGLE SEAL READ AND PLOT
TO PLOT BUBBLE DATA
TO LIST SEALS ON BUBBLE
TO CHECK SYSTEM
FOR BUBBLE TO BUBBLE TRANSFER
TO QUIT

Figure 5
Spar Menu

LABORATORY EXPERIMENT
CORRELATION COEFFICIENT
HISTOGRAM

05 0.6 0.7 0.8 0.9
CORRELATION COEFFICIENT

Figure 6a

I,
1.0

FISHER'S TRANSFORMATION:

z=0.5 In
V 1- r )

LABORATORY EXPERIMENT

TRANSFORMED CORRELATION

COEFFICIENT HISTOGRAM

.NORMAL DISTRIBUTION

\ f WITH SAME MEAN,

STANDARD DEVIATION

0.6 1.0 2.0 3.0

TRANSFORMED CORRELATION

6b

2.6

2.4

2.2

2.0

1.8

1.6

1.4

1.2

1.0

0.8

LEAST SQUARE FIT
" STRAIGHT LINE,

r 8 0 % CONFIDENCE INTERVAL

0989

0984

0.976

0.964

0.947

0.922

0.885

0.834

0.762

0.664

1—

z

rF
F

ir

o

ji
ri

N
C

O
R

R
E

LA

100 200 300

DAY AFTER START

400

FF
IC

CO
E

z

JI
O

* t
_ i
UJ
X

3

AJ

z>u_
z

t—

2.6

2.4

2.2

2.0

1.8

1.6

1.4

1.2

i n
I.U

0.8

Figure 7
NPD Data Set

• I I

1
- , LABORATORY MEAN /

^ ^ NPD SLOPES, 8 0 % /
- ^ ^ ^ JjNFIDENCE /

I- y ^̂ ^
NORMAL FREQUENCY ^ ^ - \
DISTRIBUTION WITH \
LABORATORY STANDARD \
DEVIATION \

PREDICTED FALSE \
ALARM PROBABILITY 1% A

0 100 200 300

-

-

-

-

0989

0.984

0.976

0.964

0.947

0.922

0.885

0.834

0.762

0.700
'p.664

400

DAY AFTER START ONE YEAR

u

1
c
I_J

c

—
(X
oc
a

Figure 8
Estimation of False Alarm Probability
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