Cm\% T8loa3~~ 12

MASTER

A NEW REACTOR SAFETY CIRCUIT FOR LOW-POWER-LEVEL OPERATION

by

W. P. McDowell, D. J. Keefe and G. K. Rusch

Prepared for
IEEE Nuclear Science Symposium
Washington, D.C.

October 18-20, 1978

NOTICE

This report was prepated as an accaunt of work
sponsoted by the United States Government. Neither the
United States nor the United States Department of
Enegy. aor any of their employees, nor any of theit

or their emple . makes
any warzanty, expiess or implied, of assumes any legal
liability ar responsibility for the accuracy, completeness
o of any i product or
process disclosed, or reprewnts that its use wouid not
infringe privately owned rights.

DISTRICUTION OF THIS DOCUMENT 1S UNLIMITED

ARGONNE NATIONAL LABORATORY, ARGONNE, ILLIN&}Q

operated under contract W-31-109-Eng-38 for the
U. S. ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION

.




The facilities of Argonne National Laboratory are owned by the United States Govern-
ment. Under the terms of a contract (W-31-109-Eng-38)between the U. S. Energy Research and
Development Administration, Argonne Universities Association and The University of Chicago,
the University employs the staff and operates the Laboratory in accordance with policies and
programs formulated, approved and reviewed by the Association.

MEMBERS OF AFGONNE UNIVERSITIES ASSOCIATION

The University of Arizona Kansas State University The Ohio State University
Carnegie-Mellon University The University of Kansas Ohio University

Case Western Reserve University Loyola University The Pennsylvania State University
The University of Chicago Marquette University Purdue University

University of Cincinnati Michigan State University Saint Louis University

Illinois Institute of Technology The University of Michigan Southern Illinois University
University of Iliinois University of Minnesota The University of Texas at Austin
Indiina University University of Missouri Washington University

lowa State University Northwestern University Wayne State University

The University of lowa University of Notre Dame The University of Wisconsin

NOTICE

This report was prepared as an account of work sponsored
by the United States Government. Neither the United States
nor the United Statcs Energy Research and Development Ad-
ministration, nor any of their cmployees, nor any of their
contractors, subcontractors, or their employces, makes any
warranty, express or implied, or assumes any legal liabil-
ity or responsibility for the accuracy, completeness or use-
fulnecss of any information, apparatus, product or process
disclosed, or represents that its use would not infringe
privately-owned rights. Mention of commercial products,
their manufacturers, or their suppliers in this publication
does not imply or connote approval or disapproval of the
product by Argonne National Laboratory or the U. S. Energy
Research and Development Administration.
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ABSTRACT

In the operation of nuclear reactors at low-power
levels, one of the primary instiumentation problems is
that the stetistical fluctuations of reactor neutron
population are accentuated by conventional log-count-
rate and differentiating circuits and can cause frequent
spurious scrams unless long time constants are incorpo-
rated In the eircuit. Excessive time constants may
Introduce undesirabla delay in the circult response to

- legitimate scram signals. This paper develops the con~
cept of a count doubling-time monitor which generates a
scram signal 1f the number of counts from & pulse type
neutron detector doubles in a given period of time. The

paper demonstrates the theoretical relation between count

doubling time and esymptomatic periods, A practical
circuit to implement the function is described.

Introduction

The Zero Power Reactor No. 6 (2PR-6) facility is
operated by Argonne National Laboratory to provide
reactor physics data in support of the United States
Reactor Development program. Its instrumentation in-
cludes BF., proportional counters and the associated
pulse counting electronics along with HF3 DC ionization
chamber circuitry to monitor reactor powér levels.

With the present reactor cores all the instrumentation
13 sensitive to source flux levels during reactor
stertup,

Future program needs, however, will require the
study of fast neutron, epithermal end thermal neutron
zones surrounded by blanket zones. Since the detectors
will be located outside the blanket zones, the DC ion-
1zation channels may be prevented from monitoring the
flux at source levels snd this may require that rate of
change power level monitoring capability be incorporated
in the pulse type ingtrument channels, The counting
rates fram the pulse chamnels may be lower than 100
counts per second. The statistical fluctuations of re-
actor neutron population are large at the low counting
rates and these fluctuations are accentuated by conven-
tional log count rate and differentlating circuits.
Either excessively long time constants must be incorpo-
rated in the log count rate and differentiating circuits
or relatively frequent spurious scram signals must be
accepted.

¥ork performed under the auspices of the U, S. Energy
Research and Development Administration.

An elternative to conventional period instrurenta-
tion utilizes circuitry which measures the time {nterval
required to dcuble the count over tha. In a previous
interval, By ensuring thaet this doubling time does not
become too short, the required safety function 1s assured.

It should be noted that a system using counts
permits the uncertainty in the value of the number of
counts to be balenced against an allowed Increase in
power level., Limlitation on the size of the power level
increase is determined primarily by the time interval
selected, In conventional period measuring devices the
wcertainiy in the measured value of the perlod is bal-
anced egeinst circuilt response speed.

At low end medium power levels, where counting
channels are effective, it is acceptable to allow modest
Increases in power level before initiating protective
action provided the protective action is very fast after
the maximm acceptable power level imcrease has been
reached,

 "“Theory of Operation

Existing rate-of-change-of-power-level monitoring
circuits measure the reactor period by using an appro-
priate circuit to obtain the logarithm of the counting
rate and subsequently differentiatirg this signal with
respect to time, If the reactor is on e period asymptot~
ic to a constant value, the resuiting signal is a measure
of the reactor period. This is shown as follows:

1. o(t)/c(o) = &*F

C(t) ie the counting rate at time t,

C(o) is the counting rate at time
zero,

a 15 the inverse of the reactor period
T, and

t is elapsed time.

Where:

2. a« = dsat [neet)c(on] = T2

Although the "count doubling time" measuring eir-
cult is not a period measuring circuit, the doubling
time and period are related for asymptotic periods, The

relation is given by:
....At,.
= TR = +Ilz » Where
(J+1)Y"
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'1‘J (3:1) is an agymptotic period measured
~I*) yetween tJ and t(J“l)'

/ N( 3+1) is the number of counts occurring
between t_j and t(j+1)'

N, 1s the number of counts occurring between
t("l-l) and tJ, and

t 18 the time duration between time ¢
3-(37) 03 tize % g1y 3

The circuit* measures the time necessary for the
number of counts in the interval from t to t(,j+1) to

equal twice the number of counts in the interval from
t( J-1) to t If this time is less than a preselected

value, a scram is initiated as soon as N(j +1)/N 5 is

equal to 2. The scram will occur an the basis of the
time required for N(j 1 )/Nj to equal 2 regardless of

whether the reactor is an an asymptotic or transient
period. In practice, if the times required for N( )

to be twice N 5 are greater than the preselected value,

the circuits are regset at definite At intervals, N( j+1)
replaces N, as the reference count, no scram is injti-

ated and the count sampling continues.

The ratio N( 1 )/NJ may, of course, be any appro-

priate constant. However, the factor 2 is certainly
acceptable from safety considerations for low and medi-
um power level reactor operation and is convenient from
eircuit considerations. The statistical fluctuations
in the count associated with N( Pt )/N s = 2 are also a¢~

ceptable, If, for example, a scram is desired when
"(J*l )/NJ = 2 occurs in less than 4 seconds; a counting

rate of 100 counts per second would result in 400 counts
during this interval. The standard deviation would be
20, and a 100 deviation would be only 50% of the total
count required to effect a seram. The relation between
N(j+1 )/NJ and M‘j-(jﬂ) as indicated by Eq. 3 can be

derived for asymptotic periods as follows.
Consider the counting rate C(t):
4o Cltes qy) = ¢lo)Exp oty 53]
If the reactor is on an asymptotic period
- o pedt
50 Clteg,1))ety) = (2005 5y) = 2

where At = At(j-l)-,j = Atj-(j+1)' The number of counts

accumulated in tie interval fram t.( 31) to tj is

6. Nej1)y " c(1)f
Y3-1)

2ot gt

= {¢(o )/u}{Exp[ut(j_l )]}{Ebcp[uAt]-l} }

Repeating the process to find N ~(j+1) for the t 5 to
t(J"’l) :lnterval, taking the ratlo NJ (J+1)/N(J 1) J),

#It should be noted that the "count doubling time" is
.not necessarily the same as the "count rate doubling
time" usually referred to during reactor operations.

taking the natural logarithm apd rearranging, we obtain
Eq,- 3.

If, as in the case for the conventional log
N/Perind measuring instruments, an erroreous perfod
Indication is acceptable for non-asymptoiic periads,
the pericd mey be determined by using Eq., 3; otherwise
better approximations must be developed.

The function of the safety circuit clearly 1s not
compromised by the cholce of indicating the doubling-
time or period on & recorder or meter, since the doubling-
time safety circuit operates strictly on count doubling-
time information and not on perceived period,

k]

Circuit Description

As shown in Fig. 1 the circuit is comprised of two
Mostek MK505395, MOS six-decade Counter/Display chips
and appropriate SSI gating. The MK50395 contains a six-
decade counter, compare registers and storage latches.
The counter, as well as the register, can be loaded
digit by digit with BCD data. Multiplexing and de-
miltiplexing is controlled by a scan input. The count
output and the data stored in the register comprige @
digital comparator and have the capability of outputting
functions of camparison. All these functions described
above as well as the multiplexed output ability of the
MK50395 are used in implementing the count doubling time
safety circuit.

The circuit also containg a CMOS programmable tiwer,
an external CMOS latch circuit, routing ecircuits, trip
logic circuits and two, six~decade digital displays.

The signal from a conventional proportional counter
and pulse amplifier system is routed to a commercial low
level diseriminator which inhibits low-level signals from
gamma radiation and electronic nolse and cutputs a stan-
dard TTL compatible pulse for all input pulses above the
preset level. Since this signal is used by the conven-
tional low level reactor scram circult it is isolated via
an opto-isolator end line driver circuit,

The isolated pulse train 1s then routed via 2 cable
10 the count doudbling time safety circuit, where the
signal is terminated in a line-receiver. The signal
1s then amplified to a 12V level so as to be corpatibie
with the +12V logic required by the MK506395 counters.

After amplification, the pulse train is routed to
the N1 counter input and to a divide by two f1ip-flop.
The output of this flip-flop is routed to the N2 counter
input,

The pre-programmable timer 1s configured as an
asynchronous monestable using its own chip RC oscillator.
This signal is buffered and used as the scan input to
the N1 and N2 counters at a frequency of 12,5 kHz. Since
the internal multiplexing of the counter is synchronized
to the scan input, both cownters are commonly synchro-

nized., The 12.5 kHz mono output 1s also divided by 216
by the timer producing a 5.24 second timing pulse used

as the basic timing interval At. The timer also contains
another on-chip rcnostable which is configured to output
a tinmirg pulse of 570 us width every 5.24 seconds. The
width of this pulse must exceed six scan pulses (480 us)
in order to perform the output de-multiplexing properly.

A pre-start loglc circult is used to provide the N2
counter's register with an initial count for comparison
sgainst the N2 count. It also contains the necessary
logic to initialize the timer, reset the counters and
other actions required for proper operation of the
counters,
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Figure 1. System block diagram.

After the initial count of 5.24 seconds, the N
count is routed to N2 counter's register for comparison
with N2's second count cycle. The count contained in
N2's register is always one cycle behind the count input
to this counter. Therefore, anytime N2's count exceeds
that of its register count it senses that [Nj-( 341 )]/

[N(j-l)—3] > 2 and an A=B pulse is routed to the trip
lateh circuit, initiating a trip.

Between each timing cycle, that is during the 570
ps time period generated by the timer, the N2 register
is updated by transfer of Nl's counter contents, the
A=B pulse is inhibited and the N1 and N2 display latches
ere updated.

It should be moted, however, that the initial 2 us
of this 570 ps time period are used exclusively to latch
the previous count stored in i{l's eute.nal latch into
the N1 display. Immediately following this 2 us perlod
of time the previcus actions described take place. This
allows us to display the previous Nl count and the pres-
ent N2 count which are counts used to calculate the
reactor period as shown in Eq. 3.

It should be pointed out that the cycle is continu-
ous once started and that the counts are eutamatically
updated. If a trip should occur the trip latch will
initiate & trip signal to the reactor. However, the
cycle remains uninterrupted and, when the trip is clear-
ed by the trip reset, the safety cycle is still in

3
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effect providing continuous monitoring.
" Carielision

The count doubling time monitor and trip eircuit is
en inexpensive, simple, reliable and fast safety device
that prevents the reactor power level from rising too
rapidly. The circuit uses counting techniques which
offers the advantages of reliability, speed and freedom
from spurious trips that so often plague conventional
enalog instrumentation. In conventional period circuitry
the uncertainty in the value of the measured parameter
is traded off against the circuit response speed, With
the count doubling eircuit the ragnitude of the uncer-
tainty in the value of the measured parameter is traded
off against an allowed increase in pcwer level. Al low
pover levels the error voltages induced by the differen-
tiation of the noise in the log sigral is at its maximum.
These error voltages have caused spurious scrams creating
problems in reactor start-ups., The characteristics of
the count doublirg time eircuilt are particularly useful
et low power levels as proper selectionm of the NZ/NI

ratio can make the probability of spurious scrams negli-
gible without compromising reactor safety. If period
information is desired for display and recording purposes,
an inexpensive, microporcessor based, ¢ircuit could be
operated in perallel with the safety circuit. Such a
circuit has been developed and tested and will be de~
scribed in a later publication. .



