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¥ STATEMENT OF PROBLEM

¥ Continuous reactor operation ha.s alvays been plagmd hy serams
initiated by spurious disturbances in the log Kv-;m*ieé elrcuitry.
Reactor restart after scram is predicated, of course, upon the

¢| recognition of core normaley as indicated by the various nuclear
¥* gammeter mcaz‘dars. I&.mtiﬁca’sion af a sem a.s beiag real or

%mtiml and exparimemal mmm of the time response of SRE
period renge instrumentation shows that resl remctor scrams can be

:,,,g, %mr}am Wg&e&&iﬁeﬁ‘bifiﬁd by prescram upscale spikes on the Log N, Period, Electro- | i
| meter, and Flux Controller recorders. Spurious serams will not cause |
x| this type of response, These identification eriterie are valid only

1f pericdic muintenance of the recorder pens is perfom& to ensure
their apemtzon during fast ‘Bmasiema. ‘
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I. INTRODUCTION _‘t

Spurious scrame are important not only because they interfere with
operations, bubt because they can, under certain operating conditions, be
detrimental to the plant. For this reason, elimination of these serams with-
out compromising the safety of plant opersiion hes been one of the wajor
developmental efforts at the BRE.

In addition to the direct vroblems oreated by svurious serams, 8n 8880-
elated vhyschological problem arises op the part of the opersting crew. It is
skepticisn regarding the validity of indieations presented by plant instrumen-

 tation. This loes of confidence can be a critieal operational weakness in
certaln circunstances. Since the basls of the difficulty is wneertainty in
interpretation of the indieations, the problem can be solved, or at least
nitigeted, by providing definite criteria for the identification of real and
spurious scrame,

The specific objective of this report is delineation of eriteris for
differentiation in the particular case of period serams initiated by the Log N-
period cireuit, This circult bes been s continuing source of spuriouvs sersms
during the entire history of SRE operation. Although efforts to eliminste
noise by isclating the input and power-supply elreuits have been very success-
ful, eporadie spuriocus scrams continue %o oceur. The problem of operator con-
fidence is made partieularly difficult by the complexity of the nuclear instru-
mentation. A concise reference discussion of the pericd renge instrumentation
will be provided here.

IXI. SRE PERIOD RANGE WUCLEAR TNSTRUMENTATION

A, Gepneral Comments

The reactor power range from 0.001% to 1% of full power, approxi-
mately 0.2 to 200 Kw, 1s usually referred to as the "period” range. This
neme is derived from the fact that, during a normal startup to full power, the
reactor is controlled primarily on the basis of the reactor period. Reactor
period ig defined here as

(1) T - %
‘ at
whers, T reaetor period
$§ = reactor flux
t o= time

As of August 1961, six different flux-monitoring eircuits are in
operation in the perioed range; viz., two channels of log N-Period, ftwo flux
liniting safety channels, a linear flux chamnel serving the autowatic flux
econtroller, and a linear flux (vibrating capacitor) electrometer channel, #
Fipgure 1 shows a block diagram of the six nuclear chamnels®. The major
eharacteristies of sach vill be discussed in the Pollowing sections. The
safety eircults are not sctually period-level instrumentation, sinee they do
nct come on seale until about 1% of full pover. However, discussion of these |
circuite is ineluded here for the sske of completepess. -

* The electrometer chammel has temporarily been taken out of serviee.

b B e e b B e A o
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‘ r B. Loz I - Period Circuit

The primory function of the Log ¥ - Period ciroult is to provide an
indication of the reactor pericd, over the six~decade r&nge ending at full
power, as 8 culde to operation. In the range 0.0001% to 1% of full power, the
clireuit provides Por seramming the peacltor 1f the period becames less then
5 seconds. Certain cualifications on the S-second seram are discussed below.
The periocd seram is disabled above 1% of full power on the basis that (1) its
necessity is questionable in this range, where the level safety trip eircuits
limit the power, and (2) unnecessary serams are particularly undesirable near
full pover. ~

In ascoeiation with its period function, the eireult provides s
single-scale logarithuic indication of povwer over the six decades, ending at
full power. Although the single-scale featurs is useful in monitoring the
pover, the logarithmic scale makes the indication insensitive to small power
changes. The linear multirange micro-microammeter circuit discussed in a
later section is the primary pover-level instrument.

The major camgonenﬁs of the Loz R Period cirecuit are 8 compensated
jonization chamber (Westinghouse type WL-6377), & modified ORNL type 0-015
Log M amplifier, and a modified ORNL type Q-1093 Period amplifier. Partisl
schematic diagrams (pover supplies deleted) of the Log I and period amplifiers
are shown in figures 2 and 3, respectively. In general, the modifications of
the standard ecircuits consist of increased cavacitance values in order to make
the circults less sensitive to noise in the input cireuit. The log U value 15
recorded on 5 Brown Eleetronik model 153X12 ehart recorder. The periocd is
recorded on & Brown Eleetronik model 15316,

The Log N eircuit, figure 2, operates on the lagarithmic relntion~
ship between the plate voltage and current in & type 900k dlode operated at
low filanent voltage. Tae paa%ewta-g*oaa& voltage across the 900% diode in
figure 2 is approximately

(2) ¥ = 0.25 logi + 2.60

where ¥ ds dn volts, 1 1n aomeres, and log 1 1s the logarithn to
the base 10. The constant 2.60 volts depends somevhat on the CAL ADJ setting.
The voltage appearing across the log diode is amplified by the ecircult involv-
ing tubes 5803, 5693, and 5692. The last tube provides g cathode~follover
output to the log N recorder and the differentiating eireuii to the period
recorder. Since the compensated lonization-ehanber current i proporiiomsl
to the reactor flux level, the amplifier cutput is proportional to the log of
the Flux:

(3) VY out = € 10@:55&02

1
where , C, and C, are constants and § is the reactor flux.
If the flux 1z inereassing exponentially as
%
l = o
By 8 =4 o5
vhere T = reactor period

A A 0 A S Ak kA s
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o then the BO difderentliating eireult on the Loz ¥ outpubt produces an outpul to
the pericd recorder of: .
¢, . -KC
=3 «-i % hoe +
(5) v " .

whore | 03, Ga, and 05 are constants.

Notiee that while the differentiating netvork in the Log W output provides
the signal for the period recorder, the perlod-smplifier cireuit following it
conhrols the period soram.

The time response of the log B cireult and its associated log § and
veriod recordine arrangement is controlled by the time constants of the input
eireuit, the amplifier, and the differentiating cireuit, plus the response
times of the Log § end Period recorders.  The input time constant 1s deternmined
primarily by: ?1) the plate resistance of the 9004 diede, since this is small
compared with the leakage resistance of the ionization chamber and conrceting
cable, and (2) the 0.02-mierofarad smoothing capacitor, since this is large
compared with the capecitance of the ehamber and eable. Thus the input RC
tine constant is;

(6) BC,, W (0.02) x 1070 seconds.

Current i varies from 10710 46 1@'&kam$eres as the power varies from 0.0001%
to 100% of full power. For example, at 0.001% of full pover, equation (&)
gives RC, = 5.2 seconds; at 1% of full power RC, = 21 milliseconds,

The amplifier time constant is controlled by the 0.5 miscrolfarad
capacltor in the second =ztape and the parsllel eombinstion of the nlate and
load resistors in the 5693 ecireuit. Plote resistance of the 5693 is sbout 1
mepohn, giving an RC biwe for the spplifier of sbout 35 nmilliseconds. Thus
the time response of the amplifier is controlled by the invubt Time constant
at low powver and by the smplifier time constant ot high power.

As 8 preliminary siep in the tept of the serame-or~-trip ldentifica-
tiop techmique deseribed in the following sections, the combined inpub-
amplifier tine constant of the SRE Log N amplifier vas messured, weing the
chanber simulator shown in figure 4. This simulator has an effective input
impedance of infinity and peoligible shunﬁ_g%p&aiﬁa§ e. The deviee can produce
steady-state currents in the range from 10 ' to 10 - amperes and stepped
eurrent ehanges with microsecond rise timea.a

With the reactor shut down, the simulator was comnected in parallel
with the reguler input cirouit (chamber plus cable) so that the normsl input
time constant was achive. Doubling current steps at 0.001% and 1% of full
power were inserted, and the resulting volitage response was messured st the
Iog § output {ecathode of 5692) with an oseilloscope. The measured time eon-
stants are showm in Teble 1, with the ealculated values lpelvded for roference.

730-V-45 (KEY 5 -89}
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} ! Toble 1: BRE Log N Amplifier Time Constanis

Calonlnted :
% of Calculated Amplifier Measured
Poll Input Tine Tine Cverall Tiune
Pouer Constant Congtant Conctant

0.001 5.2 see 35 mp 5.75 sec
1.0 21 ms 35 ms 58  ms

The values in Toble 1 can be compered with measuved overasll time constants for
the same eireuits without the 0.0P= and 0, Dﬁamicrofarad smoothing eapaeitors:
300 msee at 0.001% of full power and 0.75 msec at 1%.

e Log ¥ reeorder responds to sn input sigmal at 2.3 inehes/sec on
a 10-inch ﬁca %corrﬁsponﬂmng to 6 deeades of power) after a 200-millisec
desd time.” 'The minirum detectable change in flux level is limited by normal

Jitter to about 1% of full seale or, considering the log scale, a power change
of approximately 15% at any level. fhus, in araer to be seen on Bhe Log B
recorder, a flux change of at least 15% (i.e., 15% of the initial power lﬂvel)
mist oceur for about a second at 0.001% of full power or about 300 msec at 5.

The perlod reeorder operates in series with the Log N output through
about & l-sscond diffeorentiating time constant. The recorder itself regponds
to a silgmal at about 10 inches per sscond after a 20-milliseceond dead tinme.
The 1U-ineh seale corresponds to pericd betveen 30 and +3 seconds. Hormal
jitter limits detectabllity of period changes to about 0.1% of full seale. IF
the dnltial peried is sssumed to be infinite, then this ninlwen diseernible
period would be about 270 seconds. Thus, = period shorter than spproximately
300 seeconds must oceur for zboult one second in order to be detectable on the
period recovder. ;

The osetusl period scran elreuli is incorporated in the period vnmpli-
fler, floure 3, working on the log N outiut. This ecireult differentistes the
Log B oubout, RC & 225 millicee; and cavses cuboff of the second malves of
tubes 5601 and 5692 when the grid of the first helf of 5691 reaches 375 milli=~
volts. The 375 millivolts corvesponds to o steedy S-second period. Cutoff of
the second half of 5692 causes the opening of the relay RYL and, after a
delay time of sbout 500 milliseconds, the opening of RY2, which initiates the
seram in the safety amplifier, Relany RY) znd its nssoclated delay eircuit are
for the purpose of preventing cutoff of 5691 by shorteterm noise.

~ The total effeet of the time constants and the delay eircult in the
Iog U and period smplifiers is to require that the nminimm periocd for secran,
5 geconds, be sustaineé about 1.5 seconds at 0.001% of full power or aboub
&00 millisecanas at 1% of full power in order to open RY2 in the period ampli~
fier. The safety cmplifier sersms in about 5 milliseeonds, and the igfety
rods reach the core sbhout 30@ milliseconds after the magnet relesse,
total fime«to=gseran of 1.0 to 0.9 seconds is required for a sustained §~aeemnﬁ
period. Bhorter periods r»quira less time, approsching 0,0 seconds for a
l-seeond period, indepcndent of the power level. These statencuts were v&ri*
fied by direct test as described in Part IIT of this r9§art.

720-V-45 (REV 5-59)
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operates by cubting off the 5691 tube, opening its plate relay., There are

C. Bafety Circults - Safety Amplifiers

The funetion of the safeby cireuit is twofold: (1) it provides for
8 reagtor scram if the Flux exceeds a glven level (normally 125% of full pover),
end (2), 1t serves as the centrel element in the seren eircuit. The major
corponents of the elreuit are two uncompensated ionization chambers (Vesting-
nouse model WL-G376), the safety amplifier (2 modified ORWL 0~947), and a
lincar flux-level vecorder. A simplified circuit dlagram s shown in fligure 5,

i

The basie scram loop is a series of relay conteacts shunting & resise
tor, B, which in turn conbrols the prid voltage on the tubes econtrolling the
current to the safety-rod holding mognets. OCpening of this seran loop produces
a cutof? bilas of the maonet supply tubes. The safely~-trip flux-level seran

actually two seranm mechanisms built into the safety amplifier: (1) the "fast"
seran, initlated by opening the plate relay, end (2) a backup "slow” scram,
caused by cutting off AC power to the magnet power supply. Pover-level indi-
cations are glven by a bridge cireuit in the 5691 cathode circuit,

Action of the fast sersnm is secomplished by cpening the plete relny
within 5 milliseconds of the time that the pover level cxeseds 125% of full
power. The time constants in the recorder input src negligible. The reeorder
itsell is a Brown Electronik model 153¥27, which responds at 5 inches/ﬁee after
sbout 100 millissconds of dead time. DBecause the safety cireult s designed
for operation at full pover, its recorder is calibrated for 0-150% of full
power and is insensitive below about 1%.

D. Electromeler Channel

The electrometer channel functions as the primary flux-level indica-
tor in the sixz-decade range from 0.0001% to 1004 of full pover. The electro=-
meter covers this range by swibtehing into 20 livear pover ranges. This
instrument Ghannel eonsists of a compensated ionization eharber (Westinghouse
model WL-6377), 2 410 nieromierocameter (Keithley), and a linear one-decade
flux recorder (Microsen type 150 Electronie Recorder).

The tlme resvonse of the mieromicroampmeter channel is faster than
that of the othey instruvent channels beeause of nepative feedback in the
instrument. A% 0.001% of full power, the overall {input plus amplifier) fine
econstant is about 120 ms, at 1% of full power aboult 0.5 microseeonds. The
normal jitter linite the detectable flux ehange to aboubt 0.1% of whatever
ranze the instrugent is on. Thus a flux-level slgal representing & chanpe of
st least 0.1% maintained over a period of approximately 100 ms (20 ms at 10 FP)
will be seen on the recoxder. :

Beo o Flam-Controller Channel

The primery funetion of the flux~controller channel is to provide a
Mnear Plux-lovel sipnal for the sutomibic reaetor-control system. As yart of
thiz funetion, the flux level is linearly displayed on a recorder in the range
0.1% %o 100% of ™1l power. This instrusent channel is pertleularly simple, |
conslsting only of & compensated ionization chawber (Westinghouse btype WL-6377)
8 pair of precision resistors, and a recorder (Bpecdomax tyve G).

73045 (REV 5-59)
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(WW During operation, the lenization~charber current is passed throvsh a
500-0hm vesistor on low range (0 to 10 of full power) and through a 10C-ohn
resistor on high vange {0 to 100% of full power) to develop the input voltage
for the recorder.

Time response of the inmt oireult devends on the eable-and-chanber
ecapacitance of about 1500 micromierofarads. Thus the input time constant is
sbout 1 microsscond,  The recorder that controls the oversll channel time
regponds st about 10 dnches per second after avprogimmtely 20 ma of dend tine.
lormal recorder jitter 18 sbout 0.1% of full scale (10 inches).

III. TEST OF SCRAM IDENTIFICATION TECHNICUE

A. Hypothesized Identification Technigue

Although the electronie mechanism of the spurious period sersnm is not
entirely understood, its operational charvaecteristic is well known. That is,
g poriod scyem will vecur, as identified by the associated serau~crigin nonl-
toring ecuipment, bubt pore of the fluxe and pericd-monltoring recorders will
gote a £lux rise before the seram. In contrest to this, 2 resl reselor veriod
seran vequires a2 yeriod of 5 seconds or shorter scting for approximately 1
second; as discussed 1n Beetion II1-B. 1In 1 sccond, 8 Se-sacond period causes
a flux rise of about 22%; shorter periocds will eause relatively greater
inéreases. Pased op the discussions of Seelion 11, 4t can be seen that thase
are & fl rise and & vate of rise sufficiently large and sustained long enough
to be recorded on all of four flun-nonitoring recorders opereting 1n the pericd
range; l.e., the Log N, Period, Electrometer, and Flux Controller. The Bafety
Trip elrcult is not included, beesuse 11 18 not on seale in the neried range
of power. It can therefore be hypotheslized that o renl period scren ean be
identified through the eriterion thet sll four of the above-mentionsd recorders
st show a flux rise before the scran occurs.

B. Method of Test of Identification Technicue

A @irect test of the bhypothesized seram-identification technione vas
made under actual opersting conditions by idnserting into the Log H - Period,
Electrometer, and Flux-Controller circults = 5-sccond period, then be, 3=, 2.,
and lssecond periods. The simnlated flur rise vas alloved to continve until
200 millisceonds after the period amplifier opeped the seranm loopn. At the eund
of this time, the simulated flux was set to zevo. The 300-ms seranm delay was
introdnced to peecunt for the period belwecn release of the maenet and the
tine that sefety reods reaeh the cove, in which the flwx oy conbinue to rise.
Actunl operating conditions were simulated iun the test, exeept that the
reactor was shut dowvn and the simulator substituted for the normal compensated
fonization-chanber inputs. All of the response teste were performed starting
at o similated 1% of full power. A%t lover vower levels, the slov log B
response time allews move tinme for instrusent responses before the scram oteurs
Thus if the flux rise is observable at 1% of full pover (i.c., for the shortes
"time-to-seran” ), then it will be observable throughout the period range. The
veriod-simulator eireuit is shown in figure 6.

730 vesh LHEY 5.5Kg)
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As 8 matter of experimental convenience, the voltage input to the
fog ¥oelreunit was similated, rother then the current Input. This method of
similation eliminates the Log N input time constant. Hovever, since at 1% of
full power the Log N time constent is primerily due to the time comstant of the
internal Log I amplifier (see Table 1}, no appreciable effect on the overall
time response results from neglecting the input tise constant. Thus, in order
to slwmulate an exponentlal rise of periocd T, s volbage of the Torn ‘ ;

3

{7) v. & . vy
‘ T o

ko= a constent
T = yescbor period
to= tine

¥ 5 2 initial wvoltage level

is required at the log N input. Substituting 1= 1_ exp £ into equation (2)
shows that the constants k and V_ in (7] are ‘ .

(8) k= 0.11 volts
: v, = 0.26 log 1ot 2.60 volts

where i, is the current corvesponding ‘i;oqthe initial pover level. 1In the case
of 1% of full power, i, 1s about 7 % 107! gmps, and V_ = 1.07 volis. In the
simulator, figure 6, the initisl level is set by the "gog N level” cireuit
operating througzh dlede T2 and the voltape divider connected to the "Log I
input.” The linear inerease in voltage, of slope /T = 0.02 volts/see in the
case of the S-second perlod, is produced in the simvlator by adjusting the
frequency and smplitude of a trisnsular-wave generator. Az the triangular
wave becomes poaitive, the current switches from the initial condition through
T2 to & positive ramp through Tl. The simulator run is iferminated when the

" Log N input ls grounded by closing the relay in the 300-nillisecond delay
eircuit. This delay eireuit, 1lu turn, acits vhen seram relay RY2 (figure 3)
opens in the period amplifier.

In the cose of the two linsar chennels, the ewponentilal powsr rises
were simulated with current iapute, bub with a lincar approximation to the
exponential. The linear approximation was chosen because it was simpler to set
up and did not introduce much ervor over the sbort time period invelved. From
the discussion in section I1-B, the Lime interval of 8 yun was expegted Lo be
about 1 second. The eriterion for the linear approximation of the exponential
wae that they agree at 1 gecond. This approximetion produces a maximum devia-
tion betwsen the linear and exponentisl functions of less than 1% for a 5=
second period and abowt 144 for a lesecond period. This, the current required
at the input to the Qleitmm@ter and flux controller channels ip figure 6 is

‘ T
O Py e, &
(2} i i {e"=1) ¢ + iy

The initial pover level is set by the "linear level” cirveuit, and the 1:: of |
the DC amplifier and output clreult is set Yo give the correct kva}.ta‘g;e sweep., |
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. Results

The responses af the Log N, Perioﬁ, Eleetrameter, and FPlux Gaatraller
recorders at a similated 1% of full power for 5e, 4-, 3, 2., and l-sceond
pericds are shown in fmgar@s 7, &, 9, 10, apd 11. Figura 7 shows the time
required to open the seram loop (ralag RY2 of figure 3) as a Punction of
reactor pericd. The components of this time-to-gseram, vhich are the time
required for the grid of the Pirst tube in the period amplifler to reach cutoff
and the RY1-RY2 delay, are also shown in figure 3. Three mundred milliseconds
more than the total seran time shovn in figuwre 7 18 reguired for the safety
rods to reach the eore. MFigure 8, 10, and 11 show pereept-full-scale responses
10»inel seale, as a Tunection of reactor period. It should be noted that these ~
figures show minimm resvonses. At lover pover levels, the longer Loz N time
constant delays the scran and ailaws more time for fluz rise and instrument
r&a@enge. ;

A significant aperational problen encountered during the test was the |
difficulty in keeping the recorder pens operating sufficiently well that they
would record the transients. It was found that unless the pens had been
cleaned within the previous few hours, they would not ink the paper during the
transients. ‘ ‘ ‘ ‘

IV. CONCLUSIONS AND RECOMMENDATIONS

The test described in section IIT shows that @ 5-sceond period at 1% of
full power will be seen by the Loz N, Period, Electrometer, and Flux Controller
recorders befors the sersm occurs.  From the discussion in sgeection I, it
follows that shorter verieds and lover power levels would yileld larpger
responses, because of the longer time-to-scram in those cases. Thus it can be
concluded that real reactor period scrans will always be cobservable as positives
going flux spikes just prior to the seram on the Log N, Period, Electrometer,
and Plux Controller recorders. Based op the digeussion in sectlon IT, iF the
pafety trip channels are on seale, they also will give a positive-going spike
Just before a real scram occurs. Any period-initiated screm not causing a
preseran rising spike on all four (or five) of the above-mentioned recorders
is spurious. One very important gqualification on this identifiecation teghnique
muist be made: periodiec (perhaps twice daily) eleaning must be performed on the
recordsy pens to ensure their operation during fast transients.
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