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INTRODUCTION

The one megawatt swimming pool typel research reactor

o

at the University of Michigan rvecently (September 19, 1957)
went into operation, At present, the reactor is operating at
low power levels for the purposes of reactor and control
system calibrations.

The Ford Nuclear Reactort was designed to provide

faeilities for 2 broad comprehensive educational program in

conjunction with a highly diversified research program. The

control system for such 2 resctor must be characterized by
glmplicity and flexibility of operation while providing a
high degree of gafety, protection and reliability. The
installed control system, designed in 1954, is similar to
that for the original Bulk Shielding Facility> at the Oak

Ridge National Iaboratory.

DESCRIPTION OF THE CONTROL SYSTEM

There are four fypes of instrumentation channels
that provide informstion about conditions within the reactor
to the control system: unamely, the pulse or sbart-up channel,

the linear servo channel, the log Ne-pericd chawnel, and the



safety channels, Fig. 1 shows the Tnstrument Bloek Diagram
for the Ford Huclessr Reactor., These channels, designed by
the Cak Ridge National Laboratory, ave similar or identical to
those used on other reactors, such as the MTkaﬁz ETR, LITR
and ﬁﬁﬁae Since much has been written about these instruments
elsewhere, there is little need to deseribe them here.

.The safety actions initiated by the Ford Nuclear
Heactor control system are, in order of lmportance:

1. level Safety Seram

There are two level safety channels in the aystem
which electronically decreases the currents to the three
electromaghets, thus permitting the three shim-safety rods
to bg dgropped into the reactor. These channels are the primary
zafety channels for the peactor and are independent of the
reat of the control system., This indépen@ence prevents
safety compromise due to control system interaction. The
level safety channels are set to seeram the reactor at a
power level of 150 per cent of full power.

2. FPeriod Safety Seram

The one period safety channel on the FNR receives
its information from the log N channel. Singe log N information
is critically dependent on the degree of gcompensation of
its detector and because the log N channel is not completely
monltored for component failures ag are the level safety
channels, period safety can only be considered as secondary to

the level safety channels., Control system interactions could
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conceivably compromise the protection offered by the log N
thannel, therefore cognizance of this fact must enter any
discussion or establishment of period safety criteria. This
channel will electronically reduce the magnet currents and
hence, "scram" the meactor at pericds of 5 seconds or less.

3. Automatiec Interlock Serams

Shutdowns from the interloek type of conitrol system
action are considered "slow scram” in that the power supplies
for the electromagnets are turned off. This action is
slower than the "fast" or electronic switching as deseribed
above and is, therefore, used to shutdown the reacior {or
prevent the reactor from going into operation) when condiiions
exist requiring shutdown but not on an urgent basis. Action.

of this type in no way approaches the degree of safety pro-

tection provided by the level safety system. There are numerous

interlocks thatperform this "slow scram" action on the FNR,
such as high radiation level in the buillding, inadequate
cooling, ete.

L, Auvtomatic Rundown or Reverse

Driving the three shim-safety rods into the veactor
by motoyr control is congidered a mild form of safety action.
The Automatic Rundown funeibion adequately handles minor
reagter excursions for whieh the more drastic action of scram
is ummecessary and, indeed, undesirable. On the FNR, auto-
matic rundown is inltiated if the period becomes 10 seconds
or less and/or the linear level reaches 135 per cent of the

full scale value selected. The labter provides safety action
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over a wide range of reactor power levels.

5. BRestriction of Control Rod Withdrawal

Should the reactor attain a period of 30 seconds
or less, further withdrawal of the control rod by eitherp
manual or automatic serve conbtrol is prohibited. This
feature provides reasonable assurance that the reactor;
under normal conditions, will not be able to attain a peried
iless than 30 seconds, the shortest permiseible operating
period. This action is desirable in that it provides a2

reminder for the "not-too-attentive" operator.

DISCUSSION OF CONTROL SYSTEM

Inasmuch as there were several delays before the
reactor was put into operation -- due to the innate perversities
of inanimate obJects -- considerable time was available and
devoted to testing and evaluating the control system performaﬂceo
48 a vesult of this pre~operational experience and our start-up
and operating experience to date, several features of the
control system were brought to light which reguire modifi-

cation oy correction.

ELECTROMAGNETS

As mentioned previously, the two level safety

channels, in conjunction with the period safety channel
which derives its signal from the log N-periocd channel,
funetion to shut the reactor down by dropping all safety
rods whenever The power level increases beyond a preset

value and/or an abnormally short period ogcurs.
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In each level safety charmel, a PCP (Parailel
Clroulayr Plate) ionization chamber supplies a current pro-
portional to the reactor power level to composite safety
amplifiers vhose components include a preamplifier, a sigma
ampilfier, and a magnet amplifier arranged on a single
shassis. Sinece the current produced by neutron fiux at
high levels of operation is much greater than that produced
by gamma wvadlation or other scurees, this chamber is not
compensated.

The mutp&t of the PCP chambers and the output of
the log N channel are fed to preamplifiers in the composite
safety amplifiers. The preamplifiers, in turn, feed inteo
slgma amplifiers whose oubputs are supplied to & bus, referred
to 28 the sigma bus. This bus serves as Lhe input to all
three magnet amplifiers, each of which supplies the current
to an electromagnet which holds a shim-gsafety rod.

When the signals from the two PCP ionization
chambers oy from the period channel arve normal, the sigma
amplifiers maintain the potential of the sigma bus at a2
prescribed level., However, if the positive period should
beeoms abnormally shorb, or if the power level should become
dangerously high; the sigma bus potential is increased,
whiech causes the magnet curvent in all three magnet amplifiers
and, therefore, in the three electromagnets $0 be gquickly
reduced, thus dropping all three safety rods into the reactor,

The system is so designed that the same result
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is achieved if the sizma bus potential should deorease for
any reason. Since the sigma bus is connected Lo the input
of each magnet amplifier, a seram may be initiated suto-
matleally by any one of the three safety channels.

It is imporbant to note that the magnet currents
are redueed by & glven amount under scram conditions of 150
per cent of full power or a 5 second periocd. To assure that
the ghim safety rods are released at these values, the reduced
currents must be slightly less than the release or "dvop"
eurrents for magnet-rod combinstions, Therefore, in setting
up the safety system, synthetic scram signals are fed to the
system and the magnet currents adjusted to their "drop values."
Upon removal of the synthetic seram signals, the magnet curvents
will increase to values which are the maximum permisgsible
values to assure s soram by the safeby amplifier at the level
and period intended. The maximum current i1s the "holg"
currvent avallable for raising the rods during start-up and
holding the vods during power level operation. Naturally,
with a safety system of this type, it is absolutely necessary
to have weproducible "drop currents" in owvder to scram at
the speecified level and/or pericd and, during normai operation,
have a ﬁ@idimg force considerably above that required to
hold the rods reliably. If the holding forces are only
alightly greater than that reguived to hold the rods, spurious
zhutdowns will ocsur because of vibration, slight misslignments

of guide tubes and minor electrical power Pluctuations. To
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date, we have experiencad unnecessary shutdowns which we

feel are attributable to the electromagnets. The "drop"
currents vary as a funetion of the hold currents, implying
that our electromagnets are not operating in the saturation
portion of the hystervesis loop. What is needed, are magnets
desligned to operate at saturation -- to assure reproducibility
of the drop currents -- and which would also have large
holding foreces for nommal operation. Such magnets would then
provide for continuity of normal power level operation and
reliable shutdowns under eertain abnormal conditions.

Another important feature of electromagnet per.
formance in a reactor safety system that requires closer
attention is the ability of the magnets to relezse the rods
in 2 minimum time. Tests on the Ferﬁ Nuclear Reactor system
indieate that 1f the magnet currents are rapidly reduced to
well below the drop currents, the time required Ffor the magnets
to release the safety rods is about 50 milliseconds., Thisz
magnet-rod release time is many times greater than the total
of all other safety system delays. Electromagnet-rod ecom-
binations having release times of about 10 milliseconds while
retaining the advantages of high helding forees and reproducible
drop currents are needed for reactor safety systems which
employ safety eoncepts similar to those for the FNR.

The magnet-rod release time messurements were msde
using a technigue developed by L. C. Oakes5 of the Qak
Ridge Nationzl Laboratory whevein a fixed amplitude, variable
width voltage pulse is impressed on the sigms bus of the
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system, By slowly increasing the pulse width, a2 width is
reached which raises the sigma bus to the seram level fop
a sufficient length of time that the electromagnets relesse
the safebty rods. This pulse width, at which the rods drop,
then is a measure of the magnet-rod release time.

The measurement of magnet-yrod release times as a
function of rod positions proved very helpful in aligning our
rod-magnet guide tubes. When the guide tubes were ocut of
alignment, thus disturbing the air gaps between the magnets
and rods, the release times were found to be small and
variable with position. When preperly aligned, however,
the release times were independent of rod position. It
should be noted that this alignment procedure would not be

valid for electromagnets having large holding forees,

SAFETY SYSTEM INTERACTIONS

As mentioned garlier, the safety channels of the

safety system are kept independent of the west of the control
system in ovder to prevent‘interactionsc However, within

the safety system itself there is interaction beczuse the
individual chamnnels are 811 fed to a single point or bus.
Thus, if only one channel, say the period channel, experiences
an ebneormal signal, this channel alone must drive the sigma
bus potential to the seram level while the other level

safety channels act a3 a load on the system. This means

that the reastor period required to drive the system to the

scram ¢ondition will be shorter than it would be if the ether



In the liatter case, the reactor power level at which & soram
would ogcur would be higher than when all the channels ars
driving the sigme bus. For the three channel system on the
¥HR, vaviations of seram levels and periocds of 20 - 30 per

gent have been observed.,

i

Because of this interaction, bthe period andé the
tevel at which a rescior screm is reguired must be stated in
Serms of the safety syetem conditions. For the FNR, the

witeria is stated on the basis of a single channel.

cent of full power if only one level safety channel is driving
the sigma bus and 2% 2 5 sezond period if the period charnel

along is dvriving the sigsma bua, IFf twoe or three channels ave
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the sigme bus simultaneously, seram will ooecur at
less than 150 per cent of ffll power and for 2 period longer
than 10 seconds. 7This safely system interaction does not
compromise the protection offered the resctor but it doss

the
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reguire that o move precizss interpretation be plac

level and pevicd for whiech the resctor i protected, A more

U N P S Lo S e s e T Ryl 2 el oy 2rpim cxen g gy
S8 oegn dons DY otheys’, the ressulits of HWRAGH are exdacibed



START-UP INSTRUMENTATION

During start-up from sourcs level up into the range
of the iog N and linear ingtrumentation, the only information
avaliable is from the pulse or log-count-rate channel., AL
present, no control or safety action 15 provided on the FNR
from this chawnel, hence, the full responsibility of control
in this range falls to the reactor operator. Although this
is not expected to cause any particulap difficulty in the
future, 1t is felt that some form of control and safety
actlon, such as inhibiting safety and control rod withdrawal
and automatic rundown, would be very desirable in this range.,
Then, lnstrument control and safety action would be available
over the entive range or reactor operation from Source
level to Mull power. During start-up the most valuvabie
information would be reactor period which would originate
from the loge-count-rate instruments. It i3 our intention
to employ the ORNL @-1881 Iog Count Rate Meter for this
purpose. During start-up, rod withdrawai will be inhibited
for §erieda less than op equalltg 30 seconds and rod insertion
will be initiated for periods less than op equal to 15
seconds and auwtomatie rundown, & safety actién, wili be
initiated for pericdsof 10 seconds or less.

From our experience to date, wider range log-stount-
rate meters and log ¥ ampliflers would be extremely helpful
since the overlap of the log-count-rvabe meter and the log N
channel is by no mean&'a certainty. The ranges of the Ford

Nuglear Reactor's log~count-rate meter and log ¥ amplifier
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are 4 and 6.5 decades, respectively, and the range of operxation
Trom souree to full power is expected to be between 10 - 11

decades.

INVESTIGATIONS AND MODIFICATIONS

As part of the nuelear englineering educational
and research program at the University of Michigan, various
investigations relating to reactor control are planned.

At present, plans are underway for a thcrough investigation

of electromagnets in an effort to optimize their design in
terms of the rather rigorous specifications placed on them as
reactor safety system components, The statistieal variations
of neutron populations at low levels'aa related to the measure-
nent ¢f reactor periods will be investigated, both analytically
and experimentally. The problems of gamms compensation of
neutron debectors, as used on the FNR log N and linear

channels will be studied to determine the best principles

and technigres of compensation.

Minor modifications of the FNR control system weps
made prior to pu%ting the reactor Iinto operation. Others,
gueh a8 the utilization of period information for start-up
and serve control, will be made in the near future. The
use of wider range instrumentation and dusl-synchro rod
position indicators (instead of potentiometyie position
indicators) will be investigated as will obther details of
the control system,

Because the FNR is used both ss an educational and



research faeility; consideration is being given to the design
of an instrument supervised start-up control system which

will provide a greater degree of safety protection and minimize
operational errors. With such a system, the reactor would
always be safely brought up to power in an orderly fashion
without neediess delay. The design of a system of this

type is now underway. After the usual system cheeck-out, the
start-up will be accomplished by (1) the selection of the
desired power level for operation and {2) the selection of

the Instrument mode of opevation by the reactor operator.

The proposed system, similar to that used on the Geneva
Confeyence Reactor (GGR)B 18 being designed using the following
criteria:

a) No additional instrumentation channels are
to be ugsed. This means, of course, for the PNR only one
pulse chammel will be used instead of two as on the GCR.

b} A minimum number of components, such az velays,
recorder contaet switches and meters are to be used, thereby
minimizing maintenance and other cperational problems.

¢} The primsry and secondary safety functicns
of the FHNR will mot be compromised in any manner whatsoaver.
Thus, the instrument supervised start-up will use only the
measuring éhgnnels, i1.¢.; Log N, ICR and Iinear Isvel.

d) There will be no automstic shim-vod control
during power level operation. Shimming will be done manuvally
by the reactor operator while the control rod is on servo

control.
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e} 'The instrument supervised start-up must provide
& greater margin of safety than & manual start-up.

This will be the case sinee the instrument supervised
start-up requires continuocus automatic cross referencing
of all the measuring chennels. Further, by virtue of period
control on the pulse chamnel, an additional safety funetion
will be used. This is particularly significant since no
safety aetlon ls initiated from the pulse chamnel on the

present system.
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