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ABSTRACT 

This report is a guide for the design and application of protective 
instrumentation for experiments that are to he operated in the Bulk 
Shielding Reactor (BSR) or the Oak Ridge Research Reactor (ORR) and are 
to be connected to the reactor power-reduction and alarm systems. it is 
not intended to provide the detailed information that is needed to complete 
an acceptable instrumentation scheme. This information may be obtained by 
consultation with the ORNL Instrumentation and Controls Division personnel. 
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PREFACE 

With the cessation of operation of the Low-Inteiicity Test Reactor 
(LITR), the increased use of the Bulk Shielding Reactor (BSR) as an 
in-pile experiment facility, and the modifications made to the experi-
ment setback-reverse control system (ORR Change Memo No. 901 and BSR 
Change Memo No. 452) , it is necessary to up-date the previous issue of 
this guide.3 This guide contains verbatim the unchanged sections of 
ref. 3. It omits the sections that describe the historical background 
of the system and the design details, since this information is no longer 
required in understanding the application of the system. 

The most significant change is the use of dual-channel, single-track 
information from each sensor instead of dual-channel, double-track infor-
mation. After many years of operation of the LITR, the BSR, and the 
Oak Ridge Research Reactor (ORR) there has been no failure in either the 
cabling of the tie-in system or in any of the reactor power-reduction 
channels. Thus the benefit of cross-channel interconnection is considered 
marginal. Because of this change, we expect to reduce the cost to the 
experimenter and to improve the validity of the system checkout because 
we will not have to disrupt and replace the tie-in circuits in order to 
verify proper operation of each of the two channels. 

The format and order of presentation of the previous issue were 
changed to more concisely describe the instrumentation requirements for 
experiments that are to be connected to the power reduction systems of 
the reactor. 
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1. INTRODUCTION 

Before any experimental apparatus can be installed in the "iulk 
Shielding Reactor (BSR) or the Oak Ridge Research Reactor (ORR), it must 
be determined that the containment around the in-core portion is suf-, * 
fxcient to prevent any damage to the reactor or any harm to building 
personnel if any conceivable accident should occur. Instrumentation that 
is part of the experimental apparatus helps to maintain parameters within i 
limits so that the containment will not be jeopardized. The instrumenta-
tion may directly control the experimental apparatus, such as pumps and 
heaters, or it may reduce the reactor power. Instrumentation in the first 
category is important, but it will not be considered in this report sincv 
it has little effect, if any, on the reactor and other experiments. In-
strumentation in the second category has a much greater effect on the 
entire reactor facility and is most important to the reactor operators 
and other experimenters. Uninterrupted reactor operation, for reasons 
to be given below, is to be maintained if at all possible. Thus, pro-
tective instrumentation for experimental apparatus must fulfill two 
basic requirements: (1) it must always operate when the containment is 
in jeopardy, and (2) it must be free of signals that can falsely shut 
down the reactor. 

At the ORR, the growth of xenon makes continuous operation of greater 
importance. Unlike the BSR and similar reactors which can generally be 
started up at any time after a shutdown, shutdowns of more than a few 
minutes of the ORR will result in downtimes of perhaps 5-6 hr. After the 
ORR has been shut down, the tank cover must be removed and part of the 
reactor fuel must be replaced with elements in which the xenon has decayed. 
Also, experiments are more apt to give trouble during the reactor startup 
following an unscheduled shutdown. With all factors taken into considera-
tion, some shutdowns at the ORR might require 10 to 20 hr downtime before 
the reactor can be started up to full power. 

Damage refers to contamination of the reactor tank and pool water 
with materials from the experiment as well as a release of fission 
products from the reactor. 
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Since these guidelines for experiment protective system design are 
the result of a long-term evolution, many circuit features either neces-
sary or undesirable can be described and specified. The method of con-
nection of the experimental apparatus to the reactor power reduction 
system has proved to be very important. Standardized modular units have 
been developed for this purpose; these modules facilitate rapid diagnosis 
of trouble and enable quick repairs when faults occur. These units are 
available at ORNL and will eliminate considerable work by the experimenter 
to design a protection system. 

The purposes of this guide are as follows: (1) to describe the 
responses of the ORR and BSR to protection signals from the experiments, 
(2) to enumerate the requirements of the protection system instrumenta-
tion, (3) to list recommended practices and procedures for experimenters, 
and (4) to describe the experiment protective system at the ORR and BSR 
for transmission of these signals. 

In this guide, the following terms and definitions apply: 

* Slow scram A simultaneous deenergizing of all shim-rod 
holding magnets by tripping out the ac supply. 
All rods will drop because of gravitational and 
water-flow forces 

Setback A controlled reduction in reactor power accom-
plished by driving down, with a motor, the 
power level demand of the automatic level 
control (servo) system 

Reverse An insertion of all shim rods, driven by their 
drive motors 

Alarm An audible and visible signal appearing on either 
the experiment station or reactor control room 
annunciator panel 

Channel An instrument system comprising a detector, 
signal modifiers, and bistable switches 

Dual channel Two independent channels monitoring the same (or 
equivalent) parameter 

"Slow" distinguishes this type of scram from one that is initiated 
by signals from the reactor neutron level and period electronic safety 
circuit. 
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Track (action path) 

M.U. (make-up) track 

The bistable signal wiring from the channel 
switch to the reactor control room E-panel 
relay 
The track that requires the switch contact to 
close for relay action to initiate the M.U. 
signal 

U.O. (drop-out) track The track that requires the switch contact to 
open for relay action to initiate the D.O. 
signal 
Two tracks (one M.U. and one D.O.) from a 
single channel 

Double track 

2. REACTOR POWER LEVEL REDUCTION RESPONSE 

2.1 ORR Response 
2.1.1 Slow Scram 

After either an M.U. or D.O. signal is recei'ed from the experiment, 
the shim rods are released. The reactor neutron flux decreases in 
accordance with Curve A, Fig. 1, but the gamma flux does not decrease 
in the same way. The gamma flux at 3 min after shutdown is at least 10% 
of its full-power value, and 24 min after shutdown it is more than 5% of 
its full-power value. These values refer only to the gamma radiation 
from the reactor fuel; the heating will be increased by gamma radiation 
from structural materials, other experiments, etc. The quickest reactor 
restart time that can be achieved following a scram is about 11 min 
because of the time required for shim-rod drive rundown and shim-rod 
withdrawal. On many occasions the 135Xe concentration will build up 
during this 11-min delay, and it will no longer be possible to start the 
reactor. Then it will be necessary to change fuel to start the reactor. 

2.1.2 Setback 
After either an M.U. or D.O. signal is received from an experiment, 

the servo demand will begin to decrease and cause insertion of the servo 
shim-rod. If the servo is not being used for power control, the setback 
request will automatically convert to a single-rod insert. The setback 
decrease is exponential, with a negative period of 20 sec, and is termi-
nated at 300 kW after 90 sec. A complete setback is shown in Curve B, 
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B SETBACK 

D SCRAM WITHOUT WATER FLOW 

THE CURVES REPRODUCED HERE 
WERE OBTAINED ASSUMING THAT 
THE SHIM RODS WERE INITIALLY 
FULLY WITHDRAWN ( IN THE LEAST 
SENSITIVE POSITION); THEREFORE 
THE SETBACK FOLLOWS THE REVERSE 
CURVE UNTIL THE NEUTRON LEVEL 
OVERTAKES THE SERVO DEMAND, 
AFTER WHICH THE SETBACK FOLLOWS 
THE DEMAND CURVE. 

0.2 0.5 1 2 5 
TIME AFTER ROD MOTION STARTED (sec) 

20 5C <00 

F i g . 1 . ORR n e u t r o n b e h a v i o r d u r i n g shutdown. 
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Fi^. 1. Often, a small decrease in neutron flux will "cure" an dbnurmai 
condit*on in the experiment, and such short setback requests will be 
carried out by the servo-controlled rod alone. However, if the setback 
request continues, the servo-controlled rod will reach the lower limit 
of its travel because of the effect of long-lifetime delayed neutrons. 
At tiiis time other rods will automatically be inserted as needed to keep 
the servo-controlled rod in its operating range. As a result, the reactor 
will be subcritical at the end of a long setback, and shim-rod withdrawal 
will be required at 300 kW to become critical again. The reactor power 
can. however, be increased again almost immediately, if desired and if 
the setback signal has cleared. If the reactor remains below 5 MW for 
more than a few minutes, xenon buildup will cause a situation that is 
similar to that previously described for a scram. 

2.1.3 Reverse 
Although a reverse will not be initiated by the experiment protective 

system, it will back up a setback action after a delay of "-5 sec if the 
reactor power does not decrease as it should. The reactor power decrease 
during a reverse is shown in Curve C, Fig. 1. 

2.2 BSR Response 

The BSR control circuits are designed so that the experiment tie-in 
system is the same in every respect as that of the ORR. 

2.2.1 Slow Scram 
The response to a scram signal is similiar to the ORR response shown 

in Fig. 1. 

2.2.2 Setback 
The response to a setback signal is similar to the ORR response shown 

in Fig. 1, except that it is terminated at 5% (100 kW). 

2.2.3 Reverse 
The response to a reverse signal is similar to the ORR response shown 

in Fig. 1. 
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3. EXPERIMENT PROTECTIVE SYSTEM REQUIREMENTS 

The protective system has been designed especially for use by 
experimenters to protect the integrity of the experimental apparatus 
through reactor power reduction controls. The requirements that must 
be fulfilled by an experiment to achieve a high degree of reliability 
of the protective system are described in the following sections. 

3.1 General Requirements 

There must be at least two independent channels of instrumentation 
for each parameter that requires reduction of reactor power through the * 

protective system. The two channels are to be independent in the sense 
that no single failure could disable thein both. The two channels need 
not be indentical; in fact, the diversity achieved by sensing different 
but related variables could sometimes be desirable. 

The protective system will not be used to alleviate abnormal con-
ditions in the experiment until all other available means (i.e., turning 
off heaters, opening valves on coolant lines) have been tried. 

The experiment will have a manual control of reactor power (either 
scram or setback, not both) equal to the fastest mode of reactor shutdown 
that is possible with its protective circuits. 

Local control channels and protective system channels shall not use 
a common sensor. The failure of such a single sensor can not only defeat 
the protective action but can, through the control action, force the 
parameter into an unsafe condition. 

Automatic retraction of the experiment from the neutron flux, when 
feasible, will be used to relieve abnormal conditions in lieu of reducing 
reactor power through the protective system. 

it 
In specially approved cases one sensing element may be used to 

operate the circuits of the protective system. The reasons for doing 
this must be clear: that experimental data rather than the integrity 
of containment is to be protected, and that no other control available 
to the experimenter can provide the same protection. 
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3.2 Specific Requirements 

The speed of response of each channel (usually determined by the 
response time of the sensor and process) shall be compatible with the 
response expected of the reactor. 

The contacts that actuate the protective system shall not be employed 
to actuate any other control function associated with the experiment. 

The contacts that actuate the protective system shall not be designed 
to "seal in," i.e., to permanently remain in the abnormal state. Rather, 
they shall remain in the abnormal state only so long as the trouble is 
present. 

All adjustments for scram, setback, and alarm levels shall be enclosed 
with in the case of the instrument. Pressure switches and similar devices 
shall be enclosed in cabinets or mounted behind the instrument panels well 
out of the way of any operation associated with the panel. 

No blocks or bypass switches for such purposes as reactor startup, 
special meter reading, adjustment of setpoints, etc., shall be permitted 
to inhibit the action of scram or setback channels. 

All instruments that operate protective switches and require external 
power shall contain a power monitoring system that shall operate a relay 
contact if power is removed from the instrument. This contact shall 
operate the local annunciator for an experiment. 

All thermocouple instruments used to operate protective switches 
shall contain thermocouple burnout protection. It is preferred that 
burnout shall drive the instrument in a direction opposite to that which 
would call for a reduction in reactor power. This may require installa-
tion of an additional switch which would be actuated by a thermocouple 
burnout. This switch should be connected in series with the power moni-
toring relay contacts on the instrument. 

Controllers shall not be used to operate protective switches. 
Each protective channel that can cause a reduction in reactor power 

shall actuate a forewarning alarm signal for the protective system. If 
the protective device does not have enough contacts for this, another 
instrument indicating the same variable may be employed. 
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The need for both setback and scram on a protective channel will 
vary from one experiment to another. Where the variable being monitored 
is under the direct influence of reactor flux and its response time is 
slow, a setback prior to a scram may prevent some scrams. 

3.3 Annunciator Requirements 

Annunciators will be needed at the experiment control panel for 
several purposes relevant to the protection of the experiment and reactor. 
Because of this, only designated types of annuciators shall be used in 
an experiment. The unit that shall be used at the BSR and ORR is shown 
in Fig. 2, which gives the sequence of operation and the circuit. Each 
annunciator has an auxiliary contact on one of its internal relays which 
permits retransmission of a trouble signal to the alarm circuit of the 
protective system. 

The annunciators monitor the following: 
1. minor process troubles, 
2. process troubles immediately leading to a demand for reactor power 

reduction, 
3. instrument power failure, 
4. information from the experimenter's E-panel, 

a. tie-in connection, 
b. actuation of setback relays in the E-panel, and 
c. actuation of scram relays in the E-panel. 
The tie-in connection information, 4(a), is not retransmitted (see 

note, Fig. 3) because it would be redundant and it would prevent any 
testing of the alarm circuit unless the E-panel control switch were in 
the "normal" position. 

3.4 Interconnection Requirements 

The tie-in connections for all experiments were standardized to 
minimize errors in connection and to make it easier to trouble shoot the 
experiment for protective circuit faults. 

Associated with each experiment will be a series of standard junction 
boxes that will serve as terminal points for the wires in the protective 
system. Additional junction boxes may be used in special cases to be 
discussed below. 
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AUDIBLE 
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RELAY CONTACTS Al S A2 ARE MAKE BEFORE BREAK 

SIGNAL RED WHITE AUDIBLE AUXIL IARY 
CONDITION CONTACT LIGHT LIGHT ALARM CONTACT 

1 NORMAL CLOSED DIM DIM OFF CLOSED 

2 ABNORMAL. BEFORE ACKNOWLEDGED OPEN BRIGHT BRIGHT ON OPEN 

3 ABNORMAL. AFTER ACKNOWLEDGED OPEN BRIGHT OFF OFF OPEN 

4 NORMAL CONDITION RETURNS CLOSED OFF BRIGHT OFF CLOSED 
BEFORE RESET 
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OPERATED. THE ANNUNCIATOR WILL REMAIN IN CONDITION 2 UNTIL ACKNOWLEDGE BUTTON 
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Fig. 2. Annunciator elementary. 
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3.4.1 Family Box 
The protective system for all ORR experiments is terminated in the 

ORR building in two large junction boxes, which will be referred to as 
"family boxes." One is on the north side and one is on the south side 
of the building. At the BSR, a family box is on the south wall of the 
building. The cables that connect these family boxes to the E-panel in 
the reactor control room are installed. An experimenter must install 
similar cables from the family box to an S-box at his experiment. The 
cables must be installed in conduit, either flexible or rigid, with -we 
other cables. 

3.4.2 S-Box 
The cables from the family box shall be terminated in the S-box 

located at the experiment panel. Thip box, fitted with terminal strips, 
shall be mounted on the rear of the instrument panel or on a wall near 
the paneL. The wall mounting will require conduit for cables to the 
panel. 

The S-box was designed to accommodate a standard set of connections 
for all experiment signals that initiate an alarm or a reduction in 
reactor power. Terminals are provided for the interconnecting cable to 
the family box. The layout and wiring are shown in Fig. 4. All setback 
and scram switches must be brought to the S-box for interconnection. 

The box will accommodate nine M.U. and nine D.O. signals for both 
scram and setback action. If the experiment requires more than nine 
signals, additional S-boxes will be required. 

3.4.3 E-Box 
There will be special situations where several individual experi-

ments, all related to one project, will be operated in the same labora-
tory or general area. In this case it has been permitted that each 
S-box output can be terminated in an auxiliary E-box near the experiments. 
Then, one or two conduits are installed to family boxes. This not only 
minimizes the conduit to the family box, but it also permits any experi-
ment to be temporarily removed from that area without requiring the 
removal of long conduits and cables to the family box. A standard design 
is being offered for this auxiliary E-box, which will be used when re-
quested by the experimnnter. 
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3.4.4 A-Box 
The A-box was designed to provide a standard array of relays so that 

there would be extra contacts for devices that operate into the protective 
system (see Sect. 3.1, first paragraph). The layout and wiring of the 
A-box are shown in Fig. 5. It contains six relays and six 6-point termi-
nal strips. The standard wiring connects the ccll and the two normally 
open contacts to the six terminals. If a normally closed contact is 
desired, a wire is moved on the relay. 

4. GENERAL PRACTICES AND PROCEDURES FOR EXPERIMENTS 

The information in this section is important and covers all phases 
of the experiment instrumentation and control system, from its construc-
tion and installation, through its operational period, and to its 
termination. Adherence to the practices and procedures given here can 
mean the difference between a successful experiment and one which is not. 

4.1 Construction Drawings 

Construction drawings should be available for all instrument work. 
These drawings should include wiring diagrams that show the physical 
wiring of panels and interconnection cables. The wiring and device coding 
should be as per Instrumentation and Controls (I&C) Division Design and 
Drafting Standards, IPD-5 (ref. 4). Construction drawings should also 
specify either Special (clean) electrical power or Normal (dirty) power. 

4.2 Maintenance Drawings 

A minimum number of maintenance drawings must be available for 
troubleshooting and modification purposes. The drawings shall include: 
(1) a process flow sheet, (2) a maintenance elementary, or (3) elementary 
and wiring diagrams. I&C IPD-5 defines these drawings and describes the 
standards that should be employed in the coding of wiring and devices for 
these drawings, as well as the electrical symbols that should be used. 

It is imperative that the maintenance drawings be kept up to date 
and that prints shall be on file at the experiment. 
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Fig. 5. A-Box wiring diagram, Q-1900-3. 
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4.3 AC Power Sources and Practices 

The Special power system is a 120/240 V, single-phase bus which is 
distributed about the ORR. The Normal power system is a 120/208 V, 
three-phase bus which is distributed about the ORR. Since this Special 
power system has a limited capacity and will not be used by most experi-
ments, it is recommended that the Special power be reserved for all 
critical instrumentation, such as high-gain pulse equipment, regulated 
power supplies, etc., where noise-free line voltages are required. 
Outlets for this Special power, when used, should be clearly and perrna-
nantly labeled. 

The Normal power is recommended for the bulk of the instrumentation 
used in experiments such as protective circuits, annunciators, control 
circuits, heater power, etc. A 480-V, three-phase emergency power system 
with a 100-A capacity is available at the south side of the GRR for experi-
mental use. This cystem is normally fed by the building 480-V, three-
phase, Normal power bus. It is automatically transferred to a diesel-
driven emergency generator upon loss of this Normal power. 

It is recommended that all protective instruments be wired directly 
(i.e., without connectors) into the power bus. The method of wiring 
should be such that the power leads for a particular instrument may be 
removed without deenergizing other instruments on the same bus. Twist-
lock connectors are recommended as an alternative method, although they 
are not as desirable. 

One circuit breaker should be employed for all protective instrumen-
tation. No other instrumentation should be powered through this breaker. 

Utility outlets (ANSI type 5-15) should be available at the rear of 
all instrument cabinets and should be powered from the Normal system. -

4.4 Operation of the Experiment 

The instrumentation for an experiment should be designed so that 
minimum use of reactor operating personnel is required, particularly 
during an unscheduled shutdown of the reactor. Also, the instrumentation 
shall enable the reactor to be started smoothly and without delays, other 
than those imposed by reactor control instruments. The reactor power can 
be increased from the shutdown state (Nl) to full power in 90 sec. 
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4.5 Use of Mercury 

Because of the hazard of mercury amalgamation and resulting damage to 
the aluminum system of the BSR and ORR, a general use of mercury is for-
bidden in or around these reactors. This includes all devices such as 
mercury switches, thermometers, etc. However, there are certain applica-
tions where mercury has essential qualities that cannot be obtained with 
any nonmercury substitute device. Therefore, an exception can be obtained 
for some specific items when special precautions are employed and their 
use is approved by the ORNL Operetions Division. 

5. EXPERIMENT PROTECTIVE SYSTEM DESIGN DESCRIPTION 

The design of the protective system described in this guide evolved 
through several years of experience with reactor experiments at ORNL. 
Figure 3 shows the details of this system and its relation to the experi-
ment and reactor controls. 

Figure 3 shows that two action paths are available to produce a 
reactor scram and two action paths are available to produce a reactor 
setback. One path requires that a contact be opened for action (drop-out 
track), and the other path requires that a contact be closed for action 
(make-up track). 

The connections to the circuits which actually operate the reactor 
controls are completed through a device designated as an "E-panel." Each 
experiment must provide its own E-panel. The unit contains five relays 
(K1,K2,K3,K4, and K5), six monitor lights, and a control switch. It is 
of plug-in construction and can be inserted into its appropriate position 
in a cabinet in the reactor control room which houses the E-panels for all 
experiments. 

5.1 Scram Circuits 

Relay K4 is actuated by the drop-out action path, and K5 is actuated 
by the make-up action path. The deenergizing of K4 and/or the energizing 
of K5 will initiate a scram. Each experiment variable that can initiate 
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a reactor scram shall cons is i; of two independent channels of information. 
One channel shall initiate a scram through a normally closed contact, 
for example XI, which opens to scram. The other channel shall initiate 
a scram through a normally open contact, for example Zl, which closes to 
scram. The two actions should occur as nearly simultaneously as possible. 
The deenergizing of K4 will open K4B, which deenergizes the reactor con-
trol circuit, slow-scram drop-out relay. The energizing of K5 will close 
K5B, which energizes the reactor control circuit, slow-scram make-up 
relay. Any loss of experiment protective system power will drop out 
relay K4 and cause the reactor to scram. This will be true even though 
the experiment may not have protective switches that operate in the scram 
circuits. 

5.2 Setback Circuits 

Relay K2 is actuated by the drop-out action path, and K3 is actuated 
by the make-up action path. As for a scram, each experiment variable that 
is to initiate a reactor setback by the action of the protective system 
shall consist of two independent channels of information. One channel 
shall provide a normally closed contact, for example Ul, which opens to 
setback. The other channel shall provide a normally open contact, for 
example Wl, which closes to setback. The deenergizing of relay K2 opens 
contact K2B, which deenergizes the reactor control circuit, setback drop-
out relay. The energizing of relay K3 closes contact K3B, which energizes 
the reactor control circuit, setback make-up relay. The action of either 
relay results in an immediate request for lowering of the servo demand 
or the insertion of the servo rod if the reactor is on manual control. 
The action of either relay also deenergizes the time-delayed (^5 sec), 
experiment reverse-request relay. A normally open contact on this time-
to-drop-out relay will initiate a reverse when the delay time expires. 
If the setback initiated by either relay proceeds successfully, the 
resulting negative period as detected by the log-N period recorder will 
prohibit the drop out of the time delay relay, thus inhibiting the 
reverse. 
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5.3 Alarm Circuits 

Relay K1 monitors the status of the experiment annunciators by hav-
ing the annunciator auxiliary contacts (see Fig. 2) connected in series 
as shown in Fig. 3. The auxiliary contact will open if an alarm signal 
is received and will deenergize Kl. Contact K1B will then open and actu-
ate the experiment single annunciator in the reactor control room. 

5.4 Feedback of Information to the Experiment 

The protective system is also designed to feed back information to 
the experiment to assure the experimenter that a power reduction signal 
has been received at the control room. For a scram, this is done by K4D 
and K5C contacts. For a setback, the K2D and/or K3C contacts will intei-
rupt the circuit to the experimenter's setback annunciator and inform 
him that a setback signal has been received by the control room. In 
addition, if the S3E contact is opened, which occurs when the experi-
menter's E-panel control switch (described in Sect. 5.5) is not in the 
"normal" position, the circuit to the experimenter's tie-in annunciator 
is interrupted, which produces an alarm that informs the experimenter 
that the tie-in system is inoperative. 

5.5 Experiment-to-Reactor Control Panel (E-Panel) 

As shown in Fig. 3, the instrumentation for each experiment operates 
from its own power source, separate from reactor control power. The in-
terconnection between experiment controls and reactor controls is there-
fore associated with two sources of power. The interconnection devices 
are the five relays located in the E-panel in the reactor control room. 
The coils of these relays are energized from the experiment power source, 
and their contacts (which are in reactor control circuits) are energized 
from the reactor control power source. 

Each E-panel has a control switch that completely isolates the relay 
coils from the experiment instrumentation and bypasses their contacts in 
the reactor control circuits when set to the "disconnect" position. This 
permits working on the experiment equipment without disturbance to reactor 
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operation. A "test" position on the switch enables the experimenter to 
simulate scram, setback, and alarm signals without disturbing the reactor 
system. (Note: This switch must never be turned to either the "test" or 
"disconnect" position while the experiment: is operating under conditions 
requiring reactor control for protection.) This switch can be locked in 
the "normal," "test," or "disconnect" position with a key. During the 
time the experiment is not inserted into the high-flux zone, the reactor 
operator keeps the switch in the "disconnect" position and locked to 
avoid interference with his operation. When the experiment is inserted 
into the high flux zone, the switch is locked in the "normal" position, 
and the key is retained by the reactor operator to ensure continuity of 
protection. 

Figure 3 shows the details of control switch S3. Contacts S3A,S3C, 
and S3E through S3J disconnect the E-panel from the experiment by dis-
connecting all wires fed by the experimenter's power source. Inasmuch 
as reactor control relays initiate reactor control action when they are 
deenergized, contacts S3B and S3D must be installed to energize these 
relays when the switch is in the "disconnect" position. In this way, 
setting the switch at the "disconnect" position will inhibit all reactor 
control actions initiated by this experiment. So that reactor and experi-
ment operators will be informed of the status of the control switch and 
the interconnection in general, the experimenter's annunciator in the 
reactor control room and an annunciator (the tie-in annunciator) at the 
experiment will show an abnormal condition when the switch is in the 
"disconnect" position. 

In the "test" position, the loop from the experiment to the E-panel 
is completed by keeping contacts S3A, S3G, and S3F through S3J closed. 
Thus, the feedback of scram and setback signals to the experimenter's 
annunciators is retained just as though the experiment were connected into 
the reactor control system. With the switch in the "test" position, all 
action of reactor control relays by the experiment is inhibited by keep-
ing contacts S3B and S3D closed and contacts S3K and S3L open. With the 
switch in the "test" position, the experimenter's tie-in annunciator, 
monitoring the position of the switch, will indicate that the experiment 



2 0 

is not tied in, because S3E is open. Also, the annunciator in the reactor 
control room will indicate an abnormal condition for the experiment because 
S3F is open, keeping K1 deenergized. If the interconnection (between the 
experiment and E-panels) is disturbed without the control switch having 
been actuated, the circuits are arranged so that it will be unlikely that 
protection will be lost without warning. Severing the interconnecting 
cable will initiate an alarm, a setback, and a scram. Grounding all wires 
will do likewise. Connecting all wires to the "hot" side of the line 
will initiate a setback and a scram. 

Another feature was incorporated into the E-panel which permits 
checking the operation of the individual action paths for both setback 
and scram circuits. The red light (14) which is operated by K4C will 
turn on if K4 is deenergized by a scram signal. The operation of the 
light circuits may be somewhat clearer if it is understood that these 
are neon lights with a 47K resistor built in the base. (This resistor 
is not shown in Fig. 3.) In a similar way, K2C will turn on its red 
light (16) when a setback signal deenergizes K2, and K3D will turn on 
its red light (15) when the setback signal deenergizes relay K3. 

The alarm circuits are monitored by an amber light (12) that is 
turned on whenever K1 is deenergized. The contacts that operate K1 will 
short out the amber light when all contacts are closed. When any one 
contact is opened, the amber light is connected across the experiment 
power bus through a 47K resistor. 
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