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ABSTRACT

The Plant Instrumentation, Control, and Data Systems and the Reactor Instrumentation and Control
System of the Advanced Neutron Source (ANS) are planned as an integrated digital system with a
hierarchical, distributed control structure of qualified redundant subsystems and a hybrid digital/analog
protection system to achieve the necessary fast response for critical parameters. Data networks
transfer information between systems for control, display, and recording.

Protection is accomplished by the rapid insertion of negative reactivity with control rods or other
reactivity mechanisms to shut down the fission process and reduce heat generation in the fuel. The
shutdown system is designed for high functional reliability by use of conservative design features and
a high degree of redundance and independence to guard against single failures. Two independent
reactivity control systems of different design principles are provided, and each system has multiple
independent rods or subsystems to provide appropriate margin for malfunctions such as stuck rods
or other single failures. Each system is capable of maintaining the reactor in a cold shutdown
condition independently of the functioning of the other system.

A highly reliable, redundant channel control system is used not only to achieve high availability of
the reactor, but also to reduce challenges to the protection system by maintaining important plant
parameters within appropriate limits. The control system has a number of contingency features to
maintain acceptable, off-normal conditions in spite of limited control or plant component failures
thereby further reducing protection system challenges.

INTRODUCTION

This paper describes the reactor control and plant protection systems' conceptual design of the
Advanced Neutron Source (ANS). Control functions are accomplished by an integrated digital system
with hierarchical, distributed control structure with qualified redundant subsystems. The protection
system is a hybrid digital/analog to achieve the necessary fast response for critical parameters.

'Managed by Martin Marietta Energy Systems, Inc., for the U.S. Department of Energy under
Contract No. DE-AC05-84OR21400



REACTOR PROTECTION SYSTEM

Reactor protection in the ANS is accomplished by two shutdown systems that are fast, redundant, and
as diverse as reasonably possible. An overview of the reactor protection system is presented in a
schematic form in Fig. 1. Both of these shutdown systems get measurement data from reactor process
and scram parameters and from the experiment protection system, and they produce a scram request
signal if any of the measurements are beyond the safety system setting (LSSS) range.

The primary and secondary shutdown systems each will have four independent channels of
instrumentation to assure high reliability and availability. The channels are physically and electrically
separated from each other from the sensors through the wiring and signal conditioning equipment
up to and including the output logic and actuation equipment. Coincidence logic is arranged locally
in two-out-of-four so that agreement of any two channels of the same parameter is required to
initiate protective action. Figure 2 shows a schematic representation of this two-out-of-four logic
arrangement, and Fig. 3 shows the details of signal conditioning for the flux-to-flow scram parameter.
Comprehensive on-line testing is employed to detect failures. If a failure occurs in one channel, that
channel may be bypassed (placed in the untripped condition) until the failure is repaired. The
remaining system thus will be in two-out-of-three coincidence logic, fulfilling both the reliability and
availability goals until the system is restored to normal.

The primary and secondary shutdown systems are independent of each other and, to the extent
feasible, employ diverse techniques and components to minimize common-cause failure potential.
Each system has its own wiring, signal processing, logic, and actuating systems. In some cases sensors
may be shared between systems to minimize penetrations and access to the primary piping system.
Each system has sufficient shutdown margin so that it can keep the reactor in cold shutdown
independently of the functioning of the other system. Either system will have the capability for
dealing with any anticipated operational occurrences, even in the event of failure of the other system.
The combination of both systems will have the capability of dealing with any design-basis event.
Either the primary (inner rods) shutdown system or the secondary (outer rods) shutdown system is
capable of keeping the reactor shut down, even if the other system has its rods fully withdrawn and
one rod in either group fails to scram.

Primary Reactor Shutdown System

The reactivity elements for the primary shutdown system consist of the three inner control rod
assemblies. These rods are located in the central core region and serve the combined functions of
shim, regulation, safety, and shutdown. Each of the rods has a scram latch and accelerating spring
to perform the safety and shutdown functions. In normal operation, with the latches engaged, the
rods are driven together with a common two-phase ac drive motor for shimming action — that is, long
term reactivity control over the full rod stroke. A unidirectional, air-operated turbine is used to
provide fast insertion (negative reactivity) of the shim drive to enhance certain control functions.
This turbine is incapable of withdrawing the rods and serves no safety function. A separate dc
servomotor is used in a piggyback fashion to provide fast regulating motion of the rod assembly. The
regulating stroke is positively limited by mechanical stops so that the total reactivity worth of the
regulating system is limited to a safe value. Because the inner control rods are used for the combined
functions of control and safety, they always will be in a position of high incremental reactivity worth
and therefore will have optimum response for rapid shutdown when needed.

With all inner rods except one inserted, one inner rod fully withdrawn, and with all outer rods fully
withdrawn, the core effective reactivity at the worst point in the cycle will be s 0.965. This



guarantees subcnticality, even if an "optimum" H2O concentration were diluted in the primary D2O
system.

Secondary Reactor Shutdown System

The reactivity elements for the secondary shutdown system consist of the eight outer control rod
assemblies. These rods are located in the reflector region and serve as safety and shutdown rods only.
In normal operation, these rods will be fully withdrawn to minimize the flux perturbation between
the core and the beam tubes. The outer rods are hydraulically actuated and are either fully inserted
or fully withdrawn. No intermediate positioning is needed or provided. AM outer rods must be fully
withdrawn before permission is given to withdraw the inner rods. Conversely, all inner rods must be
fully inserted before permission is given to withdraw the outer rods. The outer rods are manifolded
so that they operate as a group, to minimize the number of necessary penetrations of the reflector
vessel.

Because they are fully withdrawn in normal operation, the outer rods are poised in a position of
relatively low differential reactivity worth and consequently require high acceleration and considerable
movement to insert sufficient initial negative reactivity to counteract transients. For this reason, they
will not respond effectively as fast as the primary shutdown system.

Reactor Secondary Coolant Isolation System

The reactor secondary coolant isolation system consists of detectors and isolation valves that close
to prevent release of radioactivity from the primary coolant in the event of failure of the primary heat
exchanger. This system is separate from the containment isolation system, because it directly affects
reactor operation and safety. Dual isolation valves are located in each secondary coolant line where
they penetrate the containment structure for each of the four coolant loops. The coolant isolation
valves are not closed automatically when the main containment system (air) is isolated. Similarly,
actuation of the secondary coolant isolation system does not require automatic actuation of the main
air containment system. In the absence of tube leaks, the heat exchangers provide primary coolant
isolation. In the event of tube leaks or rupture in the primary heat exchangers, tritium and gamma
radioactivity due to the I6N normally present in the primary coolant will be detected in the secondary
coolant. When activity is detected in one of the four secondary loops, the isolation valves for that
loop are closed to limit the amount of activity carried outside containment to the cooling towers.
Reactor operation can continue, using the unaffected loops. The secondary coolant isolation system
consists of detectors, signal conditioning, a logic system, valve actuation control, and communication
to the Integrated Control System.

Primary Reactor Coolant Pump Trip System

The primary reactor coolant pumps will be tripped when low pressure is detected in the primary
coolant system by the reactor protection system sensors. This is to protect the pumps and the reactor
core from damage by cavitation and to mitigate the loss of coolant if the low pressure is the result
of a loss of coolant accident. The primary pumps also are tripped when the secondary coolant pump
in the corresponding loop trips or if the secondary loop is isolated. This is to prevent the
introduction of uncooled water to the reactor and a resultant reactor scram if the secondary heat
removal capability were impaired.



REACTOR POWER CONTROL SYSTEM

A principal objective of the ANS operations is to maintain the reactor continuously at the highest
power level that is consistent with safety and the available coolant flow. To accomplish this, core
thermal power has been chosen as the basic control parameter, although it is used indirectly.
Thermal power is derived by detecting the rate of coolant flow and its temperature rise as it passes
through the core. The sensors and instruments that measure flow and temperature difference and
compute the core thermal power are quite accurate, but are characterized by an inconveniently long
response time of several seconds. The required speed of response is obtained by utilizing the
accurate, but delayed, core thermal power information continually and automatically to calibrate
neutron flux measuring devices by adjusting the gains of the flux instruments. This arrangement
permits fast action by the nuclear instrumentation and, at the same time, allows a high degree of
accuracy regardless of the operating history of the core, the positions of the control rods or ionization
chambers, or any other effects that may cause the nuclear signal to vary in a manner not proportional
to the core thermal power. The "power equivalent flux" obtained in this way is employed directly as
the basic control parameter.

At power levels above about 5% of nominal full power, control of the reactor is based primarily upon
measurement of core thermal power level. The computed core thermal power is displayed to the
operator and is used in several supervisory functions. Signals from flow measuring instruments are
used to ensure that the control system will limit automatically the maximum allowable operating
power to a level consistent with the actual flow rate and to automatically set the neutron flux trip
levels in the protection system channels at appropriate values. This action permits the reactor to
operate with less than full-rated coolant flow at a power level commensurate with the available flow.

Control Interlocks

Control system interlocks, apart from the normal controlling functions, are designed to accept
information both from the operator and from the instrumentation and to impose certain limitations
on the use of this information, thus providing an orderly sequence for startup and operation of the
reactor. Three degrees of corrective action are available to the control system to permit it to cope
with abnormal situations with a minimum disturbance to operation. These are (1) withdraw interlock
— an action that merely prevents further withdrawal (reactivity increase) of the control rods, (2)
setback — a reduction in the automatic control power demand, and (3) reverse — a motor driven
insertion (reactivity decrease) of all control rods.

Control Rods

The outer control rods perform safety and shutdown functions only and play no role in the
power level control system. All outer rods are fully withdrawn before power level control functions
are initiated. The inner rods have regulating and shimming functions as well as safety and shutdown.
The inner rods have independent shutdown (scram) functions, but are driven together with a single
electric drive mechanism for shimming action. In addition, a limited stroke of the inner control rod
drive system is controlled by a servo system for continous power regulation. The shutdown functions
of the inner rods are completely independent of the power level control system. Each individual rod
has a scram latch device that, when released by the protection system, allows rapid and complete
insertion of the rods under the influence of accelerating and forcing springs. For purposes of these
descriptions, insertion will mean moving the rods in a direction to reduce reactivity and withdrawal
will mean moving the rods in a direction to increase reactivity, independently of which physical
direction the rods actually move.



The shim drive mechanism uses a nonrotating lead screw of the acme thread type with a rotating nut.
The lead screw angle is chosen so that the drive is self-locking; that is, a force applied to the lead
screw will not result in rotation of the nut. The nut is driven through gearing by ac motors of the
two phase reversible type. The rate of travel with the drive motor operating at its maximum unloaded
speed is 7.5 mm/sec, which corresponds to a maximum reactivity rate of 0.25 % (Ak/k)/s. The shim
drive assembly also is provided with a nonreversible air-powered motor coupled through appropriate
gearing to provide unidirectional high-speed insertion of the drive following a scram or when needed
during rapid power reduction transients. The design speed is approximately ten times the speed
developed by the electric motors.

A regulating drive of limited stroke operates independently of the shim drive to move the inner rods
under automatic control. The design speed of the regulating motion is 15 mm/sec (0.5 % (Ak/k)/s)
with the stroke limited by mechanical stops in addition to the limit switches provided for normal
operation. The reactivity worth of the regulating stroke is positively limited to a value that can be
inserted as a step without leading to fuel damage, assuming nominal protective system action.

All drives are provided with position-sensing and -transmitting equipment that is used to transmit
information to the control room for use in the control system and for the operator's information.
A variety of limit switches are used to indicate and limit drive position and latch operator position.
Seat switches indicate when the rods are fully inserted, independently of the drive mechanism's

position.

Operating Modes

Two control modes provide coverage of the desired operating range for the ANS. Each mode has
protective functions and control features invoked automatically that are consistent with the operating
conditions in that mode. Mode changing can be performed only with a key switch and while the
reactor is shut down.

Mode 1 covers full power operation at any level permitted by the power-to-flow ratio with pony pump
motors and main coolant and pressurizer pumps in normal operation. The minimum steady-state
operating power level is determined by instrument accuracy considerations and is expected to be
approximately 5% of nominal full power. Operation with coolant flow provided by only pony pump
motors is possible at power levels determined automatically by the power-to-flow ratio feature.

Mode 2 permits operation in the convection cooling mode with no main pumps or pony-driven pumps
in operation. In this mode, the primary system may be depressurized. No heat power measurements
are available under these conditions, and control and safety actions in this mode utilize neutron flux
signals. The maximum operating power is based on allowable power, with convective cooling allowing
for control signal uncertainties from all causes, i.e., variations in core neutron leakage and detector
efficiency. These uncertainties have not been determined yet, but the maximum operating power in
this mode is expected to be 1% or less of nominal full power.

No need has been identified for steady-state operation at powers intermediate between those possible
in Modes 1 and 2.



Startup

Automatic startup sequencing is utilized in the normal operating mode, Mode 1, to improve reliability,
to relieve the operator of an unnecessary function, and to allow him more freedom to monitor and
supervise the startup process. The mode selector establishes the conditions required for operating
aud protecting the reactor. Two discrete operating conditions are invoked to control a startup from
shutdown to full power. These conditions are designated "start" and "run."

In the start regime the outer rods are withdrawn until they are at their fully withdrawn limit positions.
The inner rods are not permitted to move from their fully inserted positions until all of the outer rods
are at their withdrawn limits. The inner rods have sufficient worth to maintain the reactor subcritical
with the outer rods withdrawn. Very little increase in neutron level, as observed by the startup
detectors, will occur during withdrawal of the outer rods. When the outer rods have been fully
withdrawn, the inner rods are withdrawn by the auto-start system until the reactor reaches the
minimum demand power at which confidence in the heat power indications is attained (approximately
5-10% of nominal full power). This power level is designated NL (ORNL tradition!). The reactor
becomes critical during this stage and rod withdrawal will be interrupted intermittently by short period
signals from either the startup instruments (count-rate) or from the intermediate-range instruments
(compensated ionization chambers) when they become active at a power level of ~ 10'5 of full power.
During the power escalation, the regulating drive is at its withdrawn limit position. When the reactor
power level has reached the confidence level of 5-10%, the servo demand setting for automatic start,
the regulating rod is inserted automatically by the servo system to bring the period to infinity and
regulate the power to the minimum demand level. If the power escalation has been on a period of
15 seconds, the reactivity required to bring the period to infinity will be approximately $0.5. Inserting
this amount of negative reactivity will bring the regulating rod to a position near the insert limit of
its stroke. This completes the start phase, and the reactor will remain under regulating system control
until the operator manually requests a change.

At the "confidence" power level, the neutron flux signals are calibrated automatically to agree with
the more accurate heat power calculations before operation proceeds to a higher power level. At
this confidence power level, the operator checks to confirm that all plant conditions are suitable for
power escalation. The power demand cannot be increased further until the operator is satisfied and
initiates the run condition. Once selected, the run condition is sealed and remains operational unless
the power sags below some predetermined level, approximately 0.1% to 1% of full power. This
feature enforces orderly operation by requiring a full restart should the power drop so low that raising
the power level might result in disorderly operation. This could be particularly important for power
reductions that occur for situations that do not also drive the demand back to its lowest level.

in the run regime, the operator may select the desired power level, and the power will be increased
under servo control at a programmed rate limited by a rate-of-power-change signal. When the
primary coolant pumps are running normally, the servo acts to control the power to the percent
power demand. In actuality, the demand is power-to-flow-ratio so that if one or more pumps are
tripped, the servo will reduce power automatically to a value commensurate with the available flow.

When the regulating rod approaches the end of its stroke, the shim rods must be adjusted. Shim
insertion is automatic when the regulating rod reaches a point near its insert limit. When the
regulating rod nears its withdraw limit, a shim withdraw request is initiated, but the actual withdrawal
must be supervised. The regulating rod worth is limited to a value of reactivity that can be inserted
safely as a step function. To prevent greater amounts being inserted automatically by the servo, the
shim withdrawal must be made only when justified by explainable losses in reactivity. The shim rods



may be withdrawn automatically under the supervision of a reactivity computer if the computer is
available. If the reactivity computer is not available, a "withdraw request" annunciator is sounded,
and the operator must make the decision to actuate manual shim withdrawal or to permit automatic
withdrawal.

To expedite restart following a scram, fast shim-safety drive insertion is provided by the use of a
unidirectional air motor. This high-speed motor is incapable of withdrawing the shim rods. Normally,
the fast insertion is started when the rods are in their seats and the scram latches are disengaged.
Fast insertion also is needed to prevent high flux-to-coolant-flow ratio from tripping the safety circuits
when one or more pumps are tripped.

Operation in Mode 2 is expected to be very infrequent, and fully automatic start and power level
control features are not provided for this mode. As in Mode 1, withdrawal of the outer rods is
automatic when the start regime is invoked. The inner rods then are withdrawn manually by the
operator until criticality and the desired operating level are reached. Short period inhibits of rod
withdrawal remain active to oversee the manual operation. Appropriate protection system settings
and features are invoked automatically when the mode is selected.

REACTOR INLET TEMPERATURE CONTROL

Secondary Coolant Flow Control

The reactor power level control system depends on regulation of the primary coolant system to
maintain near-constant reactor inlet temperature. The primary coolant flow rate is intended to be
constant. Flow changes in the primary loop will be step-wise only, as a result of the starting or
stopping of one or more constant-speed primary coolant pumps. The normal operating condition is
for three loops, with their associated pumps, to be in operation with the fourth loop valved out as
an installed spare. To control the reactor inlet temperature, it is necessary to control the heat
removal rate in the primary heat exchangers. Fast proportional control is achieved by regulation of
the secondary pump speed, which itself regulates the secondary coolant flow. Due to the cooling
tower elevation, it is expected that a regulating range of 80% in the pump speed will result in full
zero to 100% range of control of the secondary flow.

Cooling Tower Control

The cooling tower fans and a tower-to-basin bypass valve are adjusted to maintain constant off-tower
water temperature as it reenters the basin. This assures near-constant secondary coolant temperature
to the primary heat exchanger. The ultimate cooling is adjusted by the number of fans in operation
and the fan speeds to provide the correct amount of heat removal with the tower bypass valve closed.
The bypass valve permits faster temperature control than can be achieved with the tower fans alone.

Multiple Loops

Each primary heat exchanger has a separate secondary cooling loop with independent pumps, cooling
towers, and control features. Three loops normally will be operated in concert, sharing the load
equally when the plant is operating at or near design power. Failures within a loop, such as a pump
trip, valve failure, or loop isolation, will cause the other active loops to take up the load temporarily.
When the failed loop is repaired, or the idle loop is brought into service, the load gradually will be



balanced among the active loops. These functions will be performed under computer control with
a minimum of operator intervention.

PRIMARY COOLANT PRESSURE CONTROL

Primary coolant pressure at the reactor outlet is regulated by letdown control valves. The desired
letdown flow rate is regulated by adjusting the speed of the variable-speed pressurizer pumps. The
charging flow enters the system near the reactor outlet on a common header. Each loop has a
letdown control valve near the main heat exchanger for that loop. The letdown flows return to a
common letdown tank that is connected to the primary coolant cleanup system. A common validated
pressure signal is used for all loops.

NUCLEAR INSTRUMENTATION

Power Range

Due to the high thermal neutron flux at the reflector tank wall, it will be necessary to locate the
ionLation chambers for the wide range and power range channels in the light-water pool. This
location is required because the full power thermal neutron flux at the boundary of the reflector tank
and light-water pool is approximately 1019 nm'V, and the optimum thermal neutron flux for
commercially available detectors is of the order of 1014 nmV 1 for full output current. This flux level
is selected because it provides the nominal current output of approximately 50uA corresponding to
full-power operation. At this flux level, detectors can be constructed of materials that tolerate
operation at full power for up to ten years without significant radiation damage. Also, the nominal
full-power operating current of 50uA provides adequate headroom for overpower excursions without
saturating the detector and permits controlled power reduction of 4 or 5 decades before detector and
electronic equipment noise and nonlinearity become dominant. An incidental advantage of locating
the detectors in the light-water pool is that it eliminates the need for several penetrations of the
reflector tank.

Locating the neutron detectors in the light-water pool raises one safety issue that must be addressed.
Pool water may become contaminated with shielding material and alter the attenuation characteristics.
Five decades of attenuation normally is required to reduce the thermal flux at the reflector tank pool
boundary to the desired value. This requires ~ 375 mm of light water. This relatively large distance
offers potential for the introduction of foreign neutron absorbing material that could cause the flux
at the chamber to decrease and perhaps cause a common mode failure-to-danger. Since the control
and safety systems will be in a coincidence arrangement, failure of a single channel is acceptable.
Such a failure might occur if a solid material were interposed between the reactor and a single
detector. However, should a liquid absorber such as boric acid be dissolved and distributed
throughout the light-water pool, all detectors could be failed to danger. Calculations indicate that
a 1% concentration of boron, cadmium or gadolinium in the light water will reduce the thermal
neutron flux at the detector locations by about six decades (106). Thus, even small concentrations
of these impurities will cause dramatic reduction of the neutron flux signals.

Several options are available to deal with this problem. The first is to introduce a solid medium that
is relatively transparent to neutrons into the space between the detectors and the reflector tank wall
or alternatively, a neutron absorbing material could be used as the medium that, depending on the
absorption coefficient, could reduce the separation required between the detector and reflector tank



wall. Furthermore, some gamma shielding could be introduced into the space to reduce the gamma
flux at the detector location. Side scattering would have to be considered in such an arrangement.
Gamma flux reduction would be desirable since the current estimate shows a gamma photon flux of
1013 m'V1 at the light-water boundary. Some gamma reduction would assure a detector signal more
nearly proportional to fission power. At full power, prompt fission gammas predominate and the
neutron/gamma ratio is not a safety factor, but as power is reduced the contribution from delayed or
nonfission gammas increases and proportionality to core fission power is degraded. One disadvantage
of this approach is, that the attenuator would be rather heavy and would need to be supported from
either trie reflector tank, the pool floor, or the detector guide tubes. This problem is made worse
by the fact that the shield might need to be considerably larger than the diameter of the detector to
provide adequate shadowing of the detector to attenuate fluxes outside the direct line of sight to the
core. Another disadvantage is that to provide some or all of the required neutron and gamma
attenuation, the assembly might generate enough heat to require some form of forced cooling.

Other options that will be considered are using gamma flux for providing the safety function in the
power range and using fast neutron threshold detectors looking more directly at the core through
dedicated collimators. Calculations of the effect of B, Cd, or Gd impurities on the gamma flux in the
light water were performed. A 1% concentration of boron will result in gamma flux decrease of only
about 20% at the chambers. A 1% concentration of cadmium or gadolinium will result in gamma flux
increase at the chambers of 50-100%. At smaller concentrations, the effect of these impurities on
gamma flux will be negligible compared to the neutron attenuation. Thus, it appears possible to use
the divergence of gamma and neutron signals as a sensitive indicator of light-water pool contamina-
tion.

Startup Range

Fission chambers will be used for the startup range in the ANS because of their good gamma
discrimination, relatively long life, and ruggedness. The two main functions of the fission chamber
are to verify that a source of neutrons is present during the subcritical multiplication stage of startup
and to provide an indication of relative power from source level until the intermediate or power
range channels are well on-scale. It has been a policy at ORNL that once a channel comes on-scale,
it continues to indicate correctly to approximately 150% full-power level and does not drop below
the 150% indication even though the variable continues to rise. Therefore, some means must be
provided to cover the full dynamic range of the reactor from source level to 150% full power. For
the ANS, this probably will be a range of approximately 10 decades. For the research reactors built
at ORNL., we have chosen to withdraw the fission chamber during power escalation as opposed to
leaving the detector location fixed and changing modes from counting to mean square voltage to
current as the power increases. Since the counting rate output is presented as a logarithmic signal
in order to cover the wide range, and since the thermal neutron attenuation in light water is
logarithmic, the two effects easily can be summed electronically to cover as wide a range as required.
We feel that this is a far more elegant solution with less abuse of the detector than the Campbelling
or other similar techniques that leave the detector permanently in the high-flux region. We believe
the added mechanical complexity of withdrawing the chamber is more than offset by the several
problems with the alternative.

Consider first the low level or source level problem. The function of this instrumentation is to
measure the core-multiplied neutron population at the detector location. This requires that the
source be placed where it does not radiate directly to the detector, but rather it should be coupled
as tightly as possible to the core. In the present generation of light-water research reactors at ORNL,
we have tried to place the fission chamber as close as possible to the core during startup. This serves



two useful functions; it minimizes the source intensity required to obtain a statistically suitable signal
from which to derive reactor period, and it minimizes the probability that the detector is measuring
neutrons emanating from sources other than the core. The ANS, with its heavy water coolant and
reflector tank, presents a different problem for the startup channel. First, if one places the chamber
physically near the core, it must approach through the heavy-water coolant or reflector. Although
this could be done, it is difficult mechanically, and the low attenuation of neutrons through the heavy-
water medium would require a withdrawal distance far in excess of that available to achieve the
desired attenuation to keep the counting rate down to an acceptable value of < 106 counts per second
maximum at full power. A simple solution would seem to place the detectors at the boundary
between the reflector tank and the light-water pool. The detector then could be withdrawn in the
light water as has been done in previous ORNL research reactors. Although it may require a
somewhat larger than normal source, we believe this design will work because the thermal neutron
attenuation through the 1.5-m moderator tank is less than a decade and is probably no more than we
suffer in the present core-detector separation distances existing in light-water cooled and moderated
reactors. More thought must be given to possible contaminating effects that may occur in the heavy
water in the 1.5-m reflector tank. Our present thinking is that whatever contaminants may exist, such
as temperature effects, gas bubbles, or liquid absorbers, would affect the core equally, and the
detector signals still would be indicating true core conditions. As in the case of the ionization
chambers, a means must be found to deal safely with contaminants in the light-water pool.
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