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ABSTRACT

The Health Physics Research Reactor is an essentially unmoderated,
unreflected, uranium-molybdenum alloy assembly that is capable of pro-
ducing self-limiting prompt-critical bursts with yields of the order of
10'7 fissions. The design, and performance characteristics, although
similar to those of the Los Alamos Scientific Laboratory's Godiva as-
semblies, are improved by the use of the alloyed fuel material for the
core assembly. The reactor will be utilized in the Dosimetry Applications
Research Facility (DOSAR) constructed at the Oak Ridge National Laboratory
for the furtherance of the health physics and biomedical research programs
of the Laboratory.

The design of the reactor and its controls and the siting of the
facility are such that normal operation of the reactor, as proposed, will
not involve radiation levels that are hazardous to either operating
personnel or to the general public. The facility will safely handle the

postulated maximum credible accident of 10'° fissions.



HEALTH PHYSICS RESEARCH REACTOR HAZARDS SUMMARY

M. I. Lundin
1. INTRODUCTION

The Oak Ridge National Laboratory has designed and constructed a
Dosimetry Applications Research Facility ("DOSAR") for use in furtherance
of its programs in health physics and biomedical research. The bare, un-
moderated, reactor assembly, described here, will be used to obtain a
high-energy neutron spectrum from pulses of up to 1017 fissions and, dur-
ing routine operation at steady-state power, to provide a constant flux
for experimental work. ©Some of the applications presently being con-
sidered are discussed below.

1. Radiation Dosimetry. The reactor will be used for the develop-

ment of instrumentation and techniques for the use of threshold detectors
and counters in neutron dosimetry, counting methods in gamma ray dosimetry,
and spectrometers in gamma ray and neutron dosimetry.

2. Interaction of Radiation with Matter. Fundamental investigations

of the interaction of radiation with matter, such as studies of local en-
ergy absorption and linear energy transfer, can be conducted to obtain a
better understanding of the effects of radiation on biological systems.

3. Reactor Accidents. Chemicals found in body fluids and tissues,

such as sodium, chlorine, and phosphorus, can be activated and studied
to obtain critically needed data on doses received in reactor accidents.

4. Ichiban Program. Studies now under way for estimating the doses

received by the Hiroshima and Nagasaki survivors can be completed in this
facility.
5. Radiobiology. Research on life shortening and the late effects

of radiation and leukemia can be accomplished with this reactor, since it
will be possible to work with neutron irradiation fields of up to 38,000
rad/hr or single burst doses of up to 2,100 rad at 5 ft.

6. Medical Research. The reactor will make available a wide beam

of neutrons of sufficient intensity for a study of the relative importance

of ionization produced in man by secondary electrons, protons, and heavy



ions. It could provide a facility for treating leukemia patients with
total-body neutron irradiation which may offer advantages over treatment
by gamma irradiation. Information concerning effects of total-body ir-
radiation on normal human hematopoietic tissue will be attainable under
controlled conditions. Such data may be of value in treating victims of
future reactor accidents.

The details of the design and analyses of the associated hazards and
safeguards are presented here in sufficient scope to provide substantial
assurance that this reactor can be safely operated in the Oak Ridge area.
The reactor, now designated the Health Physics Research Reactor (HPRR) ~
and formerly called the ORNL Fast Burst Reactor (FBR), 1s similar to the
Los Alamos Godiva II.! The HPRR consists of an essentially unmoderated,
cylindrical assembly fabricated from highly enriched uranium-molybdenum
alloy. Characteristic operations are quite similar to those of Godiva II
and other pulsed reactor assemblies, such as the University of California
Lawrence Radiation Laboratory's "Kukla" and the Sandia Pulsed Reactor, for
which hazards analyses have been reported.?»3

The ORNL site report4 on the DOSAR Facility was submitted to the Site-
Environmental Branch of the Division of Licensing and Regulation for re-
view on August 29, 1960, and site approval was received on December 2,
1960.° 1In addition the reactor was operated at the Nevada Test Site under
the designation Operation BREN. The "Operation Plan and Hazards Report"
for Operation BREN was submitted in draft form to the Albuquerque Operations
Office of the USAEC on October 16, 1961.° The conditions of the USAEC

1T, F. Wimett et al., Godiva II — An Unmoderated Pulse-Irradiation
Reactor, Nuclear Sci. and Eng., 8, 691708 (1960).

°F, R. Christie and B. W. M;r, Hazards Summary Report — The Kukla
Prompt Critical Assembly, UCRL-6105, Feb., 24, 1960,

3R. D. O'Brien, Hazards Evaluation of the Sandia Pulsed Reactor
Facility (SPRF), SC-4375A(RR), February 1961.

M. I. Lundin, ORNL Fast Burst Reactor and Facilities, ORNL CF-60-8-
116, August 29, 1960.

’Letter from H. M. Roth to J. A. Swartout, subject: ORNL Fast Burst
Reactor and Laboratories, Project 624-61-1, December 2, 1960,

6F. W. Sanders et al., Operation Plan and Hazards Report — Operation -~
BREN, CEX-62.02 (January 1962).




authorization for the Nevada operation were summarized in a letter of
February 21, 1962.7 The HPRR was operated safely in the burst mode at
the ORNL Critical Facility and it will have been operated in Nevada prior
to its installation in the DOSAR Facility at the Oak Ridge National

Laboratory.

"Letter from S. R. Sapirie to C. E. Larson, subject: Operation of
the Health Physics Research Reactor, February 21, 1962.



2. SUMMARY AND CONCLUSIONS -
Summary [

The DOSAR Facility will include the bare critical assembly that has
been designated the Health Physics Research Reactor (HPRR). The reactor
core consists of enriched uranium-molybdenum alloy in a configuration de-
signed to produce self-limiting prompt critical bursts of the order of
1 x 1017 fissions. The reactor is similar to the Los Alamos Godiva 1T,
which served as a basis for the design, but it differs in certain signifi-
cant aspects.

The core material is a uranium—10 wt % molybdenum alloy rather than
unalloyed U?3% metal. The addition of molybdenum improves the high-tem-
perature strength of the fuel material, provides increased dimensional
stability under thermal cycling, and reduces the thermal-expansion stresses
because of its lower modulus of elasticity. As anticipated, this alloy has
permitted a significantly larger burst yield than is possible with unalloyed
U?3° metal., The use of the alloy results in a larger critical mass.

The central 2-in.-diam section of the core is stainless steel. This
central section permits a slightly larger burst yield by reducing the peak-
to-average flux and thus decreasing the local hot-spot temperature. The
use of the central stainless steel section also results in a larger core
mass.

The supporting structure for the drives and other mechanisms associated
with the HPRR is located above rather than below the core as in Godiva IT.
The ORNL HPRR is operated with the support structure and core suspended
from a positioning device so that the areas underneath and to the sides of
the core are available for experiments.

Safety devices are available for installation as required during cer-
tain types of experiments. A crash plate can be suspended beneath the re-
actor, and a safety tube is attached to the bottom section of the core to
prevent the addition of significant reactivity in case of an accident in -
which the reactor assembly would fall to the ground. These features are -

intended to minimize the potential yields from a fall. z




-

The HPRR will be housed within a structural-steel-framed, insulated,
aluminum~-sided building specifically designed for this purpose and located
in a small valley on Copper Ridge about 1 3/8 miles east of the Tower
Shielding Facility. An antipersonnel chain-link fence surrounds this area
at a radius of about 1000 ft to limit access. A posted perimeter fence
will be installedl! to provide access restriction of the general public,

The control building is a reinforced concrete structure located behind
an intervening hill. It is approximately 800 ft from the reactor operating
site.

The design of the reactor and its controls and the site of the facility
are such that normal operation of the reactor, as proposed, does not in-
volve radiation levels that are hazardous to either operating personnel or
to the general public. There are no normal processes or operations con-
templated that would produce radioactive wastes or result in dissemination
of contaminated materials.

The existence of potential hazards is recognized. These hazards are
agssociated with uncontrollable power excursions resulting from the acci-
dental assembly into highly supercritical reactor configurations. The
probability of such an event is greatly minimized by the design of the
reactor support and safety structures and will be ensured by rigid ad-
ministrative control of experiments and operating procedures.

The facility is designed and sited to safely handle the maximum
credible accident which would produce an excursion of 10'° fissions. In
order to obtain a burst yield of 10'° fissions, the undetected addition

of over 50 cents worth of reactivity would be required.

Conclusions

The information presented in this report indicates that the maximum
credible burst of 10'? fissions would result in exposure doses at 3000 ft
of no greater than 25 mrad. This limitation is contingent upon the effec-
tiveness of administrative controls and procedures inherent to the safe

operation of this type of reactor.

1This fence is scheduled for installation by the Tennessee Valley
Authority in Fiscal Year 1963.



3. DESCRIPTION OF REACTCR AND REACTOR SYSTEMS

The ORNL Health Physics Research Reactor consists of an essentially
unmoderated, cylindrical, critical assembly fabricated from approximately
115 kg of 93.17% enriched uranium—10 wt % molybdenum alloy. A sketch of
the components of the reactor core is presented in Fig. 3.1. The assembly
is designed for burst operation with yields up to 1 X 10'7 fissions and
can achieve continuous steady-state operation at powers up to 1 kw, utili-
zing natural-convection air cooling. It is also estimated that a power
of approximately 10 kw can be maintained for more than 10 min with forced-

convection air cooling.

Reactor Core

The fissionable components of the HPRR are fabricated of cast and
homogenized enriched uranium—10 wt % molybdenum alloy having an average
density of 17.1 g/cm3. The uranium is enriched to 93.17% U%3°. The core
of the reactor is a cylinder 8 in. in diameter and approximately 9 in.
long. The cylinder consists essentially of two parts, an outer shell and
a movable inner shell or safety block. In addition, three movable rods
pass through stainless steel-lined openings in the outer shell. Two of
these rods, the mass adjustment and regulating rods, are used to adjust
the reactivity to compensate for the reflection of experimental equip-
ment placed near the reactor. The third rod, the burst rod, contains
the required reactivity for rapid insertion to produce fission bursts.

The uranium contents of the pleces that make up the first assembly
are listed in Table 3.1.

All surfaces of the fissionable components are nickel plated to a
thickness of 3 to 5 mils for oxidation protection. 1In addition the outer
surfaces of the burst, mass adjustment, and regulating rods are chromium

plated over the nickel plating to reduce sliding friction.

Core Materials

In efforts to improve the performance characteristics of the Godiva

type of reactor, two major drawbacks to the use of unalloyed uranium
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Fig. 3.1. Health Physics Research Reactor Core.




Table 3.1. Uranium Content of Alloy in Core

Uranium Content

Component
P (kg)

Outer shell

3.5-in.-1i.d. annulus 55.8
2 5/32-in.-i.d. annulus 23.9

Bolts and plugs 10.3

Bolts (total of 9)
Bolt plugs (total of 8)
Glory-hole plug

O OO
H O N
W oo

Movable sections 12.5

Mass adjustment rod 1.
Regulating rod 0.
Safety block 10.

=22

Total core uranium, exclusive of 102.5
burst rod

Burst rod 0.96

Total 103.46

became apparent. These drawbacks are the low strength and the growth and
distortion of uranium when subjected to thermal cycling. Thus the prime
requirements for the fuel material were that it be dimensionally stable
under thermal cycling, possess high strength with reasonable ductility
at elevated temperatures, and be within the scope of existing technology
to permit its use with a minimum of developmental effort. Careful study
of the available literature indicated that uranium—10 wt % molybdenum
alloy in the gamma-stabilized condition would meet the design require-
ments. Experiments have shown that this uranium-molybdenum alloy does
not exhibit the pyrophoric properties that are characteristic of unalloyed
uranium.

An extensive summary of the available information on the alloy and
a discussion of the properties and technology of the material as they af-

fect and 1limit the design of the reactor was presented in the preliminary




design report.1 Results of tests to determine whether distortion or trans-
formation would occur during cycling within the temperature range antici-

pated for the reactor fuel were also reported.2

Main Section

The outer shell of the core consists of a stack of stepped, annular
disks made of the enriched uranium-molybdenum alloy. This stack is sup-
ported from the reactor structure by three steel mounting lugs attached
at the top. This method of support permits thermal expansion of the core
in all directions with a minimum of restraint. The stepped disks of the
outer shell are held together by nine 3/4-in.—diam,uraniumrmolybdenum fuel
alloy bolts, which thread into the bottom disk. The outer shell is pene-
trated by lined holes for (1) the regulating rod, (2) the mass adjustment
rod, and (3) the burst rod and an unlined hole for experimental exposures.
Slots pass through the outer shell for the installation of two thermo-
couples near the center of the assembly. The thermocouple junctions are
imbedded near the inner surfaces of two of the fuel disks, as shown in

Fig. 3.1,

Safety Block

The large central cavity in the outer shell accommodates the safety
block, which is 3 3/8 in. in diameter and 6 1/2 in. long. It is made of

the uraniummolybdenum fuel alloy and has a central stainless steel plug

approximately 2 in. in diameter. The safety block 1s supported by being
threaded and pinned onto the steel plug, which, in turn, is connected to
the drive shaft by a threaded and pinned connection. Because reliable
shutdown of the reactor depends largely upon the easy withdrawal of the
safety block, a clearance of approximately 1/16 in. is provided between
the safety block and the outer shell to minimize the possibility of jam-

ming. This clearance also provides a gap for cooling-air flow. The

 Preliminary Design of the ORNL Fast Burst Reactor, NDA-2136-1,
July 30, 1960.

2Thermal Cycling Tests on U-10 w/o Mo for the ORNL Fast Burst Reac-
tor, NDA-2136-2, July 30, 1960.
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safety block is normally either fully in or fully out of the reactor. In —
its out position, its bottom protrudes 7.5 in. below the core, as shown

in Fig. 3.2. -

Control Rods

Two control rods (the regulating rod and the mass adjustment rod)
enter the outer shell from the top. These rods are 5/8 and 1 in. in
diameter, respectively, and run essentially the full length of the core.
The reactivity worth of these two rods is used to compensate for reflec-
tion from experimental equipment placed near the reactor. These rods

are attached to their drives by threaded and pinned connections.

Burst Rod

The burst rod is 3/4 in. in diameter and provides an incremental
change in reactivity worth of approximately $1 when fully inserted in the
reactor from its partially withdrawn position. This rod is rapidly in-
serted in the reactor to initiate a burst. It is threaded and pinned to {

its drive.

Shim Mass Adjustments

Shim mass adjustments can be made by means of plugs located within
the nine bolts that clamp the core sections together. These bolts have
central holes in their shanks to increase their energy-abscrption ca-
pacity. The holes may be filled with fuel or steel plugs, depending on
reactivity requirements. In addition the plug used to fill the experi-
ment hole during the period when it is not in use may be either fuel or
steel, again depending on reactivity requirements. A total adjustment

of 1.1 kg of uranium is thus available.

Reactor Support Structure

The structural arrangement of the reactor holding and assembling
device is shown in PFigs. 3.3 and 3.4. All structural members are stain- -

less steel. The drive-mounting plate located approximately 8 3/4 in. -
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from the top of the reactor core supports the drives for the burst, regu-
lating, and mass adjustment rods. This steel plate 1s attached to the

top plate by means of three steel rods. An intermediate plate serves

to make the structure more rigid and supports the drives for the safety
block, fission chamber, and source. The top plate has provision for en-
gagement of the reactor-positioning device from which the reactor is
normally suspended during operation. The structure around the sides and
bottom of the core has been minimized in order to leave space for irradia-
tion experiments. The total weight of the structure, including the re-

actor core, 1s approximately 1000 1b.

Safety Cage

An aluminum safety cage, supported by the core mounting lugs and lo-
cated approximately 1/2 in. from the core surface, is available for use
when required to prevent the placement of experimental assemblies at lo-

cations too close to the reactor. The cage can be seen in Fig. 3.1,

Crash Plate

A crash plate (see Fig. 3.4) supported from the drive-mounting plate
by three pipe columns can be installed approximately 9 in. below the bot-

tom of the core when required. This assembly would transmit the shock to

the reactor holding structure rather than directly to the core if the as-

sembly fell. It would also minimize the possibility of the core falling

into intimate contact with a reflector.

Safety Tube

A steel safety tube (see Fig. 3.5) that encircles the volume into
which the safety block scrams is attached to the bottom plate of the core.
This tube will prevent driving the safety block into the core in case the

reactor is accidentally dropped.

Reactivity Controls and Drives

Reactivity is controlled by the accurate positioning of four movable

pieces of fuel in the core. The movement of these pieces of fuel, namely,
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the mass adjustment rod, the regulating rod, the burst rod, and the safety
block, is discussed in detall below. The controls are interlocked so that
at any given time the addition of reactivity may be safely controlled.

The sequence of operation is likewise interlocked and combined with safety
instrumentation to require that a safe assembly procedure is followed.

The safety philosophy and instrumentation are discussed in Section 5 and
the operating procedures are outlined in Section 8. The reactivity and
drive characteristics are discussed in detail below and are summarized

in Table 3.2. The reactivity worth of the mass adjustment, regulating,
and burst rods as a function of position was experimentally determined

in the preliminary critical experiments® and is shown in Fig. 3.6.

3J. T. Michalczo, Reactivity Calibrations and Fission Rate Distribu-
tions in an Unmoderated, Unreflected Uranium-Molybdenum Alloy Research
Reactor, ORNL-TM-189 (in press).

UNCLASSIFIED
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ROD WORTH VALUES FROM LINEAR PORTION OF CURVES
DIA (cm) WORTH (cents /cm)

MASS ADJUSTMENT ROD 2.54 i3.3
BURST ROD 1.91 7.7
REGULATING ROD 1.59 4.1

200 I ://L/'“
180 7

MASS ADJUSTMENT ROD

160

140 s

120 f- ¢ -+~ BURST ROD —
! /o

100 j /

80 : ; /// ’/,/
40 B //f.,///iAEGULATING ROD
o G

{cents)

ROD WORTH

‘ |
= |

o] 4 8 12 16 20 24
DISTANCE FROM BOTTOM OF CORE (cm)

Fig. 3.6. Reactivity vs Position for HPRR Burst and Control Rods.
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Table 3.2. Reactivity and Drive Characteristics of HPRR

Uranium Total

Ttem Content Reactivity Type of Drive ggzzg
(ke) ($)
Safety block 10.1 20 Electromechanical 1.9 in./min
Mass adjustment rod 1.7 1.95 Electromechanical 2.5 in./min
Regulating rod 0.7 .83 Electromechanical 2.5 in./min
Burst rod 0.962 1,152 Pneumatic 7.5 in. in
~40 msec

81Ihese values are based on the total length of the burst rod and its
complete removal from the core. The actual stroke of 7.5 in. results in
a ®k of approximately $1.

Safety Block and Drive

Safety-block movement is accomplished by means of an electric-motor
driven® worm-and-screw-type linear actuator capable of instantaneous re-
versal of direction of motion. This drive limits the safety-block in-
sertion speed to approximately 1.9 in./min. The safety block has a cen-
tral stainless steel plug that is connected to the drive shaft. The

block is supported from above and inserted into the core from below.

Withdrawal is accomplished by vertical movement downward. The total travel
distance of the safety block is 7.5 in.

The safety block is scrammed in the downward direction by de-energi-
zing the holding electromagnet that couples the safety block drive shaft
to the electromechanical drive. A spring is provided around the drive
shaft to decrease the scram time and to provide the capability of partially
expelling the safety block from the core if the reactor should accident-
ally become inverted. To ensure that the safety block is always inserted
to the same position, a positive stop in the form of a rigidly supported
cylinder with three electrical contacts is used to provide a signal when

two out of three of the contacts have made up on safety block insertion.,

“The motors are the shaded~-pole type and thus theilr direction of ro-
tation is unaffected by external changes in phase of the a-c power supply.
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This signal is interlocked into the operating sequence. Tests have shown

that the drive system can reposition the

no scram has taken place and to 0,001 in.
magnet. An overtravel spring in the driv
ing. The force required to compress the

in holding-magnet disengagement.

The safety block controls the major

safety block to *0.0001 in. if
after release by the electro-
e cilrcuit provides positive seat-

overtravel spring will not result

portion of the shutdown reac-

tivity change. It contains 10.1 kg of uranium and has a total reactivity

worth of approximately $20. The safety block is inserted twice in the

procedure leading up to burst production.

the initial insertion unless the neutron

Electrical interlocks prevent

source is in the insert position.

The safety block is normally either fully in or fully out and is used as

the primary mechanical shutdown device to bring the reactor to below de-

layed critical following burst or steady-state operations. It provides

fast scram capability for the reactor to

limit the reactor temperature

rise following a burst. The fast scram is accomplished by electronic

signal from the safety instruments during the initial rise of the burst

spike. Tests have indicated that the electromagnet release time is ap-

proximately 0.004 sec, An effective scram, defined as the time at which

the reactor is taken below delayed critical, 1s completed in approximately

40 msec after start of movement of the safety block. Characteristics of

UNCLASSIFIED
ORNL-LR-DWG 63365R
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Fig. 3.7. Reactivity Worth of
the HPRR Safety Block as a Function
of Its Position and Time After Scram.

the safety block as a function
of position and time have been
determined? experimentally and
are shown in Fig. 3.7.

The safety block drive 1s
provided with the following posi-
tion switches: (1) upper limit
switch, (2) lower limit switch,
(3) clutech switch, showing the
aspect of the release magnet,
(4) seat switch, showing whether

the rod reached the fully out
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position when released, and (5) three contact switches to show that the
block 1s fully inserted. The position of the safety-block drive is con-
stantly indicated on the reactor control console by a dual synchro system.
The coarse synchro indicates full travel in 270 degrees of rotation, while
the fine synchro indicates 0.5 in., per revolution. In actual use the
magnet will be driven down against the pole face to prevent accidental

insertion of the safety block.

Control Rods and Drives

The drive mechanisms for the control rods, that is, the regulating
and mass adjustment rods, are electric-motor-driven worm-and-screw-type
linear actuators that are capable of instantaneous reversal of direction
of motion (similar to the safety block drive) and are operated individually.
The drives for the two rods are identical except that the regulating rod
may be servo-operated for automatic power level control. The rods run
the full length of the core and are driven from above at the rate of ap-~
proximately 2.5 in./min. These rods do not have scram capabilities but
are automatically withdrawn at normal speed on a reactor scram signal.

The positions of both rods may be read directly on synchro indicators
on the control console. The mass adjustment rod has a dual synchro system
calibrated similarly to that for the safety block. The regulating rod
utilizes a single synchro calibrated to show full stroke in less than
270 degrees of rotation. Using this instrumentation, the positioning of
the regulating rod has been found to be reproducible to *0.005 in. and
that of the mass adjustment rod to *0.001 in. Upper and lower limit posi-
tion switches are provided on both rod drives.

Interlocks prevent the initial insertion of the rods unless the neu-
tron source is inserted and the safety block is seated in the fully in
position. Following establishment of a satisfactory reactivity configura-
tlon with the rods, further inward movement is prevented by interlocks
after the safety block has left its seat. Withdrawal of the rods is per-
mitted to compensate for slight core temperature changes as a result of

cooling that may occur before the final steps of the burst-generation
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procedure. During steady-state operation, the smaller of the two rods,
the regulating rod, may be servo-operated for autcmatic power control.
A tachometer on the rod drive provides derivative control for the servo

system.,

Burst Rod and Drive

The brust rod is driven by a pneumatically operated cylinder. It
is inserted into the core from above and is withdrawn vertically upward.
The 2-in.-bore drive cylinder 1s capable of inserting the burst rod in
approximately 0.040 sec so that a prompt-critical configuration can be
achieved before an appreciable neutron population builds up.

The pneumatic system used to supply air to the drive cylinder is

shown in Fig. 3.8. The gas supply for the drive is located in two tanks
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on the reactor holding structure. One is a high-pressure (~2000 psi)
reservoir that feeds into the second tank which is maintained at opera-
ting pressure (60 to 75 psi). The capacity of the tanks is sufficient

to permit about 100 bursts before a recharged high-pressure tank is needed.
Electrical interlocks are provided to prevent accidental firing of the
burst rod unless the proper preburst assembly procedures have been fol-
lowed. An additional, electrical-solenoid-operated latch interlock en-
sures that the burst rod cannot be inadvertently inserted in the event

the air valves leak. After a burst, the burst rod is withdrawn, in the
upward direction, by reversing the air pressure on the piston in the
pneumatic cylinder. A spring is provided around the upper extension shaft
to expel the rod from the core in case of loss of air pressure. The burst
rod is automatically withdrawn on actuation of any scram circuit. The
burst-rod drive is equipped with position-indicating switches to show
when it is fully withdrawn or fully inserted and when its locking latch

is engaged or disengaged.

Source and Source Drives

A neutron source is used during the start of each delayed-critical
determination. The source is actuated by a 1 l/2-in.—bore penumatic
cylinder. During startup the source is positioned about 2 in. away from
the core surface. The source can be withdrawn into a neutron shield when
not in use. Electrical interlocks are provided to ensure that the source
is in the insert position during the initial insertion (delayed critical)
of the safety block to minimize the possibility of assembling a super-
critical geometry before a chain reaction is initiated. Failure of the
pneumatic system would result in slow movement of the source to its in-
sert position. Position switches show whether the source is in the fully

in (withdrawn) or fully out (inserted) position.

Nuclear Design Features

Kinetic Data

Reactor performance characteristics were calculated for a reference

core design as part of the preliminary design study.l The data for the
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reference core are compared in Table 3,3 with those obtained for the
first core during the critical experiments.5 The calculated burst yield
and burst width are shown for the reference core in Fig. 3.9 as a func-
tion of the initial reactivity addition both with and without considera-
tion of inertial effects. It may be seen that inertial effects (i.e.,
the reactor core cannot expand in equilibrium with heat input) result in

burst enhancement at greater yilelds than approximately 10 fissions.

°J. T. Mihalczo, Superprompt Critical Behavior of an Unreflected,
Unmoderated Uranium-Molybdenum Alloy Assembly, ORNL-TM-230 (in press).

Table 3.3. Reactor Performance Characteristics

Calculated® Experimental
Burst performance characteristics
Burst yield, Tissions 1 x 107 ~1.8 x 107 1.05 x 107
Total temperature coefficient, cents/°C —0.20 —0.30 —0.30
Initial reactivity insertion above prompt 7.6 ~11 ~9
critical, cents
Integrated neutron current 1 in. from the 2 x 10t3
reactor surface, neutrons/cm?
Total leakage neutrons 1.3 x 10t7
Peak power, Mw 63,000 100,000 42,000
Initial reactor period, usec 13 ~16 20
Burst half-width, usec 38 ~48 63
Maximum temperature rise, °F 740 ~720 415
Average temperature rise, °F 360 ~380 220
Cooling time (forced convection), min ~30
Cooling air required, ft3/min 15002000
Steady-state performance characteristics

Natural-convection cooling

Maximum power, watts 1000

Maximum reactor temperature, °F 600

Reactor surface temperature, °F 480
Forced-convection cooling

Cooling air required for steady-state 1500~2000

operation at 10 kw for 10 min, f£t3/min
Maximum allowable reactor temperature, 600

°F

aCalculations are for reference design (see ref, 1).
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Experimentally determined characteristics are illustrated in Figs. 3,10
- through 3.15. Figure 3.10 shows both the total yield and "spike" yield
as a function of the reciprocal period. It should be noted that in the
higher yield bursts about 90% of the fissions occur in the "spike." The
peak fission rate is plotted against the reciprocal period in Fig. 3,11.
The deviation caused by inertial effects at periods shorter than 30 upsec
can be seen.

Typical burst performance is shown in Figs. 3.12, 3.13, and 3.1l4.

The low yield burst of Fig. 3.12 shows the afterburst plateau. Also shown
is the reactivity removal associated with the displacement of the safety
..t block as a function of time after scram. The instruments used for this

test did not have a 4 msec response tine.
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Figure 3.13 illustrates a burst during which the inertial or pres-

sure wave effects initiated safety-block motion and resulted in a cut-

off of the afterburst plateau at approximately 225 usec after the peak.

This pressure-wave induced separation of the safety block from its magnet

occurs at yields greater than approximately 6 X 10%% fissions. Also -
shown on this figure is a theoretical burst shape. The burst decays fas-

ter than predicted by simple theory. Figures 3.14 and 3.15 show the -

characteristics of bursts with yields of 1.05 X 10*7 and 1.8 x 10*7 fis-

sions, respectively.

Fission-Rate Distribution

The approximate fission-rate distribution in the reactor core can
be predicted from the information obtained during the critical experi-
ments. The relative fission-density distribution within the sample ir-

radiation hole is shown on Fig. 3.16, and the experimental results are




25

UNCLASSIFIED
ORNL-LR-DWG 67805

1022

°
> !
4
'
102! /
: r
JA

I
(0]
%]
~
2]
[=
o
‘»
©
= [ )
w1020 4
= 2
« O/.
5 5 1/
2 /
o /
v / |
3 /
Yo, /
/V
10{9 Nq%ﬂ// —
/.
/'
5 /]

103 2 5 10% 2 5 10°
RECIPROCAL PERIOD (a = /) (sec™))

Fig. 3.11. Peak Fission Rate as a Function of Reciprocal Period.

compared with S, transport theory calculations. The comparative experi-
mental and calculated relative radial fission density in the safety block

is shown in Fig. 3.17.

Reactivity Coefficients

The critical experiments gave a negative temperature coefficient of
0.3 cents/°C rather than the originally calculated® 0.2 cents/°C. A
dynamic coefficient of 0.3 cents/°C was calculated”® for the burst of
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Fig. 3.12. The final core turned out to contain 5% voids rather than
the anticipated 3%. Approximately 1.2% of these "voids" are formed by

nickel plating.

Critical Parameters Under Various Conditions of Reflection

A series of experiments6 was performed during the preliminary criti-

cal experiments to estimate the amount of hydrogenous reflector that

®W. E. Kinney and J. T. Mihalczo, ORNL Fast Burst Reactor: Critical
Experiments and Calculations, ORNL CF 61-8-71 (August 24, 1961).
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could be safely brought near the reactor during assembly. In these ex-
periments the lower 5-in. section of the main annular assembly, which
was 8 in. in diameter, was constructed from disks with a 3.5-in.-diam
central hole, while the remainder had a 2 in.-dlam central hole. The
critical heights, determined for nine different reflector conditions,

are given in Table 3.4. The reflector material, Plexiglas, was placed

Table 3.4. Critical Parameters for an 8-in.-diam Annular
Cylinder® Under Various Conditions of Reflection

Critical Critical
Reflector Condition Mass Height
(kg of U23%) (in.)

No Cadmium Between Assembly and Reflector

l-in.~-thick layer of Plexiglas on all outer 67.5 6.8
surfaces; vold in center

l-in.-thick layer of Plexiglas on all outer 52.8 5.46
surfaces; Plexiglas in center

2-in.-thick layer of Plexiglas on all outer 4'7.2 4.95
surfaces; vold in center

5.98-in.-thick layer of Plexiglas on bottom 69.4 6.96
only; Plexiglas in center

6.01l-in.-thick layer of Plexiglas on bottom; 75.3 7.5

l-in.~thick layer of Plexiglas on top and on
the lower 3.25-in. section of lateral sur-
face; void in center

0.010-in.-Thick Layer of Cadmium Between Assembly
and Outer Reflector

l-in.-thick layer of Plexiglas on all outer 70.7 7.08
surfaces; void in center

l-in.-thick layer of Plexiglas on all outer 56.2 5.77
surfaces; Plexiglas 1n center

2-in.-thick layer of Plexiglas on all outer 61.2 6.22
surfaces; volid in center

2-in.-thick layer of Plexiglas on all outer 49.8 5.19

surfaces; Plexiglas in center

Lower 5 in. of assembly had a 3.5-in.-diam central hole and re-
mainder had a 2-in.-diam central hole.
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around the assembly and within the central cavity, and, in four instances,
0.010-in.-thick cadmium sheets separated the assembly from the outer re- .
flector.

In addition to these tests, a systematic investigation of the re-
activity effects of various types of reflectors and experimental assem-
blies is planned. This information will be developed in critical experi-

ments and as required during the operation of the DOSAR Facility.

Core Lifetime

The burnup of fissionable material in the core will not be a sig- ~
nificant factor in determining the core lifetime. Rather, the buildup
of fission products and the concomitant gamma rays will be the deter-
mining factor. The projected operating schedule for use of the HFRR,
expressed in terms of power level and frequency, 1s the equivalent of

one of the following:

2 hr per day for 5-day week at 1 kw 10 kwhr/week
6 hr per day for 5-day week at 5 watts 150 whr/week .
2 bursts per day for 5-day week at 10%7 8.7 kwhr/week

fissions per burst

It is conceivable that a period of intensive reactor operation may of

necessity be followed by a cooling period.

Nuclear Constants

The nuclear constants, group structure and cross sections, used in
the calculations for the critical experiments are listed in the appendices

of ref. 6.

Thermal Design Features

Adequate cooling is required for the reactor core for three modes
of operation: (1) steady-state operation at powers up to 1 kw for ex- -
tended periods of time, (2) steady-state operation at 10 kw for approxi- -
mately 10 min, and (3) afterburst operation. The principal requirement -

is to maintain temperatures in the reactor low enough to minimize phase -
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transformation of the gamma-stabilized uranium-molybdenum alloy fuel ma-
terial and thus minimize dimensional changes. The time for initial phase
transformation is at a minimum of approximately 25 hr at temperatures in
the neighborhood of 880°F.1 At lower temperatures, the time for initial
transformation increases, becoming more than 2000 hr at 600°F and essen-
tially infinite at temperatures below 570°F. Adequate cooling for normal
operation at low power (i.e., up to 1 kw) or for individual bursts can

be obtained with natural convection of air. Forced-convection cooling is
required only for extended operation at a power of 10 kw or at times when

it is desired to minimize the cooling period following a burst.

Natural-Convection Cooling

It was decided to limit the maximum temperature in the reactor to
600°F during extended steady-state power operation to minimize phase
transformation of the gamma-stabilized fuel alloy. Calculations for
natural-convection air cooling of the reference core yielded a maximum
internal temperature of approximately 600°F and a surface temperature of

approximately 480°F at 1-kw operation.t

Cooling of the reactor at a power
of 1 kw or less for extended periods of time is thus adequately provided
by natural convection of air.

Steady~-state operation of the reactor at 10 kw with natural-convection
cooling results in an equilibrium reactor surface temperature of approxi-
mately 1300°F, which is too high for prolonged operation. For 10 min of
operation at 10 kw, however, the reactor temperature rises only to ap-
proximately 800°F. If it is assumed that the reactor starts at room tem-
perature (70°F), is brought quickly to power (10 kw), and is scrammed

when the temperature reaches 600°F, operation for 6 to 7 min is possible

with only natural-convection cooling.

Forced-Convection Cooling

To extend the allowable operating time to 10 min or more at 10 kw
without exceeding a temperature of 600°F in the reactor, forced-convection
cooling is used. A forced-alr cooling system was installed for this pur-

pose in the reactor building (see Section 6). By making a portable-hose
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connection from one of the air discharge nozzles to the reactor core, it
is possible to provide 1500 to 2000 cfm of room-temperature air for cool-
ing. This air can maintain the reactor below 600°F for more than 10 min
of 10-kw operation.

The cooling of the reactor after burst operation is required pri-
marily to minimize the waiting time between bursts. No harm is done to
the reactor if only natural-convection cooling is used following a burst,
since the maximum temperature very quickly falls to 500 to 600°F with or
without forced convection. The bulk of the cooling time is required to
reduce the temperature from 200 to 300°F to room temperature. Calcula-
tions indicate that the total time required for natural-convection cool-
ing after a burst is about 2 1/2 hr.

If it is desired to reduce this time to approximately 30 min, it is
necessary to utilize forced-convection cooling. The reactor can be posi-
tioned over a portable cooling manifold or placed in its storage pit,
which is provided with a cooling manifold. Calculations indicate that
the reactor can be brought to within 10°F of room temperature in 30 to

40 min by utilizing forced-convection cooling.

Core Temperature Distributions

Temperature distributions at the instant of pulse operation are es-
sentially the same as the power (fission—density) distribution, since
there is insufficient time for thermal diffusion to occur. Experimental
information on fission distribution was presented above (see discussion
and Figs. 3.16 and 3.17). Based on the experimentally determined core

temperature rise, a factor of 4.6 x 10*% fissions/°C is applicable for

converting the power-distribution data to temperature-distribution values.

The peak temperature rise, calculated from the flux distribution, is 1.9
times the average rise. This results in a core peak temperature rise of
230°C (414°F) for a burst yield of 1.05 x 107 fissions.’

These data indicate that a burst of 5.2 X 107 fissions would raise
the peak temperature in the assembly to 1150°C, the melting point of the
fuel alloy. During low-power steady-state operation, the temperature
distribution is "flatter" than indicated for bursts because thermal dif-

fusion and conduction can take place.
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Stress Analysis

The reactor is subjected to inertial stresses as a result of the
extremely rapid temperature rise of the core during a burst and to tran-
sient thermal stresses that are due to the nonuniform temperature distri-
bution across the reactor. For bursts larger than approximately 5 X 10°
fissions, inertial stresses become significant. For bursts of less than
5 x 10'® fissions, the inertial stresses are practically zero, because
the burst width (~100 usec) is so large that the expansion of the reac-
tor can almost exactly follow the temperature input.

The allowable design stress was set at 90% of the ultimate strength
corresponding to the highest temperature expected in the given component.
The ultimate strengths used were for statlic loading conditions; however,
because of the very rapid loading to which the material is subjected, it
is expected that the ultimate strengths will be much higher than those
for static loading. In fact, based on experience with structural ma-
terials, such as steel, the ultimate strengths may be a factor of 2 to 3
higher than the design basis. Counteracting this favorable aspect, how-
ever, is the relatively low ductility of the fuel alloy at normal opera-
ting temperatures.

The calculated stresses for the various parts of the reference core!
are listed in Table 3.5 for bursts of 1.0 X 10*7 and 1.3 x 10'7 fissions.
It can be seen that for a burst of 1 x 1017 fissions, the maximum stress
in every piece is at or below the allowable stress. Operation at this
point should therefore be possible on a routine basis. For a burst that
is 30% above the nominal operating point, it can be seen from the table
that the maximum stress in the outer shell approaches the yield strength.
This was not considered a serious situation, however, for two reasons:
(1) the strength of the fuel alloy for dynamic loadings of this type is
expected to be higher than predicted on the basis of static tests, and
(2) the largest part of the stress is due to the nonuniform temperature
distribution (transient thermal stress) which tends to be readily re-
lieved by yielding of the material and which puts it in a favorable pre-
stressed condition for withstanding subsequent bursts. For these reasons

it was expected that the reactor could survive an accidental burst of at
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Table 3.5. Summary of Calculated Stresses and Temperatures
As a Function of Burst Yield®

Total burst yield, fissions 1 x 1017 1.3 x 107
Burst width, Aty p, psec 38 34
Outer shell
Average temperature rise, °F 358 465
Maximum temperature rise, °F 750 960
Stress, psi 45,000 61,000
Ultimate tensile strength, psi 74, 000P 63,000¢
Yield strength, psi 68,000P 62,000¢
Safety block
Average temperature rise, °F 643 835
Maximum temperature, °F 770 975
Stress, psi 16,000 22,000
Ultimate tensile strength, psi 74, 000P 63,000¢
Yield strength, psi 68, 000P 62,000¢
Bolts
Diameter, in. 0.750 0.750
Number 9 9
Stress, psi 33,000 48,000
Ultimate tensile strength, psi >g7,0004 >75,000°
Yield strength, psi >87,000% >73,000¢

aCalculated values are for the reference core (see
ref. 1).

bStrength experimentally determined at 800°F.
®Strength experimentally determined at 1000°F.
dStrength experimentally determined at 400°F.
eStrength experimentally determined at 600°F.

least 1.3 x 10'7 fissions without suffering mechanical damage, and in
initial experiments5 the core did survive bursts of approximately

1.8 x 107 fissions with an associated maximum temperature rise of 720°F.
It must be noted, however, that large uncertainties remain as to the
actual values of the stresses that will be encountered under burst con-

ditions.
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4. FACILITY DESCRIPTION

A plot plan showing the relationship of the control and reactor build-
ings is presented in Fig. 4.1l. 1In order to increase the availability of
"exposure" time, consideration was given in the design of the facilities
to reactor handling and storage. A special area in the control building
was provided for experimental assembly preparation. The experimental equip-
ment can be built into racks and then transferred to the reactor building
over a paved road by fork 1lift or truck without extensive loss of reactor

availability time.

Control Building

The control building, shown in plan view in Fig. 4.2, is a one-story
building approximately 133 ft long and 56 ft wide. This building houses
the reactor controls, administrative offices, laboratories, counting room,
toilet facilities, experimental assembly preparation area, and mechanical
and electrical service rooms. The building floor is set slightly above
finished grade. A 1-ft-thick reinforced-concrete roof structure is pro-
vided for shielding building occupants from skyshine radiation (see the
Appendix). The side of the building facing the reactor building is set
into the hill separating the reactor and control buildings to provide ad-
ditional radiation shielding. The cubicle walls and roof of the counting
room consist of 2-ft-thick boronated concrete for background radiation
shielding to less than 1 neutron per square centimeter per burst of 1017
fissions in order to minimize activation of crystals. Access to the ex-
perimental assembly preparation area of the building is provided at a
truck-unloading dock, which has a dock-leveling device and a ramp for fork
lifts. The building provides space for five standard laboratories, in-
cluding two physics, dosimetry, and electronics laboratories, one health
physics laboratory, one chemistry laboratory, and one biology laboratory.
It also houses the reactor control room, from which all reactor operations
are controlled. In addition, facilities are available to permit observa-

tion and monitoring of experimental equipment in either the control room
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Fig. 4.2. Plan View of Control Building.

or in the laboratories, as desired. A trailer lot adjoins the control
building to provide a parking area for trailers containing auxiliary equip-
ment necessary for the operation of the experimental equipment under test.
Outdoor electrical receptacles are provided for servicing the experimenter's

trailer vans. The parking area also has space for 14 passenger vehicles.

Reactor Building

The reactor building, shown in Figs. 4.3 and 4.4, is intended to pro-
vide protection from weather for the reactor, certain equipment, experi-
mental assemblies, and basic utilities. The working area of the building
is approximately 72 ft long and 32 ft wide. A bridge crane of 5-ton ca-
pacity spans the 32-ft width and travels along the 72-ft length. The low
point of the bridge crane is 40 ft above the floor to permit the reactor-
positioning device to elevate the reactor midpoint 30 ft. The floor of
the building is set slightly above grade. The building has insulated
aluminum siding and is provided with filtered and controlled-circulation

air-conditioning and exhaust systems. The interior wall and roof surfaces
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of the building are sealed so that the building can be maintained at a
negative pressure of 0.3 in. of H,O.

An auxiliary air-circulation system will supply air to a duct mani-
fold for above-the-floor hose connections and to an underground duct sys-
tem that discharges through nozzles into the reactor storage pits. A
pressure-type blower recirculates building air. The capacity of this sys-
tem is sufficient to dissipate within a 30~ to 40-min period the maximum
heat released from the reactor after a burst of 10'7 fissions.

Two concrete pits are located along the centerline of the building
for operational convenience in storage of the reactor when not in use.

A set of tracks for the reactor-positioning device is located along the
centerline of the building and extends the length of the building and the
outdoor concrete pad. One additional pit is located between the tracks
and at the center of the building. This pit will contain four gamma-cap-
sule facilities for use in the experimental program planned for the DOSAR
Facility.

At one end of the building there is a 12-ft-wide, 15-ft-high double
door opening to the outside concrete pad which is 30 ft wide and 70 ft
long. At the other end of the building there is a 6-ft-wide, 8-ft-high
double door opening onto a truck-unloading dock provided with a dock-
leveling device. Service rooms for electrical eguipment, the emergency
generator set, and the heating, ventilating, and air-conditioning equip-
ment are located adjacent to the unloading dock and on the outside of the
building. Conduilt and cable connections between the reactor building and
the control areas for the reactor and experimental equipment control and
instrumentation systems pass through the wall of the reactor building and
over stanchions to the control building. A paved parking area for six

vehicles is provided at the reactor building.

Reactor-Handling Facilities

The reactor, when not in use, is normally stored in one of two con-
crete pits located along the centerline of the building. A set of tracks
extends the length of the building and the length of the outside concrete
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pad for the reactor-positioning device, which is used to remove the re-
actor from the storage pit, position it as required for an experiment,
and return it to the pit after completion of the experiment. In addition

a boom derrick is available at the outside pad for special experiments.

Reactor Storage Pits

Two concrete-lined pits, approximately 5 ft X 5 ft X 7 ft deep, are

located between the tracks along the centerline of the building for stor-

age of the reactor when not in use. The concrete is lined with a protective

coating of Amercoat paint. An electromechanically actuated 7-in.-thick
steel door that is operable from the control room or from either of two re-
mote stations in the reactor building is used to cover the pit. This door
provides sufficient personnel shielding to permit immediate access to ex-
periments in the reactor building with the reactor stored in the pit after
use in the burst mode. Fach pit is provided with a support and position-
ing rack for storage of the reactor. The support and positioning rack is
designed to provide the required orientation and accuracy in location
needed to permit remotely controlled withdrawal and replacement of the re-
actor by the reactor-positioning device during an experiment cycle. The
possibility of immediate access provided by the shielded storage system
will result in good utilization of the building for experiments.

The pits are drained by a 3-in.-diam untrapped drain line through a
monitoring basin to an asphalt-lined retention pond located below the bot-
tom of the pits (see Fig. 4.5). Each pit has a monitor for detecting any

accumulation of water.

Reactor-Positioning Device

A reactor-positioning device that 1s operable from the control room

or from control panels in the reactor building is provided for moving the

reactor from either of the two storage pits, positioning it at 1ts operating

location, and then returning it to either of the two storage pits after an
experiment has been completed. The device (see Fig. 4.6) is capable of
raising the midpoint of the reactor to any desired elevation up to 30 ft

above the reactor building floor and to any position along the centerline
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of the reactor building and the outside concrete pad. The device has a
positioning accuracy of #1 cm over its operating range. In a typical op-
erating sequence, a dummy reactor is used to set up an experiment by di-
rect measurement from its centerline. Position stops sre set for the de-
sired vertical movement of the boom and the horizontal movement of the
positioning truck. The storage-pit doors are remotely opened, and the
reactor lifting device is clamped by remote control to the reactor in the
pit. Electrical interlocks indicate when the lifting device is clamped
to the top plate of the reactor holding structure. The reactor building
and inner exclusion area are evacuated. After suitable checkout of the
interlocks and an administrative check of entry into the area, the gates
are closed and the reactor startup procedure is initiated, with the first
step being the positioning of the reactor at the location previously oc-
cupied by the dummy reactor by remote operation from the control room.
After operation the reactor can be returned to the storage pit by remote
operation from the control room. Electrical interlocks are provided on
the reactor-positioning device to prevent hazardous operations. A sche-
matic control diagram of these interlocks is shown in Fig. 4.7. Movement
of the reactor-positioning device will be possible only if the reactor is

in the scrammed condition.

Boom Derrick

A S5-ton-capacity boom derrick that is operable from a control panel
in the reactor building is located at the end of the outside concrete pad.

This device provides for remote handling of the reactor and materials and

equipment for uncontained-reactor experiments outside the reactor building.

The hook has a clear vertical movement of 56 ft above the concrete slab
at a distance of 10 ft from the vertical centerline of the derrick., The
derrick is capable of rotating 270 degrees.

Specific hazards associated with these special outdoor experiments
will be separately analyzed and reported to the appropriate ORNL, Review

Committee for approval prior to operations.
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Building Utilities

Water Systems

Potable water is furnished underground from the main HFIR water loop
in Melton Valley through approximately 5300 ft of cast-iron pipe and a
pumping station located near the guard house at the outer perimeter fence
to a ground-level 30,000-gal-capacity storage tank located at an elevation
of approximately 1095.5 ft inside the 1000-ft fence. At this tank, part
of the water becomes a primary fire-protection supply of 25,000 gal, which
is fed to a yard hydrant, hose cabinets, and the sprinkler system at the
control building and to a yard hydrant and hose rack at the reactor build-
ing. The remainder is available as a potable water supply for the control
and reactor buildings.

At each of the buildings the potable supply is split into domestic
(sanitary hot and cold) water and process water. The process water is
prevented from backing up into the domestic water by an air break. Process
water can be supplied to hose bibs in the reactor building for use in de-
contamination operations. Normally the line to these hose connections is

valved off and drained.

Sanitary Sewvers

Sanitary sewage is collected by the building sewers and run to sepa-
rate septic tank and leaching field installations for the control and re-

actor buildings.

Other Utilities

Gas for laboratory service use is distributed to each of the laboratory
areas of the control building from a ligquid-petroleum gas-receiving and
storage station located on the loading dock. Compressed air is distributed
to the laboratory and shop areas of the control building and along the side
of the reactor building and outside concrete pad from individual compressor-
receiver stations located in the service equipment room at each building.

The electrical, ventilation, and waste-disposal systems are discussed

in Section 6.
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5. INSTRUMENTATION AND CONTROLS

The instruments of the HPRR provide for safety, startup, and regula-
tion of two modes of operation: (1) steady-state operation at any desired
power level in the range from 1 mw to 1 kw or limited operation at higher
powers up to 10 kw and (2) pulsed operation of the order of 1017 fissions.
For steady-state operation, the applicable control techniques are similar
to those used for small reactors of the pool type. Tor pulsed-operation

an entirely different approach must be made.

Control Logic

Control of the reactor is effected by positioning the safety block,
the mass adjustment rod, and the regulating rod. The drives and reac-
tivity worth of these elements, or rods, were discussed in Section 3.

For normal control of the reactor, the rods are moved on demand at a slow,
continuous speed to effect the desired change in reactivity. All rod
motion is supervised by the safety system and interlocks shown in block
diagram form in Fig. 5.1. Before increasing reactivity, all exclusion-
area interlocks must be satisfied and a 3-min blast of a warning horn
must be sounded to permit personnel in the exclusion area to reach safety
or a conveniently located manual scram button. If delayed critical opera-
tion is desired, the safety block may be inserted subject to the follow-
ing interlocks:

1. Log N amplifier calibration switch in the use position.

Log N period longer than 5 sec.
Log count-rate meter calibration switch in the use position.

Log count rate greater than 2 counts/sec.

wmoD W

Source at insertion limit or log N > 10-° Nf, where 1\Tf is the
value for full power.

6. Regulating rod, mass adjustment rod, and burst rod all at with-
drawn limit,

7. Delayed critical mode selected by means of a switch.

After the safety block is driven to its insertion limit, the mass

adjustment and regulating rods may be moved in any sequence chosen by the
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operator. After attaining criticality, the reactor may be operated at
any desired power up to 1 kw, either manually or by using the servo system.
For burst operation, the reactor is first operated at delayed criti-
cal, as described above, and then it is necessary that a proper sequence
be established to complete the burst, for example, sequences A and B. When
the power reaches 1077 Np, as indicated by the log N system, and the safety
block is inserted to its limit, the conditions needed to obtain sequence
A are satisfied. Sequence A implies that the reactor is critical. The
incremental value of the burst rod has been shown to be approximately 100
cents, but it may vary by a few cents because of changes in environment.
The reactivity addition needed to obtain the target yield is higher than
the incremental value of the burst rod. Excess reactivity is therefore
added to the core by means of the mass adjustment rod. The amount to be
added is ascertained by period measurements during the delayed-critical
operation prior to disassembling the core by withdrawing the safety block
to start the sequence of operations for accomplishing a burst. In order
for excess reactivity not to be added inadvertently after the proper core
reactivity is established, the mass adjustment and regulating rods are
electrically interlocked to prohibit insertion after sequence A is ob-
tained and the safety block is withdrawn from the insertion limit. When
both the source drive and safety block are at the withdrawn limit, sequence
B is obtained. The operator may then select the burst mode. After an
arbitrary waiting time to permit the neutrons to decay to a suitable low
level, the operator proceeds to reassemble the core to its previously de-
termined supercritical position by driving the safety block to its inser-
tion limit. The burst is then accomplished by inserting the burst rod.
Nuclear information is transmitted to the operator from several chan-
nels, as shown on Fig. 5.2 and described below:

1. Level safeties. Two RD-300 dual-section ion chambers supply cur-

rent to two level-safety channels.

2. Period. One section of one of the above ion chambers supplies
current to a log N period channel.

3. Linear. One section of the other of the above ion chambers sup-

plies current to a micromicroammeter.
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4. Counting rate. One fission chamber supplies pulses to a counting-

rate channel. A second counting-rate channel is provided that uses a BFj3
chamber permanently mounted on the reactor support structure.

5. Neutron pulse-shape (burst) detector. A scintillation phosphor

and phototube supplies current to an oscilloscope to map the pulse shape.

The ion chambers used in the level, period, and linear channels are
dual purpose and are surrounded with polyethylene plastic to thermalize
the fast neutrons emitted from the core to the sensitivity range of the
chamber. The counting-rate channel used for startup is supplied with
pulses from a Westinghouse fission chamber that can be moved from a poly-
ethylene moderator to an absorber to provide a range adequate to span from
the source level to the lowest level of the log N channel. The use of
the second counting-rate channel provides added sensitivity at low count-
ing rates during startup. This ensures a complete coverage of the steady
operating range from source to full power.

As a convenience when operating at constant levels, a servo system
will be employed. The regulating rod will be the control element and will
change dk at a rate of less than 0.00B%/sec. The motion of the regulating
rod will be controlled by a servo amplifier that receives its signal from
the micromicroammeter and matches its output against the set point.

A neutron pulse-shape detector will be used during pulse operation
to give visual indication of pulse height and width. The detector con-
sists of a scintillator that drives a phototube, the output of which is
applied directly to an oscilloscope. The resulting trace may be photo-

graphed.

Nuclear Safety

Two primary nuclear safety mechanisms exist: (1) self limiting by
the temperature coefficient and (2) electromechanical level safeties. Since
the reactor routinely operates at periods as short as 18 usec, the self-
1imiting safety must be depended upon because no conceivable mechanical
system has sufficiently fast response to be an effective power limiter.
The self-limiting safety mechanism (i.e., the temperature coefficient)

is effective only against additions of a limited amount of reactivity.
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Although the maximum change in reactivity available from the burst rod -
as a step addition is limited to approximately $l, environmental effects
may raise the effective reactivity above this value. Administrative con- =~
trols will assure that the operations do not add more than a safe amount ..
of reactivity.

When reactivity is added slowly, the power is limited to approximately
1.5 kw in order to avoid excessive temperatures. Therefore for steady-
state power operation, the level-safety system is required. A second
function of the safety system is to minimize the obJectionable production
of neutrons immediately following a burst (the afterburst plateau).?
For this requirement a fast safety response (fast scram) is provided.
This system consists of two ionization chambers which supply current to
amplifiers whose output form an autioneering circuit. The largest signal
governs the response of the system. When the thermalized flux at the cham-
ber indicates that the reactor power has exceeded 1500 w the sigma-bus
voltage will vary so as to cause a decrease in the current in the electro-
magnet and the safety block will be driven out of the core. Also the cur- -im
rent to the burst rod solenoid will be reduced and will cause venting of
the pneumatic cylinder which ejects the burst rod when operating in the Vq,
burst mode.® The release magnet and solenoid are connected to the reactor
safety system as in the MTR.?

The ultimate safety of this type of reactor is strongly dependent
on administrative control. For example, when the safety block is driven
out of the core during the delayed-critical check prior to each burst op-
eration sequence, the operator must note the core temperature. When the
safety block is reinserted immediately prior to inserting the burst rod,

the operator must again note the temperature and, if it has decreased, he

lEXperimental information from the critical experiments indicates
that sufficient "bounce effect" exists to cause the electromagnet to re-
lease the safety block and initiate shutdown approximately 225 usec after
the burst peak. See J. T. Mihalczo, Superprompt Critical Behavior of an
?nreflectid) Unmoderated Uranium-Molybdenum Alloy Assembly, ORNL~-TM-230
in press).

27, E. Cole et al., The MIR Safety System and its Components, ORNL-1139 T
(April 4, 1952).
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must compensate for the effect of the temperature coefficient to prevent

an excessively large burst.

Non-Nuclear Instrumentation

Temperature protection 1s provided by two iron-constantan thermocouple
assemblies, located in the core as shown in Fig. 3.1, which indicate core
temperatures and are connected to a dual-pen recorder on the reactor con-
trol console. Excessive temperatures sensed at either of the thermocouples
initiate a slow scram. The temperature scram is the only safety against
a slow meltdown at 10 kw, since the core cannot operate indefinitely at
this power without forced cooling. During operation at 10 kw the nuclear
safety is set to protect the core against power overshoots; thus only the
core temperature sensors are effective against overheating because of
blower failure.

"Reactor-On" lights are located at the guard portal in the outer per-
imeter fence, at the water storage area, at gate 1 of the exclusion area,
at the main doors of the control building, and at the reactor building
doors. They are turned on when the reactor key switch is turned to "on."

A level switch is provided to show the presence of water in the stor-
age pit.

A third temperature channel consisting of an iron-constantan thermo-
couple (and spare, both located in the drilled-out bolt shanks) and a O
to 100°C recorder are installed to monitor small changes in core tempera-
ture during the time interval between the delayed-critical operation pre-

ceding each burst and the insertion of the burst rod.

Scram Actuation

Fast scrams are initiated through highly reliable, well-monitored,
electronic channels. The slow scram is initiated through a relay that
controls the power supply to the safety-block electromagnet.

A fast scram is initiated by the following:

1. Power greater than 1500 w (or greater than 15,000 w for high-

power operation).
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2. Reactor period less than 1 sec.
A slow scram is initiated by:
1. Insufficient air pressure for operation of source and burst-rod
drives.
2. Loss of electric power.
Core temperature greater than 600 °F,
. Manual scram request.
Reactor building doors opened.

3

VA

5

6. Exclusion-area gates opened,

7. Manual scram buttons "depressed."
8

Certain safety system failures.

Annunciators

Visible and audible alarms will attract the operator's attention to
the following conditions:

1. BSafety monitor indicating trouble.

2. ©Stop reset open, indicating an exclusion-area gate has been opened
or a manual scram button has been depressed.

3. Log N period less than 5 sec.
Fast scram.
Core temperature greater than 600°F,

High-pressure air-tank pressure less than 150 psi.

Low-pressure air-tank pressure less than 60 psi.

Slow scram.

O & 2 O I~

. Control building doors open.

Radiation Monitors

Instrumentation of the types listed below will be provided for use
by the health physicist and operators in monitoring the facility:

1. Continuous air monitors.

2. Laboratory beta-gamma background monitor of the GM type with end-
window and Esterline-Angus recorder located to measure background and to

detect activity on smear samples and air samples.
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3. Cutie Pie beta-gamma monitors.

- 4. GM survey meters to be used as low-level background monitors and
L monitors for beta surface contamination.
- 5. Portable scintillation type alpha detectors to be used to detect

surface alpha contamination, activity on smears, and activity on air sam-
ples.
Portable thermal-neutron survey meters.
7. Fast-neutron survey meters.

8. Monitrons to provide reading of direct gamma radiation.
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6. AUXILIARY SYSTEMS

There are no normal processes or operations contemplated that would
produce radioactive wastes or result in dissemination of contaminated ma-
terials. In addition, the design of the reactor and its controls ig such
that automatic shutdown occurs during emergencies, such as electrical
power failures. The auxiliary systems discussed herein are provided to

permit easy handling of the results of the emergencies that may occur.

Control Building Ventilation Systems

Conditioned air (electrically heated in winter and cooled in summer)
is provided in all areas of the control building, except the service equip-
ment room. Laboratory air flow is on a "once through" basis, with each
laboratory zoned individually for maximum ambient control. FExhaust air
from the office areas is recirculated, with the related corridor serving
as a return air plenum.

Supply air is obtained from an outside louver through roughing and
final air filters. Pressure levels in the various areas of the building
are maintained at values that assure controlled movemen: of air, with any
leakage from the offices or control room into the laboratory and work
areas. An exhaust system for the laboratories maintains the desired pres-
sure-level differences. High-efficiency filters are provided for the
counting room and provision has been made for future installation of high-
efficiency filters for the laboratory exhaust systems.

The supply and exhaust systems are provided with controls to auto-
matically shut down both systems if radiation levels rise to above preset
tolerance levels. The exhaust system is interlocked with the supply sys-

tem to prevent its startup when the supply system is shut down.

Reactor Building Ventilation Systems

The reactor building and its ventilation systems are designed to
maintain a controlled negative pressure of 0.3 in. Hy0 below atmospheric

within the main building when the doors are closed. Air-conditioning
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designed to handle the sensible and latent heat gains encountered is pro-
vided for the space within the building that is below a level of & ft above
the floor.

Supply air is filtered and recirculated through a duct distribution
system. A separate exhaust system having two systems in parallel con-
sisting of blowers and roughing and high-efficiency filters is provided.
Pressure-relief and alarm devices are provided for limiting the negative
pressure in the building or for indicating a higher than normal pressure.

A forced-air cooling system, utilizing recirculated building air, is
available for rapid cooling of the reactor after a burst or for extending
operating time during high-power runs. This system supplies air, as re-
gquired, to either an above-the-floor duct manifold or to the reactor stor-
age pits. It can provide up to 2000 cfm of air at any of the discharge
nozzles.

The reactor cooling and building exhaust systems can be operated on

emergency power in case of power outages. A schematic air flow diagram

is presented in Fig. 6.1.

UNCLASSIFIED
ORNL-LR-DWG 6508t

HEATER

COOLING COIL
SUPPLY FAN FILTER (ABSOLUTE)
BUILDING /////>ROUGHING FILTER

VENTILATION

N

SYSTEM —m PRESSURE
RELIEF

P L) |
|
eir PIT |
| RELIEF L4 RELIEF TO BUILDING
ae:
BUILDING EXHAUST | TO ////"=:f:;—-’—
YSTEM BUILDING
SYS DAMPERS 5-in.-DIA FLEXIBLE
ROUGHING (ANY ONE OF 3 HOSES MAY BE
FILTER " | MAY BE OPENED) CONNECTED TO ANY "
| TWO OF 8 POﬁIE)—~\\‘\ |
ABSOLUTE B _ B A B
FILTERS < < X I\ —< — > S
REACTOR COOLING
SYSTEM BLOWER
EXHAUST (2000 cfm)
FANS

Fig. 6.1. Schematic Diagram of Air Flow in Reactor Building.



56

Television Monitors

Three closed-circuit television systems will be installed for use
as required in monitoring the reactor and the interior of the reactor
building during experiments. Control of these monitors will be from the
reactor control room. Receivers will be located in the reactor control
room and monitor screens can be placed in the experimental laboratories.
The three television pickups will be located as follows: one at the end
of the building that is capable of wide-angle operation, with remote focus
control, to monitor the entire building; one along the side of the build-
ing at the center that is capable of remote control of pan, tilt, and focus
adjustment for monitoring an experiment or the reactor; a third portable
unit, located on a movable tripod, that is capable of remote control of
pan, tilt, and focus and can be placed at a critical position to monitor

the experiment or the reactor.

Communications Systems

Intercommunication System

A master all-call type of intercommunication system is provided for
communication between the reactor building, reactor control room, experi-
mental laboratories, and the guard station at the outer perimeter fence.
The circuits between the reactor building and the control room are avail-

able at all times.

Public Address System

A public address system is provided for the control building, reactor
building, and outside areas. This system ties into the ORNL plant emer-
gency system and is operable from the control room or from the master pub-

lic address system controls at the Oak Ridge National Laboratory.

Electrical Systems

Electrical power to service this area is furnished from a connection

to the existing 13.8-kv overhead line serving the Tower Shielding Facility.
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The power is transformed to 480 v by a 1000-kva transformer located out-
side the control building. The transformer secondary is run underground
to an indoor 480-v substation and distribution center in the control build-
ing.

A 25-kw emergency diesel generator set is provided to permit an or-
derly shutdown of experimental operations in case of a power outage. This
emergency power will be available for operation of the reactor-positioning
device, the boom derrick, the storage-pit doors, the reactor-building ex-
haust fans, the reactor forced-air cooling system, intercommunication sys-
ems, the fire alarm, and the reactor control console, Individual battery-
operated emergency-lighting units are provided for use during a power out-

age.

Waste-Disposal System

Although no liquid radioactive wastes are normally generated in the
facility, a 25,000-gal capacity asphalt-lined retention pond is located
adjacent to the reactor building to provide for the retention of radio-
active waste that would drain from the reactor building during emergency
decontamination following a reactor incident. Following such an event,
the waste would be collected and transferred by truck to the ORNL waste-
treatment facility. Likewise the process drain systems in the control
building include provisions for the installation of monitoring equipment
for use in the event of radicactive leakage or contamination. Normally
these process wastes are diluted, chlorinated, and discharged to the storm

sewers.
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7. SITE DESCRIPTION

The reactor and its associated laboratories and facilities is lo-
cated along Copper Ridge approximately 2 miles south-southeast of the ORNL
main laboratories and approximately 1 3/8 miles east of the Tower Shielding
Facility. A site plan for the facility is shown in Fig. 7.1. The reac-
tor building is located within a hollow and is surrounded by hills at least
50 ft high to provide natural shielding and to prevent "line-of-sight"

viewing of the reactor installation from all directions.

Site Characteristics

The meteorology, seismology, geology, hydrology, and surrounding popu-
lation distribution involved have been thoroughly studi=d in connection
with the operation of the variocus installations in this area. Extensive
summaries were prepared for previous reactor installations at ORNL.!~©
The study for the Experimental Gas-Cooled Reactor? presented a comprehen-
sive summary of available information applicable to the DOSAR facility

site.

Restricted Areas

The reactor building is located in a hollow surrounded by a 1000-f+t-

radius chain-link type of antipersonnel fence. The control bullding,

1A Meteorological Survey of the Oak Ridge Area, OR0O-99 (Dec. 23, 1953).

2Climatology and Meteorology of the TSF Site, U. S. Weather Bureau
Office, Oak Ridge, Tenn. (November 1958).

3EXperimental Gas_Cooled Reactor Preliminary Hazards Summary Report,
OR0-196 (May 1959).

“J. H. Buck and W. B. Cottrell, ARE Hazards Summary Report, ORNL-1407
(November 1952), classified.

STower Shielding Facility Safeguard Report, ORNL-1550 (Del.) (June 9,
1953).

6c. E. Winters, Report on the Safety Aspects of the Homogeneous Re-
actor Experiment, ORNL-731 (June 7, 1950).
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which houses the administrative offices and the laboratories in addition
to the facility controls, is located at the perimeter of this area and
will be further isolated from the ORNL area by a Melton Hill area perime-
ter fence posted with radiation warnings (see Fig. 7.1). A guard house
will be provided where the main access road enters the area. A gate (Gate
No. 1) is provided where the access road enters the 1000-Tt-radius exclu-
sion area (see Fig. 4.1 of sec. 4). Additional gates in the 1000-Tt-
radius exclusion-area fence are provided for access to the water storage
area and for the TSF patrol road (Gates Nos. 2 and 3). The personnel ex-
clusion fence for the Melton Hill area is to be built by the Tennessee
Valley Authority to restrict the entry of unauthorized personnel from the
recreational areca development of the Melton Hill Dam to the reactor areas

of the Oak Ridge National La'boratory.7

Nearby Installations

The DOSAR facility is approximately 2 miles from the Melton Hill Dam
now being constructed on the Clinch River by the Tennessee Valley Authority.
At its closest point the Melton Hill Lake will be a little more than 3000
ft from the facility site. The Clinch River is a navigable stream and
it is anticipated that river traffic and commerce will increase following
the completion of construction of the dam. The embayment of large bodies
of water above the dam will result in more extensive use of the Clinch
River for recreational purposes.

Other installations within a radius of 2 miles from the DOSAR Facility

are shown on Fig. 7.1 and described below:

Approximate . R
Facili Dict Direction
aclility istance from DOSAR
(ft)
Tower Shielding Facility (TSF) 6,800 West
Experimental Gas-Cooled Reactor (EGCR) 10,000 Northeast
High-Flux Isotope Reactor (HFIR) 6,000 Northwest
Molten-Salt Reactor Experiment (MSRE) 7,200 Northwest

7U. R. Cain, Additional Fencing and Radiation Monitoring Required
for 5 Mw Operation of the TSR-II, CF 60-8-7, Aug. 1, 1960. Note: This
Melton Valley exclusion fence is scheduled to be installed in FY 1963,
with completion by September 1962.
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8. REACTOR OPERATION

The organization and procedures to be initially used for operation
of the HPRR in the DOSAR Facility are described below. At the present
time the procedures and criteria must be regarded as preliminary and sub-
Ject to improvement as proper perspective is obtained during initial

checkout of the reactor and operation of the facility.

Operating Staff

Organization

The initial startup and calibration of the HPRR was accomplished in
the ORNL Critical Experiments Facility under the direction of experienced
physicists and engineers qualified in the handling of critical assemblies.
For routine operation of the DOSAR Facility, the functional organization
shown in Fig. 8.1 is proposed. Responsibility for the safe operation of
the HPRR is vested in the persons and committees shown on the chart of

Fig. 8.1, which also defines the lines of authority.

Responsibilities

A1l operations and experiments in the DOSAR Facility will be under
the direct supervision of the Facility Supervisor. He will be responsible
for the establishment and control of procedures for the safe efficient
operation of the facility, for all experiments run within the facility,
and for handling any emergencies that may arise.

The supervision of the reactor and its associated facility operations
will be the responsibility of the Reactor Supervisor. He will be respon-
sible for the safety and continuity of these operations. He will be re-
quired to have appropriate operating experience, technical background, and
training.

The reactor operators will be individuals who are trained and checked
out in the operation of the reactor by the reactor supervisor. At least
two trained persons will be on duty in the control room at all times that

the reactor is operating.
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It will be the duty of the health physicist at the facility to set
allowable time limits for work involving radiation expozure. All ex-
posures will be kept below approved plant tolerance limits (see Table
9.5, sec. 9).

The reactor supervisor will have over-all responsibility for all re-
actor inspection and maintenance operations and may exclude all unnecessary
personnel from the reactor building and control room during these opera-
tions. He will be responsible for the instruction and supervision of the
workmen to ensure that the work is being carried out with approved pro-
cedures.

Experiments will be reviewed by the appropriate Lavoratory Committee.
The Neutron Physics Division Reactor Safety Committee (Experiment Review
Committee), which will be composed of senior members of the Neutron Physics
Division staff and representatives of the groups that will use the reactor,
will review and approve the limits within which the reactor supervisor

can normally operate, The over-all operation of the facility from a
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nuclear safety point of view will also be reviewed by the Laboratory Di-
rector for Radiation Safety and Control.

The ORNL Reactor Review Committee, responsible to the Laboratory Di-
rector for Radiation Safety and Control, will periodically review the re-
actor operating experience and will set new review dates and approve ex-
periment limits based on the hazards involved., This procedure is similar

to that now followed for other experimental reactors in the ORNL area.

Critical Experiments

Critical experiments of the types indicated below have been per-
formed. These tests were preceded by a series of mechanical and elec-
trical checkouts and tests of the equipment. The reactor control panel
and interlock system was tested; the instruments were calibrated; the
speed of the rod drives was measured; and the accuracy with which the
mass adjustment and regulating rods and the safety block could be posi-

tioned was determined.

Preliminary Critical Experiment

Prior to the final machining of the core pieces, subcritical assemblies
were tested and critical experiments were conducted at the ORNL Critical
Experiments Facility.! The subcritical assemblies simulated the final parts,
and the test results were useful in establishing the anticipated critical
mass of the reactor core.

The experiments provided preliminary information on void-coefficient
and fission-rate distributions and on the effects of Plexiglas reflectors
of various thicknesses. The data obtained for the Plexiglas reflectors
were extrapolated to determine the effects of personnel and experimental
samples in the vicinity of the core during both experiments and maintenance

operations.

1W. E. Kinney and J. T. Mihalczo, ORNL Fast Burst Reactor: Critical
Experiments and Calculations, ORNL CF 61-8-71 (August 24, 1961).
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Critical Experiment with Machined Assembly

After criticality was achieved with the machined assembly, calibra-
tion curves were obtained for the reactivity worth of the mass adjustment,
regulating, and burst rods and for the safety block (see sec. 3 and Figs.
3.5 and 3.6).% During the experiments, bursts with yields up to a maximum
of approximately 1.8 X 1017 fissions were generated to learn the charac-

teristics of the reactor.?

Calibration Experiments for Reflectors

Experimental apparatus used in the DOSAR Facility experiments may
have two types of effect on the reactor. First, reflection of neutrons
would alter the critical mass and necessitate adjustment in the position-
ing of the mass adjustment or regulating rods or, in some cases, actual
removal of fuel from the assembly, and, second, reflected neutrons would
distort the normal neutron distribution and might thereby alter the cali-
bration of the various movable components of the assembly. Procedures
similar to the following will be utilized for determining the reactivity
effect or in making a conservative estimate of the reactivity effect of
the apparatus to be used in a proposed experiment.

During initial assembly of the reactor core, the neutron multipli-
cation was determined as a function of height without reflecting material
near the assembly and with a reflector consisting of an 8 X 8 X 1-in.-
thick curved piece of Plexiglas placed against the core and a paraffin
reflector 18 in. wide by 12 in. thick by 48 in. high placed symmetrically

2 Count rates were taken for each of these re-

10 in. away from the core.
flector conditions at each fuel loading, and the data were extrapolated

as a guide to obtaining the critical conditions. At critical conditions,
the reactivity worth of the Plexiglas reflector was determined as a func-

tion of distance from the core. These data are presented in Fig. 8.2.

2J. T. Mihalczo, Reactivity Calibrations and Fission Rate Distributions

in an Unmoderated, Unreflected Uranium-Molybdenum Alloy Research Reactor,

ORNL-TM-189 (in press).

37, T. Mihalczo, Superprompt Critical Behavior of an Unreflected Un-
moderated Uranium-Molybdenum ATloy Assembly, ORNL-TM-230 {in press).
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Similar experiments with reflectors of various sizes will be performed,
as required, to provide data for making evaluations of the reactivity ef-

fects of proposed experimental apparatus.

Normal Operation

Reactor and Experimental Assembly Positicning

It is planned that the majority of the experimental objects will be
fabricated and installed on racks at the experiment preparation area of
the contrel building and brought to the reactor building when reguired.
In performing an experiment it will be first necessary to position the
reactor and the obJects of the experiment (instruments, samples, animals,
etc.) in proper relationship to each other. This can be done in either
of two ways: (1) by placing the reactor in the desired location in the
reactor building, using the reactor-positioning device, and then placing
the objects of the experiment around the reactor and (2) by setting up
the experimental objects around a dummy reactor and then moving the re-
actor into the desired location. The latter procedure will be useful

when the radiation level near the reactor (from fission-product gammas)
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is high and it is necessary to leave the reactor in its storage pit while
personnel are in the reactor building. This flexibility in setting up

an experiment is made possible by having controls for the reactor-position-
ing device located both in the reactor building and in “he control builld-
ing.

It is of utmost importance to maintain control over any relative
motion of the reactor and experimental objects. To this end it is planned
that the reactor-positioning device will be interlocked with the reactor
controls so that the reactor can be moved only if it is in a safe condition,
No movement of the reactor will be permitted during an experiment. De-
liberate movement of experimental objects will be permitted only after
careful review of the potential hazards by the appropriate Laboratory Com-
mittee. TFor burst-type operation, all objects of the experiment must be
constrained so that there can be no movement of mass towards the reactor.
The operating procedures will require that the reactor operator in charge
of a given experiment examine the experimental setup and approve it from

a nuclear safety standpoint before continuing operation.

Prestartup Check

A check list will be prepared and utilized during the operations pre-

liminary to reactor startup.

Personnel Check

The reactor cannot be operated unless certain safety requirements
are satisfied to ensure that no personnel are in the exclusion area.
Interlocks prevent reactor operation unless the reactor building doors
and vehicle gate No. 1 in the exclusion fence are closed. Warning de-
vices to notify personnel in the area of a reactor startup include 'Re-
actor-On" lights in the control building, at the guard portal, and at
gate No. 1; a flashing light on a pole at the top of the hill between the
reactor building and the control building; a 3-min blast from a horn at
the top of the hill; and Klaxons at the reactor building. Manual scram
buttons are located in the reactor building, at the water storage area,

and at gate No. 1. Actuation of these buttons by anyone still in the
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exclusion area will prevent reactor startup. Television cameras located
in the reactor building permit observation of this area from the control
building. Proposed operating procedures regquire that the guard at the
outer antipersonnel fence identify each person entering the area by name
or code number. At the initiation of the startup procedure, the reactor
supervisor or reactor operator in the control room will, through the "in-
tercom” or public address system, ascertain the location and safety of
each individual who has passed the outer-perimeter gate. Keys which lock
gates Nos. 2 and 3 in the personnel exclusion fence must be brought back
to the control building and placed in their proper position on the control
panel before the reactor startup procedure can be initiated. If gate

No. 1 or any of the reactor building doors are opened, the reactor will be

automatically scrammed. Opening any control room doors during reactor

operation will give an alarm and annunciation in the control room.

Steady-State Operation

Low-Power Operation. If no manual scram buttons have been depressed,

startup operations can continue when the preliminary procedures described
above have been satisfactorily completed. 1In order to obtain a condition

of delayed critical, the safety block and the mass adjustment and regulating
rods are inserted in sequence in the presence of a neutron source until a
small excess reactivity 1s obtained. The safety block and both control rods
have continuous position indicators attached to them. When the desired
power 1s reached, the source is removed and the regulating rod 1s used to
maintain the delayed-~critical condition., In order to go through the above
procedure the operation mode switch must be in the "delayed critical"
position.

The electrical interlock sequence described in Section 5 must be
satisfied before the safety block is inserted. Electrical interlocks
prevent insertion of the mass adjustment or regulating rods unless the
safety block is fully inserted. At this time, if automatic operation
is desired and the proper interlocks are satisfied, the level demand
gsignal on the servo amplifier can be set to match the actual power and

the servo switch turned to "on." At the end of the run, the reactor is
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shut down with a group withdrawal switch, which withdraws the safety block
and the two control rods.

High-Power Operation. When it is desired to operate the reactor at

a high steady-state power, that is, from 1 to 10 kw, the operating pro-
cedure is similar to that outlined for lower power operation. A require-
ment for sustained high-power operation is that the reactor must be cooled
by the forced-convection system (see secs. 3 and 6) in order to avoid
scrams resulting from an excessive core temperature.

A core temperature in excess of 600°F, as measured by the two thermo-
couples in the fuel plates (see Fig. 3.1), will initiate a scram. In op-
erating from room temperature to 600°F it will be necessary to add approxi-
mately 90¢ of reactivity to compensate for the negative temperature co-

efficient of the reactor core.

Burst Operation

For burst operation, a condition of delayed critical 1s obtained using
the same procedure as that for low-power operation, and the reactivity is
adjusted to give the desired yield (as described in Section 5). The safety
block is then withdrawn for a sufficient time to allow the delayed-neutron
population to effectively decrease to background. This requires approxi-
mately 20 min. Closed-circuit television systems will be available to
permit visual inspection of the reactor and experimental area. This will
provide an added precaution against otherwise unobserved movement of experi-
mental objects that might increase reactivity. When the neutron population
has decreased to background, the operation mode switch is turned to "burst."
Electrical interlocks then prevent the addition of reactivity by means of
either the mass adjustment rod or the regulating rod.

Electrical interlocks, sequences A and B (see sec. 5), must be satis-
Tied before the safety block can be reinserted. When the safety block
has been reinserted, the operator will then trigger the burst by insert-
ing the burst rod. During the burst, scram circuits are tripped and the

safety block* and the burst rod are withdrawn automatically.

4“See ref. 1 of Section 5 for note regarding "bounce effect.”
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Basic Operating Regulations

All reactor operations, maintenance work, and experimental assembly
installation will be in compliance with limitations approved by the ap-
propriate review committee, and previously prepared check lists will be
utilized. ©Since all controls for reactor operation are centralized in
the reactor control room, there can be no operation of the assembled re-
actor from any other location. The reactor control room will be manned
by at least two qualified persons at all times when the key switch is
turned on for reactor operation. The reactor power supply will be locked
in the "off" position at other times.

Television monitors will be available as required for observation
of the reactor room from the control room. Personnel entry to the re-
actor building will not be permitted without prior approval of the reactor
supervisor. The reactor supervisor will check with the health physicist
to ensure that radiation levels being encountered are within safe limits.

Inspection, testing, and maintenance of protective devices and criti-
cal operating equipment will be done in accordance with specified schedules
and written procedures. The reactor area will be monitored with proper
radiation detection instruments at all times when maintenance or other work
is being done. A continuous log of all experiments, maintenance, and op-
erations; modifications and repair of instrumentation and interlocks; ad-
Justments to critical mass; and all other pertinent information will be
kept by the reactor operator. This log will be kept up-to-date to make

the status of the reactor available at any time.

Special Operations

It is recognized that some experiments will require certain special
operations., Operating procedures following the established safety rules
will be written and enforced for all such special operations.

All operations involving exposures to radiation sources will be moni-
tored by the facility health physicist. He will set allowable time limits
for work on the reactor to ensure that the exposures are kept below
tolerance. In addition to the normal safeguards, strict administrative

control will be maintained to minimize hazards during these operations.
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Reactor Handling and Transportation

In order to avoid the inadvertent addition of reactivity, all reactor

movements will be carefully planned and programmed in advance of any ex-

periment. The reactor will be in the fully scrammed condition during move-

ment; that is, the safety block will be withdrawn and the control rods re-
tracted. In this condition the reactor is approximately $23 below the

delayed-critical configuration.

When experimental objects are installed, the position stops for verti-

cal movement of the horizontal boom on the reactor-positioning device and
for horizontal movement of the truck will be set and checked out as de-
scribed in Section 4.

If reactor movements are controlled from one of the control panels
in the reactor building, the health physicist will be in attendance to
monitor the operation with the proper instrumentation. If the reactor
handling is to be remotely controlled from the control room, all movements
of the positioning device can be monitored by means of the closed-circuit
television systems provided for this purpose. When it Is necessary to
ship the uranium core to other sites, the core will be dismantled as dis-
cussed below. The uranium parts will be shipped in approved individual
fissionable material containers ("bird cages") of the type used by the

Y-12 plant.

Inspection Procedures

In addition to daily checks of the safety instrumentation and con-
trols, periodic inspections of the reactor and its associated equipment
will be carried out on a regular schedule, with additional inspections
permissible at the discretion of the operator and manager of the facility.

Check lists will be utilized for these inspections.

Core Maintenance and Disassembly

A complete series of preoperational critical experiments was run at
the ORNL Critical Experiments Facility to provide basic information for
evaluating the reactivity worth of various types of reflectors under dif-

Terent subassembly conditions. Maintenance procedures will be written

K‘V"
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with safety standards based on these experiments. All maintenance and
inspection operations will be under the direct supervision of the reactor
supervisor. At least two persons will be present during all such opera-
tions. In addition, proper radiation monitoring equipment will be used
when any work is done on the core.

A set of jigs and fixtures will be provided, as reguired, to simplify
core maintenance operations. These fixtures will include devices for sup-
port and assembly of the core. Approved, written procedures will be fol-

lowed for assembly and disassembly of the core.

Emergency Procedures and Disaster Plans

The reactor and its instrumentation and controls were designed to shut
the reactor down automatically without need for operator action in case an
unsafe condition develops. In the event such a condition develops and an
automatic shutdown occurs, the reactor supervisor will assess the situation
and initiate whatever additional actions may be required. The objective of
the emergency procedures in all cases will be to minimize hazards to per-
sonnel and bring the reactor to as safe a condition as possible as soon as
possible. In general, the local emergency procedures in the ORNL Plant
Radiation Safety and Control Manual will be followed. In addition, specific
emergency procedures applicable to the DOSAR facility will be put into
effect. Typical items that will be incorporated into these procedures
include:

1. A supply of decontamination equipment and contamination-zone
clothing will be stocked in the control building.

2. The reactor supervisor will be responsible for warning building
personnel if a reactor incident occurs., All personnel will assemble im-
mediately in the control bullding counting room.

3. Although the control building ventilation system will automatically
shut down on a signal of excessive radiation at the reactor building, the
facility health physicist will be responsible for checking that the ventila-

tion system has actually shut down.
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4. The facility health physicist, with the assistance of the reactor

supervisor, will, as soon as possible, conduct a survey to determine the
extent of the incident and the nature and location of any radiation hazards.

5. Decontamination will start as soon as radiation levels permit.

T
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9. HAZARDS AND SAFEGUARDS

The potential accidents to the reactor can be grouped in two major
categories. First, a failure of the safety circuits or controls to scram
the reactor after an operating sequence could cause an accident, and,
second, the addition of excess reactivity at an inopportune moment could
result in excessive fission yields during an operating sequence. The haz-

ards, their consequences, and the safeguards are discussed below.

Activity Levels

Fission-Product Inventory and Ixposure Doses

The buildup of fission products in the core and the possible expo-
sure doses that would result from their release to the atmosphere follow-
ing accidents such as meltdown or excessive fission yield were analyzed
previously in connection with site selection.1»? The results of the cal-
culations are presented in Tables 9.1 through 9.4.

Table 9.1 presents an estimate that, rather than being the total ac-

tually released, is in excess of the maximum i3

equivalent available
for release in case of a meltdown of the core because of failure of the
control system to scram the reactor. If the total shown were released,
the estimated resultant dose would amount to 0.2 pc at 3.6 X 107% pc in-
haled per curie released, with a total resultant internal exposure to the
thyroid of 295 mrad for a person at a distance of approximately 3000 ft
from the reactor. This estimate is considered to be high because total
meltdown of the core is not likely to occur and because total release of
the iodine inventory does not occur on meltdown.

Similar calculations for a burst yield of 10'° fissions, that is,

the maximum credible accident, give a total equivalent i3 inventory,

as given in Table 9.2, of 70 curies one minute after the burst, which

1¥. W. Sanders et al., Operation Plan and Hazards Report — Operation
BREN, pp 91-101, CEX-62.02 (January 1962).

M. I. Lundin, ORNL Fast Burst Reactor and Facilities, ORNL CF-60-8-116
(Aug. 29, 1960).
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Table 9.1. Total Equivalent I'3! Inventory for Meltdown®

. Saturation Total . 131
Isotope E?%f ngﬁd Activity Activity® Equival§nt)1
e 7 (curies) (curies) curles
T3 8.05 d 2.9 25.1 2.19 2.19
Tel3?2 77 h A 38.1
1132 2.4 h YA 3.07 0.11
1133 20.8 h 6.5 56.2 6.58 1.77
Tel34 44 m 7.6 65.8
Ti34 52.5 m 7.6 33,94 0.58
1135 6.68 h 5.9 51.0 10.43 0.87

Total, as equivalent I'3! (curies) 5.52

%For the calculations it was assumed that meltdown would occcur at
the end of a 2-hr run at 1 kw following a long sequence of previous
daily runs of like operation.

Table 9.2. Total Equivalent T3t Inventory for MCA Burst
Yield of 10%° Fissions

Activity Inventory (curies) Activity Inventory (curies)
1 min After Burst 1.12 hr After Burst
Isotope
Total Equivalent I*31 Total Equivalent I3t

i3t 0.05 0.05 .38 4,38

Ti32 43.3 1.56 38.1 1.37

7133 37.0 9.96 102.5 27.57

1134 1301 22.13 1730 29.41

7135 438 36.36 397.3 32.98
Total 70.06 95.71

rises to a maximum of approximately 96 curies in 1.12 hr and decreases
thereafter. The larger inventory results in a total thyroid exposure dose
of 5.19 rad, which does not exceed the permissible quarterly adult occupa-
tional exposure,

The strontium isotopes present after a burst of 102 fissions are

listed in Table 9.3. It should be noted that the bone exposures from
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9.3. Strontium Isotope Inventory for MCA Burst of 101° Fissions

- Fxposure Dose Estimated Estimated
Tsotope Times of Inventor per uc of Strontium Maximum Ex-~
P Maximum oy Strontium Inhaled® posure Dose
(curies) B
(mrem) (ne) (mrad)
sr82  3.52 nr 1.65 418 0.059% 24.8
sr°0 31.2 m to 0.0152 4,550 5.47 X 1074 24,4
9.82 d
srot 1.12 hr 265 7,44 9.54 71.0
sr92 2.15 m to 1103 2.59 39.7 102.8
3.15 m

Total 223.0

rad.

®Based on inhalation by person at approximately 3000 ft.

Based on RBE = 1 for converting beta and gamma doses from rem to

Table 9.4

. Total Fission Products in MCA

Burst of 10'° Fissions

. Activity at Submersion

Tlgiréiter Indicated Time Exposure Dose
(curies) (rad)

19 sec 7,44 X 108 207.7

1 min 1.70 X 10° 7.5

3.15 min 5,16 X 10° 14.4

9,92 min 1.69 X 10° 4,72

31.2 min 6.27 X 10% 1.75

1.12 hr 2.87 X 10% 0.80

strontium isotopes would be less than the thyroid exposures from iodine

isotopes by a factor of over 20.

The postulated 10%° fissions, neglecting probable attrition from

deposition and condensation in transit to the point of exposure, result

in the submersion-exposure doses listed in Table 9.4.

It would take ap-

proximately 200 sec for the air-borne material to travel to the nearest

access point (3000 ft), and the external dose would not be greater than

15 rad at that point,



Radiation from Core

Normal Operation.

sions (or operation at ~10 kw for 10 min) is shown in Fig. 9.1.

The fast-neutron dose from a pulse of 1017 fis-

in practice be reduced by a factor of 2 to 3 to account of the presence

of ground cover and hills.
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A conservative calculation of the gamma dose at a distance of 10 Tt
from the core is shown as a function of time after a burst in Fig. 9.2.
Calculations indicate that the exposures per burst within the control
building will be 0.3 mrad in the counting room and 2 mrad in the remain-
ing portion of the building.

Abnormal Performance. An excursion of 10'° fissions would result in

a neutron dose of 25 mrad at 3000 ft.
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Radiation from Activated Materials

It is anticipated that activation of structural materials, such as
concrete or stainless steel, will be negligible for the expected expo-
sures. The radiation field at the surface of the safety tube mounted be-
neath the core was 7 mrad/hr 29 hr after a series of bursts, including
one with a yield of approximately 1.8 X 1017 fissions, with the total
number of fissions in the series in excess of 1018,3 over a period of
approximately 12 days.

Calculations of concrete activation from a fission burst indicate
that the activation will be primarily due to 2.3-min A128 and 15-hr Na24. 4
Immediately following a burst of 1 X 10'7 fissions, the surface field on
a concrete slab at a distance of 10 ft from the core would be approxi-
mately 4000 mr/hr from the 2.3-min A1%8 and approximately 14 mr/hr from
the 15-hr Na?%.

Nonoperating Periods

Experimental Assembly Installations

Hazards may arise during installation of experimental apparatus and
samples because of the possibility of the addition of reactivity by the
actions of the personnel making the installation. The reactor is normally
more than $23 below delayed critical at the time of experimental assembly
installation because the safety block and the regulating, mass adjust-
ment, and burst rods are withdrawn. It is conceivable, however, that
reactivity in excess of $23 could be added by "hugging" the core physi-
cally or with a highly reflective assembly, but such reactivity additions
are considered unlikely if there is strict adherence to approved proce-
dures.

Before installation, all experimental assemblies must be approved
by the appropriate review committee, as indicated in Section 8. For guid-

ance in analyzing proposed experiments, the preliminary operations at the

3Personal communication, J. T. Mihaleczo.

“Final Report on the Conceptual Design and Initial Radiological Safety

Study for a Pulse Nuclear Reactor, NP-10495, AN-176 (Apr. 18, 1960).

.
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DOSAR facility will provide data for the compilation of information on
reactivity increments for various types of reflectors. If the reactivity
worth of a particular experimental assembly is not determinable with any
degree of accuracy in advance, it will be necessary that it be "calibrated,"
utilizing approved procedures, before it can be put into its final posi-
tion. If the reactivity worth is known, the experimental assembly can

be installed around a dummy reactor or around the actual core, depending
upon the previous operating history of the core, and normal operations

can proceed as described in Section 8.

All installation operations will be monitored, using appropriate dose-
measuring instruments, and working times will be set within permissible
exposure limits. Adherence to the approved procedures and limitatlons,
as outlined in Section 8, during experimental assembly installation should

preclude hazards to either operating personnel or the general public.

Maintenance and Inspection

The potential hazards of maintenance and inspection work are similar
to those to be encountered during experimental assembly installation. Al-
lowable working times during maintenance operations or during work on the
unshielded core following operation are listed in Table 9.5. The dose-
rate data tabulatedl are based on the penetrating gamma radiation from
the fission products in the core following the mode of operation listed.
The allowable working times are based on a maximum weekly accumulated dose
not to exceed 300 mrad, with exposure limits of 3 rad per quarter. It is
evident from the data of Table 9.5 that shielding of the core during main-
tenance and inspection work may be a necessary precaution. Speclal tools
and shields will be provided to minimize exposures.

Tt must be noted also that, although the reactor is more than $23
below delayed critical during these operations, enough reflective material
could conceivably be added to make the core critical. Thus, the proce-
dures to be followed in maintenance and inspection work must be specified,
in advance, to prohibit the inadvertent addition of excess reactivity.

The established procedures must be adhered to and the work must be moni-
tored. Proper monitoring and administrative control will minimize the

hazards to personnel.
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Table 9.5. Estimated Dose Rates 5 ft from
Center of Core

Working Time

Cogling Dose Rate Based on 300
Time (rad/nr) mrad per week
(hr) (min)

Following Operation at 1 kw for 5 hr

0.5 5.0 3.6
6.0 0.90 20
12.0 0.50 36
Following Operation at 1 kw for 10 hr
0.5 6.50 2.8
6.0 1.50 12
12.0 0.85 21
Following a Burst of 1017 Fissions
0.5 30.0 0.6
4.0 2.0 9.0

Reactor Movement

Hazards during movement of the nonoperating reactor, as in the opera-
tions discussed above, involve the potential for addition of large amounts
of reactivity by moving the reactor toward a reflector. The procedures

for control of the motion of the reactor-positioning device must be care-

fully planned in advance of operation. The rates of motion of the reactor-

positioning device are such (6 ft/min vertically, 5 and 10 ft/min hori-
zontally) that, in the presence of a source, reactivity additions could
result in operation at power and possible damage to the reactor. In such
an incident, the danger to the general public and to the operators would

be no more than that discussed below for the maximum credible accident.

Reactor Storage

When not in use, the reactor will normally be stored in the scrammed
condition in one of the storage pits. These pits are provided with doors

having a minimum of 7 in. of steel as shielding above the reactor storage

X~
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location. The anticipated dose rate directly above a storage-pit door
15 min after shutdown of the reactor is less than 1 rad/hr.

Unobstructed drains (i.e., without valves or traps) in the storage
pits minimize the possibility of flooding (see sec. 4). The reactor is
expected to be critical in the scrammed condition if immersed in water.
In the unlikely event of flooding with the source inserted, the reactor
would operate at power with possible resultant damage to the reactor, but
the hazard to personnel or to the general public would be no more than

that discussed for the MCA.

Abnormal Operation

Various abnormalities in operation have been postulated. These situa-
tions have been analyzed in terms of likelihood of occurrence and potential

effects.

Positioning of Safety Block

A potential hazard could be created by the malpositioning of the safety
block. If the block were incompletely inserted during the delayed-critical
determination and later inserted more fully prior to burst operation, the
excess reactivity so added could significantly increase the resultant burst.

The control system logic diagram (see sec. 5) provides electrical
interlocks to prevent out-of-sequence insertion of the safety block. 1In
addition, the safety block positive stop has contact switches electrically
interlocked into the operating sequence to show that the block 1s fully
inserted into the core, as mentioned in Section 3.

As shown in Fig. 3.6, Section 3, it would take an error of 0.005 in.
in positioning to result in a reactivity addition of 1¢. Since the safety-
block insertion position is reproducible to an accuracy of better than
0.001 in., a variation of 0.005 in. in the position of the safety block
will be seen at the control console. The operating procedures will re-
guire that any burst run be terminated if such a discrepancy in reposi-
tioning occurs. It must be emphasized that the ultimate safety of the
reactor depends on rigid administrative control and adherence to the de-

tailed operating procedures.
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Jamming of Movable Fissionable Materials

Jamming could conceivably occur during insertion cr withdrawal of
any movable fissionable component, and the mechanical design (i.e., clear-
ances, loading on motors and gear trains, etc.) was conservatively chosen
to minimize such difficulties and the likelihood of occurrence. Jamming
of any two of the three movable components on initial insertion would re-
sult in operating difficulties that would require maintenance to correct
but would not present a hazard. Jamming of the burst rod during inser-
tion would lead to a lower than expected burst yield.

Failure of the burst rod and the safety block to withdraw after a
burst would result in continued operation of the reactor at some power,
but the core would have thermally expanded to a point where it would be
below prompt critical.

The effect of continued operation at a high power level was calcu-~
lated’® to result in average temperatures in excess of 1000°C, with even-
tual equilibrium at 550°C. The temperatures as a function of time are
shown in Fig. 9.3 for the reference core. The high average temperature
would most likely be accompanied by local melting of the fuel. This would
result in destruction of the reactor core but should not present a ser-
lous hazard to operating personnel or to individuals outside the exclu-
sion area. Fission-product release as a consequence of a meltdown fol-

lowing a burst was discussed above.

Control System Failures

Failure of the safety circuits to scram the burst rod and safety
block can result in overheating and possible meltdown of the reactor core.

The consequences of this type of failure would, at the worst, be the same

as the consequences of jamming of fissionable components (see above).

Steady-State Mode

When operating in the steady-state mode, abnormal operations such as

failures of the scram or safety systems could result in reactor meltdown,

°Preliminary Design of the ORNL Fast Burst Reactor, NDA-2136-1
(July 30, 1960).
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as mentioned above. Additions of excess reactivity during steady-state
power would be ramp additions, and, if the addition were small or slow

or both small and slow, the power level would rise until thermal expan-

sion compensated for the reactivity addition or a scram took place. Rapid

and large reactivity additions could result in a fission spike similar
to the spikes shown for Godiva in Fig. 9.4, It should be noted that ad-
dition rates in excess of $1000/sec are required to result in a burst-

significantly in excess of 2 x 10'7 fissions.

Burst Mode

Two major categories of accident can occur during burst-mode opera-
tion. The first, failure of the safety system to scram the reactor, was
considered above. The second, the addition of excess reactivity at an
inopportune moment could result in greater than target yields. Small in-

crements of reactivity beyond that required for the target yield of 1017
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fissions could possibly result in damage and disruption of the core, de-
pending upon the magnitude of the excursion.

excursions and the results of such excursions are disctssed below in de-

(1960). ]

tail for the maximum credible accident.

Flood

Other Hazards

The potential for larger

A severe flood at the reactor building location is considered ex-

tremely unlikely because of the natural topography of the site.® The

SExperimental Gas Cooled Reactor Preliminary Hazards Summary Report,

OR0-196 (May 1959),

-!v
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reactor building is located at an elevation of 971 ft, which is to be com-
pared with a maximum anticipated flood level for the Clinch River of 800

ft.

Weather

The reactor building was designed to withstand the wind and snow

loads anticipated for this area.?

Fire

The buildings were constructed in accordance with the Southern Stand-
ard Building Code and are classified as Group G, Industrial Occupancy Type
IV, Noncombustible. The control building is furnished with a fire-pro-
tection system consisting of fire-hose cabinets strategically located in
the hallways and local CO, fire extinguisher stations, and the entire
building is protected with an automatic sprinkler system. There is an
outside fire hydrant and Siamese pumper connection.

The reactor building has a hose station and standpipe, local CO; sta-
tions, and an outside fire hydrant. There is a heat-detection system within
the reactor building, but there is no sprinkler system. The heat-detection
system operates in conjJunction with the facility fire-alarm system. In
case of fire the responsible supervisor in attendance will evaluate the

safety and desirability of using water in the particular situation.

Earthguake

The earthquake history of the eastern portion of Tennessee, includ-

ing the Ozk Ridge area, is one of comparative freedom from shocks.8s?

The area does not have a history of any major earthquakes or of frequent

7Preliminary Proposal for Fast Burst Reactor Facility, Bldgs. 7709,
7710, & 7711, ORNL Area, Contract AT-(40-1)-2511, Giffels and Vallet, Inc.,
Detroit, Mich.

8letter from J. Lynch to M. Mann, November 3, 1948, quoted in A Re-
port on the Safety Aspects of the Homogeneous Reactor Experiment, ORNL-731
(June 20, 1950).

°B. C. Moneymaker, private communication to W. B. Cottrell,
October 27, 1952.
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minor ones, reflecting the general stability of the earth's crust in the
Southern Appalachians. In the design of facilities at ORNL and in the
design of dams and power houses by TVA in East Tennessee, no special al-
lowances for earthquake forces above those required by the structure it-
gself have been made. It is concluded that no major damage would be in-
curred by the reactor or the DOSAR facility in the event of an earthquake

of the severity predicted for this area.

Maximum Credible Accident

Any discussion of the maximum credible accident (MCA) for a reactor
of the type described in this report eventually devolves to the question
of how much excess reactivity can be added to the reactor after it has
been reassembled to delayed critical following the period of neutron de-
cay. All operations in the initial assembly are accomplished in the pres-
ence of a source, with reactivity addition rates limited to safe amounts
assessed on the basis of the speed of response of the controls system and
the possible effects as predicted by the work of Hansen'© and Stratton
et al.t?!

Following reassembly, the burst rod is immediately fired into the
reactor. There is a period of time (wait time, see Fig. 9.5) in which

the neutron population is low and the behavior of the reactor is described,
not by kinetic equations, but by statistical fluctuations. During this
time, chains of fission reactions occur but terminate by leakage of neu-
trons from the core. Inevitably, the neutron population will build up
through the establishment of nonterminating fission chains to the point
where the kinetic equations are again valid. It is during this waiting
time, while the neutron population is low, that the potential exists for

the possible hazardous addition of reactivity to the system.

1%, E. Hansen, Burst Characteristics Assoclated with the Slow As-
senbly of Fissionable Materials, LA-1441 (1952).

My, R. Stratton, T. H. Calvin, and R. B. Lazarus, Analysis of Prompt
Excursions in Simple Systems and Idealized Fast Reactors, Second United
Nations International Conference on the Peaceful Uses of Atomic Energy,
Geneva, 1958, United Nations, Vol. 12, p. 196.

A\"h 5
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Fig. 9.5. Distribution of Burst Wait Times in Fraction per Second
vs Wait Time. [Reprinted, with permission, from Nuclear Science and

Positive mechanical stops ensure that only the desired amount of re-
activity is added with the burst rod. It is conceivable that changes in
external configuration that would cause an increase in reactivity could
have occurred during the period following the initial criticality cali-
bration. Since access to the operating area is not permissible during
this time it is considered unlikely that any such change would have oc-
curred. Furthermore, all experimental equipment will be suitably designed
and secured to prevent movement toward the reactor. Nevertheless, if a
major increase in reactivity, equivalent to 50 cents, should occur during
this period, it can be seen from Fig. 9.6 that potential yields in the
order of approximately 10'? fissions appear possible for a core of 10° g.

An example of the magnitude of change required can be seen from
Fig. 8.2. The 8 x 8 X 1l-in.-thick curved piece of Plexiglas would have
to be moved from a position 0.8 in. away from the core to one 0.5 in.
away. Correspondingly greater movements would be required if the reflec-

tor were further away initially.
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Fig. 9.6. Computed Fission Release in Godiva for a Wide Range of
Initial Excess Reactivities. [Reprinted, with permission, from Nuclear
Science and Engineering, 8(6), 705 (1960). ]

It is highly unlikely that such a change in external configuration
would go undetected since all equipment is rigidly mounted. In addition,
three remotely controlled television sets will be available to permit ob-
servation of the experiment and the reactor.

Other provisions to limit reactivity increments include the tube
placed around the volume into which the safety block is scrammed, the
crash plate that can be installed on the reactor-holding structure, and
the safety cage that can be installed around the core. These provisions
will be utilized as dictated by the requirements of specific experiments.

With these provisions it is considered highly unlikely that an un-

detected reactor addition as high as 50 cents could occur. Even though
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Table 9.6. Criticality Accidents of Metal Systems in Air
. Active Total Physical
Incident Material Geometry Fissions Cause Damage
Pu core reflected with 6.2~kg d-phase Spherical core, tungsten- ~10%6 Hand stacking of None
tungsten carbide; Pu carbide reflected reflector
August 21, 1954
Pu core reflected with 6.2-kg b-phase Spherical core, beryllium ~3 x 10!° Hand stacking of None
beryllium, May 21, Pu reflected reflector
1946
Jemina; a cylindrical, 92 .4-kg uranium Cylindrical, unreflected 1.5 x 106 Computation error  None
unreflected, U?3° as- metal, 93% U232
sembly; April 18,
1952
Godiva; a bare U233 53-kg uranium Spherical, unreflected 5.6 X 10'®  Incorrect posi- Slight warping of
sphere; February 3, metal, 93% U235 tioning of fuel core pileces
1954
Godiva; a bare y23s 54-kg uranium Spherical, unreflected 1.2 x 10*7 Shift of experi- Warping, oxidation,

sphere; February 12,
1957

metal, 93% U232

except for experimental
objects

mental objects

near melting close
to core center

68
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its occurrence is improbable, the resultant excursion of approximately
101° fissions is considered the maximum credible accident. While it is
true that the reactor would be destroyed, it has been shown herein that
its destruction does not represent danger to operating personnel or to
persons outside the restricted area.

A review of criticality accidents for metal systems in airl? is pre-
sented in Table 9.6. The maximum accidental excursion for fast systems
is listed as 1.2 x 107 fissions. It must be emphasized, however, that
operation of a bare metal assembly is hazardous unless potential sources
of reactivity additions are carefully controlled. In the last analysis,
this depends on rigid administrative control and strict adherence to safe

operational procedures.

1?Based on data reported by W. R. Stratton. "A Review of Criticality
Accidents” in Progress in Nuclear Energy, Ser. IV: Technology, Engineering
and Safety, Vol. 3, Pergamon Press, New York, 1960.
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APPENDIX

Shielding Considerations

The shielding factors on which the concrete thicknesses for the roof
and walls of the control building and counting room are based were taken

from the following letter:

To: M. I. Lundin, Bldg. 9204-1
From: J. A. Auxier, Bldg. 2001

Subject: Shielding Considerations for Fast Burst Reactor
Control Building

At LASL Godiva II, crystal activation after a 30-min. exposure
at 6 mrad/hr, i.e. 3 mrad, presented a serious problem for
several days afterward. Consequently, we should keep the in-
tegrated exposure at the FBR Counting Room to not greater than
~0.3 rad/exposure; for experiments where several high level ex-
posures per day are absolutely necessary, individual counter
shields could be increased. This level is arbitrary, but
should be a reasonable assumption.

The walls and roof of the Counting Room should be 12 in. mini-
mum thickness regardless of the neutron shielding considera-
tions. Then, assuming three high level exposures ver day, on
occasion, the maximum dose to any point in the Consrol Build-
ing should not exceed 2 mrad per exposure.

Therefore, using Ritchie's calculations of angular distribution
and dose as a function of distance, the table attached was con-
structed. It should be noted that for the thicker roof slabs,

6 in. of concrete should be sufficient to support enough soil

to furnish the remainder of the shielding. By placing the build-
ing immediately adjacent to the hill at about 800 ft (by uti-
lizing some excavating and a retaining wall as high as the build-
ing, long side near hill) "geometry" would provide adequate
shielding on that side, and this would also decrease the roof
thickness slightly. Such an arrangement also keeps the cables
between the reactor and Control Building shorter; this will be

an overall, long-range advantage, electronically and economically.

The addition of a boron compound to the concrete is recommended
to decrease further thermal neutron activations.

J. A, Auxier
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To: M. I. Lundin
Attachment 1
August 25, 1960

Reduction Factors and Inches of Concrete Equivalent
Shielding for FBR Control Building

Di;ﬁince Dose -~ rad Reduction Inches Reduction Inches
Reactgr 10 min, Factor Concrete Factor Concrete
(£t) 10 kw C.R.* C.R.* Personnel Personnel
800 42 — 30%%* 140 - 100** 20 - 18,5%% 21 - 15%*% 12 - 11%*
1000 18 60 16 9
1200 11 37 14.5 5.5
1400 5.5 18 12 (min) 2.8 4

*Counting Room.

*¥Denotes values corrected for angular distribution when placed near
hill.
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