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ABSTRACT

This report presents a description of the Organic Moderated Reactor Experi-

ment (OMRE), of the hazards associated with this experiment, and of the safe-

guards taken to ensure the safety of the operating personnel and the population of

the surrounding area.

The OMRE facility is located at the National Reactor Testing Station at

Arco, Idaho. It includes the reactor, its cooling system, and auxiliary equip-

ment, as well as the buildings and services associated with the installation. It

is to operate for one year and provide the information required to determine the

feasibility of the concept of using a hydrocarbon as moderator, reflector, and

coolant in a nuclear reactor under conditions of exposure to heat and radiation

of interest in the generation of useful power.

Various extreme accidents and hazards and their possible consequences are

analyzed, and the safety measures taken to prevent their occurrence are described.

It is concluded that even in case of the most improbable and most extreme credible

accident, the OMRE will not constitute a hazard to the population of the surround-

ing area.
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I. INTRODUCTION

A. OBJECTIVES AND SCOPE

The purpose of the Organic Moderated Reactor Experiment (OMRE) is to

investigate the feasibility of using an organic medium as moderator, reflector,

and coolant in a nuclear reactor. The fundamental objective of the OMRE pro-

gram is to obtain the following experimental information:

1. Rate of radiation and thermal damage to the hydrocarbon in the reactor.

2. Effect of this damage upon the operation of the reactor.

3. Suitable methods for ensuring satisfactory reactor operation in the

presence of damaged hydrocarbon.

It is emphasized that the OMRE facility is neither a pilot plant nor a proto-

type of an organic power reactor, but is merely a minimum cost experimental

facility designed to investigate the feasibility of applying the organic concept to

power reactors. Because it is an experimental facility, sufficient flexibility has

been incorporated into the design to permit operation under a wide range of con-

ditions in order to establish the most favorable operating parameters for organic-

moderated and -cooled reactors.

The primary purpose of the facility is to provide operational information

on the behavior of a hydrocarbon under conditions of exposure to high nuclear

radiation and thermal flux. Although the design has been predicated on the in-

vestigation of the behavior of diphenyl, sufficient flexibility has been built into

the system to permit testing of other polyphenyls or mixtures of polyphenyls. The

final selection of the hydrocarbon to be actually used in the OMRE is to be made

on the basis of the best information available shortly before completion of con-

struction of the facility. It is anticipated that the facility will accomplish its

objectives over an operating period of one year.

The reactor plant is designed to achieve the following objectives:

1. Maximum fuel element surface temperature between 7500 and 8000 F

2. Bulk coolant temperature from 500* to 700* F

3. Coolant velocity past the fuel plates up to 15 ft/sec

4. Heat rejection capacity of 16 Mw

5. Average thermal neutron flux in fuel of 2 x 1013 n/cm -sec
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Actual allowable operating conditions will, however, be determined from

the information obtained during operation. Initial operating conditions will be

mild and predictable. The intensity of radiation and thermal exposure will be

increased progressively as further information becomes available.

B. REACTOR OPERATING PROGRAM

The OMRE facility will be operated primarily for the purpose of obtaining

data on the thermal and chemical behavior of hydrocarbons in nuclear reactors.

The measurements of nuclear characteristics will be limited to data which are

required to operate and control the reactor, such as critical mass, mass coeffi-

cient of reactivity, temperature coefficient of reactivity, and control rod cali-

brations. The calculated operating data for the core of the reactor, based on

information presently available for diphenyl, are shown in Table I. Initial opera-

tion will be conducted at much lower power levels and with lower maximum surface

temperatures than indicated in the table. Power level and fuel element surface

temperatures will be progressively increased to approach the rated values only

after sufficient operating information has become available to ensure safe and

satisfactory operation.

The experimental effort will be concentrated on the determination of the

effects of radiation and temperature on the following:

1. Heat-transfer conditions in the reactor

2. Physical and chemical properties of the damaged coolant

3. Concentration of degradation products in the coolant

4. Relative volatility of the degradation products in the coolant

5. Maximum allowable steady-state concentration of the degradation

products in the coolant

6. Minimum volatility of the degradation products allowable in the coolant

under steady-state operation

7. Required operating conditions (temperature, pressure, degree of

separation) of the purification system

Operation will be directed at varying the following parameters:

1. Bulk temperature of coolant

2. Coolant flow rate

10



TABLE I

OMRE DATA

Basis:

Hydrocarbon . . ..

Maximum coolant velocity . . .

Maximum fuel element surface temperature

Heat transfer area .

U-235 loading . . .

Hot channel factors:

Applied to bulk coolant temperature rise

Applied to film drop . .

Applied to heat flux. . . . . .

Fraction of total power generated in fuel plates

Position of control rods.. .... . .

Diphenyl

15 ft/sec (7200 gpm)

8000 F

500 ft 2

20.6 kg

1.38

1.32

1.23

0.909

All out (for purposes
of calculating flux
distribution)

Bulk Inlet Temperature, *F 500 700

Peak/Average Flux Ratio 3.15 2.79

Extent of Radiation Damage

%Tar 0 30 0 30

,/ / (viscosity ratio) 1.00 1.38 1.00 1.29

Bulk Outlet Temperature, *F 529.8 527.3 711.5 710.7

Maximum Heat Flux, Btu/hr/ft2 389,000 318,000 126,700 118,300

Average Heat Flux, Btu/hr/ft2 100,700 82,300 36,900 34,500

Reactor Power, Mw 16.20 13.25 5.94 5.56

Average Specific Power, kw/kg 786 643 289 270

Maximum Specific Power, kw/kg 3,040 2,485 948 887

Average Thermal Neutron Flux 2.61x101 3  2.13x101 3  9.57x101 2  8.95x1012

in Fuel, n/cm2-sec

Maximum ThermalNeutronFlux 8.22x10 1 3  6.71x1013 2.65x1013 2.50x1013

in Fuel, n/cm2-sec

11



3. Maximum surface temperature of fuel elements

4. Power level of reactor

5. Time of exposure to radiation and heat

It is obvious that a thorough analysis and interpretation of the various inter-

related effects would be impossible on the basis of information obtained solely

from the operation of the reactor. Supporting engineering research and develop-

ment programs are necessary prerequisites to the understanding of the results

obtained from the reactor. Such programs are to be carried out in parallel with

the operation of the reactor.

II. DESCRIPTION OF OMRE FACILITY

A. GENERAL

The OMRE will be constructed and operated at the National Reactor Testing

Station (NRTS) near Arco, Idaho. The site is in the south-central area of the

NRTS (Fig. 1) approximately two miles east of the Central Facilities Area (CFA)

and three miles south and west of the Special Power Excursion Reactor Test

(SPERT) Site.

The principal components of the OMRE facility consist of the following:

1. A pressurized diphenyl-moderated and -cooled thermal reactor to

simulate the conditions of neutron and gamma fluxes which will be

encountered in organic power reactors.

2. A heat transfer system which utilizes the organic moderator as a

coolant to remove the heat generated in the reactor; this is accomplished

through suitable pumps and piping, which transfers the heat to an air-

blast heat exchanger where it is rejected to the atmosphere.

3. A purification system for removing the thermal- and radiation-damaged

constituents from the organic coolant.

4. Auxiliary equipment which provides for emergency after-glow cooling,

inert gas venting, organic melting and filling, draining, and preheating

the vessels and piping.

5. A prefabricated, insulated "Butler" type building for housing the pumps,

control valves, and purification system on one side of a shielding wall,
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and the reactor control console and electrical facilities, the mechanical

room, the chemical laboratory, and the sanitary facilities on the other

side of this wall.

6. The OMRE area, a 400- by 330-foot rectangular plot enclosed by an

8-foot high woven wire fence.

The OMRE facility will also include the necessary instrumentation and con-

trol equipment required for operation of the reactor and purification systems and

the instrumentation for measurement of experimental parameters. Essential

site facilities will be provided which will include an electric power supply with

a 900-kva combined transformer capacity, a gasoline engine driven 18-kva emer-

gency generator, telephone communication lines, fire and security alarm systems,

a well water supply with a 20,000-gallon storage tank, fire protection equipment,

sewage and waste water disposal facilities, building heating and ventilating equip-

ment, an access road from the southeast, a security guard house, and a parking

area.

B. PLANT LAYOUT

The overall arrangement of the OMRE facility is shown in an artist's per-

spective, Fig. 2, and the general layout is shown in Fig. 3. The reactor is

located outside of the operations building under a corrugated sheet-steel shed to

protect the control element drives from the weather and provide shelter for

maintenance personnel. The reactor vessel, a low-alloy steel pressure tank

28 feet tall and 4-1/2 feet in inside diameter, is for the most part buried under

ground. The core is located in the lower part of the reactor tank and lies well

below ground level. Inlet and outlet coolant pipes are attached to the tank just

below and above the reactor core. From the tank they pass horizontally through

separate tunnels to a pipe well where they make a vertical traverse to ground

level. The hot outlet pipe then goes to the operations building, which houses the

pumps, and from the pumps it goes out-of-doors to the air-blast heat exchanger. The

inlet pipe goes to the cold end of the air-blast heat exchanger and completes the

coolant loop.

The operations building is a one-story, steel-frame structure having 32 by

84 feet of floor space. It is divided (Fig. 3) into two areas which are separated

13
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by a thick concrete slab wall. The area adjacent to the reactor and air-blast heat

exchanger is "open bay" and is referred to as the process area. It contains the

coolant pumps and valves, the purification system, the air compressor for

pneumatically-operated valves and instruments, and various related equipment.

Because of its proximity to the reactor and because it contains the coolant pumps,

piping, and purification system, the process area is radioactive. The area away

from the reactor and heat exchanger is subdivided into the control room, the

chemical laboratory, the mechanical room, and the lavatory. In the control room

are the instrumentation and control console for the reactor, the instrumentation

for the heat-transfer and purification systems, and the valve-stem gear-drive

handles which pass through the concrete wall to permit remote mechanical manip-

ulation of valves in the radioactive process area. The control room also houses

all of the electrical switch-gear. The laboratory is provided with a fume hood

and sampling and testing equipment to be used in chemical analysis of the organic

coolant and its decomposition products. A 20- by 40-foot lean-to is attached to

the operations building and shielded from the reactor and the process area by an

extension of the concrete slab wall. It is also of steel frame construction and is

referred to as the storage area. This area will house the non-radioactive part

of the process equipment that requires shelter, such as the nitrogen supply and

manifolds, the hydrocarbon supply, and the melt station. It also will be used for

general storage of such items as maintenance equipment and spare parts.

Separate ventilation systems are provided for the three principal areas

described above. An exhaust stack with an induced draft fan is provided on the

roof of the operations building for venting gases and vapors from the reactor and

process area. This stack is 16 inches in diameter and exhausts 37 feet above

floor level. The melt tank in the storage area has a hood with a separate induced

draft fan and vent pipe. Likewise, the ventilation system for the operations area

is independent of the other systems. Use of separate vent systems minimizes the

hazards of spreading radioactivity or fire from one area to another.

C. REACTOR

1. Reactor Core

A plate type stainless steel-UO2 fuel element has been selected for the

OMRE because of its large surface-to-volume ratio and the advanced state of
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development of its manufacturing technology. Each fuel plate consists of a 20-mil

thick central matrix of 25 weight per cent fully enriched UO2 and 75 weight per

cent stainless steel, clad on each side with 5 mils of stainless steel. The plates

are separated by a 134-mil coolant gap. Each element is assembled from 16 fuel

plates placed between inactive end and side closure plates so as to form a rectan-

gular box 2.8 by 2.9 inches in cross section. A drawing of the fuel element is

shown in Fig. 4. The active dimensions of the fuel plates are 36 by 2.5 inches.

The plates are supported by end boxes which are positioned and held in a 4-1/2-

inch square lattice by an upper and a lower grid plate.

Twenty-five fuel elements with a total U235 content of 20.6 kg are estimated

to be required for criticality and sufficient excess reactivity to compensate for

temperature effects, xenon poisoning, and fuel burnup. One space in the lattice

is reserved for the neutron source, and eleven additional spaces are provided to

allow for the uncertainty in the nuclear calculations.

Coolant from the bottom plenum enters the lower end boxes, flows upward

between the fuel plates into the upper end boxes, and discharges into the inter-

stitial space between the fuel elements. It then flows downward around the outside

of the fuel elements to cool the control rods and thermal shield. A final pass in

the annular space between the thermal shield and reactor tank discharges the

coolant to the pool above the reactor core.

2. Control Elements and Drives

The reactor is controlled* by 12 hydraulically-driven control rods

symmetrically located between the fuel elements (See Section A-A, Fig. 5). Four

of these rods are located on a 3.2-inch radius circle with respect to the center-

line to the core, and eight are located on a 7.1-inch radius circle. The poison

material is contained in a 1-1/4-inch OD stainless-steel tube 1/8-inch thick. The

tube has an active length of 36 inches of compacted boron carbide powder with a

boron density of from 1.75 to 1.9 gm/cc. The 12 rods are hung in pairs on 6 hanger

rods as shown in Fig. 4. Vertical alignment of the assembly is maintained by

guide holes in the control rod bridge and the upper grid plate.

*The control rods also function as safety rods. No separate safety rods are used
in the OMRE.

21



PURGE
INLET L

N
N

APPROXIMATE _
NATURAL
GRADE LEVEL

FULL STORAGE
RACK

CONTROL RODS =

A,-0On

RADIATION
INSTRUMENT TUBE

(WATER FILLED).

j6 SIZE

I3V

18'

GAS 3' -11

INE

-- -

' - f8 I

- -I DE TAIL C

VENT TO
EXPANSION TANK
PURGE GAS
OUTLET

0 -

OT LIQUID LEVEL

COLD LIQUID LEVEL
14' ABOVE CORE

9' ABOVE STORED

DIA. FUEL

DETAIL B
--

" '- DETAIL A

C A THERMAL SHIELD

FUEL ELEMENT
i If 1 (SPACES FOR 36)

4 - -

r qX -

DETAIL A
CONTROL ELEMENT 8

GRID PLATE
SIZE

ROD SHOWN IN DOWN POSITION 9561- 5101

Fig. 5. Reactor and Control Rods

MAGNET LIFT RODS
THIMBLE

MAGNET CORE

MAGNET COIL

DETAIL 
CK MAGNET

2 SIZE

CYLINDER

PISTON

DETAIL
SHOCK AB
SHOWN In

SHOCK

28'-8"

7'

'-2"

fft ' 

4

If '

^!r' v 'j

,_/ { '

1.... ... .... t..Xn

"1:. .... _...... :

' 'f

i ;,'

t

L '

- .

SOURCE

TANK WALL

THERMAL SHIELD

SCI r~UEL ELEMENT

CONTROL ROD
(RODS OPERATE IN PAIRS)

SECTIONAA
SIZE

s

B 2 SIZE

3SORBER

V DOWN POSITION

ABSORBER



The hanger rods are electromagnetically coupled to the hydraulic drives.

The magnetic coupling is shown in Detail C of Fig. 5. The iron core of the mag-

net (23.75 inches long) is fastened to the hanger rod. The core is located in a

steel thimble which seals the pressure vessel from the surrounding atmosphere.

Solenoid coils placed outside the thimble are attached to and driven by the hy-

draulic piston. The clearance between the iron core and the thimble is rather

small, and binding because of possible misalignment between the thimble and the

control rod guide holes is prevented by two universal joints in the hanger rod,

one just above the shock absorber mechanism and the other just below the iron

core.

Motion of each pair of control rods can be controlled independently by a

3-position air-operated valve which admits hydraulic fluid under 150 psi pressure

to either the top or bottom side of the hydraulic piston. Displaced fluid is re-

turned to a reservoir. Hydraulic pressure is maintained by a positive displace-

ment pump and a relief valve in a by-pass line. The maximum speed of control-

rod withdrawal is 1.7 inches per minute and is fixed by the capacity of the pump.

"Up" and "down" limit switches and a Selsyn type position indicator system

are provided on each of the 6 sets of solenoids. The position of the rods is known

only when a definite coupling is established between the solenoid coils and the iron

core inside the thimble. It is planned to include an inductance method for indi-

cating whether or not a definite coupling exists between the iron core and solenoid

coils.

A reactor scram de-energizes the coils and allows the rods to fall freely

except for the small viscous drag and buoyant force of the diphenyl. A dashpot

and spring snubber engages the control-rod bridge and decelerates the rods in

the last 6 inches of travel. The control-rod drive mechanisms may be removed

as a unit.

A prototype of the hydraulic drive mechanism and electromagnetic coupling

will be thoroughly tested by Atomics International before it is used on the OMRE.

Details of the test and the results will be available at a later date.

3. Reactor Vessel and Thermal Shield

The reactor vessel is a mild alloy steel (1/2 per cent molybdenum -

1 per cent chromium) pressure tank, 4-1/2 feet in internal diameter, 28 feet tall,
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and with a wall thickness of 1 inch. The vessel is designed according to the

ASME Unfired Pressure Vessel Code and will be so stamped. It will be fully

stress-relieved and all welds will be 100 per cent X-rayed. The design condi-

tions are: pressure - 400 psig; temperature - 8500 F; stress - 14,200 psi.

There are two flange-type closures above the diphenyl level of the tank: the tank

head flange and the control-rod drive assembly flange. Both are sealed with

"Flexitallic" gaskets made of a composite material of stainless-steel strip and

asbestos filler.

A 2-inch thick thermal shield is located inside the vessel and is separated

from the vessel walls by a 2-inch annular passage. It rests on the lower grid-

plate support which is welded to the inner wall of the vessel. The upper grid

plate and control-rod bridge are in turn supported by the thermal shield.

A spent-fuel storage rack is provided along the wall of the tank above the

upper grid plate level. It is supported by brackets welded to the wall of the tank.

A thermocouple is placed near the tank wall to measure the coolant temperature

in the stored fuel region.

The reactor vessel is supported on a circular concrete slab 2 feet thick

and 11-1/2 feet in diameter resting on bed rock. A corrugated galvanized-steel

liner 10 feet in diameter and extending from the foundation to the surface of the

earthfill lines the cavity around the reactor vessel. The fill slopes away from

the reactor cavity area for a distance of about 16 feet at a 30 degree angle to

grade level. A 6-inch-thick concrete shelf is built into the annular space between

the cavity liner and the reactor vessel at a level just above the outlet coolant pipe.

The space above the shelf is filled with sand and serves as an inexpensive biolog-

ical shield. An upper slab of concrete 6 inches thick is placed around the top of

the reactor tank just below the heat flange and gas vent lines to provide a floor

and support for the reactor shed.

D. HEAT TRANSFER SYSTEM

1. Main Heat-Transfer Loop

Most of the heat generated in the OMRE will be transferred to the air-

blast heat exchanger by the main heat-transfer loop. A small auxiliary cooling

loop having a capacity of 100 kw is provided to remove the core after-glow heat
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during normal pump shutdown and in the event of a failure in the main loop. A

single 16-inch pipe line carries the coolant from the reactor to the operations

building. Before entering the building, the flow is divided between two 10-inch

lines. Each of the 10-inch pipes goes to a separate pump in the operations build-

ing and from there to one of the two sections of the air-blast heat exchanger. On

the discharge side of the heat exchanger the flow combines into a 16-inch line and is

returned to the reactor. A schematic flow diagram is included in Fig. 6.

2. Main Pumps

The two pumps of the main heat transfer loop are operated in parallel.

These pumps are commercial refinery type high-temperature centrifugal pumps

with conventional, mechanical, shaft, face-seals. The seal housing, pump sup-

ports, and bearing housing are directly cooled with water; the mechanical face

seal has its separate water-cooled hydrocarbon loop (from the discharge to the

suction side of the pump). Leakage is estimated to be about 2 fluid ounces per

hour per seal. Each pump is powered by a 150-horsepower constant-speed motor

and has a capacity of 3600 gpm at 55 psi differential head across the pump. Flow

control is achieved by means of globe throttle valves located downstream from

the pumps. A gate valve is placed at the suction side of each pump and on the

discharge side of each section of the heat exchanger to permit the removal of

either pump and its corresponding heat-exchanger section from the system.

3. Air-Blast Heat Exchanger

The air-blast heat exchanger contains two sections of aluminum-finned

steel pipes cooled by air delivered by two variable pitch fans driven by constant

speed motors. Additional cooling control is obtained by louvers installed over

the tube bundles and headers. These louvers may be operated either manually

or automatically. Doors are provided between the fans and the tube bundles to

close the unit for preheating. The doors can also be used for additional cooling

control. Preheating will be accomplished by means of an oil-fired preheater,

which will supply hot combustion gases diluted with air directly to the finned tubes.

The heat exchanger will be fabricated according to the ASME Unfired Pressure

Vessel Code. It will be halogen-leak tested and all welds will be dye-penetrant

checked.
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4. Expansion Tank

From its melting temperature to 700* F, the volume of the hydrocarbon

increases by about 34 per cent. It is impracticable to provide space in the reactor

vessel for this expansion. An expansion tank has therefore been provided. This

is a horizontal tank, 3-1/2 feet in diameter and 20 feet long, directly connected

with the reactor through both the liquid and gas spaces. The tank is located

above ground (but below the level of the cover flange of the reactor vessel) in the

area between the reactor and the operations building (Section A-A, Fig. 3). The

gas spaces in the reactor vessel and the expansion tank are connected to the stack

by a vent line equipped with a vapor trap. With this arrangement the hydrocarbon

level increases from 14 feet above the core at 3000 F to 17 feet above the core

at 700* F.

5. Drain Tank

A drain tank which can hold the contents of the entire heat-transfer

system is located in a 14- by 24- by 12-foot underground concrete vault adjacent

to the lean-to. A 2-inch drain line connects the bottom of the reactor vessel to

the top of the drain tank. The highest point of the line is well above the level of

the reactor core, and in order to drain those parts of the system which lie below

this point, it is necessary to pressurize the system with respect to the drain tank.

To reduce the probability of dumping the coolant from the system because of a

valve failure, two valves in series are provided in the drain line. These are

normally locked closed.

Although the drain tank is vented to the exhaust stack, a 50-psig rupture

disk is included on the tank to exhaust to the drain-tank vault in the event the

vent-line valve is inadvertently closed.

6. By-Pass Heater Loop

The function of the by-pass heater loop is to provide continuous infor-

mation on the change of heat transfer characteristics of the coolant during opera-

tion of the reactor.

This loop is connected across the main heat transfer loop in parallel with

the reactor. It includes a micrometallic filter, an electric resistance heater,

and a turbine-type flow meter. The power input to the heater is such that the
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heat flux at its surface is of the same order of magnitude as the heat flux pre-

valent at the surface of the fuel elements. The flow through the by-pass heater

loop is normally 20 gpm, but will be throttled down to 2 to 10 gpm during heat

transfer coefficient measurements.

7. Auxiliary Cooling Loop

A small auxiliary cooling loop is installed across the inlet and outlet

lines of the reactor vessel in parallel with the main heat transfer loop. Its cool-

ing capability of 100 kw of heat is adequate for removing sufficient decay heat

following reactor shutdown to ensure against boiling of the coolant in the core.

The pump for this loop is connected to the emergency power supply. The loop

will normally operate at a flow rate of approximately 14 gpm and will be ready

to dissipate the decay heat load in the event of failure of the main heat transfer

loop.

8. Pressurization

The heat transfer system is designed for an operating pressure of

400 psia. It is normally pressurized to 300 psia with nitrogen to prevent boiling

of the hydrocarbon. For diphenyl, this pressure corresponds to a saturation

temperature of 8500 F. The estimated maximum fuel plate surface temperature

of the OMRE is 800* F. The vapor pressure of diphenyl at this temperature is

220 psia.

E. ORGANIC PURIFICATION SYSTEM

1. Method of Purification

The purification system uses a vacuum distillation process for removal

of the radiation-damaged portion of the hydrocarbon. It is a batch system con-

sisting of a still operating without reflux. The batch system was selected for

several reasons: (1) It lends itself very well to frequent start-up and shut-down

operations. Unlike a continuous system, there is no concern about getting it

"on stream." (2) The reclaimed hydrocarbon need not be a narrow cut or a spe-

cific cut. Rather, the requirement is that the hydrocarbon contain less than a

certain maximum permissible concentration of heavier components, which a batch

system can do as well as a continuous rectifying column. (3) The batch system

lends itself to better handling of material over a wide range of processing rates.
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(4) Because experimental data indicate that a batch system without reflux ade-

quately separates the higher boiling components from the coolant, such a system

appears most suited to provide the versatility required for an experimental pro-

gram such as the OMRE.

A schematic flow diagram of the purification system is shown in Fig. 7.

2. Description of Equipment

The system includes the following equipment:

a. Still supply tank

b. Vacuum still

c. Distillate hold tank

d. Still pump

e. Distillate cooler

f. Still vapor trap

g. Vacuum pump

h. Waste hold tank

i. Waste storage tank

All this equipment, with the exception of the waste storage tank, is located in the

process area. The waste storage tank is buried below ground level next to the

operations building.

The still supply tank receives damaged hydrocarbon in the desired quantity

and rate through a feed line from the by-pass heater loop. From the supply tank,

the material is transferred in 580-pound batches to the vacuum still.

The vacuum still is a 200-gallon vessel with four 1-1/2-inch pipes and one

3-inch pipe extending down from the bottom of the tank. The 3-inch pipe is located

in the center and the 1-1/2-inch pipes are spaced 90* apart on a radius of 15 inches.

The four 1-1/2-inch pipes are formed to join the central 3-inch pipe at a point

4 feet below the tank. This provides four natural convection loops with a common

cold leg - the central 3-inch pipe. The four 1-1/2-inch pipes are heated by an

electrical induction-heating system. The choice of this heating arrangement was

selected to reduce the effects of unsteady boiling characteristics usually encount-

ered in boiling at low pressures in pot-type vessels. A pump circulating the

material through a tubular heater would have presented another approach, but it
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was desired to avoid the problems associated with operating a pump under a

vacuum at high temperature.

The electrical induction-heating system for the still is controlled by the

still pressure-recorder controller. Heat cannot be applied to the system unless

the pressure is less than 30 mm Hg. Heat is automatically turned off if the pres-

sure rises above 30 mm Hg. If the vapor line or vacuum line should become

obstructed, the pressure would rise, automatically turning off the heat. This is

a fail-safe feature of the purification system.

The condensing system employs a direct-type condenser which is actuated

by a stream of cold distillate that quenches the vapors from the still. This is

similar to the barometric condenser common in chemical processing except that

it discharges into the distillate hold tank, which is maintained at low pressure,

thus eliminating the need for a hydraulic leg. The direct-type condenser was

selected over a conventional surface condenser to circumvent the problem of the

distillate freezing during the latter stages of a distillation run when higher freez-

ing point material is being collected.

The distillate from the condenser is collected in the distillate hold tank.

From there it is recirculated by a canned-rotor pump to the still cooler and back

to the condenser. Since this is a relatively low-temperature operation, pump

problems are not expected to arise. The still cooler consists of a coil immersed

in a bath of boiling water. Boiling water at atmospheric pressure is a suitable

medium for extracting the heat since its temperature is sufficiently high to pre-

vent freezing of the diphenyl. A boiling-water cooling system is simple, and

easily lends itself to steady temperature control.

The still vapor trap, which condenses the vapors in the gas stream drawn

from the distillate hold tank by the vacuum pump, consists of an inclined helical

finned pipe. The temperature will be controlled so as to promote as much reflux-

ing of the liquid hydrocarbon as possible in the entrance portion of the trap and

to freeze out the remaining material in the exit portion. Periodically, the line

from the trap to the vacuum pump will be closed, and the trap heated, permitting

the frozen deposit to melt and flow back into the distillate hold tank.

After processing a batch of hydrocarbon, the system will be let down to

atmospheric pressure in preparation for discharging the reclaimed material and
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the waste. The reclaimed hydrocarbon will be transferred by gravity from the

distillate hold tank to the feed tank. The waste from the still will be discharged

by gravity to the waste hold tank and then to the 5000-gallon underground waste

storage tank.

Associated with the purification system is a sampling system which permits

sampling of the still bottoms, recirculating distillate, still overhead, and the

hydrocarbon passing through the by-pass heater loop. All of these samples are

conducted from their point of origin by 1/2-inch lines to the sampling hood located

in the laboratory area. Here, the samples are collected in U-tubes located in

the hood. This type of hood sampling provides adequate contamination control.

The still-overhead sample, which is a vapor sample, is withdrawn through a

heated line (600* F) by a small vacuum pump and condensed in a cold U-tube.

The excess material from these samplers is drained by gravity into the waste

storage tank.

F. SUPPORTING SYSTEMS

1. Organic Melt and Fill

Diphenyl is received at the site in powder form. It is melted at 1570 F

in a 22-kw heated melt tank which is designed to bring a 150-gallon batch of di-

phenyl to a temperature of about 300* F in 6 hours. At this temperature the diphenyl

is drained by gravity into either the drain tank or the feed tank. A strainer in

the outlet of the melt tank prevents particles of foreign matter from entering the

system.

The heat transfer system is filled at the expansion tank from the drain or

feed tank by means of a 1-1/2 gpm feed pump which is capable of delivering a

300-psi head. This pump is a diaphragm-type pump located in the process area.

As the heat-transfer loop is filled, gas is vented at the two high points of

the system which are at the nozzles of the heat exchanger. A float in each vent

line automatically closes the vents when the loop is full. During normal operation

the vents are not in use and are closed with gate valves.

2. Inert Gas

Nitrogen is used as the inert gas for the OMRE. It serves three func-

tions: (1) to pressurize the reactor system to 300 psia, (2) to provide an inert
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atmosphere at all free surfaces, and (3) to dilute and purge the hydrogen and

light hydrocarbon gases generated in the breakdown of the organic moderator-

coolant.

The nitrogen is supplied from standard cylinders througha systemof reducing-

and control-valves and manifolds. A duplex system with 10 cylinders in each of

two banks is arranged for automatic switchover when one bank has been depleted.

The nitrogen system is designed to supply a continuous purge flow of 30 scfh

and at the same time maintain a pressure of 300 psia in the reactor vessel. For

this purpose the purge gas control valve is set at 310 psia and a back pressure

control valve in the reactor vent line is set at 300 psia. The value of flow resist-

ance that will give the required flow rate at a 10-psi pressure differential is then

obtained by adjustment of a needle valve.

An emergency gas supply control valve is provided in parallel with the purge-

gas control valve. Its function is to open when the purge-gas control valve cannot

supply sufficient gas to maintain the reactor pressure. It is set to open when this

pressure reaches 290 psia. Similarly, an emergency relief valve is placed in

parallel with the back pressure control valve. A by-pass globe valve in parallel

with each set of regulating valves allows for manual adjustment of the reactor

pressure. A rupture disk is located in the 2-inch line which is connected to the

vent line of the reactor tank. This will break at 600 psia in the event the relief

valves fail and the pressure builds up so rapidly that the operator does not have

time to relieve it manually. The 2-inch rupture disk line is connected to a verti-

cal 4-inch stack just outside of the reactor shelter.

3. Vent

All parts of the OMRE process requiring venting are connected by a

net-work of piping and ducts to the exhaust stack. The reactor and drain tank

vent lines join and run directly to the stack. All other vent lines from the process

area first enter a vent header. The stack is 16 inches in diameter and discharges

37 feet above floor level. The stack and the induced draft fan are supported on a

platform on top of the concrete shield wall which divides the operating building.

Four guy wires fastened to the roof of the building gives lateral support to the

stack. The fan draws air from the various hoods in the process area and dis-

charges it to the base of the stack.
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These are two vapor traps in the process vent system. One of these vapor

traps, which consists of a small tank filled with subcooled diphenyl, is used to

trap the hydrocarbon vapor-gas mixture leaving the reactor tank. The second,

an air-cooled unit, is installed in the vent line for the distillate hold tank to reduce

the hydrocarbon content of the gases withdrawn from the purification system by

the vacuum pump. Most of the vapor is condensed in the traps, thus minimizing

the quantity leaving by way of the stack and settling over the surrounding area.

Separate ventilation systems are provided for the operations and the storage areas.

4. Preheating

Since diphenyl freezes at 1570 F, some means of preheating is neces-

sary before it can be introduced in the system. Once the system is filled, heat

must be supplied to prevent subsequent freezing or to make up for the heat losses

occurring at specified temperature levels. As far as the heat transfer loop is

concerned, temperature can be maintained during operation by the thermal power

of the reactor. With the exception of the waste storage tank, all other portions

of the system which contain the hydrocarbon require a continuous external heat

source.

Induction heating with 60-cycle current will satisfy the greater part of the

electrical heating requirements. Resistance heating will be used for the melt

tank and equipment such as pumps and valves which are difficult to heat by induc-

tion because of their geometry. Induction-heating coils will be wrapped on the

outside of the insulation of the pipes and vessels. Small equipment will be heated

by 120-volt circuits, while large equipment such as tanks and 16-inch pipe will

use 240-volt circuits. Manual control of heating will be provided everywhere

except on the purification system, which will be equipped with semi-automatic

control. The total electrical heating load is supplied by a 250-kva, single-phase

transformer.

The finned-tube air-blast heat exchanger is heated by fuel oil combustion

gases diluted with air. The combustion unit is located under the heat exchanger

between the fan pedestals, and the hot gases are ducted to each side around the

fans. One blower supplies combustion air to the burner, and another blower

supplies the excess air. Fuel oil is pumped from the main fuel-oil storage tank.

The electric motors on the blower of the air-blast heat exchanger preheater are

tied into the emergency power supply. The pilot on the burner can be lighted remotely.
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5. Water Cooling

Cooling water for various components is supplied from the main water

system. The supply header is located in the control room, and the various valved

branch lines pass through the 2-foot-thick concrete wall into the process area.

A total of about 50 gpm is supplied to the following: six nuclear instruments

adjacent to the reactor vessel; main pump seal-coolers, seal-housings, bearing-

housings, and supports; still cooler; air compressor; and by-pass heater loop

flow meter.

A 20,000-gallon water storage tank will be provided. It will supply the

required emergency cooling flow for about 7 hours. For this purpose the booster

pump will be connected to the emergency power supply.

G. INSTRUMENTATION AND CONTROL

1. Nuclear

Three types of neutron detectors will be used to monitor the reactor

flux in the range between source level and full power. Near source level two BF3
43

channels with a sensitivity of 4 cps per nv and a range of up to 10 nv will supply

signals to a linear count-rate meter and a log count-rate meter (See Fig. 8). The

log count-rate meter will in turn supply a signal to a low-level period indicator.

In the intermediate range, two compensated ion chambers with a sensitivity of

10 14 amperes per nv will feed to the log N amplifiers. These amplifiers will

provide a signal for the log N recorder, period indicator, and safety circuits. The

log N amplifiers have a range of six decades. In the power range, two uncompen-

sated ion chambers with a sensitivity of 10 14 amperes per nv will be used over

two decades of power. These chambers will supply a signal to the power-level

safety chassis and the power-level recorder. The power-level recorder will

supply operating signals to the flux controller. The ranges of these detectors have

been selected so that they overlap and eliminate "blind spots" in neutron detection.

2. Experimental

Additional instrumentation will be used in the critical assembly and for

the study of the variation in the heat transfer characteristics of the coolant. The

critical assembly will require the use of three boron-10 counters which will be
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placed in thimbles inserted in the core. Two of the counters will be connected

to the circuits used by the BF3 chambers and the other counter will be connected

to a scaler. The heat transfer characteristics of the coolant will be studied by

means of the by-pass heat-transfer loop. A turbine type flowmeter, 16 thermo-

couple installations, and a heater power meter will be provided to make the

measurements of interest.

3. Operational

The operational instruments will consist largely of pressure gages,

flowmeters, temperature indicators and recorders, liquid level indicators, radi-

ation detectors, ammeters, and electric power meters.

a. Pressure Gages - Seventeen pressure gages, which may be either

indicating or recording gages, will be installed. The locations and ranges of

these instruments are given below.

Location

Outlet line of reactor vessel

Outlet of primary coolant pumps

Outlet of main air-blast heat exchanger

Still supply tank

Drain tank

Waste hold tank

Distillate hold tank

Feed tank

Inlet to still pump

Line from inert gas manifold to still
supply tank

Reactor gas pressure

Nitrogen pressure before inlet reducing
valves

Vacuum still

Nitrogen inlet to reactor vessel

Nitrogen pressure before outlet reducing
valves

Instrument air compressor

Water booster pump discharge

Process water header

30

30

30

30

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

Range

400 psig

400 psig

400 psig

300 psig

30 psig

30 psig

30 psig

30 psig

30 psig

30 psig

30 psig

2500 psig

760 mm Hg Abs.

400 psig

600 psig

150

100

100

psig

psig

psig
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No.

1

2

1

1

1

1

1

1

1

1

1

2

1

1

1

1

1
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b. Flowmeters - Twelve flowmeters will be incorporated into the heat-

transfer and purification system. The number installed, location, and range of

each instrument are listed below.

No. Location Range

1 Reactor nitrogen outlet to the stack 0. 1 - 1. 1 scfm

1 Reactor nitrogen outlet to the stack 10 - 100 gpm

1 By-pass heater loop 3 - 25 gpm

1 Main loop 0 - 7300 gpm

1 Nuclear instrument water 2. 5 - 25 gpm

6 Water 0. 6 - 6. 0 gpm

3 Water 0.4 - 4. 0 gpm

1 Nitrogen normal supply to reactor 0. 18 - 1. 8 scfm
vessel

1 Line from inert gas manifold 1. 3 - 13 scfm
to still supply tank

c. Temperature Indicators and Recorders - Approximately 80 tem-

peratures throughout the system will be monitored. The more important of these

temperatures will be continuously monitored; the others will be noted at intervals.

Instrumentation provided for this purpose will consist of three multiple-point

recorders, eight multiple-point indicators, four single-point recorders, and

eight single-point indicators. A listing of the ranges and the actual locations of

all the thermocouples and bi-metallic strips used for sensing temperatures seems

unnecessary for the purposes of this report. Hence, only the more important

locations will be mentioned. The location of temperature measurements may be

seen in the Piping and Instrumentation Diagram, Fig. 9. All of the tanks and

vessels of the heat-transfer and purification system will be equipped with tem-

perature-indicating devices. In addition, seven fuel plates within the core will

be continuously monitored to protect against possible excessive fuel temperatures.

These fuel plates will be equipped with five thermocouples per plate, any one of

which may be selected for the temperature indication on the main control panel.

d. Liquid Level Indicators - Instrumentation will include a continuous

indication of liquid level in the following vessels:

(1) Reactor vessel

(2) Drain tank
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(3) Feed tank

(4) Distillate hold tank

(5) Vacuum still

(6) Still supply tank

e. Radiation Detectors - In addition to having the stack gases continu-

ously monitored, the areas listed below will be equipped with radiation detecting

instruments.

Location Range Accessories

Main coolant pumps 0. 01 - 10 r/hr Beta discriminator

By-pass heater line filter 0. 01 - 10 r/hr Beta discriminator

Top of reactor vessel 0.01 - 10 r/hr Beta discriminator

Control console 0. 1 - 100 mr/hr

Entrance to exclusion area 0. 1 - 100 mr/hr

f. Electrical - Ammeters and wattrneters will be provided in the

electrical circuitry wherever they are necessary for operational procedures.

4. Reactor Control

The purpose of the reactor controller is to hold the neutron flux at a

level that will maintain the surface temperature of a selected fuel element at some

predetermined value. A block diagram of the reactor controller system is shown

in Fig. 10. Its operation may be described as follows: The reactor flux is con-

trolled by a commercial controller with proportional rate and reset action. The

controller receives its flux signal from the uncompensated ion chamber output

recorder. The set point for the flux controller is also built into the recorder.

Thus, the controller derives a flux error signal and moves the rods in such a

direction as to reduce this error to zero. The reset action assures that the flux

error will always be reduced to zero, regardless of any drift, load disturbances,

etc. The rate action improves the dynamic performance by reducing overshoots.

Proportional action ensures prompt rod motion for any change in either set point

or load disturbances.

In order to obtain this three-mode control, a rod-position signal is required

for proper controller functioning. A true rod-position signal is difficult to obtain,
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since there are several combinations of rod motion which can be used with the

flux controller, Therefore, a rod-position signal is obtained from a potentiometer

which is driven by a low-inertia motor. This motor is energized each time the

rods are moved up or down. Thus, the position of the potentiometer will corre-

spond approximately to the rod position. It is not necessary to have exact corre-

spondence, since any difference between the rod speed and motor speed will only

slightly affect the gain of the controller, and will not affect its ability to hold the

flux at the desired value.

The set point for the flux controller is changed by varying the potentiometer

in the flux recorder. This is done automatically by a set-point drive motor. This

motor is energized by a temperature error signal derived from contact with one

of the fuel element temperature indicators. Thus, the flux-controller set-point

drive motor is driven in the proper direction when the fuel element surface tem-

perature deviates from its set point. The rate at which this set point changes can

be adjusted so as to give the optimum speed of correction. This motor can also

be operated manually so that the flux or temperature can be manually adjusted to

a desired level.

Interlocks are provided to prevent the automatic flux controller from being

energized when the flux differs appreciably from the set point. Fail-safe circuitry

is used where possible and alarms are provided to indicate component failures.

H. SHIELDING

1. Reactor

Shielding against direct core radiations (including secondary capture

gamma rays) is obtained by placing the reactor core well below ground level.

The location of the reactor with respect to the operations building, lean-to, and

adjacent areas is shown in the cross-sectional views of Fig. 3. The midplane of

the reactor core is about 11 feet below the floor level of the operations building

(See Section B-B) and a minimum of 22 feet of earth separates the reactor from

the operations building. The nearest point in the control room is 40 feet from

the top of the reactor vessel. A third of the reactor vessel is above natural grade

level. Earth fill covers the vessel to a level 2 feet below the cover flange.
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The upper 12-1/2 feet of the annular space between the reactor vessel and

the cavity liner is filled with graded river-bottom sand. The sand rests on a

6-inch concrete shelf and is covered by a 6-inch concrete slab which also serves

as a floor of the reactor shelter. Radiation shielding above the reactor is also

provided by a deep pool of hydrocarbon above the reactor core. When the hydro-

carbon is at the maximum operating temperature of 700* F, its level will be 17

feet above the core. The cold level during shutdown and fuel handling will be 14

feet above the core. A minimum of 9 feet of hydrocarbon will separate the opera-

tor from a fuel element as it is lifted from the core and placed in the storage rack.

The large pipe tunnels and pipe gallery required for the 16-inch main coolant

lines are a principal avenue for radiation to escape from the reactor to the sur-

rounding area. Some shielding from radiation streaming has been accomplished

by two right-angle bends in the 16-inch pipes. Additional shielding is provided

by a 1-foot thick concrete wall, perpendicular to the pipe tunnels, which reduces

the radiation streaming from the tunnels to tolerance level at the OMRE boundary

fence. A 2-foot concrete wall in the operations building protects the personnel

from reactor radiations. The amount of core gamma energy impinging on the

1-inch thick reactor vessel and the resultant thermal stresses induced therein

are reduced by the 2-inch cylindrical steel thermal shield which surrounds the

core. Radiation levels from the reactor are given in Section IV-B-5 of this report.

2. Heat Transfer System

The hydrocarbon coolant and associated impurities will become acti-

vated as they pass through the reactor core region. Shielding requirements for

this activity in the heat-transfer loops have been held to a minimum by restricting

personnel from the operating area during reactor operation. An induced-activation

analysis of the impurities present in diphenyl and Santowax-R was conducted at

MTR. On the basis of this analysis, the radiation level at the surface of a 16-inch

steel pipe is estimated to be on the order of 1 r/hr including transport activity

from the reactor, if it is assumed that the OMRE is operated at a power of 16 Mw

for a period of 500 days. Since the induced activity in the hydrocarbon cannot be

predicted very accurately, the radiation levels surrounding the system must be

measured after initial start-up, and the necessary fences will be built to exclude

personnel from areas of excessive radiation. Direct gamma radiations from the
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process area are reduced in the control and laboratory areas by the 2-foot-thick

concrete wall that separates the process area from the control and laboratory

areas.

3. Purification System

The purification system which will process activated hydrocarbon must

be controlled remotely, since the level of radiation is expected to be too high for

direct operation. Shielding during operation of the system is accomplished by

locating the components of the purification system adjacent to the 2-foot-thick

concrete wall and extending valve-stem gear drives through the wall to handles

in the control room. Limited access to the process area during reactor shutdown

will permit maintenance of the purification system.

The waste storage tank is the only radioactive component of the system which

is located outside of the process area. It is placed just outside the building on

the far side from the reactor and is buried underground for gravity drain and

shielding.

4. Miscellaneous

Activated hydrocarbon that leaks from the heat transfer or purification

system pump seals can be a source of radiation. To eliminate it as a potential

hazard, collection drums and drip pans will be used under points of possible leak-

age for collecting the liquid and draining it to a tank.

Sources of radiation from the stack discharge are dispersed over a wide area

by exhausting 37 feet above floor level. Since the prevailing winds are in an east-

west direction, the discharge will be blown most of the time in a direction perpen-

dicular to the access road.

Radiations from small sample quantities of hydrocarbon drawn into the lab-

oratory are expected to be so small that shielding of the sampling operator is not

necessary. A hood over the sampling equipment will draw any escaping hydro-

carbon fumes away from the operator.

I. SERVICE FACILITIES

1. Heating and V entilation

A fuel-oil fired, forced-circulation, hot-air furnace will be used for

space heating. A portable fuel-oil furnace will be used for heating the process
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area as required. The fuel oil supply will be stored in a large underground tank

across the road from the operations building.

A ventilation system is provided for the process, control, and storage areas

to discharge hydrocarbon vapors and airborne radioactive contaminants from the

building. To reduce the number of air changes per hour, exhaust air is pulled

into hoods above equipment that is likely to have leaks; e. g. , the main, coolant

pumps, the pit near the purification equipment, the sample hood, and the melt

tank. In this way the air is always moving toward regions of greatest vapor con-

c entration.

2. Water Supply and Disposal

All water, except drinking water, will be supplied from a well which

will be located on the site. A well pump with a capacity of 400 gpm will maintain

20,000 gallons of water storage in a tank above ground. A 7.5-hp stand-by pump

with a capability of 125 gpm and 65 psi head is provided in a by-pass line of the

main outlet line from the storage tank. Both pumps are located in a pump house

and receive electrical power from a transformer mounted on a pole outside the

pump house. The stand-by pump can be used to develop a pressure head in the

water main should it be required for fire fighting.

A booster pump located in the storage area supplies the normal water re-

quirements of the facility at about 75 psi head. The power for the pump is supplied

by the electrical substation. In the event of substation power failure this pump

will be switched to the emergency power source. If the booster pump must be

shut down for repair or maintenance, water pressure for the facility can be

obtained from the stand-by pump by a manipulation of valves in the pump house.

Waste water will be collected in a single line that will carry it to a drainage

ditch about 150 feet from the reactor. Because of the particular hydrological and

geological conditions at the site, waste water may not always be carried away by

the ditch or be absorbed into the ground but may accumulate above ground in small

quantities. A septic tank is provided to handle sewage from the lavatory.

3. Electric Power

Electric power is brought to the site by a 13,800-volt 3-wire delta high

line from the Central Facilities Area. A substation on the site consisting of three
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step-down transformers supplies the required power. A 500-kva, 480-volt, 3-

phase transformer supplies all power for the building facilities. A 250-kva,

120-240-volt, single-phase transformer supplies the power for induction- and

resistance-heating of hydrocarbon containing equipment. A 150-kva, 480-volt,

3-phase transformer supplies the power for the well pump and pump house. In

the event of power failure, "emergency demand" power will be supplied by a gaso-

line engine-alternator in the operation building. The alternator will supply 18 kva

at 208 volts and 60 cycles to a 3-phase, 4-wire system.

4. Communications

The OMRE facility will have an intercom system throughout, including

the building, reactor area, security guard house, and pump house. Communica-

tion with the outside is provided by three telephone lines and two fire-alarm lines

tied directly to the Central Facilities Area.

5. Fire Protection

The American District Telephone Alarm System is used. It consists

of manually operated alarm boxes placed at strategic locations. The boxes will

send alarms directly to the CFA and sound a bell over each box. Automatic

warning of fire is provided by photoelectric systems in the process area and the

exhaust stack. These will detect smoke and will trigger alarms on the site and

at the CFA.

Precautions have been taken to avoid fires. All electrical installations in

the process area are explosion proof to prevent the spark ignition of hydrocarbon

vapors. The chance of a hydrocarbon dust explosion in the melt area is small

and has been reduced by providing a closed induced-draft hood over the melt tank.

Ordinarily not more than ten 100-lb sacks of hydrocarbon are handled every other

day under normal operating conditions, and dust can not permeate the room air

if the material is handled properly.

If a fire should occur, it will be confined by the division of the OMRE facility

into three distinct areas, the provision of separate ventilation systems, and the

utilization of steel and concrete construction throughout. A 2-foot concrete wall

separates the process area from the control area. A concrete wall and fire door

with fusion-type hinges separates the storage area from the control area. Also,

all walls in the control area are made of steel. As an added protection, portable

hand-operated fire-fighting equipment is to be placed at strategic locations.
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6. Fencing

The OMRE area, which is a 400- by 330-foot rectangular plot, will be

enclosed by an 8-foot woven fire fence topped by 3 strands of barbed wire. A

similar type of fence will enclose the electrical substation.

After reactor start-up, Health Physics may determine some areas in the

region of the reactor that have above-tolerance radiation levels. These areas

will also be fenced to exclude personnel.

III. OPERATION OF THE FACILITY

A. PRE-OPERATIONAL TESTING

A pre-operational testing program will be conducted on the reactor com-

ponents, cooling circuits, organic purification system, and service systems to

verify adequate operability and to establish some of the operational parameters.

The tasks of the pre-operational testing of the facility fall into the construction

and checkout phases described below:

1. Construction Phase

a. Inspection and Operability of Inaccessible Components - System

components such as buried or encased piping and associated thermocouples and

heater circuits will be checked for operability and conformity to design specifi-

cations. Any malfunction of these components or deviations from design specifi-

cations will be rectified before construction proceeds to the point where the

components become inaccessible.

b. Coolant Loop Pressure Test - The coolant loops, including the

reactor vessel, the heat exchangers, and associated piping, will be pressure

tested to 925 psig using kerosene as the test fluid. This test will be conducted

prior to lagging and installation of heating circuits to determine the reliability

of the field assembly of the various components. The kerosene is used to deter

the formation of rust and scale which would otherwise result if the conventional

hydrostatic test were used. To minimize the fire hazard associated with kerosene

handling, all free liquid surfaces in the system will be blanketed with nitrogen gas

at all times.
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c. Induction Heating Circuits - Each circuit, after it is installed, will

be tested for proper temperature control and heat distribution as required by the

general operational scheme. Defective circuits will be replaced or repaired as

needed.

2. Checkout Phase

Upon completion of reactor construction and installation of all associ-

ated equipment, except fuel elements, a detailed inspection and test program will

be conducted on the reactor, controls, safety circuits and interlocks, monitoring

systems, pumps, purification system, fuel handling system, and other components.

The test program will be carried out on the various reactor components as follows:

a. Coolant System - The coolant system will be cleaned initially by

the use of in-line screens and filters to remove particulate contaminants from

the initial kerosene charge. The kerosene will be circulated by the coolant system

pumps during this period. Tests on the reactor cooling system will be made with

circulation up to and including full design flow. Special attention will be given to

possible leaks in piping or heat exchangers and to reliable pump operation.

General information will be obtained on the operability of the system pumps, heat

exchangers, valves, heater circuits, and instrumentation. The kerosene flush

will be removed from the system via the reactor drain line. Any residual kero-

sene will be removed by heating the system to approximately 300* F and purging

with nitrogen gas. The purge gas will be vented at the coolant loop vents located

at the inlet to the main air-blast heat exchanger.

Upon completion of flushing and purging, a diphenyl charge will be melted

and introduced into the system. Operational parameters of various equipment

and servicing systems will be established at this time.

b. Reactor System - The control and safety rod system and associated

instrumentation will be completely checked to insure proper operability. The

drive system will be disassembled and all linkages extending to the reactor core

will be removed and reinstalled through the diphenyl pool, as normally required

by the fuel-handling procedures. Artificial shut-down alarm and interlock signals

will be fed into the system and the response noted. Measurement of such impor-

tant parameters as rod release rate and time of fall shall be carefully made.
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Dummy fuel elements will be charged and removed according to normal

fuel-handling procedures. Handling will initially be performed on the dry core,

then through the diphenyl pool at approximately 3000 F. Any difficulties with the

various tools, alignment, or differential expansion due to temperature will be

rectified at this time.

The nitrogen supply, pressure reduction stations, and the control and relief

valves will be tested for operability and adequacy.

c. Purification System - Operability of the purification system equip-

ment will be established during this period. Synthetic mixtures of damaged organic

will be introduced through the still supply tank and the various operation param-

eters of the system will be noted.

d. Site Utilities - Utility systems will be given nominal tests to estab-

lish adequacy of operation. These systems are the water distribution system, the

electric power distribution system, and the sanitary sewage system. Slightly

more rigorous testing procedures will be applied to the building heating and venti-

lating and the fire-alarm and control systems.

B. CRITICAL ASSEMBLY AND INITIAL START-UP

Upon satisfactory completion of Part A, Pre-Operational Testing, the

reactor vessel will be filled with the normal operating charge of diphenyl. This

amount of diphenyl will afford approximately 14 feet of shielding at a bulk tem-

perature of 250* F for subsequent operations.

1. The irradiated antimony capsule will be removed from the shipping

coffin and placed in the beryllium sleeve element previously installed

in position for proper multiplication within the reactor during the

experiment.

2. Three aluminum tubing thimbles which will contain special neutron-

detector instruments (these are in addition to the regular installed

instrumentation) will then be inserted into the reactor. These thimbles

will be placed in three of the outer fuel channels normally occupied by

dummy elements. Each neutron detector will be placed on an individual

amplification and counting circuit which will be connected to the normal
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reactor safety circuits. The adequacy of the neutron detectors and the

correct functioning of the safety circuits will be tested thoroughly prior

to the actual fuel loading.

3. The first group of fuel assemblies will be loaded into the reactor and

measurements will be made of the equilibrium counting rates of each

detector with control rods inserted, partly inserted, and fully withdrawn.

The reciprocal counting rates observed on each detector channel will be

plotted against the total fuel mass in the core. The same procedure will

be followed for successive increases in loading until the reactor becomes

critical with a very long period. Expected critical loading requirements

will be closely estimated during approach to criticality.

During this operation rod removal will be controlled by hand-operated,

geared winches. There will be six winches - one for each pair of control

rods. The rod withdrawal speed is limited to 1.9 inches per minute on

the basis of a reasonable maximum winch-crank turning rate of 60 rpm.

This withdrawal speed is comparable to the maximum speed that the

hydraulic drive mechanism can remove a single pair of rods, 1.7 inches

per minute. The rods will be supported by a bridge designed exclusively

for the criticality experiment and will be electromagnetically coupled to

the winches. The electromagnets will be controlled by the normal reactor

safety circuits, which in the case of a scram obtain their signal from the

normal nuclear instruments.

4. Following completion of the critical loading, additional measurements of

the control rod worth, the mass coefficient of reactivity, and the steady-

state temperature coefficient of reactivity will be performed.

5. The entire reactor system will then be checked out at low reactor powers.

An important checkout procedure during initial low power operation (after

the special neutron detection instruments mentioned in (2) above have

been removed from the core and the reactor vessel has been closed and

pressurized) will involve the nuclear detection instruments that will norm-

ally be used during reactor operation. These instruments are in thimbles

on the outside of the reactor vessel. The output signals from the two

compensated ion chambers will be compared against each other and with

the outputs of the two uncompensated ion chambers. This will ensure

that the signal obtained from each is a true indication of the order of

magnitude of the flux level.
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Emphasis will be placed on determining under actual operating conditions,

the adequacy of the following systems:

a. Reactor coolant system

b. Fuel and core temperature monitoring system

c. Reactor gas blanket supply and exhaust system

d. Reactor shielding structures

e. Process ventilation and radiation monitoring systems



C. NORMAL REACTOR OPERATION

1. General Operational Parameters

The following ranges of operating parameters are necessary to deter-

mine thermal and reactor radiation damage in the hydrocarbons and to establish

the effects of this damage on the operating characteristics of a reactor.

a. Bulk coolant temperature between 5000 F and 7000 F with

accuracy of control 3* F.

b. Decomposition level of the diphenyl coolant between 0 and 30

per cent.

c. Fuel plate surface temperatures between 650* F and 8000 F

with control accuracy of i 3 F.

d. Coolant velocity through the core between 5 and 15 ft/sec.

2. Operating Personnel

The personnel assigned to operate the OMRE Facility will be employees

of Atomics International. All personnel associated with the facility will be

thoroughly trained in the details of the operational and safety procedures which

must be followed to ensure correct handling of the facility. Complete manuals

covering the operation and maintenance of the facility will be prepared. These

will contain circuit diagrams and drawings, blueprints, test and inspection

procedures, checklists, operational procedures, emergency procedures, and

other pertinent information. An experienced Health Physicist will formulate

procedures and direct the work associated with radiation and contamination

control at the reactor site.

3. Normal Startup Procedure

The following is representative of the startup procedure that will be

required in cases where the reactor and associated systems have been shut down

for an extended period. Core cooling as required during this period of shutdown

will be accomplished by free convective flow through the main coolant loop and

reactor core. Heat will be dissipated via the main air-blast heat exchanger and

the rate of heat removal will be controlled by louver adjustment only- - -the fans
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being de-energized. The auxiliary coolant-loop pump will remain energized during

any shutdown period to ensure freedom of circulation in this system at all times;

however it will not be used for heat dissipation during normal shutdown periods.

a. Close the louvers and trap doors on the air-blast heat exchanger.

b. Energize the heaters on the reactor vessel, coolant loop, and the

air-blast heat exchanger.

c. When the thermocouples indicate that the coolant circuit is at a

minimum temperature of 250* F at all points, start the main coolant

pumps and establish the coolant flow rate, as required by the specific

run being initiated.

d. Place the air-blast heat-exchanger fan controller on "manual,"

adjust fan pitch to zero, and start the fans. Manipulate the pitch

control of the fans to determine correct operability. Reset pitch

to zero.

e. Start the control-rod hydraulic-fluid pump.

f. Sound the start-up klaxon to notify all personnel in the area of the

imminent reactor start-up.

g. Unlock the control console.

h. Complete the reactor start-up check sheet:

Coolant flow gpm

Coolant flow scram setting

Coolant temperature indicators

operating and alarm setting gpm

Auxiliary coolant loop flow gpm

Heat-exchanger motor-driven

set point on "manual"

Coolant fan #1 amps

Coolant fan #2 amps

Blanket gas pressure psi

Low pressure gas scram setting psi

Control rod hydraulic pressure psi

Rod magnets energized

Manual rod control on

Manual-flux set-point control on
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Control-rod selector switch

on "program"

Fuel temperature indicators

operating and alarm setting

Safety circuit #1 setting

Safety circuit #2 setting

Period circuit setting

Counter operative

Estimated critical position, outer rods

inner rods

temperature

Previous critical position, outer rods

inner rods

temperature

i. Open the air-blast heat-exchanger trap doors. When the coolant

temperature has stabilized, match the motor-driven set point to

the indicated temperature and turn the controller to automatic.

Adjust the heat-exchanger louvers to give intermediate fan-blade

pitch.

j. Energize the facility warning lights and sound the klaxon. Visually

check the reactor and process areas to ascertain that all personnel

are clear.

k. Adjust the fuel-element temperature-indicator set point to match the

coolant temperatures; reset the alarm circuit.

1. Start removal of the rods by activating the manual rod-control switch

and observe the count rate meter circuit for neutron multiplication.

If indications are not normal, stop the rod withdrawal.

m. Continue rod withdrawal, establishing a reactor period of not less

than 20 seconds, until such time as a fuel-plate temperature increase

is indicated by the fuel temperature indicator alarm.

n. Continue rod withdrawal, establishing a fuel element temperature

25* F higher than that of the circulating coolant. Adjust the air

blast heat exchanger louvers as required to keep an intermediate

fan pitch. Turn off the exchanger heater.

o. Turn off the heater power to the reactor vessel and coolant loop.
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p. Manually adjust the flux set point to match the indicated flux and

switch flux controller to "automatic. "

q. Start the motor-driven set point on the heat-exchanger controller

and adjust to a predetermined rate. Adjust louvers as required.

r. When the coolant inlet temperature has reached the desired point,

turn off the motor-driven set point.

s. Set the manual temperature-indicator set point to the desired fuel

temperature.

t. Switch off the manual flux set point. The motor drive will now change

the reactor power until the desired fuel temperature has been reached.

Periodic adjustment of the air-blast heater-exchanger louvers will be

necessary to maintain the fan pitch in the intermediate region during

the power transition.

4. Operation on Automatic Control

The control system is primarily one of constant flux control. However,

slow reset of the flux set point is effected by fuel surface-temperature deviation.

Input signals to the flux controller originate from both an ionization chamber and

from a selected fuel-element-surface thermocouple. The output signal from the

flux controller is fed to the rod programmer.

The output signal from the air-blast heat-exchanger outlet temperature

controller energizes the fan pitch regulator. This control systems designed

to maintain the reactor inlet temperature within + 3* F in a power range of

from 1 to 16 Mw.

5. Normal Shutdown Procedure

The following procedure will be used to shut down the reactor from

steady-state operation in the power range:

a. Reset the manual fuel-element temperature indicator to match

the indicated coolant inlet temperature.

b. As the reactor power decreases automatically, adjust the louvers

on the heat exchanger as required to keep the fan pitch in the

intermediate range.

c. When the fuel-element surface temperature approaches the

temperature of the inlet coolant stream, energize the manual

56



scram switch. Make certain that all rods are at the bottom position

by manually running all magnets to the bottom.

d. When the heat-exchanger fans reach essentially zero pitch, stop

the fans.

e. Stop the main coolant pumps. Adjust the heat-exchanger louvers

as required to keep the bulk coolant temperature at 5000 F with

convective coolant flow.

f. Should the bulk coolant temperature drop below 5000 F, close

the heat exchanger trap doors.

D. REFUELING

The reactor vessel, as previously described, has a spent fuel storage

rack located in the diphenyl pool immediately above the core. This storage rack

is designed to contain 23 spent fuel elements. An indexing plate, which is placed

on the top flange of the reactor vessel after the control rod drive assembly and

the top shell have been removed, will accurately locate the fuel positions in

the core and the storage positions.

A grappling tool, which positively locks onto the fuel element, is inserted

through the top index plate and passed down through the shielding pool of diphenyl

to the element being handled.

Gamma radiation from the core at the reactor face during a fuel-handling

operation is reduced to approximately 30 mr/hr by the diphenyl pool above the

active fuel elements.

Reactor refueling, as required, may be accomplished by means of the

above described procedure without removal of the active fuel elements from the

reactor vessel and with a minimum of radiation exposure to operating personnel.

E. PURIFICATION SYSTEM OPERATION

1. Charging the Still

The still is fed by gravity from the still supply tank. This supply tank,

which will hold three 80-gallon batches, is in turn fed through a line which ties

into the circulating by-pass line on the main heat transfer loop. To limit the rate

at which diphenyl can be withdrawn from the heat transfer system, it is bled
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through a 1/4-IPS globe valve. This valve determines the bleed-off rate of

25 gpm for which the gas system was designed.

To fill the supply tank, all valves in connecting lines are closed except the

bleed valve, which is partially opened. The tank is allowed to fill from the by-pass

heater loop until the pressure reaches 300 psia. If the tank is initially at atmo-

spheric pressure, it will be almost filled when the gas has been compressed to

300 psia. The tank will be kept pressurized until the temperature drops to about

5000 F in order to avoid flashing. (The normal boiling point at atmospheric

pressure for damaged diphenyl is anticipated to be about 500* F.) After cooling,

the vent valve can be opened, and the pressure in the tank can be lowered to any

pressure above the vapor pressure of the liquid. The vent valve is then closed

to keep air from entering the tank. The supply tank is located above both the

distillate hold tank and the still and a batch of about 80 to 90 gallons is drained

to the still by gravity at the beginning of each run. Normally, the supply tank is

refilled as soon as a batch is drained to the still. A connection is provided in

the still supply tank so that chemical may be added if required.

The still is charged at a temperature of about 5000 F under a blanket

of nitrogen at atmospheric pressure. Under no circumstance will the feed be

added when the still is above the normal boiling point of diphenyl.

2. Distilling

After the still has been filled, the still circulating pump will be started to

circulate a heel of diphenyl left from the previous run. This will tend to actuate

the condenser or cause the pressure of the system to drop by condensation of the

diphenyl vapors. However, the nitrogen remaining in the system plus the non-

condensible gases released from the diphenyl will prevent the pressure from

dropping to the vapor pressure of the circulating diphenyl. When the pressure

ceases to decrease by the condensing action, the vacuum pump will be started

to remove the nitrogen and other non-condensible gases. A pressure regulator

down stream from the vapor trap in the vacuum pump line prevents the pressure

from dropping below a pre- set value of about 10 mm Hg.

When the pressure of the still drops to a setting of about 30 mm Hg, the

induction heating system will automatically turn on. The still-heating system

is controlled by the pressure, automatically turning off the heat when the pres-

sure exceeds 30 mm Hg. As distillation proceeds, the temperature of the still
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will gradually rise as higher and higher molecular weight materials are boiled off.

When the temperature rises to about 575* F, the temperature recorder controller

will automatically cut the heat to the still and the distillation will be complete.

3. Discharging the System

At the end of a distillation run, nitrogen is introduced to the still through

the distillate hold tank and the sy: tem is brought up to atmospheric pressure. At

this time it will be possible to sample the still bottoms. Except for a heel re-

maining in the still heating tubes, the bottoms can be drained by gravity to the

waste hold tank and then by gravity to the waste storage tank. If desired, the

still bottoms can be discharged directly to the waste storage tank, by-passing the

waste hold tank. In this case, a heel is not held up in the still heating tubes. The

diphenyl which has condensed in the vent header is drained to the waste hold tank.

After the distillate hold tank has reached atmospheric pressure, the diphenyl

is drained by gravity to the feed tank, leaving a sufficient diphenyl heel for the next

cycle. In addition to the distillate, sufficient fresh diphenyl from the melt tank

must be added to the feed tank to replace the waste, in order to provide a one day

make-up. This make-up can be pumped into the system at any time. However, if

the fresh diphenyl is added at the same time that the still supply is bled off, there

will be a minimum variation of liquid level in the reactor vessel and, hence, a

minimum demand for nitrogen. Since the temperature of the make-up diphenyl is

less than 3000 F, it is added to the main system through the expansion tank. Al-

though a check valve is located at the discharge of the pump, the shut-off valves

on the make-up line should be closed when the pump is shut off to prevent the

possibility of the system pressure backing up through the pump into the feed tank.
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IV. HAZARDS AND ACCIDENTS

A. GENERAL

The potential hazards of the Organic-Moderated Reactor Experiment have

been reduced to the point where, under normal operating conditions, the presence

and use of the reactor constitute no significant hazard either to the employees at

the site or to the population of the surrounding area. The hazard potentials under

other than normal operating conditions, however improbable they may seem, have

been reduced to values which are realistically tolerable even under the most un-

usual, though credible, circumstances. Nevertheless, the unique position which

this reactor system presently holds necessitates an unusually detailed discussion

of all aspects of hazards and possible accidents. Since the OMRE is the first

reactor to utilize a hydrocarbon as both coolant and moderator, the many previous

reactors which have long histories of safe operation can not be used indiscriminately

as criteria for judging the behavior of the OMRE.

In addition to the coolant-moderator feature, the OMRE differs from many

previous test and research reactors in other respects. As previously stated, the

purpose of this reactor is to obtain data on the rates of radiation and thermal

damage to prospective hydrocarbons and the effects of damage on the efficient

operation of this type of reactor system. As such, the reactor will not be used as

a source of radiation for the test of any unrelated materials, components, or

systems. Therefore, beam.tubes, test cells, and thermal columns have been

omitted, making it impossible to experimentally introduce a large quantity of

excess reactivity. On the other hand, the reactor has a positive temperature

coefficient of reactivity up to 4000 F and a negative coefficient above 4000 F in

the operating temperature range. Thus, large temperature changes in reactivity

are possible. This characteristic requires particular startup procedures and

control methods. Further, the dynamic and transient characteristics are different

from those of the single-pass reactors, since the OMRE is a three-pass system

with coolant flow upward through the core, downward through the moderator and

reflector, and then upward outside the thermal shield.

Because serious interest in hydrocarbon reactors is fairly recent, experi-

mental data on the properties of promising hydrocarbons is still being compiled. This

makes it necessary to place a somewhat greater reliance upon theoretical considera-

tions than might normally be expected.
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For the various reasons stated above, special precautionary measures will

be enforced during initial startup and operation of the OMRE. As operating ex-

perience is accumulated, the reactor power level will be increased on the basis

of extrapolation of this experience. For example, since there is insufficient

empirical knowledge on hydrocarbon burn-out heat flux at the present time, the

reactor will be pressurized at a level which will ensure that no boiling can occur

at the planned temperatures and power levels. Only after many experiments have

been performed with favorable results will investigations on the boiling character-

istics of organic-moderated reactors be permitted. Because of the positive and

negative temperature coefficient of reactivity, reactor excursions resulting from

inlet temperature transients will be observed very closely in the entire operating

temperature range as the power level is initially increased.

Considerable electronic analog study of the behavior of the OMRE has already

been conducted. The results of these studies are summarized in Section B.

B. SUMMARY OF PERTINENT INFORMATION

1. Reactor and Heat Transfer Loop Operating Conditions

Operating data and calculated performance of the reactor system are

given in Table I (reproduced on following page as Table II).

2. Safety Mechanisms

a. Fail-Safe Circuitry - Wherever possible, fail-safe circuitry has

been incorporated in safety circuits to ensure that the reactor will be scrammed

whenever there is a failure of any one of the safety-circuit components. This

will provide maximum fail-safe protection.

b. Duplications of Safety Components - As an added guarantee against

a reactor incident, duplication of safety components has been incorporated in two

ways: (1) Abnormal conditions which are reported by scram signals will also be

reported by corresponding annunciator alarms, thereby ensuring that manual con-

trol will be exercised whenever necessary; and (2) the two nuclear scram circuits

have duplicate channels and associated circuitry to protect against possible failure

of a single channel.

c. Control Rods and Release Mechanisms - The physical character-

istics of the control rods and their release mechanisms have been discussed in

Section II-C-2. The discussion here relates to those characteristics which
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TABLE II

OMRE DATA

Basis:

Hydrocarbon . . . . .

Maximum coolant velocity . .

Maximum fuel element surface temperature

Heat transfer area

U-235 loading . . . .

Hot channel factors:

Applied to bulk coolant temperature rise

Applied to film drop .

Applied to heat flux. . . . .

Fraction of total power generated in fuel plates

Position of control rods... .....

Diphenyl

15 ft/sec (7200 gpm)

800* F

500 ft 2

20.6 kg

1.38

1.32

1.23

0.909

All out (for purposes
of calculating flux
distribution)

Bulk Inlet Temperature, *F 500 700

Peak/Average Flux Ratio 3.15 2.79

Extent of Radiation Damage

% Tar 0 30 0 30

/ l// (viscosity ratio) 1.00 1.38 1.00 1.29

Bulk Outlet Temperature, *F 529.8 527.3 711.5 710.7

Maximum Heat Flux, Btu/hr/ft2 389,000 318,000 126,700 118,300

Average Heat Flux, Btu/hr/ft2 100,700 82,300 36,900 34,500

Reactor Power, Mw 16.20 13.25 5.94 5.56

Average Specific Power, kw/kg 786 643 289 270

Maximum Specific Power, kw/kg 3,040 2,485 948 887

Average Thermal Neutron Flux 2.61x101 3  2.13x101 3  9.57x10 1 2  8.95x10 1 2

in Fuel, n/cm2-sec

Maximum Thermal Neutron Flux 8.22x1013 6.71x1013 2.65x1013 2.50x1013

in Fuel, n/cm2-sec
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vitally affect the reactor safety system: the time required to initiate a rod insertion

and the rate and reliability of the rod insertion. The time required to initiate an

insertion of the rods is measured from the instant a release signal is applied to

the holding solenoid circuit until the magnetic field of the solenoid has collapsed

sufficiently to allow the rod to begin moving with an acceleration of essentially "g. "

This time is conservatively estimated to be 250 milliseconds. There is an addi-

tion delay between the time the rods begin their downward motion and the time at

which a substantial decrease in reactivity has occurred. Because the differential

worth of the rods varies with their vertical position in the core, this delay is

variable; however, the longest delay occurs when the rods are fully withdrawn.

A good measure of the shutdown capabilities of the system is the time required

for the rods to produce a one-per cent change in reactivity. Figure 11 relates

the distance of fall and the per cent reactivity change due to the control rods to

the time after release by the holding solenoids for rods which were originally in

the full out position. Several delay times are of interest: The time elapsed from

the instant the rods are released until a one-per cent reactivity change has occurred

is 185 milliseconds; the time from the instant a release signal is applied to the

holding solenoid circuit until the reactor is completely shutdown (i. e. , rods

fully inserted into the core) is 725 milliseconds.

These times are all based upon an acceleration of "g. " There are several

factors which could affect the validity of the assumed acceleration: buoyancy

forces, axial flow forces, transverse flow forces, and warpage. Buoyancy forces

tend to decrease the acceleration by reducing the net downward force; however,

the reduction in the downward force is small since the weight of the rod assembly

is large compared to the maximum buoyancy force. The average velocity of the

falling rod is greater than the downward velocity of coolant in the control-rod

region, causing an upward fluid friction component of force. The difference in

velocity is not large, however, and the fluid friction force is quite small compared

to the weight of the rod. The effects of transverse flow forces and warpage are

to produce friction forces which could, if not taken into account, seriously limit

the rate of rod insertion. The design of the rod assembly and its support points

is conservative in this respect, since it is based upon a maximum lateral thrust

due to flow, and an estimated maximum warpage due to temperature. Thus, the

friction forces tending to impede rod motion have been kept to a minimum and are

not expected to affect the assumption of a "g" acceleration.
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d. Response of Safety Circuits - The effective response times of the

scram circuits are listed below:

(1) Reactor period, less than 800 milliseconds

(2) Reactor power level, less than 50 milliseconds

(3) Time for 100 to 90 per cent coolant flow, less than

150 milliseconds

(4) Reactor vessel pressure, less than 500 milliseconds

(5) Fuel element temperature, less than 80 milliseconds

(6) Power loss to primary coolant pumps, less than

40 milliseconds

(7) Power loss to air-blast heat exchanger, less than

40 milliseconds

The only scrams which are likely to occur on a short reactor period and which,

therefore, are affected most by the time delays are numbers (1), (2), and (5). To

obtain the total delay, the magnet and rod delay times must be added to all of the above

circuitry delays. The actual delay as sociated with negative r eactivity insertion will

be dependent upon the position of the rods in the core at the time of release.

e. Alarms - Certain abnormal conditions, while not considered suf-

ficiently hazardous to warrant immediate shutdown, nevertheless may require

immediate attention of the operator. These conditions, discussed and then listed

below, will actuate an annunciator alarm designating the existence and location of

the abnormal condition. In addition, of course, an alarm is also sounded when-

ever one of the scram conditions listed in Section IV-B-2-f exists. During the

discussion of the alarms an attempt has been made to justify their existence by

considering only those conditions which are sufficiently dangerous to warrant

operator cognizance.

The fuel element temperature is one of the critical quantities to be measured

during this experiment. Immediate awareness of any increase in this temperature

is essential to the safe operation of the reactor. An alarm has been provided for this

purpose. Since these alarms are derived from any one of seven indicators which

also are supplied with scram circuits, they will also serve the function of warning

the operator when the reactor is approaching a scram condition. These indicators

may also be used to monitor the coolant stream temperature if operational experi-

ence indicates the desirability of this.
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In order to preserve the integrity of the experiments performed onthe OMRE,

it will be necessary to maintain a constant coolant stream velocity. In addition,

the stability of the reactor control system is affected by variations in the flow rate.

These considerations require the overall flow rate to be constant for anyparticular

run. Although a scram is associated with this condition, an alarm has also been

added to warn the operator of an impending scram condition.

Normally, the OMRE will be operating with a very high temperature coefficient

of reactivity. This fact make pos sible a change in reactor power as a result of a change

in the outlet temperature of the air-blast heat exchanger. To minimize the probability

of such a power excursion, an alarm has been provided to inform the operator of abnor-

mal temperature changes at the outlet of the air-blast heat exchanger. (Detailed anal-

ysis* indicates that the reactor is inherently stable, and that a sudden change in the

outlet temperature of the air-blast heat exchanger cannot create a hazardous power

excursion.)

Alarms on the reactor period and on the reactor power level will serve the

following functions: (1) To make the operator aware of an obviously dangerous

condition, and (2) to forewarn the operator of an approaching scram.

Vent lines from vessels in the reactor system and purification stream are all ex-

hausted through a single stack. Due to the possibility of the diphenyl becoming con-

taminated with fission products, the stack exhaust will be continuously monitored for

radiation and will sound an alarm when the contamination becomes a source of danger.

As a protection against pump damage, the existence of high temperatures

in the primary-loop pump bearings or seals will sound an alarm.

Should a failure occur in the power supplies to the log N chassis, the compensated

ion chambers, or the uncompensated ion chambers, the reactor would be without pro-

tection in the circuit associated with the failure. In this case, it is essential that the

operator be informed of the failure; hence, appropriate alarms have been provided.

An alarm has been provided for each individual rod indicating that it has been

withdrawn past an upper limit. This will indicate to the operator that this parti-

cular rod is in a position of minimum differential rod worth. Since one of the in-

herent properties of a hydraulic system is its susceptibility to drift, alarms have

*R. 0. Williams, Jr., "Hazards Analysis of the Organic Moderated Reactor
Experiment," NAA-SR-MEMO-1911A, June 15, 1957.
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also been provided to indicate when the rods are within a specified distance from

the bottom of the core.

High and low pre s sure alarms are also associated with the reactor vessel

itself. Since the boiling point of the organic coolant decreases as the pressure is

lowered, it is obvious that an alarm notifying the operator of this condition is

necessary. Conversely, as the pressure is increased, the integrity of the pressure

vessel is endangered; hence, alarm protection has also been provided for this

condition. Although these conditions will also have a scram associated with them,

it was felt that an alarm notifying the operator of impending difficulties would help

avert some of the unnecessary shutdowns. In addition to the reactor vessel, there

are other vessels in the system which it is possible to subject to higher pressures

than their design will permit. Among these are the still supply tank, the waste hold

tank, the distillate hold tank, the feed tank, and the drain tank. All of these have

been equipped with high pressure alarms.

Although there is a continuous indication of the liquid level in the reactor,

it is necessary to supply a signal to the operator whenever unusually high or low

liquid levels exist. A high liquid level is dangerous because of the piping involved

in the inert gas purge system located directly above the organic coolant. A low

liquid level could possibly indicate a leak in the over-all loop which would demand

immediate attention.

The nitrogen which circulates above the coolant in the reactor is supplied by

an inert gas manifold. Any decrease in pressure in this manifold indicates a de-

crease in the inert gas supply. An alarm has been provided to warn the operator

of an insufficient supply of nitrogen remaining in the section of the manifold being

used.

The hydraulic valves which operate thecontrol rods and the louvers on the

air-blast are actuated pneumatically. Loss of this pressurized air supply will

render the control system of the reactor inoperative. An alarm will notify the

operator of this situation. In like manner, loss of pressure in the control rod

hydraulic system will render the control system inoperative; hence, any pressure

loss will also result in an alarm to the operator.

Since the waste hold tank has no level indicator associated with it, this

vessel has been supplied with high and low liquid level alarms.

67



An alarm has also been provided to indicate high radiation levels in the

process area.

The following is a list of the existing alarms and the critical signals which

will cause an annunciation:

1. Waste hold tank pressure greater than 35 psig.

2. Distillate hold tank pressure greater than 35 psig.

3. Feed-tank pressure greater than 35 psig.

4. Drain tank pressure greater than 35 psig.

5. Still supply tank pressure greater than 310 psia.

6. Reactor vessel pressure greater than 310 psia.

7. Reactor vessel pressure less than 290 psia.

8. Inert-gas manifold pressure less than 500 psia.

9. Liquid level in reactor higher than 5 per cent of preset desired level.

10. Liquid level in reactor lower than 5 per cent of preset desired level.

11. Coolant temperature exiting from air-blast heat exchanger higher

than 50 F of operating temperature.

12. Coolant temperature exiting from air-blast heat exchanger lower

than 50 F of operating temperature.

13. Fuel element or coolant stream temperature higher than 50 F

of normal operating temperature.

14. Primary coolant flow less than 95 per cent of normal operating flow.

15. Positive period less than 10 seconds from compensated ion chamber

channel.

16. Positive period less than 10 seconds from pulse channel.

17. Reactor power level greater than predetermined safe limits.

18. High radiation in stack gases.

19. High radiation in the process area.

20. High temperature in pump bearings.

21. High temperature in pump seals.

22. Loss of power to log N chassis.

13. Loss of power to compensated ion chambers.

24. Loss of power to uncompensated ion chambers

25. Rods less than 5 per cent out.

26. Rods more than 95 per cent out.
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Low pressure in the air compressor.

Control-rod drive hydraulic pressure less than 25 psig.

Low liquid level in the waste hold tank.

High liquid level in the waste hold tank.

Alarm bus failure.

one of the

f. Scrams - The reactor will be automatically shut down whenever any

following conditions exists:

(1) Primary coolant flow less than 90 per cent of preset normal

operating flow

(2) Reactor vessel pressure less than 275 psia

(3) Reactor vessel pressure greater than 325 psia

(4) Fuel element or coolant stream temperature more than 100

above preset desired temperature

(5) Positive reactor period less than 5 seconds

(6) Reactor power levels greater than predetermined safe limits*

(7) Power loss to the primary coolant pumps

(8) Power loss to the main air-blast heat exchanger

In addition to the automatic scrams, a manual scram is available to the

operator for use whenever conditions warrant.

g. Interlocks - Interlocks are provided to prevent reactor startup

until all of the following conditions are satisfied:

(1) Power-on lock switch operated

(2) Source in place and adequate counting rate established

(3) Proper liquid level in reactor tank

(4) Proper coolant flow

(5) Proper reactor vessel pressure

(6) Power supply to ion chambers

(7) Run-safe switch operated

(8) Power to holding magnets

3. Reactivity Characteristics

The OMRE has a maximum excess reactivity of 10.4 per cent in a clean

state (at 4000 F). When the reactor is new, this is sufficient reactivity to override

*Safe limits are discussed in Section IV-D-1 and-3
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the xenon buildup after shutdown; but as the fuel becomes depleted, the reactor

loses its ability to compensate for this xenon buildup.

The negative reactivity attributable to equilibrium xenon and samarium is

equal to 3.27 per cent.

The neutron lifetimes for a clean or poisoned core at various temperatures

are given in Table III.

TABLE III

NEUTRON LIFETIMES

Lifetime - p.tse c
Temperature ('F) Clean Core Poisoned Core

200 113 108

500 123 113

700 144 138

The e stimated operating lifetime of the OMRE core with the initial loading

is 1800 to 2000 Mw-days at full power. This estimate is based on the assumptions

of some non-uniform distribution of fission products and full equilibrium xenon

poison.

Figure 12 shows the effective multiplication factor of the OMRE in the clean

and poisoned states. It can be seen from this figure that the temperature coef -

ficient of reactivity is positive up to 4000 F and is negative above 4000 F in the

normal operating range. It can also be seen that the maximum excess 8k available

is 11.75 per cent in the clean state at 4000 F. This corresponds to an excess

reactivity of 10.4 per cent. The total negative reactivity available for control

purposes is about 16 per cent. This allows the negative reactivity of the control

rods to produce a 5 per cent shut down (keff = 0.95), even when the reactor is in

clean state at 4000 F.
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4. Hot Channel Factors

The hot channel factor s which should be applied to the bulk coolant

temperature, FT, to the film temperature drop, FQ, and to the heat flux,

F4 ,have been evaluated for the OMRE and are summarized in Table IV below.

TABLE IV

HOT CHANNEL FACTORS

Cause FTFeF

Variation in fuel meat thickness 1.05 1.05 1.05

Variation in U-235 distribution 1.02 1.02 1.02

Variation in channel thickness 1.04 1.02 - -

Possible warping of fuel plates 1.05 1.04 --

Flow distribution resulting from

non-uniform pressure distribution

over core 1.01 1.01 --

Uncertainty of neutron flux

distribution 1.15 1.15 1.15

PRODUCT 1.38 1.32 1.23

The bases for the hot channel factors given in Table IV are as follows:

a. Variation in Fuel Meat Thickness - The values of the hot channel

factors which were calculated for this variation are based on the proposed

specification for the tolerance in fuel meat thickness, namely, 0.02 inch

.0.001 inch.

b. Variation in U-235 Distribution - The hot channel factors attribut-

able to this variation are based on the proposed specification for the tolerance in

U-235 spacial distribution in the fuel meat, namely, 2 per cent.

c. Variation in Channel Thickness - The values of the hot channel

factors arising from variations in channel thickness are based on the proposed

specification for the tolerance in channel thickness, namely, 0. 134 inch 0.007 inch.



d. Possible Warping of Fuel Plates - These values of the hot channel

factors are based upon the bending and compressive forces to which the fuel

plates are subjected during reactor operation by virtue of the non-expansion of

the colder end plates.

e. Flow Distribution Resulting From Non-Uniform Pressure Distri-

bution Over Core - These values of the hot channel factors are based on the

differences in coolant flow rate of the fuel elements. The differences in flow

are caused by the difference in pressure drop from the exit of the central

fuel element to the reactor vessel outlet and the pressure drop from the exit

of an outer edge fuel element to the reactor vessel outlet.

f. Uncertainty as to Neutron Flux Distribution - The uncertainty as

to the actual flux distribution is a necessary result of uncertainties in the material

properties and the mathematical description of the reactor. The error in the

calculated flux distribution which can be attributable to uncertainty in the material

constants is small compared to the error inherent to the assumed geometrical

model. In the fuel element, calculations of peak-to-average neutron fluxes for

flux distributions representing extreme variations in geometry bracket the peak-

to-average flux ratio of the actual distribution and differ from it by no more than

10 per cent. To protect against the maximum postulated variations in materials

properties and flux distribution throughout the core, an overall hot channel factor,

including the fuel element, of 1.15 was selected.

5. Reactor Radiation Levels

Calculated radiation levels in various locations because of activity

in the reactor core, thermal shield, and reactor vessel are summarized in

Tables V and VI.
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TABLE V

RADIATION LEVELS AT 16 Mw POWER OPERATION

Dose Rate
Location Gammas Neutrons Total

r /hr rem /hr rem/hr

Above reactor tank 5 insig. 5

Maximum intensity at ground level

near reactor 0.6 0.06 0.6

Streaming through coolant pipe tunnels:

a. At outlet of tunnels 12.5 7.5 20

b. At OMRE boundary fence . 0075 insig. .0075

''Sky shine" from reactor at 20 feet . 0001 insig. . 0001

TABLE VI

RADIATION LEVELS 24 HOURS AFTER REACTOR SHUTDOWN

(1 YEAR CONTINUOUS OPERATION AT 14.9 Mw)

Location
Dose Rate

mr/hr

Above reactor tank (cover removed)

Streaming through pipe hanger recesses:

No shield

6 inches ordinary concrete

9 inches ordinary concrete

12 inches ordinary concrete

All coolant outlets

7

110

36

15

5

20
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C. OPERATIONAL RELEASE OF RADIOACTIVITY TO SURROUNDING AREA

1. Release Mechanisms

Operation of the OMRE will result in the unavoidable release of some

radioactivity to the area surrounding the OMRE site. The normal release mecha-

nisms are as follows:

a. Organic leakage from main and auxiliary coolant circulating pumps

b. Gases and vapors purged from the reactor vessel

c. Organic vapors and gases discharged from the stack during

purification operations

d. Gases and vapors which are vented because of changes in coolant

volume, system depressurization, and draining of the system

e. Vented Argon-41 which is produced in the air space surrounding

the reactor vessel

2. Sources of Activity

a. Coolant - The carbon-13 in the hydrocarbon is activated to produce

carbon-14.

b. Coolant Impurities - Activation experiments using diphenyl indi-

cate that the impurities present will vary with manufacturer and batch. There-

fore, it is planned to select the supplier of the OMRE coolant on the basis of low

activation properties. The determination of the expected diphenyl activation in

the OMRE has been based upon the following assumed concentrations of impurities.

According to recent chemical analysis, the impurity concentration of the diphenyl

to be procured is expected to be about a factor of 100 less.

Sodium . . . . . . 2 - 27 ppm

Manganese . 0.6 - 1.8 ppm

Phosphorus . . . . . . 1.5 ppm

Cobalt . . . . . 0.1 ppm

c. Corrosion Products - Iron and manganese activity may exist in the

coolant as a result of system corrosion. This activity will escape from the system

by entrainment in the coolant vapor that is discharged with the purge nitrogen.

The coolant activity due to corrosion products is based upon an assumed mild-

steel corrosion rate of about 0.01 mil/month by diphenyl at 500 to 7000 F.
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d. Radiolytic gas - Irradiation of diphenyl produces radiolytic gas.

The approximate proportions are 90 per cent H2 , 6 per cent CH, and 4 per

cent C2H6. This gas mixture will become radioactive because of the carbon.

e. Nitrogen-parent C14 - It is estimated that at a reactor operating

temperature of 500 F and a nitrogen gas pressure of 300 psia, the solubility of

nitrogen in diphenyl will be of the order of 0.04 ft3/lb at standard temperature

and pressure. This absorption will result in the production of C14 by the N14

(n, p) reaction. It is assumed that the C14 produced in this manner reacts with

hydrogen to form a relatively insoluble gas. As equilibrium is established, the

gas is evolved and purged at the same rate at which it is formed.

f. Radioargon - Argon-41 is produced in the air space surrounding

the lower portion of the reactor vessel. As the reactor temperature is increased,

the air in this space expands and A41 is expelled to the stack.

3. Activity Levels and Discharge Rates

Assuming reactor operation at 10 Mw and a coolant makeup of

17 gallons per day, the approximate activities present in the coolant (based upon

the above concentrations of impurities) after operation for one year will be as

follows:
13 -4 14

Diphenyl (C ) 6.4x10 y4c/g, 5500y, C

Diphenyl Impurities

Na23(27 ppm) 7.6p c /g, 15h, Na2 4

55 5
Mn (1.8 ppm) 5.1,c/g, 2.6h, Mn5 6

31 3P (1.5 ppm) 0.13puc/g, 14.3d, P3 2

59 6Co (0.1 ppm) 0.081/Lc/g, 5.3y, Co60

Corrosion Products

Fe5 4  12pLc/g, 3y, Fe55

Fe5 8  0.1 6 pc/g, 46d, Fe59

Mn55 0.09pc/g, 2.6h, Mn56

The maximum quantity of coolant discharged to the atmosphere during a

period of one week is conservatively estimated to be as follows:
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a. Routine

Pump leakage at 6 gallons per day assuming

10 per cent vaporization 14 kg

Nitrogen purge at 0.5 scfm assuming design

efficiency of vapor trap 0.2 kg

Daily operation of purification system 6 kg

Total 20.2 kg

b. Non-routine*

Coolant temperature increase from

500 to 7000 F once during week 22 kg

Depressurization once during week 2. 1 kg

Total 24.1 kg

Corresponding to the above, the steady-state release rates averaged over

one week are: routine, 3.35x10-2g/sec; non-routine, 3.98x10-2g/sec; and

total, 7.33x10-2g/sec.

The weekly release rate of gases is estimated to be as follows:

a. Routine

Nitrogen-parent C14 gases 0.194 curies

Radiolytic gases, CH4, C2H6 <1x10-6 cries

b. Non-routine

Nitrogen-parent C gases, assuming

non-routine operations listed under b,above 0.116 curies

Argon-41, assuming coolant elevated from

500 to 700* F once during week 0.09 curies

4. Downwind Ground-Level Air Activity

The top of the exhaust stack of the OMRE is 11.3 meters above grade.

The stack is 16 inches in diameter and carries the exhaust from a 3200 scfm

blower. Using Holland's formula for effective stack height1 and assuming

adiabatic flow through the system, the effective stack height is approximated

by 11.3 + 7.02/u (meters), where u is the average wind speed in meters/sec.

*According to the planned operating schedule, non-routine operations occur only

infrequently. To assume weekly occurrence, therefore, is highly pessimistic.
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Using the above effective stack height, downwind activities per unit re-

lease rate have been calculated from Sutton's formula for a continuous elevated

point source. The calculations were made for strong lapse, neutral, and strong

inversion conditions, using the following parameters:

n C C u (m/sec)
-- y -z

Strong lapse 0.20 0.28 0.21 7

Neutral 0.25 0.21 0.12 5

Strong inversion 0.50 0.10 0.06 2

The factor n is the stability parameter, and C and C are the virtual diffusion
y z

coefficients in the crosswind and vertical directions, respectively. Values of

activity concentration per unit discharge rate versus distance obtained from these

calculations are plotted in Fig. 13. From these curves it is seen that the maximum

value occurs during the assumed inversion condition at a distance of 1.4 km. The

value of activity per unit discharge rate. under these conditions is 3.9x10~4c/cm3

per c/sec.

Therefore, assuming the maximum operational release during a period of

a week from both routine and non-routine operations, using the levels of

activity listed in Part C-3 above,and neglecting decay, the maximum downwind

concentrations of activity are as shown in Table VII.

From Table VII, it is seen that the sum of the ratios of activity concentra-

tion to MPC is 1.4x10-3. Thus, even under the assumed pessimistic conditions,

the combined effects of the various released activities is almost a factor of a

thousand less than the maximum permissible level. Therefore, the radiological

hazard in the surrounding areas because of OMRE operations will be negligible.

In the absence of wind, radioactive materials discharged from the stack

can return to ground level in the immediate area of the reactor. The maximum

hazard is established by estimating the upper limit of the concentrations of activ-

ity in the stack. Since non-routine release operations (defined in Part C-3) will

be performed only when the wind speed is greater than 0.5 mph, only routine

release need be considered. Accordingly, the estimated average stack concen-

trations of activity for routine release have been computed and are tabulated in

Table VIII.
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TABLE VII

MAXIMUM GROUND LEVEL AIR ACTIVITY RESULTING

FROM MAXIMUM OPERATIONAL RELEASE OF RADIOACTIVITY

FROM OMRE STACK (ASSUMED STEADY 10 Mw OPERATION)

Radioactive Activity MPC (air)2 Ratio

Isotope concentration c/cm3 Conc'n/MPC
c /cm

Na2 4  2.2x10-1 0  2x10- 6  1.lxlO-4

Mn5 6  1.5x10- 1 0  3x10- 6  5.0x10-5

P32 3.7x10- 1 2  1x10~ 3.7x10-5

Co60 2.3x10- 1 2  1x10- 6  2.3x10- 6

Fe 5 5  3.4x10- 1 0  6x10~ 5.7x10~ 4

Fe5 9  4.6x10- 1 2  1.5x10- 8  3.1x104

C1 4  2.0x10- 1 0  1x10- 6  2.0x104

A 4 1  5.9x101 1  5x10- 1.2x10~4

Total 1.4x10- 3

TABLE VIII

AVERAGE CONCENTRATION OF RADIOACTIVITY IN STACK DURING

ROUTINE OPERATION (ASSUMED 10 Mw STEADY OPERATION)

Radioactive Activity MPC(air) Ratio
Isotope Concentration c/cm3

Iooe3 ccmConc'n/MPC
c / cm

NA 2 4  1.7x10 7  2x10-6  8.5x10 2

Mn5 6  1.1x10 7  3x10-6  3.7x10-2

P 3 2  2.9x10- 1x10- 2.9x10-2

Co6 0 1.8x10~ 9  1x10- 6  1.8x10-3

Fe 5 5  2.2x10 7  6x10- 3.7x10~ 1

Fe5 9  3.6x10- 9  1.5x10- 8  2.4x10 1

C1 4  2.1x10- 7  1 x10- 6  2.1x101

Total 0.97

*Maximum Permissible Concentration
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Table VIII indicates that the total activity concentration in the stack is about

equal to the total MPC. Thus, even without further dilution of stack effluent,

routine operation during periods of calm is not a serious hazard to operating

personnel.

Non-routine operations leading to the release of radioactivity will result

in temporary high levels of stack activity concentrations. Under adverse con-

ditions, this activity might be introduced into the control room by stack downwash.

According to the findings of Sherlock and Stalker,1 however, downwash on the

lee side of isolated stacks does not occur to any appreciable extent, providing

the wind velocity does not exceed the stack draft velocity. Although the OMRE

does not have an isolated stack, it does have a draft velocity of 11.5 meters per

second. Further, the top of the stack is more than twice as high as the top of the

building. Therefore, it is believed that by restricting non-routine release opera-

tions to periods when the wind speed is between 2 and 11 meters per second, no

appreciable downwash should occur. It is planned to utilize air sampling and

visual observation during routine operations to determine the validity of this

assumption.

5. Accumulated Fallout From Stack

Because of its particulate nature,some fallout may be expected from the

OMRE stack effluent. (Filters will not be installed in the OMRE stack because

of the possibility of clogging by condensing diphenyl.) An estimate of fallout was

made assuming continuous deposition at a point under adverse conditions and then

adjusting this value for the expected occurrence of this condition. Since there is

scanty rainfall at NRTS, only dry fallout is considered.

An expresion is given for the ground concentration of activity from a con-

tinuous elevated point source as a function of distance from the source, when there

is a uniform particle settling velocity, v. The approximate rate of deposition was

obtained by multiplying this expression by the value of v. The expression indicates

that a maximum value is obtained for inversion conditions. Using the inversion

condition described in the preceding paragraph and avalue for v of 2 cm/sec, the

deposition rate, w, (curies/m2-sec), is plotted for unit emission rate,

(Q = 1 curie/sec), as a function of distances from the source in Fig. 14. It is

noted that a maximum value of the- fallout (1.6x10-5 curies/m2-sec), occurs

850 meters from the source.
*Equation 7.17, Reference 1
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Assuming steady-state deposition and neglecting decay prior to deposition,

the accumulated activity after a time, t, following the onset of deposition is

given by

C = (w/X )(1-e-Xt) curies/m 2

where X is the radioactive decay constant of the isotope. This expression was

evaluated for deposition occurring over the period of one year for the isotopes

occurring in the coolant vapor (on the basis of the assumed impurities). Maximum

operational release was assumed. The results are shown in Table IX.

TABLE IX

MAXIMUM GROUND DEPOSITION FROM FALLOUT FROM

THE OMRE STACK OCCURRING OVER THE PERIOD OF ONE YEAR

Radioactive Total Deposition (.c/m2

Isotope Column I* Column lIt

Na2 4  0.70 1.75x10- 2

Mn56 0.081 2.0xl0-3

P3 2  0.27 6.8x10-3

Co6 0  2.8 7.0x10- 2

Fe5 5  390 9.8

Fe5 9  1.1 2.75x10- 2

C1 4  0.024 6.0x10~ 4

*Assumes inversion stability condition, wind speed of 2 m/sec, constant wind
direction, and uniform particle settling velocity of 2 cm/sec. Levels for

Co6 0 and C1 4 based on coolant activity after one year of reactor operation at
10 Mw. Other figures based on equilibrium values of specific activity at this
power. All values based upon maximum operational release rates.

t Deposition adjusted for frequency of adverse fallout conditions.
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The values of fallout in Column I of Table IX indicate that the maximum

possible accumulated deposition is appreciable. When these values are adjusted

for frequency of the assumed adverse conditions, however, the maximum deposi-

tion is reduced considerably, as may be seen in Column II. The basis and

justification for the adjustment are as follows: The inversion wind rose for

surface winds at NRTS shows that the maximum frequency of inversion winds

in the range of 0.44 to 2. 2 meters/sec is only 5 per cent in any one direction.

Since strong inversion conditions prevail somewhat less than 50 per cent of the

time, the net frequency of this condition at any point is less than 2.5 per cent.

Winds at other speeds and under other stability conditions would, however, also

contribute to the fallout at this point. The steep slope of the curve in Fig. 14

indicates that this contribution is relatively small. The assumed release rate

is of the order of 50 per cent higher than the probable actual release rate. Since

this adjustment may be counteracted by deposition at the point at values of wind

direction and speed other than the maximizing values, an overall adjustment factor

of 0.025 is used.

Thus, for a particle settling velocity of 2 cm/sec, it is concluded that the

maximum deposition occurs 1.4 km from the reactor site and amounts to about

10Jc/m2. For higher settling velocities, the point of maximum is closer to

the reactor site and the total deposition is somewhat higher. For lower velocities,

the point of maximum is farther from the reactor site and the deposition is some-

what less.

6. Contamination of Ground Water

Most particulate radioactive materials released from the OMRE will

be suspended in diphenyl. Because of its high freezing point, the coolant quickly

solidifies after release from the system. Consequently, suspended contaminants

are effectively immobilized by the filtering action of topsoil without appreciable

transport to ground water. Further, the aqueous insolubility of diphenyl should

prevent significant leaching thereafter. Depending upon the conditions of an

accidental release, it should be possible to decontaminate by removing a thin

layer of topsoil.

Nuclear-instrument cooling is provided by a once-through water system

discharging to the ground. The radioactivity levels induced in the minerals con-

tained in this water have been conservatively estimated and the values are shown
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in Table X. These results are based upon the water analysis given in Table XIX

Appendix B, GEOLOGY AND HYDROLOGY. They show that induced activities

are well below the maximum permissible levels.

It is concluded that there is a negligible contamination hazard with respect

to ground water either through operational or accidental release of radioactive

materials from the OMRE.

TABLE X

CALCULATED RADIOACTIVITY INDUCED IN OMRE
*

NUCLEAR INSTRUMENT COOLiNG WATER

MPC Activity
Isotope Half-life (microcuries/ml) (microcuries/ml)

Ca 4 5  152d 5x10~ 4  8x10- 8

Fe 5 9  46d 1x10~ 4  5x10 1 1

Mn5 6  2.6h 0.15 5x10 6

S35 87d 5x10- 3  1.2x10 6

S37 5m 2 4x10 7

363x105 Y2x10- 3  2x10- 1 0

C1 3 8  38m 0.25 3x10- 3

Na2 4  1.5h 8x10- 3  4x10 4

K4 2  12.4h 1x10- 2  3x10- 6

Mg 2 7  9.5m - 2x10~ 4

Si 3 1 2.6h - 1.7x10- 6

*Assumptions: Water containing volume, 30.4 gallons
Flow rate, 2.4 gpm 10
Effective Thermal neutron flux, 10 nv
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D. POSSIBLE ACCIDENTS AND HAZARDS

1. Startup Accident

One of the most severe potential accidents associated with reactor

operation is the startup accident - i. e. , the uncontrolled withdrawal of the control

rods beyond the point at which the reactor is just critical. Though no danger is in

volved while the reactor power is still in the startup range, a very immediate

danger arises as soon as reactor power reaches the operating range. This latter

condition is the result of the extremely short period on which reactor power is

rising, with the associated possibility of extreme power transients. The basic

protection against the startup accident is to design the source strength and rod

withdrawal rate so as to produce the longest period possible in the power range

consistent with the physical limitations of both the source size and the rod with-

drawal rates. In general, large sources and slow rod withdrawal rates result in

longer periods in the power range. The OMRE source is a 20 -curie antimony-

beryllium source eminating approximately 5x10 neutrons per second. Because

it is located in the reflector, this source does not produce the same multiplication

as one which is located in the center of the core. The net effect of this offset

location is to reduce the average source-multiplied core flux and hence the power

at shutdown. Figure 15 illustrates the effect of offsetting the source. The esti-

mated power for anegative reactivity of 5 per cent is 21.5 milliwatts. The

effect of varying the rod withdrawal rate is illustrated in Figures 16 and 17 which

show the time dependence of reactor power for two rates of insertion of reactivity:

0.0001 per second and 0.0002 per second. Because of the serious reduction in

period at a given power level associated with the 0.0002 per second rate, the rate

of 0.0001 per second was chosen as the maximum rate of insertion for the OMRE.

The desirability of initiating a reactor shut down before the power reaches

substantial levels is obvious. Figure 18 shows the reactor period as a function

of time after critical for a reactivity insertion rate of 0.0001 per second. The

period scram is set at five seconds to allow ample time for the reactor to be

shut down while the power is still in the startup range.

In addition to the slow reactivity insertion rate and the large source, the

duplication of all startup instrument channels reduces the chance of a component

failure which could leave the reactor in an unprotected state while in the startup

range. The simultanous failure of all of the startup instrumentation is quite
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remote except for the complete loss of power, in which case the reactor would be

scrammed automatically.

The remote possibility of a complete startup instrument failure without a

failure of vital voltages to the remainder of the system requires additional evidence

that the reactor is still safe. Investigations of the reactor's behavior in the power

range during a startup accident have been conducted on an analog computer. In

this study, account has been taken of the positive temperature coefficient below

4000 F and the negative temperature coefficient above 400* F. The analog

representation is shown in block diagram form in Fig. 19. The initial conditions

for the analog studie s were taken from the analytic solution, which is only valid

below the power range where temperature effects may be neglected. Three dif-

ferent cases are considered: reactor inlet temperature at 2500 F, 5000 F, and

7000 F. In all cases, the reactor is pressurized to 350 psia (thus setting the

maximum safe fuel-plate surface temperature at 8500 F - i. e. , the point at which

boiling begins), and the coolant is flowing at the rated value of 7200 gpm. These

studies and the studies of hot and cold diphenyl transients (discussed in Section

IV-D-3) have both dictated the reduction in the over power scram setting as the

reactor inlet temperature is increased.

In evaluating the safeness of the scram set points selected, insofar as the

startup accident is concerned, the rods were pessimistically assumed to have their

minimum differential worth, whereas in contrast, for the initiation of the accident,

the differential worth was taken to be a maximum. The composite delay time

between the time the power reaches scram level and the rods begin to fall is taken

to be 300 milliseconds. The maximum scram set point is 16 megawatts, shown

here as 100 per cent power. This value is used up to 5000 F, while at 7000 F

the set point is reduced to 6.2 megawatts. The relation between set points and

inlet temperature is discussed further in Section IV-D-3.

Figure 20 shows the reactor power as a function of time for the case of a

2500 F initial inlet temperature. The overshoot to 32 megawatts has a duration

of 350 milliseconds, at which time the scram effectively reduces the power to

zero. The fuel element surface temperature shown in Fig. 21 reaches a maxi-

mum value of 6700 F. Thus, while the positive coefficient of reactivity has an

influence on peak powers, the low coolant inlet temperature allows a much greater

amount of power to be generated without an appreciable rise in fuel-plate surface

temperatures. Figures 22 and 23 show the power and temperature transients for
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the 5000 F and 7000 F cases. Here it is seen that the negative temperature

coefficient limits the power overshoot substantially and that fuel-element surface

temperatures, thoughhigher than in the 250* F case, are still safely below the

boiling point. Thus, even if the accident were to persist into the power range,

the overpower scrams would safely scram the reactor and terminate the accident

without damage to the reactor core.

2. Partial and Total Loss of Coolant Flow

a. Failure of Main Pumps - The mechanical components of the main

and auxiliary coolant systems most subject to failure are the pumps. The coolant

flow in the main system is divided equally between two pumps operating in parallel.

These pumps are independently driven by electric motors; hence, a simultaneous

mechanical failure of both during reactor operation is very unlikely. In general,

simultaneous shutdown of both main pumps could only be caused by a general

electrical blackout; however, the same power failure would also simultaneously

scram the reactor and, thus, present no particular cooling problem, since natural

convection cooling (discussed under "b" below) or the auxiliary coolant system on

emergency power would adequately dissipate the afterglow heat.

Of the possible consequences and hazards associated with pump failure,

the most serious is local boiling of the diphenyl in the reactor core. (Figure 24

shows the temperature-vapor pressure data for pure diphenyl.) Boiling is con-

sidered at present to be undesirable because of the lack of knowledge on burnout

heat flux for sub-cooled hydrocarbon liquids. It was therefore decided to assume

the conservative operational philosophy of avoiding boiling. Local boiling will

eventually be initiated in the core if a high level of heat generation is allowed to

persist in the core at a reduced coolant flow rate. It can, however, be avoided

if the reactor is scrammed within some maximum delay period following pump

failure. The maximum permissible scram delay time, as far as pump failure

is concerned, has been determined on the basis of the time required after failure

for the maximum fuel-plate surface temperature to reach the saturation tempera-

ture of diphenyl at 300 psia, or 8500 F. This time is, of course, a function.-of

the flow decay characteristics of the coolant loop, shown in Fig. 25.

To study the transient behavior of the reactor after the loss of both pumps

and subsequent reactor scram, an electronic analog computer was set up. This

analog was designed to represent the thermal characteristics of the reactor, the
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neutron kinetics (including five groups of delayed neutrons), the flow decay, the

time delay between pump failure and rod movement, and the reactivity removal

by the falling control-safety rods.

The initial conditions assumed in the study were a coolant flow rate of

7200 gpm (15 ft/sec through the fuel element) and a maximum fuel surface

temperature of 8000 F. These two conditions require that the reactor power be

reduced as the inlet temperature is raised. Since higher reactor power will pro-

duce a more severe temperature transient at any given inlet temperature, the

power level which gives the required initial condition of 8000 F maximum fuel

surface temperature was based upon an ideal core with unity hot-channel factors.

For example, a conservative power of 16 Mw in the fuel plates was assumed in

the analog study for an inlet temperature of 500* F, and a power of 4.7 Mw in the

fuel plates was assumed for an inlet temperature of 700* F. The inlet temperature

was varied over the entire operating range from 250 to 7000 F because it affects

the operating power and the temperature coefficient of reactivity. At inlet temper-

atures around 2500 F, the temperature coefficient is strongly positive. Thus, one

of the purposes of the analog study was to ascertain if a core temperature rise

during the delay period before the rod drop becomes effective could create a

hazardous condition.

The analog computer results indicate that simultaneous failure of both pumps

is not hazardous provided the delay time between the pump failure signal and the

beginning of rod motion is not greater than 0.85 seconds. This limit on delay time

is dictated by the initial conditions of 5000 F inlet temperature and 16 Mw power.

For these conditions, it may be seen in Fig. 26 that the maximum fuel surface

temperature reaches the boiling point of 8500 F when the delay time is 0.85 seconds.

The same delay time for high temperature operation at 7000 F inlet temperature

and 4.7-Mw power gives a maximum fuel surface temperature of only 820* F, as

may be seen in Fig. 27. At an inlet temperature of 2500 F, a power of 16 Mw*,

and a delay time of 0.85 seconds following failure of both pumps, the maximum

fuel surface temperature reaches only 6000 F.

Since there is a range of uncertainty of about 3 per cent in the flow decay

after 1 second of flow decay time, the effect of a very rapid flow decay was in-

vestigated. The flow was allowed to decay according to Curve 3 of Fig. 25.

*For this case, the initial maximum fuel surface temperature is less than 6000 F.
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This rate is about three times as rapid as the expected flow decay. At a power

of 16 Mw and an inlet temperature of 5000 F, the maximum fuel surface tempera-

ture increased from 8000 to 8600 F when the scram was delayed for 0.50 seconds.

At a reactor pressure of 300 psia, this temperature rise could produce local

boiling. However, in view of the fact that this is a very unrealistic rate of flow

decay, that the actual operating power level of the reactor at this inlet tempera-

ture will be somewhat less than 16 Mw when hot channel factors are included,

and that the actual scram delay time for the system is no more than 0.29 seconds,

it is obvious that the danger of boiling is actually quite remote.

b. Natural Convection Cooling - Another situation which was thoroughly

investigated was the possibility that the coolant would boil or even that the fuel

plates would melt, during the long period of gradual decay of the after-glow heat.

Calculations show that in the event of pump failure and subsequent scramming of

the reactor, the decay heat can be removed by natural convection cooling - that is,

with natural convection flow of diphenyl in the coolant loop and natural convection

flow of air through the air-blast heat exchanger. The analysis indicates that

under these circumstances the following conditions prevail: (1) The cooling

capacity of the air-blast heat exchanger is greater than the decay heat generation

rate and, therefore, the diphenyl temperature decreases with time; (2) the ratio

of free convection flow rate of diphenyl to forced flow rate of diphenyl prior to

pump failure is greater than the ratio of decay heat generation to heat generation

prior to shutdown. Hence, as a consequence of (1) and (2), the maximum fuel-

plate surface temperature must not only drop after shutdown but must continue

to gradually decrease with time. Thus, natural convection cooling will be com-

pletely adequate for removal of decay heat generated after reactor shutdown.

c. Total Loss of Coolant Flow in Main Loop - A total loss of coolant

flow in the main loop would occur if the hydrocarbon should freeze in any part of

the loop - for example, in the air-blast heat exchanger. In the event the main

coolant flow should cease, the reactor would be automatically shut down, and sub-

sequent coolant flow through the reactor would be maintained by the auxiliary

cooling loop, which is capable of removing the required reactor decay power.

3. Introduction of Hot or Cold Diphenyl

During operation of the OMRE, inlet temperature transients may occur

due to malfunction of the automatic controller which regulates the pitch of the fans.
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To determine the severity of reactor excursions resulting from inlet diphenyl

temperature transients, several cases were investigated on the analog computer.

The analog study for the cases of loss of fans and sudden increase in fan pitch is

discussed below. The results conclusively show that no danger from the tempera-

ture coefficient of reactivity exists when the overflux scrams are set at their pro-

per level and are operating satisfactorily.

a. Loss of Fans - A loss of fan motors or a sudden decrease in fan

pitch while the reactor is operating at or near full power will result in a rapid

increase of the temperature of the hydrocarbon entering the reactor. If the

reactor is operating at high temperature (~/700* F) and the temperature coefficient

of reactivity is negative, the result is a power decrease which, of course, pre-

sents no danger. However, if the reactor is operating at a low temperature

(~-250* F) and the temperature coefficient of reactivity is positive, power will

increase and a hazardous condition may possibly develop. Therefore, operating

conditions of 12.4 Mw power and 250 F inlet temperature were assumed for this

analog study. The air-blast heat exchanger cannot dissipate any more than

12.4 Mw power at this temperature so these conditions give the largest change

in inlet temperature and the largest positive temperature coefficient of reactivity.

A calculation based on a one-lump representation of the air-blast heat

exchanger indicates that loss of the fans will cause the inlet temperature to the

reactor to rise at about 5.6* F/sec. This transient, when placed on the analog

computer, yielded the results shown in Fig. 28. Note that, although power rises

rather quickly and 20-Mw power is reached in less than 4 seconds, temperatures

do not rise to a dangerous level.

Since this transient is more severe than any which can occur in the planned

schedule of operation of the OMRE, no hazard should result from increasing

diphenyl temperature transients.

b. Sudden Increase in Fan Pitch - The planned operating schedule for

the OMRE calls for operation at about 1 megawatt power and 700* F diphenyl

temperature. Under these conditions of low power and high temperature, a rather

severe reactor excursion is possible when the fan blades are suddenly moved to

the full-pitch position. The inlet temperature to the reactor will decrease about

500 F at a maximum rate of 11* F/ sec. Since the temperature coefficient of

reactivity is strongly negative at an operating temperature of 7000* F, this
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temperature transient will produce a rapid rise in reactor power level. The com-

puter results for this excursion are shown in Fig. 29. It may be seen that the

fuel surface temperature reaches a maximum of 8300 F in 4 seconds when the

over-flux scram is set at 8 Mw. Higher over-flux scram settings would cause

diphenyl boiling in the core for the above initial conditions. Fortunately, over-

flux scram set points can be reduced with high inlet temperatures, since the

power obtainable from the reactor decreases with increasing inlet temperature

because of the fuel element surface temperature limitation.

The maximum over-power scram setting, as a function of inlet diphenyl

temperature, is approximated by the following expression:

16
P = 325 (825 - T.)

where

P = over-power scram set point, Mw

T. = cold leg diphenyl temperature, *F.
in

This relationship is based on a scram set point of 16 Mw, a 500* F inlet tempera-

ture, and a maximum fuel element surface temperature of 8250 F. From this

equation the following over-power scram set points can be calculated:

Tin (*F) P (Mw)

750 3.7

700 6.2

650 8.6

600 11.1

550 13.5

500 16.0

The scram set point used to determine the power and temperature curves in

Fig. 29 was 8 Mw instead of 6. 2 Mw as suggested by the above tabulation. Since

the 8-Mw point does not result in an excessive temperature, the 6. 2-Mw scram

will give an additional safety factor.

The over-power scram set points listed above will be used in the control of

the OMRE in order to completely remove the hazard that would otherwise exit from

rapid changes of air-blast heat exchanger fan pitch.
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4. Loss of Pressure

A serious rupture in the reactor vessel or heat transfer loop can cause

a loss of pressure in the reactor. If (during the period when the pressure is

decreasing) the saturation pressure exceeds the actual pressure in the vessel,

some of the diphenyl will flash into vapor. This may cause vapor binding of

diphenyl in the core and possible physical damage and possible overheating of

the thin fuel plates. The high operating temperature of 7000 F is the worst

operating condition for loss of reactor pressure. The rate at which the diphenyl

temperature can be decreased by the air-blast heat exchanger operating at rated

capacity after the reactor is scrammed is shown in Fig. 30. The corresponding

saturation pressure-time curve for diphenyl is shown in the same figure. Also

shown in the figure are pressure-time curves for two different ruptures - one

above and one below the liquid level. These curves do not fall below the satura-

tion pressure-time curve. They indicate the size of rupture that can occur without

resulting in flashing of diphenyl in the reactor. Thus, in the event of a rupture

above the liquid level, or a rupture below the liquid level, the opening can be

thought of as equivalent to about a 0.39-inch diameter rounded orifice. It is seen,

therefore, that a fairly large rupture is necessary before the pressure in the

reactor vessel can drop below the saturation pressure and cause large scale

boiling or vapor lock in the reactor core. Since the probability of occurrence

of such a rupture is remote, it is obvious that from the standpoint of a resulting

reactor excursion, loss of pressure will not, in general, create a serious

radiological hazard.

5. Electrical Power Failure

Electrical power failure is not a hazard in the sense that it can cause

a reactor incident. The reactor instrumentation channels and reactor controls

are "fail-safe. " Power failure will initiate a definite sequence of fail-safe events

in the reactor. The solenoids of the control rod drives will become de-energized,

drop the control-safety rods into the core, and scram the reactor. Simultaneously,

the power failure will cause the main and auxiliary pump motors to become de-

energized. Fluid friction will gradually overcome the inertia of the hydrocarbon

in the heat transfer loop and cause the flow rate through the reactor core to de-

crease with time, as shown in Fig. 25. The core heat generation following

reactor scram and the accompanying flow transient will not result in excessive

fuel plate temperatures or boiling in the core. This conclusion is evident from
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Fig. 26, which illustrates the transients of the reactor for the case of a finite

delay time between failure of both main pumps and reactor scram. This is a

more pessimistic case than simultaneous occurrence of pump failure and reactor

scram.

Following this initial transient, natural convection through the main heat-

transfer loop will adequately dissipate the afterglow heat from the reactor at

temperatures below the boiling point of diphenyl at 300 psia. If, for any reason,

natural convection cooling does not function subsequent to power failure, after-

glow heat will be adequately removed by the auxiliary cooling loop, since the

pump motor will then be switched to the emergency electrical power supply.

During reactor shutdown after failure of the main power supply, "demand

power" is available from the emergency generator to the following equipment:

control console, auxiliary cooling loop pump, run-safe lights and flashers,

water booster pump, furnace, fire alarm and telephone, and emergency and exit

lights.

The electrical power for the well pump and OMRE security lights is not

supplied from the electrical substation on the site, but is supplied by separate

transformers mounted on a power pole outside of the pump house. Complete

failure of the substation will not cause well-pump shutdowns or an area blackout

since separate high-line wires feed to these transformers.

6. Fire Hazards

The fire and explosion hazards accompanying the handling of polyphenyls

will vary with temperature and state of particulate distribution. Flash and flame

temperatures for a number of polyphenyls together with their melting points are

given in Table XI.

TABLE XI

FLASH AND FLAME TEMPERATURES OF POLYPHENYLS

Compound Melting Point, *F Flash Point, *F Flame Point, *F
Diphenyl 157 223 255

Ortho-terphenyl 131 340 390

Meta-terphenyl 194 405 445

Para-terphenyl 415 405 460

Santowax R 293 375 460
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Other flammability characteristics of polyphenyls as a function of tempera-

ture and subdivision are given below:

Physical State

Solid

Flakes and large chunks

Dust suspended in air

Liquid

Near melting temperature

Near boiling temperature

Propertie s

The solid is difficult to ignite by open

flame. Since it must melt in order to

burn, the lower the melting point the

easier it is to ignite. The flame is very

sooty.

The explosive properties of diphenyl dust

suspended in air were determined by the

U. S. Bureau of Mines. The minimum

explosive concentration is 0.035 ounce per

cubic foot. Ignition can be produced by

open flame, by weak electric sparks, and

by hot surfaces over 12000 F.

The vapor pressure near the melting

point is low and ignition by a flame is

difficult.

It is easily ignited by flame and burning

is very sooty.

In the OMRE facility, it is possible that diphenyl may be found in any of

the physical states described above. The characteristics of the polyphenyls in-

dicate that the greatest fire hazard to the OMRE will exist when the diphenyl is

at its highest temperature. However, the hot liquid will ordinarily be contained

in vessels and piping and would be exposed to air only in the event of an abnormal

leak or rupture. If a rupture should occur in any equipment filled with hot di-

phenyl under pressure, the liquid will probably be sprayed into the atmosphere as

fine droplets and partially flash into vapor. Ambient temperatures will cause the

dispersed vapor to condense and solidify as a fine smoke or dust, causing a po-

tential explosion hazard. Of course, the occurrence of a rupture would be

discovered very quickly, and extraordinary precautions would be taken at that

time to prevent the ignition of diphenyl dust.
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Leaks in the system which are not large enough to be classified as ruptures

would not cause the hot diphenyl to be sprayed into the ambient space or cause

operations to be discontinued. Leaks are expected to occur at the pump shaft

seals, and they may occur at valve stem packing s and flanged joints. These

would ordinarily be slow leaks which would solidify quickly and cause no serious

fire hazard. Drip pans are provided for the pump shaft seal leaks. A leak

through a flange joint, vessel wall, or pipe would first saturate the insulation

(reducing its effectiveness), and then contaminate the induction heating coils be-

fore becoming exposed to the ambient air and solidifying.

In order to prevent the spark ignition of diphenyl vapor in the process area,

all electrical installations are made explosion proof. Automatic warning of fire

is provided in the process area and exhaust stack by a photoelectric system

which will detect smoke and, as a result, trigger alarms both on the site and

at the Central Facilities Area.

Handling as-received diphenyl powder in the storage and melt area could

cause small particles to become airborne and form a potential dust explosion

hazard. Normally, however, diphenyl powder will not be directly open to the

atmosphere inside the building. Sacks of diphenyl will be opened and emptied

into the melt tank under a closed hood which will be maintained at a reduced

pressure by an induced draft fan. During this operation, the quantity of dust

mixed with the ambient air should be insignificant. Diphenyl in storage, per se,

is a fire hazard, of course, but the usual precautions which have been established

for the industrial handling of inflammable materials should prevent a fire. In

the event of an accident in the storage area, damage will not occur inside the

operations building, because these areas are separated by a concrete block wall

and a steel door with fusion-type hinges which will cause the door to close auto-

matically when heated. A fire which originates in any other area will be confined

to that area; inflammable structural materials are not used in any of the interior

walls of the building.

7. Purification System Hazards

Precautions are taken in the design and the operation of the purification

system to prevent unnecessary hazardous conditions. Hot diphenyl is transferred

under a blanket of nitrogen. During the distillation process, the maximum tempera-

ture of the hot purification system will be 5750 F. Above this temperature, the
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still-heater controller automatically shuts off the still heater. Superimposed on

the temperature controller is the pressure recorder-controller which maintains

the system pressure at a safe and operable level.

At the beginning of each distillation cycle, the dissolved hydrogen and

non-condensable hydrocarbons are pumped out before the still is heated to

operating temperature. The concentration of the hydrocarbon in the vent gas

is reduced to a small quantity by a vapor trap.

The accumulation of heavy vapor in the purification area is prevented

by ten air changes per hour in the process area. The area is monitored by a

radioactivity alarm.



E. CONSEQUENCES OF ACCIDENTS

1. Fission Products Released but Retained in Coolant System

Fission products may be released into the coolant system by corrosion

or physical penetration of the fuel cladding or by cladding rupture or melting as

a result of an uncontrolled reactor excursion. If one of these unlikely events

should occur, the worst possible case would be for the entire fuel loading in the

core to be dispersed in the coolant. It is clear that these circumstances of com-

plete dispersion, while they may serve as a postulate extreme, are highly un-

realistic. However, assuming 10-Mw operation for a prolonged period,* the total

gamma activity in the core would be about 60 megacuries. If this were uniformly

distributed in the 5,500 gallons of circulating coolant, the specific activity would

be about 11,000 curies per gallon. This activity would be contained in the reactor

vessel, coolant piping, heat exchanger, and, to some extent, in the expansion

tank - all of which are shielded from areas of routine occupancy by a 2-foot-thick

concrete biological shield. In the event of total fission product release in this

system, it is estimated that the initial gamma dose rate on the control room side

of the biological shield would be about 330 r/hr.I The cumulative dose delivered

at this point as a function of time is shown in Fig. 31. Thus, although high dose

rates would be encountered, it is clear that there would be sufficient time for an

orderly evacuation before serious exposures were incurred.

Maintenance requirements will occasionally necessitate access to the pro-

cess area for short periods of time. Since this area does not have the benefit of

the biological shield, an accident would produce much higher radiation levels in

this area than in the control room. Also, because of closer proximity to the

radioactive area, the dose received by an individual in this area at the time of

an accident would be dependent upon his location. An upper limit of the possible

exposure is obtained by assuming that an individual is working immediately adja-

cent to an infinite length of 10-inch-diameter coolant pipe. The initial dose rate

at the surface of the insulation of this pipe would be about 6.7 x 105 r/hr. A plot

*Although the reactor has a peak power in excess of 14 Mw, the average power
over the course of the experiment will be little more than half of this value.
10 Mw is taken as a pessimistic estimate of the average power.

tOnly the dose due to radiation transmitted through the shield was considered in
the calculations. Although sky-shine may be appreciable, it will not be impor-
tant relative to the directly transmitted dose.
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of dose versus time for several distances from an infinite 10-inch-diameter pipe

is shown in Fig. 32.

In summary, in the event the total fission product activity of the core is

released to the coolant system, personnel protected by the biological shield would

be subject to high initial gamma dose rates. Prompt evacuation of the facility,

however, would almost certainly prevent the incurrence of exposures in the lethal

range. Initial radiation levels in certain areas of the process area would be suf-

ficient to deliver a lethal dose in a few seconds. The limited occupancy of the

area, together with the coolant radiation monitoring and alarm system, however,

limits the probability of lethal exposure in this area.

In connection with the above, it is important to stress the small likelihood

of the postulated accident. Further, the calculations are based upon the worst

possible case of such an occurrence; viz., total dispersal and a pessimistic (high)

estimate of average reactor power. Thus, in any real accident of this nature, it

is almost certain that personnel exposures would be substantially less than esti-

mated above. In the particular case where the possibility of lethal exposures

occuring in the process area is considered, it is estimated that occupancy of this

area will not exceed 2.5 per cent of the reactor running time. This factor, when

compounded with the slight probability of an accident, makes the compound pro-

bability of lethality insignificant.

2. Fission Products Released From Coolant System

a. Local Hazards - In order for appreciable quantities of fission pro-

ducts to be released from the coolant system, it is necessary that melting occur

in at least a part of the core and that a rupture occur in the system so as to pro-

vide a path for escape. Since it is deemed improbable that a power excursion

would cause rupture of the coolant system, the most plausible means by which

fission product activity might be released would be by rupture of the coolant system

leading to loss of coolant and melting of the core. Rupture of the coolant system,

however, does not necessarily ensure fission product release. Factors governing

the extent of this release, if any, include the magnitude and location of the rupture,

the bulk coolant temperature and pressure, the scram delay, and the reactor opera-

ting history.

Assuming that rupture and melting of the core does occur, it is unlikely that

all of the released fission products will escape from the coolant system.
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Condensation of volatile products on the walls of the system would be one factor

tending to reduce the escaping fraction.

Whatever the probabilities for fission product release may be, however, it

is still necessary to consider the possible consequences resulting from dispersion

of the total fission product activity. The worse possible case is to assume the

reactor has been operating for a long period of time at or near maximum power

and that all fission products are released. The consequences of this are con-

sidered below:

(1) Release Outside the Operations Building - A rupture of the

coolant system could occur in the piping exterior to the operations building. The

bulk coolant temperature could be as high as 7000 F at the time. When escaping

from the system at this temperature, it is possible for the diphenyl vapor to ignite

and burn in the presence of a flame. However, because of the limited number of

possible ignition sources, the probability of this occurring is rather small.

Actually, non-ignition probably represents the more pessimistic case with respect

to radiation exposure, because the density of a vapor cloud is greater than the

density of a cloud of combustion products and would therefore remain closer to

the ground.

As suming a bulk coolant temperature of 7000 F at the time of rupture, the

temperature of a vapor cloud would be approximately 6000 F. The volume of the

cloud corresponding to this temperature would be about 1.5 x 106 cu ft. Barring

combustion and assuming ground level release, the fission-product-containing

cloud would drift with the wind, and the hazard to per sonnel in the vicinity would

depend largely upon the existing meteorological conditions. This hazard has been

estimated by assuming that the cloud moves from the point of origin in various

directions and applying the total integrated dose concept of Holland1 to each case.

In utilizing this technique, it is conservatively assumed that the presence of the

operations building does not affect the dose received by individuals inside; i. e.,

it is assumed that the dose to reactor personnel is the same as that which they

would receive if they were standing in the open.

In the event of a relatively small rupture, the point at which it occurs may

be taken as the location of an instantaneous point source. In the event of gross

rupture, nearing explosive portions, an assumption must be made concerning

the initial dimensions of the cloud; from this dimension, the distance to the virtual

point source can then be calculated. Two cases of gross rupture are considered:
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(a) The dimensions of the hemispherical cloud (i. e. , the

outer boundary as defined by the locus of points where

the concentration is 1 per cent of that at the center of

the cloud) are defined by the volume of the vapor from

the total system coolant (i. e. , 5, 500 gal. ).

(b) The dimensions of the cloud are determined by the volume

of the vapor from that coolant in close proximity to the

reactor core (i. e. , 1, 500 gal.). Since melting of the

core is unlikely except when most of the coolant has

already been expelled, the latter case is probably the

more realistic for the finite initial volume model.

The following assumptions were made concerning meteorological conditions:

Virtual diffusion coefficient squared (assumed isotropic), C2 = 0.044

Stability parameter, n = 0.25

Average wind speed, u = 5 m/sec and 2 m/sec (2 cases)

The total integrated dose (TID) was then calculated for a point at the center

of the control room. The actual release origin (point source or finite volume)

was taken to be 60 feet northeast of the center of the control room. A nomogram'

was utilized in obtaining TID values, which are given in Table XII. The

frequency of the various wind directions as shown in Appendix A is also listed.

The high doses occurring for winds from the northwe st correspond to the

situation where the cloud moves directly through the control room. Based on the

above conservative assumptions, this is an overestimate for the dose at the center

of the control room. An exposure of this magnitude, however, might occur at one

of the outside walls of the building.

(2) Release Inside the Process Area - If the coolant system should

rupture at some point in the process room of the operations building, the worst

possible situation would exist if the entire fission product activity of the core were

immediately transported to this room. The total gamma activity in the process room

would then be of the order of 60 megacuries. If it is assumed that this activity is

uniformly distributed throughout the volume of the room, the concentration would

be about 3. 3x103 curie s/ft3. Based on this concentration and an assumed source

geometry corresponding to an infinite slab with a thickness of 40 feet, the initial

dose rate on the control room side of the biological shield would be about 2500 r/hr.
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The dose would be 23, 54, and 80 roentgens after 1, 3, and 5 minutes exposure,

respectively.

Except in the event of breakdown, the ventilating system would be operating

at the time of the accident and a certain amount of exposure would be received

in the control room because of radiation from the fission products that escaped

from the process room through the stack. If all fission products escaped by

this route, the total dose in the control room directly opposite the stack, 10 feet

from the biological shield and 4 feet above the floor, would be about 25 roentgens.

The dose from this source at 1, 3, and 5 minutes after the accident would be about

11, 17, and 21 roentgens, respectively. When these figures are added to those

TABLE XII

TOTAL INTEGRATED GAMMA DOSE IN CONTROL ROOM

FOR 100 PER CENT RELEASE OF FISSION PRODUCTS

AFTER OPERATIONS AT 10 Mw FOR 6 MONTHS

Surface Wind Frequency Dose in Roentgens

Direction (per cent) at Wind Speed of:

5 m/sec 2 m/sec

SW 30 110 250

NE 17 110 250

N 13 300 700

W 12.5 300 700

S* 7.5 300 350

NWt 5 400-2600 800-5000

E* 4 150 350

SEA 3 150 350

*The TID value for winds from the north and west were reduced by a factor of

1/2 to obtain the TID value for winds from the south and east. The dose for
winds from the southeast was assumed to be equal to those due to winds from
the south or east.

"The variation is due to differences in assumed mechanism of cloud formation.

High values are for an assumed point source. For other wind directions, assump-
tions concerning initial cloud formation made little difference in the calculated
TID values.
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obtained in the preceding paragraph, the total dose received in the control room

in 1, 3, and 5 minutes would be of the order of 34, 71, and 101 roentgens, re-

spectively. It is apparent that prompt evacuation of the control room would be

necessary to prevent serious exposures from an accident of this type. The

chance of release of all or nearly all of the fission products via the stack is very

small. In an actual situation of this sort, the induced draft fan on the exhaust

stack would be stopped to prevent, as much as possible, the escape of fission

products.

If appreciable coolant vapor should be released in the process room, some

quantity of the vapor would escape through the ventilating system and building

openings. Seals have been placed at all passages directly communicating with

the control room and other occupied areas so that fission products can not be

directly expelled to these locations. Fission products can enter the control room,

however, by re-entry from outside the building; and personnel in the control room

could be subjected to high levels of airborne fission product activity with their

attendant internal and external hazards. Without specifying a mechanism, it may

be assumed that, at most, 10 per cent of the total fission product activity finds

its way to the control room and that it is uniformly distributed in the air in that

room. On this basis, the concentration of activity in the control room would be

about 210 curies/ft3. Assuming a hemisphere with a volume equal to that of the

room, the total dose delivered at the center of the base in the first 3 minutes at

this initial concentration is about 4100 roentgens. For lower and probably more

realistic fractions of total activity in the control room, the total dose delivered

in 3 minutes would be proportionately lower, i. e. , 410 r for 1 per cent, and 41 r

for 0.1 per cent. At this latter figure, 36 minutes would be required to achieve

a total dose of 300 r. In cases where internal exposure would be a concern, this

hazard would be minimized by the standard procedure of donning gas masks or

respirators whenever a high radiation level emergency occurs.

It is reemphasized that the foregoing discussion is based upon maximum or

near maximum hazard without regard for the real probability of such an occur-

rence. For example, rupture of the system during the short period of the experi-

mental program is highly improbable. Further, even should rupture and subsequent

melting of the core occur, escape of fission product activity is not necessarily

assured. And, even if escape does occur, total release of fission product activity
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is unlikely. In the event of rupture occurring in the outside coolant piping, the

hazard to reactor personnel depends to a large degree upon meteorological con-

ditions existing at the time, and the most prevalent meteorological conditions are

those which would tend to minimize the hypothetical maximum exposure. With

respect to fission product activity entering the control room, this hazard, too,

is a function of the magnitude and conditions of release and the meteorological

conditions existing at the time. The location of the control-room air intakes and

the orientation of the building with respect to the prevailing winds, however, both

tend to minimize this hazard.

b. Hazards to Surrounding Areas - In spite of the improbability of

total fission product release to the atmosphere, the ultimate radiological hazard

to personnel in surrounding areas resulting from such an incident must be con-

sidered. The hazards to individuals subjected to an incident of this type are of

the following forms: external dose received from the passing cloud, internal

dose due to inhalation and retention of cloud-borne activity, and external dose

due to deposited activity. Conservative estimates of these exposures have been

made on the basis of Sutton's fundamental formulas and Holland's ' valuable

extensions of these.* Since experience in handling diphenyl indicates that fallout

may be significant, Chamberlain's1'4 correction has been applied to the non-

deposition case for two assumed velocities of deposition, 1 cm/sec and 2 cm/sec.

The locations considered in the calculations are CFA, SPERT, Atomic City,

and an arbitrary point 0.5 miles downward from the OMRE site. Atomic City is

the closestpopulated location outside the limits of NRTS. The tabulated values

for these locations are given in Tables XIII thru XVII and are based on the assump-

tion that the locality is directly downwind from the OMRE site. The release was

assumed to be an instantaneous, ground-level, point source of steady-power

fission products. The reactor was assumed to have been operating at a steady

power of 10 megawatts for a prolonged period without fuel replacement. Decay

of fission products was assumed to follow the t-0.21 relationship.

*In order to represent the pronounced diurnal variations occurring at NRTS,
exposures have been calculated for two sample cases: lapse and strong inver-
sion. The meteorological parameters selected for these conditions are as
follows: lapse diffusion coefficient (assumed isotropic), C = 0.5; stability
parameter, n = 0.20; inversion diffusion coefficient (crosswind), C = 0.11;
(vertical), Cz = 0.06; stability parameter, n = 0.50.
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3. Total Release of Coolant Without Release of Fission Products

After reactor operation at 10 Mw for 1 year, the total activity in

the coolant due to activated impurities (See Section IV-C-2-b) will be approxi-

mately 450 curies. If this quantity of activity were released unaccompanied by

fission products, the consequences would be roughly as outlined for total fission

product release but reduced by a factor of 10~4 to 10-5. Accordingly, exposure

at points other than the immediate reactor site would present no serious radio-

logical hazards.
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TABLE XIII

INTERNAL DOSE (rem) FROM FISSION PRODUCTS DURING 30 YEARS

FOLLOWING EXPOSURE (FISSION PRODUCTS INFORM OF SOLUBLE

COMPOUNDS). TOTAL FISSION PRODUCT RELEASE, 10 Mw STEADY POWER

Inversion (u = 2 m/sec)

Location Organ

Lapset

u = 7 m/sec

No

Deposition
With Deposition

= 2 cm/secvg = 1 cm/sec Vg

Muscle 1 10 3  138 19

Bone 68 6.5x10 4  9x103  l.2x103

0.5 mile
Kidneys <1 280 39 5.4

Thyroid 2.4 2.3x10 3  320 4.4

CFA Muscle <1 91 4.6 <1

(lapse 1%) Bone 3.7 5.8x10 3  290 15

(inversion Kidneys <1 26 1.3 <1
1%)*

Thyroid <1 210 11 <1

SPERT Muscle <1 76 3.6 <1

(lapse 10%) Bone 3.4 4.8x10 3  230 11

(inversion Kidneys <1 22 1.1 <1
4%)

Thyroid <1 175 8.4 <1

Atomic City Muscle <1 17 <1 <1

(lapse 1%) Bone < 1.1x10 3  23 <1

(inversion Kidneys <1 5 < 1 <1
2%)

Thyroid <1 40 <1 <1

*Percentages are the frequencies of wind under indicated condition with required
direction and speed to produce indicated exposure.

t Deposition values for lapse conditions not included because of small difference
involved.
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TABLE XIV

INTERNAL DOSE (rem) TO LUNGS DURING 30 YEARS FOLLOWING

EXPOSURE (FISSION PRODUCTS IN FORM OF INSOLUBLE COM-

POUNDS). 100% FISSION PRODUCT RELEASE, 10 Mw STEADY POWER

Inversion (u = 2 m/sec)

Location Lapse No With Deposition
Location u = 7 m/sec Deposition v = 1 cm/sec v = 2 cm/sec

0.5 mile 470 4.5x10 5  6.2x104  8.5x103

CFA 26( 1%)* 4.1x10 4  2.1x10 3  100
(1%)*

SPERT 22(10%) 3.7x10 4  1.8x10 3  85
(4%)

Atomic City 3.5 (1%) 7.8x10 3  160 3.4
(2%)

,TABLE XV

INITIAL EXTERNAL GAMMA DOSE RATE (r/hr) FROM MAXIMUM

DEPOSITED ACTIVITY (ONE METER ABOVE SURFACE)

100% FISSION PRODUCT RELEASE, 10 Mw STEADY POWER

Location Lapse U = 7 m/sec Inversion u = 2 m/sec

Rainout Fallout Rainout Fallout

0.5 mil 240 24 2200 550

CFA 10 ( 1%) 1 110 (1%) 28

SPERT 8 (10%) < 1 89 (4%) 21

Atomic City 1 (1%) < 1 14 (2%) 3.6

*Number s in parentheses are the frequencies of wind under indicated conditions
with required direction and range of speed to produce indicated exposure.
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TABLE XVI

EXTERNAL BETA DOSE FROM CLOUD (rem)

TOTAL FISSION PRODUCT RELEASE, 10 Mw STEADY POWER

Inversion(u = 2 m/sec)

Location Lapse No With Deposition

u = 7 m/sec Deposition vg = 1 cm/sec* vg = 2 cm/sec0

0.5 mile 8 5.4x103  750 110

CFA <1 (<1%)t 370 (1%)t 19 <1

SPERT <1 (10%) 340 (4%) 16 <1

Atomic City <1 (<1%) 60 (2%) 1.2 <1

TABLE XVII

EXTERNAL GAMMA DOSE FROM CLOUD (r)

TOTAL FISSION PRODUCT RELEASE, 10 Mw STEADY POWER

ILIInversion(u = 2 m/sec)

Location
Lapse

u = 7 m/sec

No

Deposition

With Deposition

vg = 1 cm/sec* vg 2 cm/sec*

0.5 mile 8 700 100 13

CFA <1 (<1%)t 160 (1%)t 8.0 <1

SPERT <1 (10%) 130 (4%) 6.2 < 1

Atomic City <1 (<1%) 45 (2%) <1 <1

*Dose based on uniform deposition of cloud particles at indicated velocity.

tNumbers in parentheses are the frequencies of wind under indicated conditions
(lapse or inversion) with required direction and speed to produce the indicated
exposure.
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APPENDIX A

METEOROLOGICAL CONDITIONS AT NRTS

The NRTS is situated in southeast Idaho on the broad, flat, Snake River

Plain (Fig. 33). This plain, the mountains surrounding it, the relatively high

altitude, and the location in the band of prevailing westerly winds control the

meteorological conditions.

As a result of the surrounding mountains, air entering the Snake River

Plain has been subjected, first to lifting, and then to a downward motion, and,

as a consequence, has lost most of its moisture. This action gives the area

relatively few low clouds and reduces the annual precipitation to desert-like

proportions. The large diurnal range of temperature and the accompanying

strong nocturnal inversion which characterize this region are caused partially

by the lack of moisture and cloudiness and partially by the altitude.

The mountains bounding the Snake River Plain channel the prevailing

westerly winds into a southwesterly direction in the NRTS area. However, the

mountains have an additional influence: they cause the development of mountain

and valley winds. During the day, these winds usually augment what can be

considered the normal southwesterly flow, but at night, they reverse their

direction and oppose the southwesterly flow, frequently causing northerly or

northeasterly winds to prevail over the NRTS. Annual wind roses for the 20-

and 250-foot levels at CFA (Central Facilities Area) for 5 years of record are

included as Figures 34 and 35. Lapse and inversion wind roses for the 20-foot

level at CFA for 1 year of record are included as Fig. 36. Temperature in-

version data for a 1-year observation period is summarized in Table XVIII.

Although precipitation at NRTS is infrequent and scanty, the wind frequency

during such periods is important with respect to wash-out from effluent clouds.

Observations have indicated that precipitation winds do not greatly differ from

the winds indicated in the annual wind rose of Fig. 36. Calms are less frequent

during precipitation periods, and the frequency of northeasterly and southwesterly

winds increases slightly at the expense of other directions.
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TABLE XVIII

SUMMARY OF TEMPERATURE INVERSIONS FOR THE YEAR AUGUST 1950 - JULY 1951

(TOWER DATA)

NATIONAL REACTOR TESTING STATION - CENTRAL FACILITIES AREA

(Reproduced from IDO- 10020)

Jan Feb Mar Apr May Jun I Jul Aug [Sep Oct Nov Dec Annual

Number of Nights With Inversion 30 27 30 27 30 30 31 31 28 30 28 28 350

Total Inversion Hours 342 347 340 294 288 322 368 403 363 418 358 320 4163

Per Cent of Time With Inversion 46 52 46 41 39 45 50 54 50 56 50 43 48

Average Daily Number of Inversion 11.4 12. 9 13. 3 10. 9 9. 6 9. 6 11. 9 13. 1 12. 1 13. 1 12. 8 11.4 11.7
Hours Per Inversion Day

Longest Inversion Period (Hours) 19 17 15 14 13 13 15 17 18 17 18 18 19

Longest Lapse Period (Hours) 57 57 61 91 48 19 16 13 65 82 57 86 91

Average Daily Maximum Inversion +7. 3 +6.4 +5. 6 +8. 1 +6. 2 +7. 6 +10. 1 +7.7 +8. 9 +7. 8 +6. 6 +6. 2 +7.4
Intensity (-F/100 ft)

Average Maximum LapseIntensity -1.6 -1.7 -2.0 -3.0 -3. 5 -3.7 -3.4 -3.3 -2. 1 -2. 0 -1.9 -1.8 -2. 5
(-F/ 100 ft)

A temperature inversion is defined here as a period of one hour or more that the temperature at the 100-foot level is greater than the
temperature at the 5-foot level.



APPENDIX B

GEOLOGY AND HYDROLOGY

The OMRE is situated in the southern part of the National Reactor Testing

Station area (Fig. 1), which is located in the southern portion of Idaho west of the

Snake River. The eastern boundary of the NRTS area is from 25 to 40 miles west

and northwest of Idaho Falls. The elevation of the area varies from 5, 000 feet

at the southern boundary to about 4,800 feet at the northern boundary.

The entire NRTS area is underlaid by a series of Pleistocene lava flows,

which are covered in places by a layer of soil or alluvium varying from a few

inches to more than 100 feet in thickness. Logs of wells indicate that the succes-

sive lava flows occurred at considerable time intervals. These flows, which vary

in thickness from about 35 to 150 feet, are frequently separated by layers of sand,

gravel, or clay. The lava, wherever exposed, is very uniform in appearance and

character and is very porous and vesicular in composition. Similar lava flows

cover approximately 200,000 square miles in Idaho, eastern Washington and Oregon,

and northern California. The lava is very fluid when hot and is thought, in general,

to have issued from fissures rather than volcanoes. Its fluid character accounts

for the large, nearly flat, level surfaces found in these areas. In addition to its

vesicular character, which accounts in part for its porosity, lava flows frequently

contain tunnels and cavities; this is a result of top cooling, which causes a station-

ary crust to form while the hot interior portion continues to flow, leaving a tunnel

or cavity.

The depth of the lava below the surface of the OMRE site varies from 0 to

16 feet as shown by a probe hole survey (Fig. 37), which includes topographic

contour lines. The location of the reactor was chosen to give rock footing for the

foundation at the required depth.

The lava plain of the Snake River is geologically young but the surrounding

mountains are mostly of great age. Many earthquakes have been recorded and

felt in Idaho; however, none were of sufficient intensity to cause more than minor

damage to buildings. Of the 24 recorded earthquakes with epicenters within the

state, seven were within approximately 100 miles of the OMRE site. One of these,

of unknown intensity, was at Arco. The seismic map of the United States shows

that most of Idaho, including the OMRE site, is in Zone 2, where moderate damage

may be expected. Some geologically recent faults cross the plains of this area
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beneath the lava beds, although their traces are not apparent on the surface. None

of the faults show indication of recent movement outside of the lava plain. It can

be expected that earthquake shocks will continue in the site area, but a prediction

of their intensity cannot be made with assurance.

There are four streams in the area: Big Lost River, Little Lost River, Birch

Creek, and Medicine Lodge Creek. Surface drainage at NRTS is toward a low area

in which the Big Lost River, Little Lost River, and Birch Creek formerly dis-

appeared. Construction of dams at the headwaters of these streams and irriga-

tion diversions have moved the disappearance points upstream. Although the

area is quite flat with only moderate slope, there is good drainage because of

the permeability of the earth, low water table, and scanty rainfall. Surface water

is rapidly absorbed. The water tables varies from a depth of 200 to 600 feet,

and it is estimated that a 600-foot deep well is required to supply water for the

OMRE. It is believed that at least 300 second-feet constitutes the underflow

beneath much of the NRTS area and that about 1500 second-feet flows under part

of the eastern and southwestern portions. The average rate of flow is estimated

to be about one-half mile per year.

A chemical analysis of a sample of water taken from the CFA well is given

in Table XIX. Waste water from the OMRE facility will be discharged above the

surface of the ground just outside the plant (east fence). From here, it will

flow in a northeasterly direction away from the facility.
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TABLE XIX

CHEMICAL ANALYSIS

Central Facilities (NRTS) Well (Tap Sample)

pH

Total Solids

Calcium

Magnesium

Iron

Manganese

Silicate

Nitrate

Alkalinity

Carbonate

Bicarbonate

Chloride

Sulphate

Fluoride

Hardness (as CaCO 3 )

Sodium

Potassium

Dissolved Solids

7. 9

240 ppm

39 ppm

14.4 ppm

0. 05 ppm

0. 02 ppm

32 ppm

Trace

0

124

25

20

0. 1

158

9
2

139

ppm

ppm

ppm

ppm

ppm

ppm

ppm

ppm
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APPENDIX C

POPULATION DISTRIBUTION IN NRTS AREA

At the present time, approximately 2250 inhabitants are within a

30-mile radius of the OMRE site. There are seven communities in this area,

with populations ranging from 25 to 961. These towns are listed in Table XX.

CENTERS OF POPULATION

TABLE XX

WITHIN A 30-MILE RADIUS OF OMRE SITE

T own Population Distance From Site
(miles)

Atomic City 450 7.5

Howe 100 16

Berenice 25 18

Arco 961 22

Moore 300 28

Mor eland 400 29

Rockford (not known) 29
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Within a 50-mile radius of NRTS, there are approximately 60, 000 addi-

tional inhabitants. Table XXIlists towns having a population of 300 or more in

this outlying area.

TABLE XXI

TOWNS WITH POPULATIONS GREATER THAN 300 LOCATED

BETWEEN A 30- AND 50-MILE RADIUS OF OMRE SITE

Town Populations Distance from Site
(miles)

Springfield 350 31

Shelley 1,856 39

Roberts 341 40

Aberdeen 1,486 42

Idaho Falls 19,218 42

Mackay 760 44

Lewisville 371 46

Ucon 449 46

Ammon 447 46

Alameda 4,694 47

Menan 432 47

Iona 518 47

Rigby 1,826 50

Pocatello 26,131 50

In the southeastern Idaho region, approximately 177,000 inhabitants are

situated within a 100-mile radius of the site. The major population areas are

about 40 to 50 miles southeast of the site.
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