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I. INTRODUCTION

The Atomic Energy Commission requested the Hanford Laboratories

of the General Electric Company to undertake the Plutonium Recycle Program

to develop the technology required for the utilization of plutonium fuels in

thermal heterogeneous power reactors. Early in the program it was apparent

that successful pursuit of the program would require concentration of the

development effort in three principal areas:

(1) Plutonium fuels,

(2) Reactor physics, and

(3) Chemical reprocessing.

Program planning studies concluded that a reactor facility was necessary

for the conduct of the program. These studies showed that an experimental

reactor was essential for accomplishment of the cycle physics, chemical

separations, and plutonium fuel technology programs. The reactor was to

provide facilities for:

(1) Irradiation testing of plutonium fuel and feed fuel elements,

(2) Direct investigation of reactivity and exposure effects from

isotope buildup on the uranium-plutonium fuel cycle,

(3) Production of pilot plant quantities of prototypical irradiated

fuels for fuel reprocessing and refabrication studies,

(4) Investigation of control characteristics, reactor dynamics, and

reactor operating problems for plutonium recycle operation, and

(5) Providing a convincing demonstration on the pilot plant scale

of the economics and practicability of various fuel cycles.

A heavy water moderated and cooled vertical pressure tube type

reactor was selected because it gave promise of best meeting the criteria

prescribed for the reactor.
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The following general criteria were established to delineate a

safeguards philosophy upon which the design was based:

1. Containment - Radioactive materials released in a plausible nuclear

incident must be contained within safe limits.

(a) The containment shall accommodate the worst credible incident. *

(b) The design shall include missile protection on all process equipment.

2. Control - The nuclear reactions shall be controlled at all times.

(a) The rate of reactivity increase is to be limited by system capacity

so that reaction time of the scram system will prevent unsafe

nuclear excursions.

(b) The excess reactivity available at equilibrium operation shall be

less than that which could cause prompt criticality.

(c) Emergency shutdown system shall be capable of overriding a

"worst credible power excursion".

(d) Systems shall be designed as fail-safe (malfunction to shut-down

reactor).

3. Process Systems - The simultaneous loss or compound failure of

any two system: elements shall not put the reactor in jeopardy.

(a) The loss of any two process components shall not endanger the

off plant environs.

(b) Simultaneous loss of two independent power sources shall not

prevent safe shutdown of the reactor.

(c) Simultaneous loss of two independent cooling (secondary) water

systems shall not result in fuel element melting.

4. Fuel Elements - The design shall provide adequate assurance that

fuel elements will not melt (See Control and Process Systems above).

(a) The maximum heat flux shall be limited to a value to avoid heat

transfer burnout. (the normal loading shall be limited to approximately

50 per cent of burnout).

* Worst credible incident is defined as the most serious plausible incident
even though having a negligibly small probability of occurence.
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(b) Individual tube coolant flow, temperature, and radioactivity shall

be monitored.

(c) Design and orientation of fuel element shall be such as to minimize

flow irregularities and consequences of inadvertent boiling.

5. Piping and Vessel Standards - Shall conform to applicable codes for

high pressure piping and vessels. An exception to this criteria is

the process tube design which was based on 80 per cent of the stress

causing a secondary creep of 1 per cent in 10 years at 500 F. Periodic

inspections will be made within the 10-year life limit.

6. Radioactive Waste Disposal - Facilities shall provide means of

control to insure that the release of radioactive materials is

accomplished within prescribed limits for radioactive waste disposal.

A preliminary safeguards analysis, based on the PRTR scope design,

was issued in July, 1957. Since then, some revisions have been made in the

design and improved, experimentally-determined, lattice physics constants

have been obtained. The continuing safeguards analyses, evaluating the design

revisions and the further defined physics constants, warrant publication of a

revision of the preliminary safeguards report.

The detailed design of the reactor, the plant, and site facilities is

eighty per cent completed. Construction has started on the reactor contain-

ment building and the service building. Before the startup of the reactor a

final safeguards analysis, considering the ultimate design and with more

extensive and refined calculations, will be presented as a succeeding report.

Since the Plutonium Fabrication Pilot Plant is located near the PRTR

and the question of interaction between the two facilities may arise, a

description of the Plutonium Fabrication Pilot Plant is given in Appendix H.
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II. SUMMARY

A. Reactor and Building

The PRTR is a vertical pressure tube type reactor, heavy water

moderated and cooled, with a thermal power rating of 70 megawatts. A

perspective view of the reactor and building is shown in Figure 1. Fuel

elements are charged into and discharged from the 85 Zircaloy-2 process

tubes from the top face. About 35 per cent of the fuel elements will be spike

enrichment plutonium elements and the remainder will be natural UO2

elements. Goal exposure for the UO2 fuel elements will be approximately

5000 MWD/T.

Control of the reactor is achieved by regulating the level of the

heavy water moderator, which is held in the reactor vessel by a helium gas

balance system. Thirty-six shim rods are provided to compensate for local

flux perturbations and to permit adjustment of the moderator level to the

desired control range for equilibrium operation. Emergency shutdown (scram)

is achieved by a gas-balanced moderator dump system which drains the

moderator from the calandria at a rate in excess of 20, 000 gpm.

Heat is removed from the recirculating heavy water primary coolant

by boiling light water in a heat exchanger to generate 425 psia steam. The

steam will be condensed in a barometric condenser before disposal to the

Columbia River.

An all welded steel cylindrical containment vessel, 80 feet in diameter

by 61 feet high, with a hemispherical dome and a hemi-ellipsoidal bottom,

will house the reactor. Over-all height of the containment vessel is 121 feet

6 inches, extending 75 feet above grade. The containment vessel will be

designed and constructed in accordance with Sections VIII and IX of the ASME

Boiler and Pressure Vessel Code (1956 Edition) and Code Cases No. 1226

and No. 1228. The design pressure of the vessel is 15 psig. Normal access

to the building will be by a personnel air lock, approximately 10 feet in

diameter by 15 feet long.
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Both the fuel and the moderator of the PRTR exhibit negative

temperature coefficients. The prompt or Doppler temperature coefficient

of the fuel is the chief inherent safety mechanism of the reactor, and is the

effect primarily responsible for the termination of major or fast excursions.

In a slow reactor runaway, moderator effects may also be of significance in

limiting the energy release.

B. Safeguards Analysis

The heavy water moderated and cooled PRTR is inherently a safe

reactor. Large additions of excess reactivity are required to initiate a serious

nuclear excursion; due to the negative temperature coefficient of the fuel

these excursions would be practically self-quenching. When the reactor is

operated with heavy water as both moderator and coolant there is nothing

present in the system which reasonably could rapidly be withdrawn from or

inserted in the core to give large additions of excess reactivity (> 20 mk).

The most severe incidents possible in the PRTR are those which do

not entail nuclear excursions. Such an incident could be caused by a break in

the 14-inch primary coolant line from the top ring header, with simultaneous

failure of the light water backup cooling system. Actually this would require

coincidental failure of at least two physically separated systems.

If such breakage were to occur, the heavy water coolant would rapidly

be expelled from the reactor; changes in system pressures and flows would

initiate dumping of the moderator. The resultant decrease in reactivity

would shut down the reactor, but the fuel elements would heat to the melting

point of zirconium in the dry tubes.

Chemical reaction of the melting fuel element jackets, plutonium-

aluminum alloy cores, and the process tubes would release 7, 000, 000 BTU.

The pressure in the containment building would reach 10. 1 psig which is less

than the design pressure of the vessel. No escape of fission products to the

atmosphere would occur.
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In later stages of the Plutonium Recycle Program it may prove

desirable to operate the PRTR with light water coolant and heavy water

moderator. Therefore, to provide design bases for the pressure vessel, it

was necessary to evaluate on a preliminary basis the hazards involving the

use of light water coolant. The evaluation for this case is included in Section

VII of this report.
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III. THE REACTOR AND BUILDING

A. Description of Reactor

1. Reactor Arrangement

The reactor is of the vertical pressure tube type, heavy water

moderated and cooled. It has a thermal power rating of 70 megawatts gener-

ated in 85 tubes. A perspective view of the reactor is shown in Figure 2.

A brief description of the reactor and associated systems follows. For more

detailed information the summary of engineering data is included as Appendix A.

a. Core and Reflector

The heavy water moderator, which is unpressurized, is contained in

an aluminum tank called the calandria. All welded, all aluminum construction

is used for the vertical cylinder 84 inches inside diameter and 115 inches

inside height. Passing vertically through the calandria are 85 fuel channels,

18 shim control channels, and 13 flux monitor channels. The 85 process

tubes are arranged on an 8-inch equilateral triangular lattice. Figures 3

and 4 show vertical and horizontal sections of the calandria.

To insulate the low temperature moderator from the high temperature

primary coolant a double wall fuel channel arrangment is used. The outer

shroud tube is aluminum and forms an integral part of the calandria. The

shroud tubes are welded to the bottom tube sheet and are sealed to the top

tube sheet by individual bellows to provide for differential thermal expansion.

Eighty-four of the shroud tubes are 4. 250 inches outside diameter with a

0. 060-inch wall thickness; the center shroud tube is 6 inches outside diameter

with an 0. 085-inch wall thickness. The large central tube will accomodate

special experiments.

The 85 vertical process tube assemblies provide pressurized water

cooled channels through the reactor in which uranium and plutonium fuel

elements can be irradiated. Heavy water coolant will flow upward through

these tubes; the maximum single-tube flow rate will be about 120 gpm.
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The process tubes are supported by shoulders at the upper end resting upon

mounting tubes supported by the top shield. Each process tube is connected

to ring headers by individual jumpers at the top and bottom faces of the

reactor, as shown in Figure 2. This design allows maximum flexibility in

the use of the reactor since tubes can be individually monitored or piped to

separate cooling systems.

Process tubes will be fabricated of Zircaloy-2 and will be 3. 250 . 010

inches inside diameter with a 0. 154 0. 008-inch wall thickness in the reactor

core. The lower ends of the tubes will be tapered to a smaller diameter with

greater wall thickness for ease of assembly of the lower face piping. Figure 5

shows the arrangement of the process tubes. The allowable design stress of

14,400 psi is 80 per cent of the stress required to produce a secondary creep

rate of 10~7 in/(in)(hr) at 500 F in vacuum-annealed Zircaloy-2. (1)

Attached to the lower end of the calandria is an annular dump chamber

which is connected to the calandria by a water trapped weir. The dump

chamber serves two purposes:

(1) it acts as a collecting header for a part of the moderator effluent

which is always passing over the weir and which is returned to the

moderator storage tank by an 8-inch drain line; and

(2) it acts as a temporary storage volume for a significant fraction of

the moderator during a reactor scram.

Using this nearby storage space increases the shutdown rate considerably.

The dump chamber is also connected to the moderator storage tank by three

nominal 8-inch gas lines.

At the top end of the calandria is an annular gas header. This header

is also connected to the moderator storage tank by four nominal 8-inch

lines which are normally closed by dump valves. If some unusual operating

condition causes the moderator level to rise high enough to overflow into the

(1) Fox, J. C. and Johnson, D. E., Design Basis for PRTR Process Tubes
HW-50337, May 24, 1957.
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the top gas header, a drain line to the moderator storage tank will carry

away the overflow; this prevents flooding of the gas lines.

Near the top of the calandria is an annular drain header connected to

the moderator tank by a horizontal row of orifices. About 70 per cent of the

moderator circulation effluent flows through this drain header when the modera-

tor level is at its normal operating height. When the moderator level is below

this drain system, i. e., during reactor startup, the entire moderator effluent

passes over the weir and out the dump chamber drain.

The moderator recirculation rate is 1100 gpm with a normal inlet

temperature of 137 F and a normal outlet temperature of 160 F. The modera-

tor is fed to the calandria via a 6-inch pipe which leads to a ring header. The

ring header supplies the water to a flat circular plenum extending across the

bottom of the vessel. The water feeds upward from the plenum through a

system of nozzles which distribute the water throughout the vessel.

The water reflector is contained in an annular cylinder 11 feet in

outside diameter and 7 feet inside diameter and 6 feet 10 inches height. The

vessel surrounds the calandria at the side and fits vertically between the dump

chamber at the bottom and the gas header at the top. The vessel is made

integral with the calandria with three common walls. The general arrange-

ment is shown in Figure 3.

The reflector is cooled by the recirculation of approximately 150 gpm

of water at inlet and out let temperatures approximating those of the moderator.

The water is fed into the system from the bottom by a 6-inch pipe which

terminates at the bottom of the vessel; it feeds into an annular flat plenum

which extends around the vessel to provide equal distribution of the water.

The water is drained from the vessel by an annular ring header

located about 6 inches below the top of the vessel. The ring header drains

into a 6-inch outlet line. Since the reflector vessel acts as the reflector

cooling loop surge tank, the vessel water level will be controlled to a point

a few inches above the drain header.

UNCLASSIFIED



UNCLASSIFIED -18- HW-48800 REV

Spaced around the reflector vessel at two different levels are nine

flux chamber holes and one test hole. These facilities consist of 6-inch

outside diameter aluminum tubes which penetrate the outer wall of the vessel

but not the inner wall.

To facilitate reactor core disassembly, all line connections to the

calandria and reflector vessel through the shields are made vertically.

b. Fuel Elements

It is planned that the initial loading will be of the spike enrichment

type using two kinds of fuel elements, Mark I with plutonium-aluminum alloy

cores and Mark II with sintered uranium dioxide cores. The uranium dioxide

will be PWR grade extruded or pressed and sintered to a minimum of 94 per

cent theoretical density. Plutonium-aluminum alloy cores will contain

plutonium in aluminum or in aluminum-silicon alloy. Other plutonium fuel

elements, such as uranium dioxide - plutonium dioxide or plutonium salt-

cerainic carrier cores, will be candidates for investigation during the

Plutonium Recycle Program development.,

Initially all jackets for fuel elements will be Zircaloy-2 or ZircaIoy-3,

0. 030 inches thick although at a later date other sheathing materials may

be used.

Fuel element assemblies will consist of a cluster of 19 rods, Mark I

element, as shown in Figure 6; a configuration of two concentric cylinders

and a central rod, Mark II element, as shown in Figure 7; or other as yet

undetermined shapes.

In the Mark I 19 rod cluster assembly each fuel element will have

the following dimensions:

Core (bare) 0. 504 inches O.D.

Jacket 0. 030 inches thick

Core Length 7 fet 4 inches
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Twelve of the nineteen elements will have a spiral wrapping of 0. 072-

inch Zircaloy-2 wire to space the elements for adequate coolant flow over

all surfaces. The bundle will also be wrapped in several places to maintain

alignment of the elements. Each element will be rigidly fastened to the bracket

at each end. Fuel element assemblies will be suspended by hangers supported

near the top of the process tube assembly.

Mark II concentric fuel element assemblies will contain three fuel

components arranged as a rod surrounded by two concentric tubes. These

fuel elements have the following dimensions:

Rod (bare) 0. 580 inches O. D.

Inner Tube (bare) 1. 065 inches I. D. x 1. 820 inches O. D.

Outer Tube (bare) 2. 300 inches I. D. x 2. 970 inches O. D.

Jacket 0. 030 inches thick

Core Length 7 feet 4 inches

These elements will be spaced by ribs or projections on the jackets

to assure adequate coolant flow over all surfaces. Elements will be rigidly

fastened to a bracket at each end. Fuel element assemblies will be suspended

by hangers supported near the top of the process tube assembly.

Concentric fuel elements are currently under development at HAPO.

Progress made to date in the development indicates that they will be avail-

able as uranium-bearing elements for the initial loading of the P1jTR.

Elements of this type have considerable economic advantage over cluster

elements.

c. Shielding

The biological shield of the PRTR consists of a cylindrical wall of

high-density concrete, 71 inches thick and about 21 feet deep. The inside

surface is faced with a steel liner, 1/2 inch thick, which also functions as

a gas seal for the pile atmosphere. That portion of the shield forming the

inside wall of the process equipment cell is filled with magnetite-limonite

UNCLASSIFIED
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concrete having a wet density of about 210 lb/cu ft, while the other half of

the shield is filled with iron-limonite concrete having a wet density of about

270 lb/cu ft. The inside face of the biological shield is kept below 120 F by

circulating water through 1/2-inch pipes attached to the concrete side of the

steel liner.

Supported inside the steel liner is the thermal shield consisting of a

series of twelve iron slabs, 6 inches thick. The purpose of this auxiliary

shield is to remove about 90 per cent of the energy escaping from the reflector

before it reaches the concrete biological shield. Individual thermal blocks

are about 3 feet wide and 11 feet high, and weigh about 4 tons each. They

are cooled by a series of vertical cooling tubes, leaded into grooves located

on the inside face. The maximum temperature in the iron thermal shield

is approximately 150 F. The thermal shield is supported near the bottom

by the side biological shield.

The calandria and core components of the reactor rest on the bottom

primary shield, which is supported by the steel reinforced base ring of the

concrete biological shield. The bottom primary shield, as well as the top

primary shield above the calandria, consists of a cylindrical steel tank,

40 inches thick, pierced by process, control, access, and monitoring

channels.

The space inside the bottom primary shield is filled with a mixture

of iron pellets and water, 63 per cent iron and 37 per cent water, by volume.

The minimum density of this mixture is approximately 285 lb/cu ft. In

addition to its moderating ability, the water functions as a shield coolant

which is circulated upward through the shield at about 50 gpm. This water

has an inlet temperature of about 145 F and an outlet temperature of about

185 F when the reactor is operating at its maximum design power level.

Directly above the calandria and reactor core is the top primary

shield, similar in construction to the bottom shield. The top primary shield

supports the process piping assembly and the reactor fuel elements.

UNCLASSIFIED
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Above the top primary shield is the top secondary shield which con-

sists of a stationary ring in which are mounted two rotating disks and an

access plug. Both rotating disks are supported on ball bearings. The center

disk is located eccentrically in the outer disk so that the eccentrically located

access plug can be positioned over any process tube. Details of the secondary

shield are shown in Figure 8. Components of the secondary shield are 27

inches thick and consist of steel forms filled with a mixture of steel punchings

and limonite grout having an average density of 320 lb/cu ft. The lower sur-

faces of the shield components are cooled by circulating water through cooling

tubes imbedded in the concrete.

Since a sizable leak in the primary coolant piping below the top second-

ary shield could build up a pressure great enough to lift the shield, it is

necessary to hold down the shield. The stationary ring will be held down by

six equally spaced radial hold down pins that protrude into sockets in the

reactor hall floor slab. Interlocking lugs will hold down the two rotating

discs and access plug when the shield is rotated to the operating position. The

discs must be oriented in the operating position to permit connection of the

shield cooling water lines. The hold-down devices are designed to withstand

the force exerted by an 18 psi pressure difference.

All components of the reactor shielding, except the side biological

shield, are designed in such a manner that they can be removed at some

future date to permit replacement of the calandria and core components.

The top and bottom shields reduce the n eutron flux escaping the core

by a factor of 106 as well as attenuating the associated gamma radiation.

The composite top shield assembly is designed to reduce these radiations

directly above the reactor at the reactor hall floor to a maximum level of

5 mrem/hr with the reactor operating. Radiation levels at the outside surface

of the side biological shield less than 1 mrem/hr in the hot shop, instrument

cell and experimental cell, and 10 mrem/hr in the process equipment cell

are assured by the design, excluding radiation from sources in these cells or

rooms.
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2. Coolant System

Heat generated in the fuel elements is removed by circulating heavy

water through the process tubes and a boiler type heat exchanger. Steam is

generated in the exchanger and dissipated in the river. The coolant system

flow diagram is shown in Figure 9. The primary coolant circuit is comprised

of:

a. Three recirculation pumps (two operating) which circulate 8400 gpm

of heavy water at a system pressure of 1050 psi through the reactor

and a shell-and-tube heat exchanger. The dynamic head of the pumps

is 100 psi.

b. A pressurizer, 3 ft 6 in. inside diameter and 14 feet high, provides

a surge chamber for the expansion and contraction of the coolant.

c. Auxiliary piping, valves, and instruments.

The reactor heat removed by the primary coolant (66 MW) raises

the temperature of the coolant from 479 F to 530 F. The primary heat

exchanger removes heat by boiling water on the shell side, and reduces the

temperature of the primary coolant on the tube side from 530 F to 479 F.

A temperature-controlled bypass around the heat exchanger maintains the

temperature of the primary coolant at 479 F.

On the steam side heat is removed by boiling 207, 000 lb/hr of water

into 425 psia saturated steam. The steam is throttled to 40 psia and piped

to a barometric condenser. Blowdown of 98 gpm at 450 F serves to purge

silica.

Cooling water for the barometric condenser is pumped from the

Columbia River at a rate of 6, 000 gpm. The effluent from the condenser is

returned to the river through an outfall structure.

3. Control and Safety Systems

The control and safety systems of the PRTR consist of (1) the

primary control system, which provides for automatic operation of the reactor;

(2) a manually adjustable shim control system; and (3) the emergency safety

system.
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a. Primary Control System

The primary control system of the reactor is based on the principle of

variation of reactivity of the reactor by variation of the level of moderator in

the calandria. Typical relationships of reactivity to moderator level are

shown in Figure 10; curves are shown in this figure for values of the migration

area (M 2 ) of 250 cm2 and 290 cm2 . These values are believed to represent

approximate limits for practical operation of the PRTR. These relationships

are valid for heavy water, light water, or organic coolant, since the effect

of the coolant on migration area falls within the range shown.

The moderator level in the calandria will be maintained and varied

by a helium gas pressure balance system. See Figure 11 for the primary

control flow sheet. The moderator in the reactor will be continuously recircu-

lated. Heavy water will be withdrawn from the storage tank below the reactor,

cooled in a heat exchanger, and fed into the calandria through a distribution

plenum. The heavy water will return to the storage tank, when the moderator

level is within the "normal" operating range, both through a series of discharge

ports in the upper part of the calandria and by flowing over the annular weir

at the base of the calandria. With the moderator level below the "normal"

operating range, the total outflow of moderator will be over the weir.

Moderator level is controlled by applying a differential helium gas

pressure across the surface of the moderator in the calandria and the surface

of the moderator in the annular weir at the base of the calandria. When a

pressure differential is established, flow over the weir will be suppressed

and the moderator will seek a level at which the liquid head exactly balances

the applied pressure differential. If the pressure differential is then adjusted

to a new value, the moderator level will change correspondingly until equil-

ibrium is again established. In similar manner, the calandria may be drained

rapidly by quickly equalizing gas pressures, this feature forms the basis for

the safety system.
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The pressure differential across the calandria will be established and

maintained by a helium compressor and associated control valves connected

between the outlet and inlet of the compressor. The positive displacement

rotary type compressor will have a capacity of 50 scfm. A small flow,

normally 10 scfm will bleed into the top gas plenum to supply a gas sweep

through the upper part of the calandria. Another small flow, normally 3 scfm

will be purged to the helium purification system. The equilibrium pressure in

the storage tank is attained when the remainder of the 50 scfm supplied by the

compressor is returned by the control valves to the compressor inlet. Thus

the differential pressure applied across the calandria is determined by the

setting of the control valves, and may be varied by changing this setting.

The control valves will be sized to maintain the moderator level within 0. 05

inches of the control point over a range of moderator levels (measured from

the bottom of the calandria) from 36 inches (91 cm) to 111 inches (282 cm).

This range will provide control action extending well below the minimum

level ~53 inches (-135 cm), at which the reactor might be expected to reach

criticality.

The maximum rates of increase of reactivity through increases in

the moderator level will be limited by the capacity of the helium compressor.

For negative level changes, short of scram, the limiting factor will be control

valve capacity.

Since the rates of level change will be limited by gas system capacities,

they will be dependent on the pressure difference and thus on the moderator

level. In Figure 12 are shown the relationships between limiting rates of

level change and moderator level; the corresponding rates of reactivity change

are shown in Figure 13.

The features of reactivity control through moderator level adjustment

make the PRTR particularly amenable to automatic control. A controller,

shown in block diagram on Figure 14, will be provided which will adjust the

moderator level control valve settings to maintain desired reactor neutron

flux levels and/or periods.
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Three input signals which will be supplied to the controller from the

neutron flux monitoring system are:

(1) a signal proportional to reactor power (neutron flux) level from the

high level channels;

(2) a period signal from the low-level logarithmic channel period amplifiers;

and

(3) a period signal from the startup (count rate) channel period amplifier.

The signals will be so selected by the controller as to provide period control

at reactor powers below the high level range; and power level control, with

short-period override, within the high level range.

A control programmer will be capable of directing control of the reactor

to provide, as a minimum, the following actions:

(1) Raise the reactor power, on startup, from initial shutdown levels to

a nominal value of power level (~1 MW), on period control, with the

period not to be shorter than a preset "demand" value.

(2) Hold the reactor at constant power level at the nominal value until

further command is received from a human operator.

(3) Upon command, increase reactor power at a preset rate to normal

operating level of 70 MW, or to such other "demand" level as may be

set.

(4) Maintain reactor power smoothly and evenly at the desired level.

(5) Upon receipt of certain emergency signals, reduce power level

quickly to 5 MW.

(6) Shut the reactor down by opening all control valves fully. All compon-

ents of the controller will be fail safe; i. e., failure of an operating

component will shut down the reactor by opening the control valves.

In addition to the above actions the controller will operate a valve,

designated the shutdown valve, to assist control valve action (Figure 14).

This valve will be a quick-opening type, with capacity equal to the total con-

trol valve capacity. The controller will open this valve whenever the reactor

power level exceeds the demand level, or the period is shorter than demand
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value, by preset amounts. It will close the valve again when these conditions

no longer exist. Opening of this valve accentuates control valve, action, pro-

ducing a rapid decrease in reactivity as shown in Figure 13.

b. Shim Controls

The shim control system is provided for gross adjustments of reactivity.

Primary purposes of the shim controls are: maintenance of the moderator level

within the normal operating range; compensation for fuel burnout; provision for

xenon override; and flattening of neutron flux or, if desired for experimental

purposes, depression of the flux in portions of the reactor. Operation of the

shim units is entirely manual, by means of switches located in the control room.

The shim control is not intended as a safety device.

Eighteen shim control units, as shown in Figure 15, are provided in

the reactor; locations of these units are shown in Figure 4. Each shim unit

consists of two "half rods ", about 36 inches long. The position of each rod is

individually adjustable by a loop of miniature stainless steel stud chain, driven

by a geared miniature electric motor. Indications of rod position are trans-

mitted to the control room by electrical position transmitters.

The rods are exposed directly to the moderator, eliminating the need

for separate cooling systems. In the "withdrawn" position they are contained

within the bottom shield, in tubes extending downward from the calandria

proper. Each rod is capable of traveling to the top of the calandria. The rods

are guided in their vertical travel by aluminum guides which act as the structural

"backbones" of the units.

Corrosion of the aluminum guides and the stainless steel stud chain

will be very low. The heavy water clean up loop will maintain the moderator

at about pH 7. This pH coupled with the low moderator system temperature,

137 F inlet and 159 F outlet, will result in a very low corrosion rate for the

shim control components. Failure of the shim controls by corrosion is con-

sidered a very remote possibility.
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The actuating motors and position transmitters are contained in the

top shield, and are enclosed in tubes extending upward from the calandria.

A radiation shield beneath the motors will attenuate reactor radiation to a

level compatible with desired life expectancies of the motors and transmitters.

Connections to the rod drive gear trains are made by flexible shafts.

Rod motion is controlled through switches in the control room. Maximum

speed of rod travel is 60 to 84 in/min. Rod positions are indicated in the con-

trol room.

c. Emergency Safety System

Reactor scram (emergency shutdown) .s quickly accomplished by a

rapid drainage of the moderator from the calandria. A scram is initiated

automatically whenever a condition exists which threatens the integrity of the

reactor or its auxiliary facilities, or it may be initiated manually by the opera-

tor. A reactor scram will be initiated automatically in event of any of the

following conditions:

(1) Abnormal pressure of primary coolant

(2) Abnormal liquid level in the primary coolant system pressurizer

(3) Abnormal flow of coolant in any process tube

(4) Short reactor period

(5) Abnormally high power level

(6) Low pressure of steam drum feedwater

(7) Low liquid level in steam drum

(8) High pressure in steam drum

(9) Low level in secondary coolant storage tank

(10) Low flow of secondary coolant

(11) Low pressure of instrument air

(12) High activity in building ventilation air

(13) High pressure in containment building

(14) High activity in secondary coolant

(15) Electrical power failure

(16) Earthquake of sufficient force,
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Four 8-inch gas equalizing lines connect the top gas plenum of the

calandria with the moderator storage tank gas volume. These lines are

normally closed by quick opening dump valves. The dump valves are held

closed by solenoids during reactor operation. Upon receipt of a scram

signal, current to the solenoids will be interrupted. Powerful springs will

then open the valves rapidly. At the same time the compressor in the

primary control system will be stopped and the control valves will open

fully. Gas pressures within the system will equalize rapidly and the modera-

tor will drain from the calandria by gravity.

The dump valves are designed to open fully in 0. 1 second or less,

and to have low resistance to gas flow when open. When the valves open,

gas pressures in the calandria will quickly be equalized. The moderator

within the calandria will immediately begin to drop into the dump chamber

under gravity flow. A small portion of the moderator flow will be returned

to the storage tank by the 8-inch drain line, but the larger part will be

retained in the dump chamber. The three bottom gas lines, with elevated

entrances, will permit the gas displaced from the dump chamber to flow to

the storage tank.

Within 1. 0 second after receipt of a scram signal, the moderator

level will have fallen 2 feet, decreasing reactivity by 18 mk (with a moderator

level initially at its maximum in the calandria). At this time the dump

chamber will have filled with moderator, and further flow will be limited

by the capacity of the four 8-inch lines leading to the storage tank. Under

these conditions the moderator level will continue to drop at about 0,.8 ft/sec,

the rate decreasing as the calandria empties. The average outflow rate will

be in excess of 18, 000 gpm. Within 8 seconds the moderator surface will

be at the level of the outflow weir. The corresponding decrease in reactivity

is approximately 1400 mk,

Figures 16 and 17 show the behavior of moderator level and of

reactivity during a scram. The curves are shown for the conditions with

the moderator initially at its maximum level. With the moderator initially
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at a lower level the rate of level change would be less; however, because of

the greater dependence of reativity on level at lower initial operating levels

the rate of reactivity decrease would be as fast or faster than those shown.

The safety system is so designed that the failure of two dump valves

to open will not materially decrease dump rates. Failure of a third valve

would decrease dump rates somewhat, but would provide rapid shutdown for

all conceivable incidents.

d. Instrumentation

Seven channels of reactor flux instrumentation are used. These fall

into the following four categories:

(1) Startup Channel

The startup channel consists of a fission chamber with a

remotely controlled positioning device, linear amplifier, log count

rate meter, recorder and period amplifier. The period amplifier

will be connected in the reactor shutdown safety circuit and will

"scram" the reactor on too short a period.

( ) Logarithmic Channels

The two logarithmic channels consist of two compensated ion

chambers, log amplifiers, period amplifiers and recorders. The

period amplifiers will be connected in the reactor safety circuit.

(3) High Level Channels

The three high level channels consist of three compensated

ion chambers, linear amplifiers and recorders. The three channels

will be connected in the reactor safety circuit. An interconnection

circuit with the logarithmic channels protects against instrument

failure by causing a "scram" if less than two of the three high level

channels indicate "on-scale" signals and the log channels are "off-

scale".
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(4) Galvanometer Channel

The galvanometer channel consists of two neutron sensitive

ion chambers, a differential galvanometer, and a level galvanometer.

The ion current from the two chambers willbe summed. These

chambers are used for reactor operation only and are not included in

the safety circuit. Safety backup is provided by the three high level

channels.

Additional instrumentation for operation of the reactor includes:

(5) Flow Monitor

The flow monitor will measure the inlet flow through each

reactor process tube and will actuate the reactor shutdown circuit if

out-of-limit high or low flows occur.

The system will consist of:

(a) 85 venturis, one on each process tube;

(b) flow meters, located in an instrument cell and equipped with

high and low flow trips and readout circuitry;

(c) a recorder and type-out system located in the control room.

(6) Temperature Monitor

The temperature monitor will measure the temperature of the

outlet flow of each tube and actuate alarms if an over-temperature

exists. A surface type resistance temperature detector will be

mounted on the outlet of each process tube; bridge and read-out cir-

cuitry will be located in the control room. This system will utilize

the same recorder and type-out equipment provided for the flow

monitor system.

(7) Water Activity Monitor

The water activity monitor consists of two main systems:

(a) The primary activity monitor, which will monitor the gamma

activity of small sample flows from each process tube and a
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bulk sample flow by means of G-M tubes, indicating any tube in

which a rupture has occurred; and

(b) the secondary coolant activity monitor, which will monitor the

secondary coolant for gamma radiation to detect traces of primary

coolant that may result from leakage in the heat exchangers.

(8) Power Calculator System

The power calculator system will monitor the power level of

the reactor as determined by measurement of the heat removed by

the primary and secondary reactor coolants. The system will consist

of two channels. One channel will measure the power generated in the

primary coolant loop; the second channel will measure the power

generated in the moderator cooling loop. Each channel will consist of

a temperature difference bridge and flow measuring instrumentation.

The output will be a signal representative of power level.

(9) Reactor Thermocouple System

Mineral insulated, swaged type thermocouples will be provided

for measuring temperatures of reactor components as follows:

(a) Moderator temperature within the calandria

(b). Thermal shield temperatures

(c) Top and bottom shield temperatures

(d) Main side shield temperatures.

Temperatures will be recorded and indicated in the control room.

(10) Steam Generation System

Standard power house type instrumentation will be used to

control the steam generation system. All signals will be transmitted

to the control room. The reactor shutdown circuit will be actuated

by a low feed-water pressure or low steam drum level.
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(11) Building Radiation Monitor System

Beta and gamma sensitive ion chambers will be located in

various locations inside the reactor building. Radiation level will

be indicated and recorded by instrumentation on a centrally located

panel. Air samples from enclosures containing primary coolant and

moderator piping will be monitored with beta sensitive detectors

for traces of tritium.

(12) Reactor Safety Circuit

The reactor safety circuit will cause a reactor shuttlown by

opening valves which will lower the moderator level. This shutdown

will occur when certain conditions exist that would result in marginal

reactor safety. Circuits will be designed "failsafe"; i. e., failure of

safety circuit components which would disarm subsequent trip signals

will cause a reactor shutdown.

(13) Other Systems

Additional instrumentation will include monitoring of flow,

temperatures, pressures, etc., of the gas system, coolant purifica-

tion systems and building services such as ventilation. Instrumenta-

tion will be standard types with all indicating and recording in the

control room.

4. Helium System

The reactor helium system performs four major functions. These are:

(1) To pressurize the primary coolant. The pressurization system is

composed of a high pressure storage tank, an intermediate pressure

storage tank, a high pressure booster compressor, an intermediate

pressure compressor, and appropriate valves, coolers, water traps,

etc.

(2) To provide a helium blanket for the moderator and a working fluid for

the gas balance system. This system was described in more detail in

the previous section on Control and Safety Systems.
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(3) To provide an inert and unactivated gas blanket around the reactor

core and to provide a working fluid for the water leak detection

system.

(4) To provide a high pressure fluid for standardization of the pressure

and flow instrumentation.

5. Fuel Handling System

Charging and discharging of the fuel elements will be done on an

individual basis through a hole in the reactor hall floor, while the reactor is

shut down. This hole is normally closed with a shielding plug. It is placed

eccentrically in a disk which is in turn located eccentrically in a larger disk.

By rotating the two disks, the port in the floor can be positioned over any

process tube, and discharging of fuel elements can be accomplished with the

removal of only a minimum of shielding. The shielding floor remains intact

during discharge operations.

The charge-discharge operation is based on the use of a large self

propelled fueling vehicle. This vehicle carries an unshielded tube for charg-

ing operations with unirradiated fuel elements and a heavily shielded cask

for both discharging and recharging of irradiated fuel elements. The arrange-

ment of the fueling vehicle is shown in Figures 18 and 19. This device is

about 25 feet high and weighs 50 tons. Much of the weight is concentrated

in the 12 1/2 inches of lead required as shielding to protect personnel during

discharge operations. The operator will control all operations while riding

the vehicle. Although one cannot directly witness the various operations

because of shielding and structures, the equipment is not remotely controlled

in the ordinary sense of the word.

New non-irradiated elements are removed from shipping crates and

stored in a pit under the floor of the reactor hall. From this location the

fueling vehicle using the charging tube can withdraw any element, carry it

to the reactor, and insert it into any one of the process tubes. Similarly,

when discharging, the vehicle and discharge cask can be positioned over the

UNCLASSIFIED



UNCLASSIFIED -47-48- HW-48800 REV

NO

PELt6 6009'O'

se oarrnN 'ar4IJAJ ap a

~TOQ O~lA/T4/A/R

xrA/.-4eL ," 4/- 506'QE5 FTOY F iW4A, V4' I

L(L41'SORE F * O/L/ '4g 0pQCA'"O

A'.CV 'cacc, ra,

A'eE -rE -'2LEA -S) .

f.MMW TEVCEAlf..' F~L M

VENT LAMY/4 79', 5 SE~aD O C-W06AE TUBE 6'w 9'/p
OV RN.EA TO COONECr/O
OVER SFTAM/ l/lM COC4+/EW

-ALSO, C?'.TV JCTQ5 6A7 'W OT / W.'w{V /2h 6A'/{r dt
CA&6 ' CLO C~JSos

ELEV

AMcr/-2 NE-C

claI 4W V/C IIIQA

O Ili ~/ ~6/040 AE

34E63 NA 4 INT4N40

aY/rF 4

_-O

C2I

T1T / ./'QO - /F7TUBEc !'CLO~

EcT7~/ON
Y 3.PFA 0

4FQ/ F 666c

-1'-' a'.Y!/ opWOO C NT rQQVE/F ~tC
/e lUN/NG DE/CE

AEC-GE RICHLAND. WASH.

MOTH & SpECIFICATIONS

I.ALL CONTROL MALL E ON THE VEHICLE.016
FOUNH MALL US TAKEN FROM A 'NEELITE" CABLE

U.ROCYVRAL FUMINO SHALL BE Al NECESSARY.
DETAUJ MSOWN ARE CINEMATIC ONLY

I 0 ISHALL RE OF CARON UTEL SUITABLY
PAIWTUO AND YtKIMNO IN A WORKMANLIKE
MANN U A

4.THVEHICL....QUIRED TO INDEX OVER A UTONMI
CML HOWN OM M--I AND SITS. TUW LOCATION

flS AN ADrIIONAL UOV OF FIXED IflzflNO NOLS
LOCATION OVER THE WATEN PIT NWVUH ONE INDEUINO
ftTm W ONTHE LONGITUDNAL UMLA

1.LUAF IILMNO MALL NAVE NOT OVEN S% VODS TEMS
WAL SB EE OO flflCLOSER TAN IN TOSD IN ANY 5N

OW YS.NUAC

K CONAEQT/ 51COQ

,96M S/LC

r'

[T[

4

L~I1
T I

56cr/ON O'

COvr/,L a/'

CONTROL AONEL

TQW0MS/rC
G 4 QMO roe

CEYVSS C4Q.0/AQF

CA 4EMVO $',C

CONTAL AONE C .oKSLE

1

F/at TrEAD C NF

. 41- f/V/Sty'12 36,
--.. [EE41PL y

SECT/O/ /)-D

FIGURE 18

Fueling Vehicle Arrangement

-. 'J55 ,JCCrc TRACK' C>Rc

I II"I I I

OPEN --

11
ZcVSOCE--- 

II - f

1 I/

'-a' I1

u

*Ij

I",

SECTION r- C~

UNCLASSIFIED

:1-i:'

LL,

f
/ O O



A

A

A

S

0

STORAGE PIT

HALL

FUELING
VECHICLE HOOK

_ REACTOR

CHARGE TUBE

__ DISCHARGE CASK

FUELING -
VEHICLEJ-

ATING SHIELD

CTOR CORE

1
0

FIGURE 19

Fuel Handling System

z

CD

ROT

REA

t-

di

I<I

STORAGE BASIN
DISCHARGE
WATER PIT



UNCLASSIFIED -50- HW-48800 REV

proper process tube and a hook lowered into the tube where it may be

attached to the fuel element. The irradiated element is then withdrawn

into the cask and transported to an underwater transfer conveyor where it

is released into a carrier. After receiving the fuel element the carrier and

conveyor tracks are tipped to an inclined position. The carrier is moved by

a hydraulic cylinder out of the reactor containment building endwise onto a

similar set of conveyor tracks in the storage basin where the whole assembly

is again set upright. The layout of the fuel discharging system is shown in

Figure 19.

The basin is equipped with a bridge crane for moving the fuel elements

from the carrier to the desired storage position. All of this equipment can

be operated in a reverse order of procedure to return an irradiated fuel

element to the reactor for further processing. It is designed to handle the

various fuel elements, the process tubes, or process tubes with attached

nozzles with equal facility.

6. Fuel Examination Facility

The PRTR fuel examination facility will be an air-cooled pit located

in the floor of the reactor hall. The facility will be used for examination of

fuel elements and process tubes irradiated in the PRTR.

Optical equipment will be provided to view, photograph, and measure

irradiated fuel elements and process tubes. Handling equipment will manipu-

late the element past the viewers. Elements will be cooled to prevent over-

heating. No sectioning equipment will be provided.

7. Fuel Element Load-Out Facility

An irradiated fuel element load-out building adjoins the storage basin.

Fuel elements will be moved under water from the storage basin to the load-

out facility by monorail. A 25-ton bridge crane is provided for transferring

the transport cask between the water pit and the truck.
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B. Nuclear Characteristics

The PRTR is a flexible experimental reactor and wide variation in

reactor loading is virtually certain. It is planned that the reactor will start

up and operate for a period of from one to two years with spike enrichment.

This will be followed by a transition to uniformly enriched loadings. The

amount of enrichment is strongly influenced by the choice of light or heavy

water for the reflector, since substantial flattening is required with a light

water reflector. Because of these considerations values are quoted for

startup conditions; 80 C neutron temperature, heavy water coolant and recycle

fuel of the Pu-Al type only for light and heavy water reflector, respectively.

1. Neutron Balance

The following values are more or less independent of the cycle

conditions and are determined by conventional calculations (:P-3, etc.) and

from data provided by Physical Constants Test Reactor critical experiments:

Thermal Utilization, f

Fast Fission Factor, E

Fermi Age, T

Diffusion Area, L2

Total Buckling,

U22 Fuel (MkIIb) Pu-Al (MkI)

0. 944 0. 92;6

1.02 1.00

164 cm2 163 cm 2

127 cm 2 133 cm 2

B 2

1.
10.

3.

H2 O Reflector, flat zone
H20 Reflector, buckled zone

D 2 0 Reflector

The nonleakage probabilities are therefore

-B 2 TFast nonleakage, e

23
23

96

x 10- 4 cm-2
x 10-4 cm-

2

x 10- 4 cm-2

H 2 0 Reflector, flat zone
H 2 0 Reflector, buckled zone

D 2 0 Reflector
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Thermal nonleakage, (1 + L2 B2 )-1

H 2 0 Reflector, flat zone 0. 98
H 2 0 Reflector, buckled zone 0. 88

D 2 0 Reflector 0. 95

Total nonleakage probability

H2O Reflector, flat zone 0. 960
H2O Reflector, buckled zone 0. 748

D 2 0 Reflector 0. 893

The infinite multiplication constant is determined by the excess

reactivity required. The figures given will be discussed in later

paragraphs.

EXCESS REACTIVITY REQUIRED, mk

Operating: H 2 0 Reflector D 2 0 Reflector

Flat Zone Buckled Zone

Equilibrium Xe
and Sm 34 29 33

Fuel Temperature 15 12

Inserted Shim 20 10 30

69 39 75

Shutdown: Total Zenon and Samarium at 2 hours ~ 0. 060

To these excess requirements is added an arbitrary 0. 010 mk to

allow for fuel depletion between charge-discharge operations so that

the total infinite multiplication constant for each case is

H 2 0 Reflector

k (flat zone) = 1,079 = 1. 124
0:960

k (buckled zone) = 1. 049 = 1.402
00 0.748
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D 20 Reflector

k = 1. 085 = 1. 215
0. 8 93

and the required value of rip, the number of neutrons produced per thermal

neutron absorbed in fuel is

H2 0 Reflector

k
op (flat zone) = = 1. 167

k
rp (buckled zone) = = 1.514

D20 Reflector
k

rp = = 1. 262

2. Reactivity Control

a. Level Control

The level control strength varies strongly with the moderator level

height. The vertical buckling is given by

B2 = 72

where H is the sum of the fuel element length and the top and bottom reflector

savings, if any, which are slightly smaller than the reflector thicknesses.

As a first approximation the reflector savings may be set equal to the reflector

thickness (a good approximation if the reflector is sufficiently thin) and H

is then just the height of the moderator level above the bottom of the tank.

The vertical nonleakage probability is in the one- group approximation, given

by

1 H2

1 + M 2 B2  H 2 + M2 2r.
1I
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Where M2 = L2 +- .T 290 cm2 for the cases described in the previous para-

graph. The reactivity effect of a change in level is therefore approximately

dk dW _ 2M2 2 dH

k W H (H2 +M 2 r2 )

1 dk
The moderator level coefficient of reactivity, -1--, for several values of

k dH
M2 is presented in Figure 10 (page 29), together with the vertical nonleakage

probability W.

b. Shim System

The strength of the individual rods in the shim system depends upon

the moderator level, xenon poisoning, and the number and position of other

shim rods which may be inserted in the reactor. The shim rods will have

their maximum individual effectiveness if the moderator level is low, as

during startup. An isolated rod near the center of the reactor is more

effective than a rod near the edge or one surrounded by other rods. A system

with a total strength of the order of 36 mk in the normal operating reactor at

full power, and such that under any conditions the loss of two rods from the

core will not increase reactivity by more than 6 mk has been adopted as the

specification for planning purposes. The basin design of the shim system

affords considerable flexibility in the design of the neutron-absorbing portion,

which can be altered when necessary to meet the requirements of particular

reactor conditions.

c. Xenon Override

The rate of increase of xenon poison after shutdown and the time

required for startup are both subject to some uncertainty at present due to

the complexity of the calculations required. An allowance of 60 mk for

total xenon transient poison should permit startup within 100 - 200 minutes

after shutdown. Unlimited startup could be achieved by adding of the order

of 40 mk to the shim system, but this would render self-sustaining recycle
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operation essentially impossible and would require undesirably strong individual

shim rods. The shim system as described would permit startup approximately

26 hours after shutdown.

3. Reactor Kinetics Behavior

a. Neutron Lifetime and Delayed Neutron Fraction

Values in this paragraph are discussed more fully in report HW-48907. (2)

A neutron lifetime of 0. 82 milliseconds is calculated by conventional methods.

Twelve groups of delayed neutrons are employed, corresponding to production

in U235, U238, and Pu239 fission plus deuterium photoneutrons. The total

delayed neutron yield varies from 0. 83 per cent of the total if no plutonium is

present to 0. 541 per cent if 50 per cent of the fissions occur in plutonium. A

good value for use in most hazards analyses is 0. 72 per cent corresponding

to 35 per cent of the fissions occurring in plutonium. This means, in other

words, that 7. 2 mk corresponds to one dollar of excess reactivity, and would

produce a prompt period. The corresponding conversion to inhours at critical-

ity is 35. 6 ih = 1 mk, which is close to values characteristic of several presently

operating thermal reactors. Response to instantaneous changes in reactivity

by a fixed amount and to linear changes of reactivity with time are discussed

in Section VI, page 117.

b. Moderator Coefficients

The effects of moderator temperature, voids, and H2 0 content are

discussed in HW-46679 REV, (3) which presents results of a series of calcu-

lations using the P-3 method. The conclusions of this study may be summar-

ized by quoting the appropriate coefficients:

Moderator temperature,1 = -1. 06 x 10-4/0 C.
k dT

(2) Houser, D. T. and M. V. Davis, Kinetic Behavior of a Uranium-

Plutonium D2 0 System,HW-48907, March 11, 1957.

(3) Davis, M. V., Reactivity Changes Resulting from Variations of Moderator
Quality in the PRTR, HW-46679 REV, undated.
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This is entirely a density effect; the contribution of fuel cross sections is not

included. The calculated density effect itself is

dk dp
= 0.323d

where p is the density, so that, for example, replacement of three per cent

of the moderator by voids would reduce reactivity by approximately 10 mk.

Loss of coolant produces a more complex effect than does simple reduction

of moderator density, since it results in

(1) increases of thermal utilization and fast effect, and

(2) in a reduction of the surface resonance absorption cross section

of the fuel.

It is possible that in some fuel element configurations these reactivity

increases would override the effects of reduced moderation and increased

leakage, resulting in a small net increase of reactivity on loss of heavy water

coolant.

The effect of addition of light water to heavy water moderator or

coolant is pronounced. The first one per cent increment of light water

costs about 10 mk of reactivity; the seond one per cent increment an addit-

ional 19 mk. Five per cent light water represents a total of 55 mk reactivity

loss. Large leakages of light water into the moderator or coolant would

thus shut the reactor down. If the coolant were pure light water and occupied

six per cent of the combined coolant-moderator volume (the case of a Mark II

fuel element) the light water would represent about -53 mk of reactivity.

Operation under these conditions would require a considerably enriched

loading. Instantaneous replacement of 12 per cent of the coolant by voids

when operating under these conditions would increase reactivity sufficiently

to initiate a prompt excursion.

c. Fuel Temperature Coefficient

The temperature coefficient due to Doppler broadening of the uranium

resonance lines in UO 2 has been measured in the Physical Constants Test

Reactor and found to be
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1 dp 1 dares = 2.0t0.2x 10-4 /C.
1-p dT a res dT

The coefficient as given results in a reactivity coefficient for p = 0. 86 (full

Mark II UO2 charge) of

1 dk= 1 dp -= 3. 13 x 10-5 / OC
k dT p dT

which provides a reactivity loss of 15 mk from a temperature increase of

only 500 C. A partial UO 2 charge, such as would result from employment

of Pu-Al fuel material in part of the reactor, would produce a smaller effect.

For the cases considered, the following reactivity coefficients are obtained

by flux squared weighting:

H 2 0 Reflector, 1 dk = 2. 15 x 10-5 /0OC
k dT

D 2 0 Reflector, 1 dk = 2. 50 x 10-5/* C
k dT

Thus a temperature rise of 500 C results in a reactivity loss of 11 and 12

mk respectively.

d. Stability Characteristics

The main sources of negative temperature coefficient with time

delay are the coolant and moderator loops. A preliminary inspection of

these systems resulted in the conclusion that the heat capacities of the systems

are sufficiently high, and the temperature coefficients sufficiently low, that

no stability difficulties should be anticipated. A second source of possible

difficulty, boiling in the process channels, was also tentatively discounted on

the grounds that the amount of boiling to be expected under normal conditions

is very small or nonexistent, and also that the negative void coefficient of
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reactivity would be substantially lower than in typcial boiling reactors due

to the localization of the voids near the fuel elements. Boiling is, however,

a complex phenomenon which is not completely understood, and further studies

will have to be carried out to determine the limits of uncertainty to be assigned

to this effect. These will consist of experimental heat transfer and physics

studies, as well as of theoretical analysis.

C. The Building

The PRTR building arrangement consists of two primary parts (a) the

process area comprising the containment vessel and the storage basin, and

(b) the service and utilities building. The reactor is located axially in the

lower portion of the containment vessel and is surrounded by a thick cylindri-

cal shielding wall which is common to each of the three process cells. A

perspective view of the PRTR building is shown in Figure 1, page 6.

1. The Process Area

a. Description

The containment vessel, which houses all of the process area except

the storage basin, is an all welded steel cylinder, 80 feet in diameter by 61

feet high, with a hemispherical dome and a hemiellipsoidal bottom head.

Over-all height of the containment vessel is 121 feet 6 inches, extending 75

feet above grade. Gross volume of the containment building is about 504,500

cubic feet with a net free volume of about 375, 000 cubic feet. Arrangement

of the building is shown in Figures 20, 21, 22, and 23.

The exterior surface of the containment shell above grade is covered

with three inches of insulation over which a waterproof membrane is applied.

Below grade the exterior surface of the vertical cylinder is protected with

1/4 inch of waterproof membrane and the bottom with 5/32 inch of waterproof

membrane. A cathodic protection system is provided for the vessel. The

inside surfaces of the steel containment shell which are in contact with the

concrete will be coated with "Koppers Bitumastic No. 50".
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The reactor hall floor is slightly above grade and is ordinary concrete

five feet thick for radiation shielding. The reactor hall houses the decontamina-

tion equipment, fuel examination facility, fuel handling cask, fuel storage

transfer and handling facilities, and a circular 30-ton overhead crane with a

1 1/2-ton auxiliary hoist.

One personnel air lock, approximately 10 feet in diameter by 15 feet

long, is provided for normal access into the reactor hall from the service area

via the storage basin area. This air lock is equipped with doors, 4 feet wide

by 8 feet high, which are provided with interlocks and indicating lights to

assure that both doors cannot be open at the same time during reactor opera-

tion. An emergency air lock approximately 5 feet in diameter by 7 feet long

and is equipped with 3 foot diameter doors for egress under emergency condi-

tions or in the event of failure of the main air lock doors. The emergency air

lock allows exit from the containment building directly to the outside. An

equipment door, 5 feet 6 inches wide by 10 feet high, opens directly to the

outside from the reactor hall. The equipment door may be opened only when

the reactor is shut down.

The space below grade is divided into three cells by 5-foot thick

ordinary concrete radial shielding walls. The cells are

(1) process equipment cell,

(2) experimental equipment cell, and

(3) instrument and hot shop cell (three levels).

The reactor and all components associated with radioactive materials, except

the ion exchangers, are located below the reactor hall floor for containment

and radiation shielding. A reinforced concrete vault is located directly out-

side the containment vessel to house the ion exchangers and to provide a

means for disposal of the spent ion exchange units.

Access to the lower cells is via stairs through the two instrument

levels into the hot shop. From the hot shop, access to the process cell and

the experimental cell is through labyrinths in the radial shielding walls. A

labyrinth through the common shielding wall between the process cell and the

experimental cell is also provided.

UNCLASSIFIED



UNCLASSIFIED -68- HW-48800 REV

The lower reactor face access room is located directly below the

reactor with the floor at -42 feet elevation. This room houses the inlet cool-

ant piping, moderator dump valves, and the moderator storage tank.

Underwater fuel element storage is provided by a storage basin, 12

feet wide by 40 feet long by 26 feet deep, located adjacent to the containment

vessel. A water passage into the containment vessel is provided for transfer

of irradiated fuel elements from the reactor hall to the storage basin. A

sluice gate in the containment vessel wall closes the fuel element underwater

port in the discharge pit during reactor operation.

b. Containment Design Features

Design and construction of the containment vessel will be based upon

the provisions of sections VIII and IX of the ASME Boiler and Pressure Vessel

Code (1956 Edition) and Code Cases No. 1226 and No. 1228. The design

pressures and temperatures are as follows:

Internal Pressure 15 psig

Equilibrium Temperature 205 F

Maximum External Pressure 0. 58 psig

Pressure relief valves would defeat the purpose of the containment

vessel since it is, itself, a protective device designed for complete contain-

ment of all contents. Thus, no pressure relief valves are installed on the

containment vessel. A vacuum relief valve designed to open at -0. 13 psig

and to withstand 25 psig normal working pressure will be installed on the

containment vessel.

ASME Code vessels intended to contain air, steam, water, or any

combination thereof are provided with a corrosion allowance of 1/6 the plate

thickness or 1/16-inch whichever is smaller. Containment vessels normally

contain atmospheric air and might contain one or more of the items listed.

However, this is not generally applicable to the design of containment vessels,

since the inside is accessible for inspection and maintenance or is embedded
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in concrete. Since the duration of the maximum pressure, when other than

atmospheric air might be present, is short, no corrosion allowance is made.

The containment vessel building will be pressure tested at 18. 75 psig,

125 per cent of the normal design pressure. Under this test the leakage rate

shall not exceed 1000 cubic feet at standard temperature and pressure for a

24 hour period. All detectable leaks will be repaired and made tight even if

the total leakage is less than the maximum specified herein.

Internal missile protection of the containment vessel above the reactor

hall floor will consist of a one foot thick concrete cylindrical wall approximately

33 feet high which also supports the rails for the overhead crane. The top

reactor shields and access hole plugs will be anchored to the reactor hall

floor.

A manually operated water fog spray system in the reactor hall will

provide 500 gpm of cooling water for reducing the pressure in the contain-

ment vessel immediately following an incident. Water for the spray system

is supplied by the sanitary water system.

c. Pressure Equalization

The reactor containment vessel is designed to withstand the uniform

internal pressure resulting from the worst credible incident. However, in

the case of a sudden rupture of a major line in the high pressure, high

temperature, primary coolant system, provision must be made to distribute

rapidly the released vapor throughout the reactor containment vessel.

Without this provision, there possibly would be a buildup of high pressures

in some compartments of the reactor building. These local high pressures

might lead to failure of the containment by creating high energy missiles

which could penetrate the containment vessel.

To prevent such localized pressure buildup the following features

were incorporated in the reactor and building design.
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(1) To prevent excessive pressure buildup in the lower face access room

below the reactor as a result of an inlet piping rupture, there is no

wall between this room and the process cell.

(2) To prevent excessive pressure buildup in the piping space between

the top primary shield and the top secondary shield as a result of a

failure in the outlet piping, approximately 39 square feet of venting

area is provided through the side shield into the process cell. This

vent opening is sealed off at the outer and inner faces of the side shield-

ing wall. Provision is made to flood the space between the seals with

water. This feature is provided to give shielding between the piping

space and the process cell during reactor charge-discharge opera-

tions. A fuel element being discharged must pass through the top

piping space. If the vent between the cells were open the radiation

level in the process cell while a fuel element is being withdrawn from

the reactor would be so high that personnel could not continue to work

in the cell.

To prevent excessive pressure rise as a result of these seals in the

vent openings, the seals are designed as rupture diaphragms to

rupture at 4 psi differential pressure. The top primary shield and

the top secondary shield are designed to withstand an 18 psig internal

pressure in the piping space.

(3) To provide for the passage of air and water vapor from the process

cell to the reactor hall, approximately 100 square feet of venting

area between these two areas is provided in the primary heat

exchanger steam drum enclosure.

(4) To prevent the cover blocks over the access holes to the process

cell and the experimental cell from being lifted by pressure buildup

in the cells below, these cover blocks are provided with hold down

devices to withstand differential pressures up to 15 psi.
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(5) To provide for equalization of pressures between the process cell,

experimental cell, hot shop, and instrument cells, all doors are

either louvered or wire mesh.

2. Service and Utilities Building

The service building, 100 feet long by 80 feet wide, is connected to the

process area via the storage basin. All personnel entering the process area

must pass through the change room facilities which consist of a work area,

personnel decontamination room, locker room, shower room, and toilet facil-

ities. Also provided in this area are, operating supplies storage, soiled

clothes storage, and clean clothes storage and dispensing rooms. Immediately

beyond the change room facilities is the office area, lunch room, men's and

women's toilets, and the main entrance.

A corridor leads from a central point between the change room and

office area to the control room, ventilation equipment room, maintenance

shop, electrical switchgear room and instrument shop. From the corridor

a stairway leads to the partial basement at -12 feet elevation. The basement

houses the following equipment:

(1) Air compressors,

(2) Water booster pumps,

(3) Process water reservoir,

(4) Process area ventilation supply unit,

(5) Water chillers for refrigeration cooling of the reactor building,

(6) Vacuum pumps,

(7) 480 volt switchgear,

(8) Battery room,

(9) 300 KW emergency diesel generator, and

(10) Diesel driven emergency deep well pump.

One exterior stairway and one equipment access well to the basement

are provided. From the basement a 40-foot wide utility tunnel extends to the

containment vessel. The north end of the tunnel will house the process water

treatment equipment.
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3. Electrical Power

The primary source of electrical power for operating the PRTR

facility is the Bonneville Power Administration System.

For emergency service at times of BPA System outage, a 300-KW

diesel generator in the basement of the service building supplies electrical

power for essential services. During a BPA outage part of the lighting load

will be carried by D. C. -powered flood and spotlights.

Distribution in the facility will be at 480 volts for all loads except

the primary coolant pumps (350 hp units) which will operate at 2400 volts.

Total connected load will be approximately 2300 kw, with normal demand

estimated at 1500 kw. All instrument supply circuits, 120 volts AC, will be

on separate transformers supplied by separate feeders from the reactor

operation power bus.

A one line diagram of the electrical power system is shown on

Figure 24.

4. Ventilation System

The purposes of the ventilation system are:

(1) Assist in the control of contamination by providing directional control

of airflow within the building.

(2) Maintain temperature, humidity, and air cleanliness conditions

compatible with process and comfort requirements.

(3) Provide safe discharge of contaminated air.

Two independent ventilation supply systems will be provided to pre-

vent the spread of contaminated air through the ductwork to the service area

from the process area. One system will provide ventilation for the service

area while the other will provide ventilation for the process area. Reactor

generated steam will be supplied to the heating coils during normal reactor

operation. During reactor shutdown steam will be supplied by the 300 Area

Boilerhouse.
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The service area fresh air supply will contain filters, air washer,

heating coils, and fan. The air washer will be used during the summer for

cooling and during the heating season to provide humidity control for greater

personnel comfort. The service area above grade has been divided into

several zones so that more uniform temperature control may be obtained

during the heating season. The supply air will be tempered by the central unit

heating coils while local zone reheat coils will provide the final required air

temperature. The basement will be supplied with tempered air only. Air will

be exhausted from the service area through both gravity flow and powered

exhausters.

The process area fresh air supply unit will contain filters, cooling

coils, heating coils and fan. The process area will be supplied with 6500 cfm

of outside air during normal operation. The reactor hall will receive 5000

cfm and the storage basin will recieve 1500 cfm. During reactor shutdown

air flow to the reactor hall can be increased to 10, 000 cfm. Recirculating

ventilation units equipped with refrigeration cooling coils and electric heating

elements will be installed in the process area. Tempered air will be pro-

vided by the supply system.

Air flow in the containment building will be from areas least likely

to be contaminated. Fresh air will be supplied to the reactor hall and will

flow down into the process cells. An exhaust fan will draw air from the pro-

cess cells and exhaust it to atmosphere. Single, weight-operated, butter-

fly valves will be installed in the main supply and exhaust ducts. The pur-

pose of these two valves will be to close the supply and exhaust ducts in the

event of an incident. The valves will be manually and automatically operated

to close in 0. 5 seconds or less upon receiving the signal. Opening of the

valves will be controlled from the control room by a mechanism that will

not compromise the ability of the valves to close. Closure of the valves will

be actuated by:

(1) Manually operated switch in the reactor control room.
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(2) Pressure or velocity sensing device in the exhaust duct.

(3) Radiation detector in the exhaust duct.

(4) Failure of tripping mechanism power supply.

The process ventilation system supply and exhaust fans will stop

automatically upon closure of the valves.
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IV. SITE

A. Location

The reactor will be located within the Hanford Works restricted

area adjacent to the 300 Area. As shown on the Plot Plan, Figure 25, the

site adjoins the southeast corner of the 300 Area and is approximately

1500 yards from the west bank of the Columbia River. This site offers

relatively level ground at an elevation well above the estimated 100 year

maximum flood stage. The Hanford site location is shown on Figure 26.

B. Geology

Two formations underlie the site at depths shallow enough to be of

concern in the disposal to ground of contaminated cooling water. They

are the Ringold formation and the unconsolidated sands and gravels of the

later fluviatile series of sediments. This latter formation is generally

much more permeable than the Ringold formation.

This site is about 400 Feet above sea level. The water table level

is normally about 345 feet, or 55 feet from the ground surface. Minimum

depth to ground water, during high water stages of the Columbia River, is

about 35 feet. Unconsolidated sands and gravels of the fluviatile series of

sediments underlie the site to a depth of about 20 to 25 feet. Beneath these

fluviatile sediments are the semi-consolidated gravels of the Ringold forma-

tion to a depth of 70 to 100 feet, in turn underlain by the clays, silts and

fine sands of the lower Ringold formation which extends to the basalt bedrock

at a depth of about 250 feet. (4)

Estimates have been made on some general information regarding

transmissibilities that were calculated from the observed cyclic change in

water levels in wells as a result of river level changes. The velocity of

water flow toward the river is estimated to be 75 ft/day. The vertical rate

of movement is about 15 ft/day through the soil with an infiltration rate of

about 10 to 15 gal/(ft2)(day).

(4) Brown, R. W., Personal Communication, 11-5-56.
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C. Hydrology

The Columbia River and its tributaries drain this region. Only the

Columbia River itself directly affects the reactor site. During the past

fifteen years the seasonal flow variation has ranged from a minimum of

34, 000 cu ft/sec to a maximum of 692, 000 cu ft/sec. The reactor hall

elevation of 400 feet above sea level is 35 feet above the estimated 100 year

maximum flood stage of 365 feet (flow of 740, 000 cu ft/sec). Similarly,

the reactor hall floor is 49 feet above the estimated average flood stage of

351 feet (flow 400, 000 cu ft/sec). This site, therefore, offers safety from

natural Columbia River floods.

All liquid wastes discharged to the ground in the vicinity of the site

will seep into the Columbia River in a short time. Since the first intake for

a municipal sanitary water system is only fourteen miles downstream from

the reactor, cribbing of wastes will be limited to wastes containing less than

the maximum permissible concentration of radioactive contaminants for

drinking water, The Yakima River, which is free of contamination from

Hanford Works, is the source of sanitary water for Richland and Camp

Hanford. Kennewick and Pasco are the nearest cities which depend upon

the Columbia River for sanitary water supply.

D. Meteorology

Meteorological and climatological data concerning the PRTR site and

environs were obtained from the HAPO Atmospheric Physics Operation.

Major equipment for observing atmospheric conditions consists of a 420-foot

tower fitted with temperature and wind measuring devices and a network of

ground wind measuring stations. The tower is located on a plateau about

22 miles northwest of the PRTR site. A summary of the meteorological

data is given in Appendix B.
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The transport of airborne materials to points up to 200 miles

distant from Hanford has been considered in a special analysis of hypothet-

ical clouds leaving the Hanford Area. (5, 6, 7, 8, 9) In this study the material

was assumed to travel in accordance with the wind pattern at 5000 feet above

mean sea level. The frequency of wind direction at 5000-foot level over

Hanford is shown in Table I.

These data indicate only the initial direction of motion of an airborne

cloud leaving Hanford. However, the trajectory analyses show a consider-

able persistence in direction and, as indicated in Table I, the northeast

quadrant is the most likely area to be affected. The results of these analy-

ses, shown graphically in Figure 27 indicate that no point within 200 miles

of Hanford is entirely immune from such releases. The speed of motion of

airborne clouds, well removed from the surface layer, may be judged from

Figure 28 which shows the probability of a cloud being past any radial

distance, x, within N hours after emission at Hanford.

E. Seismology

The Hanford Area is in a region which is prone to earthquakes on the

threshold of moderate structural damage. Studies by the University of

Washington seismologists and the latest Seismic Probability Map published

(5) Hilst, G. R., The Determination of Probable Trajectory for Airborne
Waste Emitted in the Hanford Works Area, Report No. 1, January,
1951, HW-20502, February 26, 1951.

(6) Hilst, G. R. , Probable Trajectories for Hypothetical Airborne Wastes
Emitted in the Hanford Works Area During March, April, and May,
1951, HW-21414, June 19, 1951.

(7) Nickola, P. W., Probable Trajectories for Hypothetical Airborne
Wastes Emitted in the Hanford Works Area During June, July, and
August, 1951, HW-22470, October 12, 1951.

(8) Nickola, P. W., Probable Trajectories for Hypothetical Airborne
Wastes Emitted in the Hanford Works Area During eptember,
October, and November, 1951, HW-23601, February 20, 1952.

(9) Nickola, P. W., Probable Trajectories for Hypothetical Airborne
Wastes Emitted in the~Hanford Works Area uringecember, 1951,
and January, February, and March, 1952, Report No. 5, HWr27172,
January 30, 1953.
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TABLE I

PERCENTAGE FREQUENCY OF WIND DIRECTION

AT 5000-FOOT LEVEL OVER HANFORD

(Compiled from

Wind Direction
Class Interval

345-15

15-45

45-75

75-105

105-135

135-165

165-195

195-225

225-255

255-285

285-315

315-345

Spring

5

5

6

4

3

4

5

10

21

22

10

5

five years of record, 1946

Summer

5

7

5

4

3

3

7

13

21

20

8

4

Season
Fall

7

9

6

5

3

2

5

11

19

20

8

5

in the 1952 Uniform Building Code places all of Washington east of the

Cascades in zone two. Zone two is a zone of potentially moderate earth-

quake damage and implies earthquake intensities of seven or eight on the

Modified Mercalli Scale.

Of the earthquakes detected at Hanford, those of Ketchikan, Alaska,

August 21, 1949, and Seattle, April 13, 1949 were approximately 6 to 7 in

intensity in the Hanford region. A quake at Corfu, Washington, 15 miles

north of Hanford townsite, occurred November 1, 1918, with an intensity

of about 6.
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- 1950)

Winter

5

4

4

3

2

3

5

11

24

23

12

4

Year

6

6

5

4

3

3

6

11

21

21

10

4

-
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Seattle- - - -

Tacoma - M( Eensbur 10

0

200 ~ ~~~ 1.0M.-- -----

Eugene

Bend - -

Burns

'14 O>P*>5 0
S.0>P*>1 0
1.0> P*> 0

P* is the probability that a cloud one mile in diameter will pass over
a point within 30 hours after emission from HAPO. The value of P*
should be multiplied by 10-3 for true probability.

FIGURE 27

Areal Contours for P*
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Radial Movement of Clouds
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F. 300 Area Facilities

In the adjacent 300 Area are located the Hanford Laboratories and

the Fuels Preparation Department. The nearest building will be the

Plutonium Fabrication Pilot Plant which will be erected 100 yards north

of the PRTR. The Radiochemistry Building is the closest existing building,

about 150 yards northwest of the PRTR. About 600 yards northwest of the

PRTR is the nearest manufacturing facility, the Metal Fabrication Plant,

where fuel elements for Hanford production reactors are manufactured.

G. Make-Up of Surrounding Area

A graphic presentation of the results of the 1950 census for the state

of Washington is given in Figure 29. A more detailed map for the immedi-

ate vicinity of the plant is given in Figure 30. The small towns around the

plant are all indicated on this map while at some distance only the larger

cities are indicated. It should be noted that these numbers are obtained

from the 1950 census. The towns in the region of Moses Lake, Warden,

and Othello north of the Saddle Mountains are growing rapidly as the

irrigation project from Grand Coulee progresses.

The population of the surrounding area is further illustrated by

Table II which gives some of the characteristics of the counties in the

immediate vicinity.

The area in the central part of the state is largely devoted to agri-

culture so that major industry is at a minimum. Figure 31 illustrates the

location of major industries and dams throughout the Inland Empire. (10)

Small industries employing only a few people are not included.

(10) Directory of Manufacturers; the State of Washington, Washington State
College, 1952.
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TABLE II

POPULATION CHARACTERISTICS -

County

Benton

Franklin

Yakima

Grant

Adams

Kittitas

Walla Walla

Umatilla, Ore.

Morrow, Ore.

Area
sq. mi.

1,738

1,262

4, 273

2, 691

1, 895

2, 315

1, 288

3, 231

2, 059

Pop.

51, 370

13, 563

135, 723

24, 346

6, 584

22, 235

40, 135

41, 703

4, 783

Urban(a)
Pop.

45, 308

12, 343

102, 743

22, 131

4, 260

17, 343

35, 239

Rural
Pop.

6, 062

1, 220

32, 980

2,215

2, 324

4, 892

4, 896

Rural Pop.
Density,

People/rmi 2

3.5

1.0

7.7

0. 8

1.2

2.1

3.8

(a) includes those in communities greater than 2, 500 and the rural
non-farm group.

UNCLASSIFIED

1950

-90- HW-48800 REV



V. REACTOR OPERATION





UNCLASSIFIED -91- HW-48800 REV

V. REACTOR OPERATION

A. Operating Program

The broad objectives of the operating program for the PRTR are

experimental and developmental in nature.

1. The research and development programs will utilize the reactor to

test and demonstrate the feasibility of various plutonium recycle concepts.

Particular emphasis will be placed on investigating the physics parameters

which include cycle isotope cross sections and other high exposure

characteristics together with nuclear control and dynamics.

2. A program of irradiation testing and demonstration of the use of both

uranium-bearing and plutonium-bearing fuel elements in nuclear power and

special purpose reactors will be carried out.

3. Irradiation testing of improved materials of reactor construction is

planned and may include such items as new pressure-tube materials, various

coolants, improved process equipment as well as new types of monitoring

instrumentation.

4. Periods of operation will be utilized to provide information and

experience to assist in the optimization of the economics of plutonium

recycle technology.

After acceptance testing and calibration of the process equipment,

criticality and zero power experiments will be performed. Following this,

shakedown runs will be utilized to gradually bring the reactor to full power

(70 MW). After the reactor has operated for a time at full power the testing

programs as outlined above will be initiated.

B. Operating Methods

Startups will be preceded by a check of the facility to assure normal

operating conditions for all process equipment. The coolant system will be

brought up to pressure and all exposed piping visually inspected for

leak-tightness.
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During shutdowns the reactor is kept in a subcritical state with the

moderator removed from the calandria.

An automatic controller will be used to control the outflow of moderator

and adjust the level of moderator in the calandria tank as the reactor is started

up. During the first phase of the startup a period and a power level setting in the

controller will govern the rate of increase in moderator level and will hold the

power level at a low value. Both period and level trips will be incorporated in

the safety circuits to cause a reactor scram if either the period indication or the

level indication exceed preset limits.

At the low power level the controller will hold the power level constant

until a check can be made of the predicted moderator level versus the actual

level of moderator in the calandria. If the actual level is within prescribed

limits of the prediction the power level will be increased at a rate consistent

with the allowable rate of temperature increase for the components of the

coolant system.

Each channel outlet coolant temperature is monitored, but is not in the

scram circuit. Coolant flow rates in each reactor fuel element channel are

continuously monitored and are incorporated in the scram circuit.

With the reactor at normal operating level the automatic controller

will utilize the signals from the period and level monitors to make the minor

moderator level adjustments required to maintain a constant power level.

Increases in power will be accomplished by setting the level demand

in the controller. The automatic controller will cause moderator level

adjustment to control the rate of increase as well as the amount of increase

in power level. Period and level trips will continue to be employed to cause

a reactor scram in case abnormal rate of rise or abnormal levels are

experienced.

Both scram and normal shutdowns will be accomplished by removal of

moderator from the calandria. The secondary coolant flow will be controlled

so as to prevent an excessive rate of cooling in the primary coolant system.
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A manual scram switch is provided for use in case of erratic or

abnormal conditions which would not activate the safety circuit and cause an

automatic scram.

Cooling of the fuel elements during shutdowns may be accomplished by

the primary pumps or by convection cooling. The fly-wheeling of primary

pumps is sufficient to maintain adequate coolant flow until convection cooling

can assume the load in case of complete loss of power to the primary pumps.

No manual valving is required in the primary coolant system to accomplish

convection cooling flow.

C. Fuel Element Handling

1. Incoming Fuel Elements

New unirradiated fuel elements will be received in closed shipping

crates for their physical protection. They will be brought into the reactor

hall on dollies where the hangers will be attached and, by means of the

building crane, the fuel elements with hangers will be moved to and lowered

into the storage pit in the floor. Guiding of the elements into the pit holes

will be accomplished by hand.

2. Charging Operations

This operation consists of using the charging cask or tube, attached

to the fueling vehicle, for removing a fuel element from the storage pit in the

floor, transporting it to the reactor, and then inserting it into the selected

process tube. All of the above operations are done mechanically, but

controlled by the operator on the vehicle. It is unnecessary, and impossible,

for the operator to see or touch the fuel element during any part of the

procedure. The hook or grapple inside the cask will automatically catch

onto the fuel element. It will release only on electrical signal from the

operator. This scheme is intended to prevent accidental release of the

element in case it should stick when being inserted into the process tube and

then pull free to fall the remaining distance, splashing contaminated water

over the surrounding area.
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3. Discharge Operations

Discharging a fuel element requires use of the discharge cask attached

to the fueling vehicle. This operation consists of rotating the shielding disks

in the floor of the reactor hall until the plug is centered over the selected

process tube. Removal of this plug provides access to the nozzle cap for its

removal from the process tube.

The discharge cask forms the main part of the fueling vehicle. It is an

upright cylinder having a 6-inch x 9-inch oval inside tube provided with 12-1/2

inches of lead shielding around the lower section and successively thinner shielding

about the upper sections. Inside is a specially designed hook which can reach down

into the opened process tube and catch on to the fuel element. The fuel element

is then drawn into the cask and transported to the discharge water pit where it

is delivered to the underwater transfer conveyor. The hook will automatically

catch the fuel element but will release only upon electrical signal from the

operator, thereby preventing its accidental dropping. The removed fuel element

will be radioactive and continue to generate some heat. Provision is made to blow

air over the fuel element to cool it during the period when it is out of water.

This air will be exhausted through the building exhaust system.

In order to prevent pulling the hanger from the fuel element in case the

fuel element is stuck in the tube, an indicator is attached to the cable so the

operator will know at all times what force he is applying to the element.

The design permits removal of the entire process tube assembly in

the same manner as removal of the fuel element only. In this situation it is

necessary to detach the nozzle hold-down studs and the outlet elbow connection

nut and remove the: nozzle cap. In case of a stuck element, the operating

personnel have the option of removing the whole assembly or detaching the

nozzle and removing only the process tube with the element.

4. Fuel Transfer System

The purpose of this equipment is to transport the fuel element between

the reactor hall and the storage basin and to handle the long fuel elements so

they will pass through the containment vessel wall endwise and require a

minimum sized opening. UNCLASSIFIED
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When discharging, this equipment receives the fuel element from

the discharge cask on the fueling vehicle. A carrier which receives the

fuel element is supported in a vertical movable track which will lift up

and latch to a valved opening in the containment vessel shell. The carrier and

element are lowered down the inclined track, through the valve, onto another

similarly inclined track in the storage basin. The storage basin track is raised

to vertical so the element can be removed from the carrier by use of the

storage basin bridge crane. All movements are hydraulically actuated from

a control panel located at the storage basin.

5. Storage Conditions

All storage is under 14 to 16 feet of water depending upon the particular

fuel element being handled. Radiation from the stored fuel elements as a

submerged group is calculated to be less than 1 mr/hr.

The underwater transfer conveyor delivers the fuel element in a

vertical position with the top of the hanger about 2 feet underwater, and with

the top of the active portion of the element about 9 feet underwater. At this

location the fuel element exposes the technician to less than 10 mr/hr during

the short period while he attaches the extender to the hanger and lowers the

whole assembly to the 14-foot depth required for long term storage.

Movement of the fuel element about the storage basin is by means

of a bridge crane. Provision is made in the crane cable to prevent

inadvertently lifting the element any closer to the surface than 9 feet. At

the storage basin pickup point, where the underwater transfer conveyor

delivers the fuel elements, an extender is attached to the element hanger.

The crane lifts the element from the conveyor and lowers it to the normal

storage depth of 14 feet. At this depth, the element is moved to a storage

notch where it is deposited for the required decay period. The storage

notches are designed to keep the fuel elements separated by distances

great enough to prevent the possibility of attaining a critical configuration.
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6. Recharging of Irradiated Fuel Elements

Because there is no shielding about any of the charging equipment, any

recharging of previously irradiated fuel elements must be done by using the

discharging equipment. This equipment is designed to transport fuel elements

in either direction with equal facility.

D. Disposal of Reactor Products

1. Aqueous Wastes

A process waste disposal system is provided to handle radioactive

hot wastes. The system consists of the following facilities:

a. Three hot waste holdup tanks complete with transfer pumps,

sampling and monitoring facilities.

b. A valve box structure for diversion of the wastes to the river

or truck out station.

Three 5000-gallon hot waste holdup tanks of stainless steel construction,

buried under 6 feet of earth for radiation protection, are provided. Each

tank has an 18-inch diameter pump well fitted with, an electric motor driven

vertical centrifugal deep well pump. The capacity of two of these pumps is

75 gpm at 45 foot TDH and for the third pump 34 gpm at 72 foot TDH. The

pump discharge lines will be provided with sample cock and flushing connections.

Each tank is provided with a 4-inch diameter sample riser and vent, complete

with vent filter. An 8-inch schedule 40 pipe blind well is provided adjacent to

each tank for future radiation monitoring facilities.

A valve box structure, adjacent to the waste holdup tanks, is provided

to route wastes as follows:

a. to the river

b. to the truck out station

c. to another holdup tank and

d. to recirculate.
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The process sewer is a 12 inch, schedule 20, carbon steel line with

Dresser couplings which discharges into the barometric condenser effluent line.

E. Control of Experiments

The following is a brief description of the method by which experiments

will be controlled within the framework outlined to HOO.

1. Steps for Approval of Tests

a. Design of test and request by sponsoring component.

b. Review of request for technical feasibility, operational feasibility,

and availability of suitable reactor space.

c. Review of effect of test on reactor safety.

d. Establishment of priority.

2. Design, Fabrication, Shipment, and Installation of Experimental Equipment

a. Sponsoring component shall furnish all special equipment required to

carry out the test. All detailed designs shall be reviewed to assure

proper fit and compatibility with the PRTR.

b. The operating component will have responsibility for installation of

equipment service lines and instrument connections, and the

insertion of all experimental equipment and materials into the

reactor.

3. Test Engineering

In order to assure that experimental equipment being designed and

constructed for installation in the PRTR conforms fully to all applicable

requirements, the operating component staff (Process Specialist, Test

Engineer, Physicist-Engineer, and Facility Engineer) will be available

for consultation with sponsor's representatives during all phases of the

work. Where any significant amount of engineering effort is involved,

one member of the staff will be assigned to follow a specific test.
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4. Responsibility for PRTR Operations

a. The manager of the operating component is responsible for and

held accountable for the operation of the PRTR and its associated

experimental tests.

b. No one outside this organization is permitted to perform any

manipulations in or around the reactor, including the instrument

consoles of experimental equipment, without direct authorization

from the operating supervisor on duty at the time.

5. Sponsors' Representatives

A reasonable number of technical representatives of sponsoring

components will be granted operational approval on request of the sponsor,

for the purpose of observing and facilitating the conduct of their experimental

testing.

UNCLASSIFIED
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VI. SAFETY ANALYSIS

A. General Safety Features

1. Inherent Safety

This group of characteristics includes those safety features of the

reactor which do not depend upon external systems or operating procedures

for their effectiveness in the limitation of power excursions.

a. Doppler Coefficient of Uranium Oxide

Due to the comparatively low thermal diffusivity of UO2 as compared

to uranium or other metals, almost the entire heat generation in an excur-

sion is initially available for the increase of the fuel temperature, except

for about five per cent which is generated in the moderator and coolant by

gamma rays and neutron slowing-down, and the still smaller contribution

from neutron-induced reactions outside the fuel element. As compared to

uranium metal fuel, UO2 has a far higher heat capacity, -"' 22 cal/(mol)( C),

and a somewhat lower Doppler temperature coefficient, so that higher energy

releases are required to produce a given negative reactivity. Nevertheless,

with 50 per cent or more of the reactor loaded with uranium-bearing fuel

the prompt temperature coefficient will be the predominant effect in the

termination of a fast excursion, and of major significance even in a slow

runaway. It is completely instantaneous in its response and limited in

magnitude only by the attainable fuel temperature in' the excursion. Since

the negative reactivity due to the Doppler effect is sensitive to the total

amount of U238 present in the reactor, the total release of energy during

an excursion terminated by the Doppler effect alone is sensitive also to the

amount of U238. Cores containing large amounts of Pu-Al fuel material

or other types not containing uranium are not as inherently safe as cores

with a large uranium content. This point is illustrated by Figure 32. The

Doppler coefficient measured in the Physical Constants Test Reactor for
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a full UO2 fuel loading in the PRTR lattice without coolant was

1d= -(2. 4 0. 2) x 10-5/SC

which corresponds to an effective resonance integral coefficient

1 d T-() = (2 0 0 2) x 10-4/ 0 C

b. Formation of Vapor Voids in Coolant and Moderator

If the coolant and moderator are substantially subcooled, as during

the early portion of a reactor startup, an excursion probably would be

terminated by other effects long before the coolant and moderator reach

the boiling point. Radiolytic decomposition of the moderator may, however,

take place to a small extent in a severe excursion. At normal operating

temperatures, voids would form fairly rapidly in the coolant, but these

would contribute little to the termination of the excursion, or even, in the

case of light water or organic coolant, make the excursion more severe.

Voids in the moderator could not occupy a significant fraction of the

moderator volume until a substantial amount of moderator was expelled

from the core. This process would be of importance only if, by some

undefined means, the reactor safety circuit were to fail.

c. Moderator Temperature Coefficient

The bulk of the moderator temperature coefficient (-"-10-4/ C)

is the result of thermal expansion of the moderator. The bulk of the heating

of the moderator is a result of the direct heat generation in the moderator

(-3 per cent of the total heat) and does not involve much time delay.

However, the total temperature increase possible is not large (30 to 40 C)

and the negative reactivity represented by this is only 3 to 4 mk, which is

in general less than the Doppler effect. The expansion of the moderator

increases top reflector thickness, but this means only that the vertical

leakage (about 25 per cent of the total leakage) is more or less unaffected,

since the migration area is inversely proportional to the square of the

moderator density and the vertical geometric buckling is essentially directly
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proportional to the square of the density. The multiplication constant and

radial nonleakage probability are the predominant effects in the moderator

temperature coefficient, and these are independent of the moderator level

but strongly dependent upon the density.

It is concluded that the prompt or Doppler temperature coefficient

of the fuel is the chief inherent safety mechanism of the PRTR, and is the

effect primarily responsible for the termination of major or fast excursions.

In a slow reactor runaway moderator effects may also be of significance in

limiting the energy release. It should again be noted that the inherent safety

characteristics of the PRTR are not unlike those of light-water-moderated

reactors; the presence of larger amounts of plutonium has an unfavorable

effect on the total delayed-neutron yield, but this is compensated for by the

favorable effects of delayed photo-neutron production in heavy water.

2. Primary Controls

The primary control system will be capable of controlling reactivity

by adjustment of moderator level in a range of from 36 inches to 111 inches

through varying settings of the control valves. This range of control

represents a control strength of some 260 mk (M2 =-250) to 300 mk (M2 = 290).

This range can be extended by operation of the shutdown valve in conjunction

with the control valves to a lower limit of moderator level of 24 inches.

This increases available strength in the primary system to 600 to 700 mk.

The limiting rates of reactivity change have been shown in Figure 13,

page 33. Maximum rates of reactivity decrease are shown for control valve

action only, and for control valve action supplemented by shutdown valve

action. Operation of the shutdown valve by itself (with control valve closed)

would provide reactivity decrease rates similar to the limiting rates for

control valve action.

Maximum reactivity decrease rates attainable by control valve action

are about 0. 25 mk/sec in the normal operation range of moderator levels,

and increase to a peak of 4. 5 to 5 mk/sec at a moderator level of 4. 5 feet.
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The additive action of the shutdown valve increases the capacity of the

control system considerably; rates of decrease of about 0. 65 mk/sec can

be attained at maximum moderator levels. The rate of decrease is much

greater at lower moderator levels; at any level above three feet, the rate

of reactivity decrease attainable through combined control-shutdown valve

action exceeds the maximum rate of increase which can be obtained.

The increases in reactivity attainable with the control system are

limited by the capacity of the compressor which produces the balancing

pressure. In the normal operating range the maximum increase rate is

about 0.1 mk/sec. The maximum rate increases rapidly at lower moder-

ator levels, where the change of reactivity with level is greater.

During steady-state power operation, the moderator level will

normally be maintained within the top 6 inches of the calandria. Mainte-

nance of the moderator within this range is required for proper operation

of the top discharge system for circulation of the moderator. By maintain-

ing the level within this range, the maximum excess reactivity which can

be introduced by changes in moderator level is about 4mk under the worst

conditions. Recovery from such a situation could be quickly effected by

the safety system even if the increase in moderator level were achieved

instantaneously. Actually, the reactivity could increase no faster than the

maximum rate shown on Figure 13, page 33, and then only after failure of

the controller, which of itself would cause shutdown of the reactor.

An alarm system will indicate when the moderator level is outside

the normal operating range, requiring reactivity adjustment with the shim

controls.

Operation within the normal operating range is not feasible during

automatic start-up of the reactor; during this period of operation, with

the moderator at relatively low levels in the calandria and with high attain-

able rates of reactivity increase, a complex sequence of control and safety

system failures could, conceivably permit introduction of sufficient
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reactivity to initiate a serious power surge. Such a sequence, however,

must entail failure of the controller and of the period and/or power level

safety trips, and must assume non-operation of the fail-safe features of

these components; or, it must assume a reactivity increase so large and so

rapid that neither the controller nor the safety system can respond in time.

Figures 33 and 34 show the lower bounds for the si.bcritical period

during approach to critical for a number of varied reactor loading condi-

tions. The curves were developed from the approximate formula: 1 )

T = dk

TT

where T is the period in seconds. Any real period must be equal to or

greater than the value indicated by the formula, owing to delayed neutron

effects. The curve for any real case will deviate more and more from the

limit as criticality is approached. The curves shown were developed based

on the maximum rate of increase of reactivity (Figure 13, M2 = 290). In

reality, once a finite period signal is received from the monitoring channels,

the controller will assume control of the reactivity increase rate and will

partially open the control valves, slowing the rate of increase.

The period limits shown indicate that it would be very difficult to

develop a situation whereby the reactor approached criticality with a danger-

ously short period, except possibly at very low levels of criticality. Even

in these cases, adequate time would be available for control action or,

supposing that to fail, for actuation of the safety circuits.

For start-up operations after criticality has been attained, the curves

of Figure 13, page 33 , indicate that, even if the moderator level continues

to rise at its maximum rate due to some failure of the control system, the

rate of reactivity increase even at a moderator level as low as 4 feet would

(11) Schultz, M. A., Control of Nuclear Reactors and Power Plants,
McGraw-Hill, N. Y., 1955.
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be only 1. 4 mk/sec maximum, slow enough that the safety system could
easily recover. With criticality at higher moderator levels, the lesser

attainable rates of reactivity increase provide larger factors of safety.

In conclusion, the only apparent means by which serious trouble

may be encountered, either during start-up or during steady state opera-

tion, involve either (1) large and rapid increases in reactivity, by means

other than moderator level changes; or (2) simultaneous failure of the

primary control system and the safety system, with nonoperation of the

fail-safe features of both systems.

3. Shim Controls

Total control strength of the shim system, with optimum rod distri-

bution, is 36 mk; the average strength for each half rod is 1 mk, and the

nominal maximum, 3. 0 mk.

Movement of the rods within the reactor is accomplished through

manual controls in the control room. The maximum rate of reactivity

change due to controlled movement of the shim rods is 0. 04 mk/sec. *

This rate is well within the range of control action of the primary control

system.

The only apparent way in which large rates of reactivity increase

could be caused by the shim system is the accidental dropping of half rods

from the calandria, following breaking of the chains which position the rods.

The rated breaking strength of the chains used is 85 pounds; individual

half rods will weigh (in air) from 4 to 8 pounds, depending on their

construction. Frictional forces are not expected to materially increase the

load on the chains. The minimum factor of safety against breakage will

then be at least 10.

UNCLASSIFIED
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In the event of breakage of a chain, Figure 35 shows calculated

rates of fall for shim rods. The curves presume unhindered fall through

an open volume of water. Actually the half rods are confined within guides;

compression effects, enhanced liquid friction, and metal-to-metal friction

against the guides will act to slow the rate of fall of the rods.

Because of the relatively weak half rods used, simultaneous failure

of several of the rods would be required to initiate a serious incident. The

greatest effect from rod failure would be attained when the rods fell from

the midpoint of the calandria into their retention chambers in the bottom

shield, a distance of about five feet. As indicated by the curves, a minimum

time of about 0. 6 to 0. 7 second would be required for such a fall. Actually,

because of the above-mentioned effects, considerably greater time would be

required.

4. Safety System

The safety system is capable of rapidly decreasing reactivity in the

reactor by more than 1000 mk by draining the calandria. The rapid initial

decrease in reactivity during a scram, some 18 to 20 mk within 1 second,

provides a high degree of protection for the reactor.

The reactivity decreases afforded by the safety system have been

shown in Figures 16 and 17, pages 40 and 41. These curves do not provide

any allowance for instrument system time delays. In analyses of nuclear

excursions presented in this report an allowance of 0. 2 second was made

for safety circuit and valve delays.

The curves shown are for dumping the moderator when the moderator

level is initially at its maximum. For lower initial moderator levels, the

actual rate of level decrease during dump is less during the initial stages of

dump. However, at lower levels reactivity is more strongly dependent on

level; the rates of reactivity change under these conditions are as great as

or greater than those shown.
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Design of the safety system is such that failure of any two of the

four dump valves to open would not appreciably reduce scram rates. The

valves themselves are of fail-safe design, each valve being held closed by

a solenoid mechanism and opened by a powerful spring aided by the gas

pressure existing across the valve. The dump valves are opened by the

action of a scram signal which cuts current to the solenoids. Failure of

electrical power to the valves would thus be equivalent to a scram signal,

and would cause the dump valves to open.

All instrumentation connected to the safety system is of fail-safe

character. Failure of any of these instruments will initiate a reactor scram

in the same manner as if a scram signal had been received. Relays

involved in the circuit supplying the dump valve solenoids are triplicated

and connected in series-parallel such that dropping of any one relay will

open the four valves.

The only conceivable mechanisms for failure of the safety system

which do not involve extremely improbable sequences of failures, and

failures overriding fail-safe features, are those involving deliberate sabo-

tage of the system.

B. Conceivable Causes of Power Excursion

1. Procedural Error

This is, on a historical basis, a very common cause of excursions.

In a typical case the normal shutdown devices are bypassed for the purposes

of some experiment, and a single human error or combination of errors

results in an incident.

In operation of the PRTR, strict procedures for bypassing will be

set up and observed. Complete authority for permission or denial of bypassing

will reside in the manager of the operating component or his delegates.
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2. Control System and Instrument Malfunction

Such excursions could result only from simultaneous failure of

several independent systems together with an excursion-producing incident

which would normally be neutralized in its effects by the controls. Since

the safety circuit controls and instrumentation are of fail-safe character,

this type of excursion is essentially impossible, because any system failure

will itself act to shut the reactor down in the same way that a normal scram

signal would if the systems were in proper working order.

3. Coolant System Failure

Failure of the coolant system itself constitutes a serious incident.

If heavy water of reasonable purity (97 to 100 per cent) is used as the

coolant, no severe power excursion can result from loss of coolant.

Process tube rupture, by increasing tank pressure, would tend to initiate

a dump which would prevent any net increase of heavy water content in the

core. Ruptures in the main coolant piping would result in rapid loss of

coolant from the process tubes. In most cases this loss would decrease

reactivity; for some fuel configurations, however, some increase in

reactivity may occur. Even in the most disadvantageous configurations,

the increase would be slight enough that the reactor would be shut down

effectively by the safety system, with no severe excursion occurring.

Initial operation of the PRTR will be with heavy water coolant.

Since conversion to light water cooling may be made at some later date,

and since the containment vessel must be designed to withstand the pressure

involved in the most severe incident which could occur during the lifetime of

the reactor, a preliminary evaluation of hazards associated with light water

cooling must be included in this report.

The rapid loss of light water or organic coolant from a sufficient

number of tubes could in the worst case cause an extremely severe power

excursion; indeed, this is the only known mechanism for producing such an

excursion in the PRTR.
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The lower vapor pressure of organics as compared to light water

represents a substantially safer situation with respect to coolant loss either

from breaks in the system itself or from the formation of vapor in the cores.

Instantaneous loss of light water coolant from the entire reactor (assuming
concentric fuel elements throughout) would cause an estimated gain of 45 to

50 mk, about 7 dollars of excess reactivity.

Such an incident is an unlikely extreme case. Loss of coolant would

not be instantaneous but would occur over at least several tenths of a second,

and the resulting "ramp" of reactivity increase would produce a substantially
lower total energy release. Finally, tests using light water or organic
coolant could be carried out with a somewhat smaller core loading, in which

case the reactivity effect of light water coolant loss could even be negative,

as it is in most small reactor systems.

The detailed evaluation of hazards associated with the use of light
water and organic coolant will be made in a separate safeguards analysis
at a later date, when operating characteristics of the reactor are more
precisely known and it has been decided to convert to light water or organic

coolant.

4. Moderator and Gas System Failure

Under normal operating conditions the shim system will be utilized
to adjust the critical moderator level to a point so near the overflow lip that
no dangerous level rise is possible, and even if the level should somehow
rise to the extreme top of the tank the resulting excursion would be relatively
mild. The only real possibility of trouble from this source is the startup

period, where the critical height of the moderator will in general be well

below the overflow lip.

Control system failure at this point, or procedural error, could
initiate a minor power surge not severe enough to cause damage. Under

no conditions could the level be increased rapidly enough to produce an
incident as serious as one caused by the rapid loss of light water coolant.
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Flooding of the gas space in the reactor due to a leak or rupture in

a single calandria shroud tube would be confined to that particular process

channel and little effect on reactivity would result. Simultaneous flooding

of all channels would produce a reactivity increase (at full level) estimated

at 19 mk. Such leaks would not result in flooding if the reactor were in full

power operation, since vaporization would occur as soon as the moderator

came in contact with the heated process tube. Therefore the only possibil-

ity of an excursion resulting from this effect would be simultaneous and

drastic rupture of most of the calandria shroud tubes during cold startup

conditions. The resulting excursion would be limited to that produced by

addition of 1100 gpm of moderator to the core. At a 200 cm level this

would produce a ramp addition of reactivity of about 5 mk/sec under the

worst possible assumptions. A ramp of this size should be terminated by

the controller before high power levels are reached or a scram initiated.

The dynamic gas-balance system and its associated instrumentation

and controls are of fail-safe type. Short of blockage of the dump weir it is

very difficult to envision a sequence of events in which the normal dump

mechanism would fail to respond to a failure in the moderator or gas systems.

Transient pressure unbalances in the calandria gas balance system

will in general tend to shut down the reactor. An increase in gas pressure

within the calandria, by failure of reactor pressure piping, overheating, or

accumulation and ignition of an explosive gas mixture, will force the moder-

ator level down. In a severe pressure surge, such as produced by an

explosion, the calandria would probably rupture. Rupture of the top gas

plenum would have essentially no effect other than aiding removal of the

excess pressure. Rupture of the calandria walls proper would result in

mixing of the moderator with the reflector and/or draining of moderator

from the calandria into the surrounding gas space. Either action results

in either no change or decrease of reactivity. The shroud tubes would tend

to collapse rather than rupture in this case; in either event, moderator

contacting the hot process tubes would flash into steam, increasing pressure

and aiding ejection of moderator from the calandria.
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An explosion in the moderator storage tank, if severe enough, would

rupture the tank; subsequent loss of pressure would cause the moderator to

drain from the calandria. A less severe explosion would immediately force

heavy water trapped in the weir into the calandria, raising moderator level

by about 1. 2 inches, probably followed by violent bubbing of gas into the

calandria through the weir trap. These disturbances would provide reactivity

transients sufficient to trip the safety system, but probably not strong enough

to initiate a serious excursion.

Continuous purging of the gas within the calandria and the storage
tank to the helium purification unit makes the possibility of a deuterium-

oxygen explosion extremely remote, even if the blanketing effect of the

helium gas is ignored.

5. Shim System Failure

The strength of the individual half-rods will depend both upon their

location within the reactor and the number and configuration of other rods

in the vicinity. While the total strength of the system is designed as 36 mk,

making the average half-rod worth 1 mk, individual half-rods may represent

as much as 3 mk when only a few are inserted. Should the chains supporting

several of these rods break simultaneously, the rods would fall out of the

active region of the core. The rate of fall would be relatively slow, about

0. 6 to 0. 7 second to fall 5 feet, which would move the rods from the position
of maximum effect to the bottom shield. For a serious excursion to be

produced by shim failure, nearly the entire system would have to be initially

inserted and the chains would all have to break simultaneously (or within

about 1/4 second). Since the 36 rods are mechanically independent, and

since the supporting chains are designed with a conservative safety factor,

such a coincidence is too remote to be considered. The only incidents whose

probabilities are not astronomically small are those resulting from simulta-
neous failure of two or three rods. The resulting period would be at worst

a few seconds, and in all probability the dump would be well under way

before the rods had fallen completely out of the core.
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6. Loading Error

A reactor loading such that the minimum critical moderator level

is less than 90 cm is unsafe unless special procedures are followed

during startup. Such loadings are in any case more highly enriched than

any contemplated at present for the recycle program.

7. Fuel Element Failure

Violent failure of plutonium fuel elements, resulting in rapid distri-

bution of plutonium throughout the coolant, and occurring in several elements

simultaneously, could initiate a serious power transient. The greatest

hazard would be in those elements having the highest ratio of plutonium

content to power generation, i. e,, the highest self-shielding factor. Even

for the most highly self-shielded elements, however, failure would have to

be nearly instantaneous over many feet of element length to initiate a genuine

excursion. There is no reason why fuel elements would ever be tested in

the reactor which would be subject to violent and extensive failure of the

type required to cause a severe runaway. The fuel can always be fabricated

in isolated sections so that the failure of the element will be gradual and

partial. Under these conditions the reactivity increase rate would be likely

to remain within safe limits. Additional precautions for early detection of

ruptures might also be considered seriously in view of the possible conse-

quences of extensive failure.

It remains true that the self-shielded fuel element presents hazards

not present with other types of fuel, and many more detailed studies must

be carried out before the hazards, as well as the advantages, of this concept

are completely defined.
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C. Reaction to Off-Standard Conditions

1. Analysis of Reaction to Pressure and Temperature Changes

With heavy water coolant the amount of moderation contributed by

the coolant is small (at most 9 per cent of the total) and the amount of

neutron absorption negligible. It follows that the primary coolant system

is only very weakly coupled to the reactivity, and therefore only severe

changes such as total loss of coolant, replacement by light water, etc. are

of significance in their reactivity effects as far as hazards are concerned.

Small effects do exist which affect the operation of the control system, such

as formation or collapse of steam voids in the coolant or moderator, and these

will be analyzed to determine whether oscillations in power level might be

produced by them. No trouble from this source is expected at present,

however.

2. Neutron Kinetics

The transient response of the PRTR to sudden changes in reactivity

is governed by the time dependent neutron density. This in turn is dependent

upon the form of the reactivity disturbance, the delayed neutron characteristics,

the fuel temperature and other smaller effects. The analytical formulation

of this problem is given in Appendix D. Solutions for a range of reactivity

imputs were obtained by means of analog computation.

In general two forms were considered for abrupt introduction of

excess reactivity, Ak, the "step" and the "ramp". A step input assumes

the introduction ofdk in essentially zero time, whereas the ramp assumes

a linear introduction with time. It is clear that no realizable physical process

can actually achieve the former while very few are perfectly linear as ih the

latter. However, these assumptions are justified on the basis that they

simplify analysis and are not unlike the abrupt changes which lead to serious

incidents.
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Extremely rapid increases in neutron density and, hence, power

are experienced when Ak is much greater than the total delayed neutron

fraction, P. However, as has been pointed out, nearly all the energy

released is available for heating of the UO2 and the Doppler coefficient

overrides the disturbance and brings the power back to normal rapidly.

Results for four step reactivity disturbances of 10, 20, 30, 40,

and 50 mk were obtained. These are shown in Figure 36, in which power,

fuel temperature, and energy released are given as a function of time from

the initiation of the disturbance. Termination of the excursion by the

negative metal temperature coefficient can readily be discerned. In all

cases the excursion is limited in about 0. 7 second by this effect.

In addition two ramp disturbances of 10 and 25 mk/sec were

introduced. The results are presented in Figure 37.

Fuel temperatures exceed the melting point of zirconium for steps

greater than 20 mk and ramps greater than 25 mk/sec.

In general, the results indicate that the rapid introduction of 20 mk

or less of excess reactivity will not constitute a major incident.

D. Power Failures

Failure of BPA system power will result in a scram of the reactor.

In event of such failure, emergency power will be available from an emer-

gency diesel generator in approximately 15 seconds. This emergency

generator is rated at 300 KW and would normally be used to the extent of

250 KW in PRTR emergency operation. The BPA system supply has a

record of 6 outages in 5 years at the 300 Area. These outages have been

of a duration range from momentary to 1 hour and 26 minutes with anaver-

age duration of 29 minutes,
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Energy for the following services is supplied by the emergency

electrical distribution system from the diesel generator.

a. Control instrumentation

b. Emergency lighting

c. Compressed air

d. Process water pumping

e. Boiler feedwater pumping

f. Primary coolant circulation

g. Moderator circulation

h. Process area air conditioning

i. Helium processing

E. Equipment Malfunctions

1. Pumps

All pumps used in the primary and secondary coolant systems in the

PRTR plant have an installed spare pump in the circuit. Automatic instru-

mentation is provided to start the spare pump in the event of a stoppage of

an operating pump. Depending upon the setting of the starting mechanism,

and the setting of the instrumentation initiating a "scram", the reactor may

or may not scram.

In the event of 'total power outage to the reactor, flywheels are

provided on the primary recirculation pumps (1200 lb ft2 at 1750 rpm) to

provide circulation of the primary coolant until natural convection can carry

the decay heat from the reactor.

2. Valves

Motor operated valves used in the PRTR, in the event of a power

failure, will remain in the position assumed before power failure until

emergency power is available. Adequate flow is available for reactor and

auxiliaries during this time, since reactor heat is much less than before

the power failure has scrammed the reactor.
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3. Reactor Piping

a. Minor Leaks

Occasional minor leakage of primary coolant may occur at fittings,

but such leaks do not present a hazard to the reactor since continuous makeup

coolant is provided.

b. Failure of Jumper Piping (Inlet or Outlet)

A large leak or failure in the inlet or outlet jumper piping to a

process tube will not be a serious hazard to the reactor and is an unlikely

possibility. Flow through the process tube will continue even in the event

of complete failure of a jumper line, although the flow rate will be altered

sufficiently to cause the tube flow monitor to scram the reactor. The flow-

meter scram will identify the leaking assembly and radioactivity and mois-

ture instrumentation will locate it in either the inlet or outlet piping.

Although flow in the tube may actually be reversed (in case of inlet piping

failure), sufficient cooling will be available to prevent fuel element damage

in the shutdown reactor. After the reactor has scrammed the coolant system

pressure and temperature will fall as rapidly as the coolant can flash to

steam and escape through the leak. Since the makeup rate of heavy water

will be less than the leakage rate in this case, it will be necessary to start

light water injection as soon as the pressurizer water level becomes too

low, in approximately one minute after scramming. After the system is

depressurized it can be drained sufficiently to stop flow on the problem

tube and discharge the fuel element, or supply temporary separate cooling

to that tube.

The chief problems presented by a leak of this nature are the

inconvenience of draining and collecting the lost coolant, and minimizing

dilution of heavy water by light water.
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c. Failure or Leakage of Headers or Main Piping

A large leak in the headers or main piping, an extremely unlikely

event, will cause a reactor scram to be initiated by the pressurizer low

pressure or low level trip. Light water would be introduced into the system

in less than 1 minute after the leak occurred. The size and location of the

leak and access problems would dictate the course of action, i. e., repair of

leak, diversion of coolant, or discharge of the reactor fuel load.

Failure in the headers or main piping would constitute a major

reactor incident, since it could deprive the reactor of cooling and possibly

cause some immediate physical damage. The reactor would be scrammed by

flow and pressure monitors, and the light water backup coolant system would

be put into use. Backup cooling would reach the reactor in sufficient quantity

except in case of extensive damage to the backup coolant piping. In such a

case, overheating would cause severe damage to the reactor and fuel,

however, closure of containment valves would minimize spread of

contamination.

d. Failure or Large Leak in Process Tube

Failure of a process tube, or a large leak in one, would endanger

the fuel elements in that tube and probably damage the shroud tube and

calandria. The reactor would be scrammed by a flowmeter trip, which

would also identify the leaking tube. Moisture detected by the reactor

atmosphere sampling system would indicate the leak as occurring inside

the reactor. The maximum flow of coolant from one severed process tube

in the calandria, about 1100 gpm, could increase the dump time by about

0. 25 second. The primary cooling system would be depressurized at the

emergency rate, and the tube isolated. The nozzle cap could be removed and

the fuel assembly discharged if possible, or separate light water cooling

could be supplied through the fuel hanger or through the bottom of the tube

until preparations could be made to discharge tube and fuel assembly

together. Since the process tube assembly is designed for relative ease of

tube removal, even a somewhat deformed tube should be romovable by the

normal procedure. The shroud tube could then be inspected for damage and

replaced if necessary.
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e. Pressure Equalization in Containment Vessel

Since the interior of the containment vessel is divided into several

rooms and cavities, significantly higher pressures could exist temporarily

in certain locations following a reactor incident. This could result in exces-

sive structural damage or even penetration of the containment vessel by

flying objects. To avoid such damage in the case of the worst credible

incident, the steam escaping from a rupture of the 10-inch headers or

14-inch primary coolant lines must be routed at low pressure to other

spaces in the building, and cover blocks held in place to withstand any

expected pressure differential. Sufficient venting is provided by leaving

the lower access room open to the process cell, by providing a 40 ft2 vent

space between the upper reactor piping space and the process cell, and by

furnishing a 100 ft2 vent area from the process cell to the reactor hall.

The vent space from the top of the reactor has a sheet metal tank which

will be blown out of the space by a major leak, but which can be filled with

water for shielding purposes when needed. In addition to the venting, shield

plugs over the reactor and access covers of the process cell are held in

place and designed to withstand the differential pressures anticipated in

the worst credible incident. Since venting and tie-downs are based on a

pessimistically assumed leak rate of 9000 lb/sec H20, they are more than

adequate for lesser cases, such as a jumper or process tube failure.

4. Instruments

a. Fail-Safe. Circuits

All instrumentation circuits that are used for reactor shutdown are

designed to be fail-safe. Fail-safe in this case means that any wiring or

component failure would effect a shutdown in the same manner as if the

connected instrument detected an out of limit process signal.
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b. Reliability

All instrumentation equipment and circuits are designed to be as

reliable as possible. Only equipment that is tested and proven for reliable

operation will be used. Reactor operating level safety channel instrumenta-

tion is installed in duplicate for greater reliability.

5. Light Water Backup

In the event that heavy water coolant for the reactor is lost, a light

water injection system is provided to prevent the melting of fuel elements.

The injection system is piped from the boiler feed pump discharge to the

upper and lower ring headers and includes appropriate valving and instru-

mentation to divert adequate coolant into each header, Segregation of light

and heavy water during normal operation is provided by dual actuating

valves equipped with restricted drains and separated by a rupture disc.

By these means, after depressurizing the reactor, up to 750 gpm

of light water can be supplied to the reactor by boiler feed pumps, process

water pumps, or the emergency well pump in order to prevent fuel element

melting.

In the event of a simultaneous electrical power outage, water will

be available from 300 Area high tanks for a period in excess of four hours.

However, since this supply also is a fire-fighting reserve, it will be used

only long enough to start the internal-combustion engine driven pump at

the well, This means that an adequate cooling supply is available independ-

ent of electric power,

In actuating the system the steam drum and primary loop are depres-

surized, and the injection valves are actuated. Water from the 300 Area

water system or PRTR well will be pumped through the reactor and spill

out the break.
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6. Boiler Feedwater Backup

In the event of flow interruption through the auxiliary heat exchangers,

an automatic bypass is actuated, resulting in direct flow of sanitary water

to the boiler feedwater pumps. A bypass around the pumps will admit sani-

tary water directly into the heat exchanger after depressurization.

In the event of complete loss of power (BPA and emergency diesel

generator), the primary boiler heat exchanger can be blown down and well

water introduced directly into the heat exchanger. Since the blowing down

of the steam drum requires about 10 minutes, time is available for starting

the engine driven well pump supplying the well water required.

F. Errors

1. Decisions Entrusted to Experimental Test Operation Crews

The technological specification of process conditions which forms

the boundary for operating decisions must be approved by the responsible

Manager of the Plutonium Recycle Research and Development Program and

accepted by the Manager, Test Reactor Operation prior to operation of the

PRTR.

The decision to startup the reactor and to operate at the normal operat-

ing level is the responsibility of the Test Reactor Operation Supervisor on

duty. The decision to raise level from the point where moderator level is

checked against criticality predictions is a very important decision because

of the ability to obtain an exceptionally fast period in the remote possibility

that safety circuits do not function and/or monitoring information is over-

looked or misinterpreted.

Decisions to shut down in case of such incidents as equipment malfunc-

tion or a leak in the coolant systems will be entrusted to the Test Reactor

Operation crews with the exception that if the consequences of such incidents

are of sufficient magnitude a safety circuit trip will result in an automatic

scram shutdown. The authority to bypass safety trips will be governed by
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Operating Standards approved by the Manager, Test Reactor Operation.

Interlocks of neutron monitoring instrumentation to prevent operation with-

out a minimum number of normal signals has been previously described.

2. Safeguards Against Wrong Action or Failure to Act

The fundamental safeguard will be the selection and training of

competent experimental operations personnel. Keylocks will be employed

in all safety circuit bypasses and critical equipment controls.

The design will be such that critical features will be fail-safe and

as an example, there will be no necessity to make manual valving changes

to provide emergency cooling in case of a power failure. Valving will be

necessary to provide emergency cooling in case of breaks in process lines.

Shim rod controls will be interconnected so as to allow only sequen-

tial operation thus preventing a fast reactivity change due to a wrong act.

The rate in rise of moderator level in the calandria will be limited

by design to prevent extremely fast changes in reactivity due to a wrong

act.

Continual coverage by competent supervision will be provided in the

facility and no operational activities will be performed by personnel other

than those authorized by supervision.

G. Sabotage and Non-Nuclear Incidents

1. Sabotage

The facility will be manned with operating personnel during all

operating periods, and except for emergency evacuations, the building will

be attended at all times until the reactor is removed from service.

The site location is within the perimeter barricade of the Hanford

area. The facility will be provided with an exclusion fence which may be

locked during off-hours. The doors to the service building will be equipped

with locks to prevent entry from outside as well as the emergency air lock

exit.
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The main air lock will be equipped with indicating lights in the control

room to warn the operators of its use and the air lock door will be provided

with a means to lock it.

The process and experimental cells will be equipped with key locks

and in addition will have electric locks which may be opened from the control

room only.

All critical process switches and valves will be equipped with suit-

able lock switches and guards. Keys for all locks will be controlled by the

operating staff.

2. Bombing

No protection against bomb and external missiles is incorporated

in the design of the PRTR building.

3. Earthquake

The PRTR building and equipment will be designed to resist forces

associated with earthquake conditions for Zone 2 as defined in the Uniform

Building Code.

4. Windstorm

The containment vessel, service building and other structures and

every portion thereof are designed and constructed to resist wind pressures

in accordance with the Uniform Building Code section 2307.

5. Floods

The reactor hall floor is 49 feet. above the estimated average flood

stage of the Columbia River. In fact, the reactor hall floor is 35 feet above

the estimated 100-year maximum flood stage. The site, therefore, offers

safety from natural Columbia River floods.
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H. Intereffect of PRTR and PFPP

1. PFPP Safety Analysis

a. Plutonium Handling

Plutonium handling must be considered from the standpoint of several

hazards: critical mass, penetrating radiation (including neutrons), and alpha

radiation.

(1) Critical Mass

Critical mass control is exercised mainly by operational proce-

dures and batch size control. Plutonium will be received at the plant

as metal and as oxide. Present plans are that the oxide will be a mixed

crystal with uranium oxide content of at least 5:1. At first, the metal

will be weapons grade as buttons; if some power reactor plutonium

becomes available, it is assumed that it, too, will be furnished as

buttons. Recycle plutonium will be furnished as buttons, oxide, or

mixed crystal oxide. It is anticipated that the on-hand inventory of

plutonium held in the vault will total about 20 kg and that the in-

process inventory (as aluminum - plutonium alloy, 20 per cent and

less; plutonium oxide powder and pellets; and mixed PuG2-UO2'

20 per cent and less in PuO2 content) will total 20 kg.

Buttons and PuO2 batches will be retained in their shipping

cages until they are withdrawn, one by one, to enter the process.

The shipping cages are designed to prevent neutron flux interaction

between individual pieces from starting a chain reaction.

The in-process inventory is controlled by batch control

methods. Each glovebox hood work location is posted with a maxi-

mum permissible quantity of material or number of pieces; the limits

are changed as required to suit the material and fuel element type

currently being fabricated.
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Because of the distance between the PFPP and the PRTR,

as well as the necessary shielding of the reactor, no neutron inter-

action between buildings can be possible.

(2) Penetrating Radiation

Recycle plutonium having irradiation times of 12, 000 MWD/AT

equivalent or greater will contain appreciable proportions of the
. p 240 241 242 240isotopes Pu , Pu , and Pu . Pu emits a soft gamma

against which safety glass is a useful shielding material. Pu2 41

emits harder gamma radiation, and decays to U237 which emits a

hard gamma. Rapid handling of the material after chemical separa-

tion (removal of all uranium) will be required to complete fabrication

of fuel elements before enough U237 grows in to raise the dose rate

excessively.

The spontaneous fission rate of both Pu240 and Pu242is

much greater than that of Pu239, so neutron fluxes are considerably

greater than those normally associated with plutonium handling.

Furthermore, when recycle plutonium is associated with fluoride-

containing substances, the a-n reaction on fluorine releases large

numbers of neutrons. This is particularly evident with Pu2 4 1

The initial facilities provided in the PFPP are inadequately

shielded for many-times-recycled plutonium. However, over the

period of several years needed to irradiate such material, much

development work on fuel elements will have been accomplished.

At that time, a more rational choice can be made of the process

equipment which will be housed in hot cell facilities.

(3) Alpha Radiation

All plutonium handling must be done with careful precautions

against the contact of personnel with process material or anything

which is potentially contaminated with process material. Many of
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these measures have been discussed. To recapitulate the normal

working procedures:

(a) Normal entry to the work areas is only through dressing rooms

where special clothing is put on.

(b) Special clothing includes as a minimum for visitors shoe covers

and a laboratory coat. For workers the minimum is shoe covers,

coveralls, and surgeon's gloves taped to the coveralls.

(c) All process materials are enclosed in airtight containers when

in transit, and in glovebox hoods when in process.

(d) Any escape of contamination is quickly discovered by routine

monitoring procedures, which include survey of room areas and

regular air sampling.

(e) Any escape of contamination is localized by directional ventila-

tion and by subdivision of the process area into rooms.

(f) Decontamination:is made as easy as possible by the design and

finish of the process rooms.

(g) Highly contaminated special clothing is removed in the process

area and replaced with clean clothing as required.

(h) Routinely used clothing is only very slightly contaminated, if at

all, and is removed, after monitoring, at a stepoff point immedi-

ately inside the dressing room.

(i) Directional ventilation includes maintaining glovebox hood pres-

sures lower than process room pressures, which in turn are

lower than atmospheric pressure. Office and change-room areas

are maintained a little higher than atmospheric pressure. These

pressure differentials are maintained by airlocks.
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(j) All exhaust ventilation air is filtered from one to three times

through "absolute" filters.

Non-routine work procedures, including maintenance and

decontamination, may involve much more stringent precautions.

In contaminated areas, workers wear two suits of coveralls,

carefully taped to shoe covers and boots, two pairs of gloves taped

to the coveralls, full face masks with filters or clean breathing air

supply and cloth helmets completely covering the head. Other

techniques used are the greenhouse technique, using a portable

glovebox hood which can be taped in place, the plastic man tech-

nique, etc.

b. Building Service Interruptions

(1) Electrical Power Failure

An electrical power interruption to the building shuts down

both supply and exhaust ventilation fans. Depending upon atmos-

pheric conditions (chiefly wind velocity, gustiness and direction)

backdrafts through the exhaust system could occur, with discharge

of contamination into the process area from hoods and filters.

The cost of cleanup after such an incident is high. Other services

which would be interrupted would be the compressed air system,

the instrument air system, and of course all process loads.

To prevent these consequences, several safety measures

have been taken. First, emergency power from the 300 Area

emergency electrical system has been provided for total emer-

gency loads of 50 KW. The emergency power supply is cut in

automatically by transfer switch gear upon failure of the normal

power supply. The normal and emergency power supplies are

routed into the building over separate transmission lines. The

only point at which they come together is at the transfer bus.
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The emergency power supply operates an emergency fan,

which maintains the negative pressure in the hoods and insures at

least a slow forward flow in the main ventilation system. Closing

motors on three main exhaust system valves are also operated by

emergency power, thus sealing the system against backdraft. One

lighting fixture in each process room and a minimum number of

fixtures in corridors are also served by emergency power.

To avoid interruptions to the various compressed air systems,

a large air receiver is provided at the main air compressors. Instru-

ment air and dry air for the hoods are drawn from this supply, which

should outlast any ordinary power outage. A last ditch air supply

is afforded by the plant compressed air system. Plant air is admitted

to the main air receiver when the receiver pressure drops below

50 psig (normal level 100-125 psig). Therefore all control instru-

ments are expected to continue to operate normally (or to fail-safe)

in the event of a power outage.

The only provision made against outage of both main and

emergency power, thus far, is for emergency lighting. -Several

automatic battery operated lamps have been placed at various

locations in the building where they can serve both as escape lighting

and trouble lamps for any emergency. Consideration is being given

to a last ditch emergency air-operated drive for the three exhaust

system valves, to protect the building against backdrafts.

Avoidance of backdrafts in the ventilation system upon

restoration of service after a power outage will depend upon opera-

tional procedure. All motor starters will fall into an open-circuit

position upon current failure (normal undervoltage protection).

Manual restarting of all motors will thus be required. The exhaust

fans will be started first and allowed to bring to bring the building

to negative pressure balance before the supply fans are started.
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Provision of a single set of exhaust fans for both glovebox

hood exhaust and building ventilation air exhaust is regarded as an

important safety factor against unbalanced fan pressures and back-

drafts. Once the system balance is set up, relative pressures of

hood and room will always be in the desired direction. The highly

undesirable condition which may result with two separate systems,

of a failure of the hood exhaust fan while the. building exhaust fans

remain in operation, resulting in back-leakage from all hoods into

the process rooms, is positively prevented by this arrangement.

(2) Process Water Failure

Unscheduled water outages have been very infrequent in the

300 Area. No provision, therefore, has been made for a secondary

water supply. Since certain processes are dependent upon cooling

water supply for safety, low water pressure will be indicated by an

alarm on a service alarm system. Processes which may be hazard-

ous on short water outages will be equipped with automatic low water

pressure cut-off.

(3) Steam Supply Failure

The high ventilation rate set for this building as a second

line of defense against escape of plutonium contamination requires

a steady and large supply of heating steam in winter. Interruption

of the steam supply would lead to no emergencies, but would require

immediate action leading to orderly shutdown and evacuation of the

building. If the outage were to continue longer than several hours,

major equipment would have to be drained and anti-freeze added to

sewer traps for protection against freezing.
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(4) Propane and Compressed Air Failure

Interruption of propane and compressed air services would

have no effect on the safety and operability of the building. Propane

is supplied as a fuel gas to the "cold" laboratories only. Compressed

air is used only as an emergency supply when the building compressed

air supply is low.

c. Fire

Careful attention has been given to minimizing fire damage

to the building, preventing spread of contamination within the build-

ing, and preventing any escape of contamination from the building

to the environment in the event of fire.

The service area of the building is protected with a standard

sprinkler system. Such a system is regarded as unsafe in the

process areas, however, as the uncontrolled application of water to

metal fires may increase the fire rather than extinguishing it, and

may spread contamination as well. Application of fire control agents

to fires in the process zone will therefore be under supervision of

building personnel.

Fire detection systems will be used in the process area. In

considering the types of fire detection devices to be used, the criteria

have been dependibility, speed of response, and freedom from false

alarms. Early detection of small fires has been a special concern

throughout the design.

These considerations have led to provision of three separate

fire detection systems. First, for dependability, a standard ceiling-

mounted thermal system has been included. Second, for early detec-

tion of small fires in hoods, a capillary tube rate-of-rise system has

been provided in the hoods. Third, because the high ceilings and

rapid ventilation air flow rate may cause slow response of the stand-

ard system, a detection system in the ventilation exhaust ducts will

be provided.
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The air filters used in this building will be of the best avail-

able fire resistive type. Fireproof filter medium and spacers are

used in their construction. The adhesive used to seal the filter

medium to the frame will not burn unless exposed to an incident

flame. The wood frame is fire-retardant-treated with ammonium

phosphate salts. The small sponge rubber gaskets cemented to the

edge of the wood frames are the only combustible material used in

the construction of the filters. And this material is well protected

from all sources of ignition.

Although these filters are highly fireproof, they could fail

by prolonged exposure to 300 F air which would soften the cement.

To avoid overheating the main exhaust filters a set of fog nozzles

are provided in the main exhaust plenum. The supply valve for the

water fog spray is actuated by a fusible link. The water fog is

capable of cooling the air several hundred degrees F.

Partial plugging of the exhaust filters with smoke or water

is likely in the event of a fire. Failure of the exhaust fans to main-

tain the desired differential pressure in the building relative to the

atmospheric pressure will result in automatic shutdown of the supply

fans.

d. Earthquake

The PFPP building and equipment are designed to resist

forces associated with earthquake conditions for Zone 2 as defined

in the Uniform Building Code.

e.. Windstorm

The building and all associated structures are designed and

constructed to resist wind pressures in accordance with the Uniform

Building Code, section 2307.
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f. Floods

The main floor of the building is 53 feet above the estimated

average flood stage of the Columbia River and 39 feet above the

estimated 100-year maximum flood stage..

2. Interaction of PRTR and PFPP

The PFPP reflects the Hanford experience of over 12 years of contin-

uous safe handling of large quantities of plutonium. It is believed that in some

respects the building and equipment offer improvements in safety over those

with which HA PO's record has been set.

It must be recognized that the pilot plant operations will bring a

contamination control problem to the 300 Area which has previously been

isolated in the outer areas. This problem is the presence of plutonium in

quantity. Quantities of plutonium handled in the 300 Area previously have

been so small that spread of uranium contamination could be tolerated on

occasion without worry that it contained plutonium.

The PFPP is sufficiently distant from existing 300 Area buildings

and the PRTR that no damage to the PFPP from incidents arising elsewhere

is expected. Also, it is expected that an incident in the PFPP will in no

way cause incidents in or damage to the other building. Because of the

distance between the PFPP and the PRTR (about 100 yards), as well as the

shielding of the reactor, no neutron interaction between these two facilities

can be possible.
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VII. COURSE OF MAJOR INCIDENTS

A. Inherent Safety

The heavy water moderated and cooled PRTR inherently is a safe

reactor. In the discussion of the kinetic behavior of this reactor it was

emphasized that large additions of excess reactivity are required to initiate

a serious nuclear excursion and due to the negative temperature coefficient

of the fuel these excursions are practically self quenching.

When the reactor is operated with heavy water as both moderator

and coolant there is nothing present in the system which reasonably could

rapidly be withdrawn from or inserted in the core to give large additions

of excess reactivity (> 20 mk).

The most severe nuclear excursion envisioned under these conditions

is given below as Case I. Actually, under these conditions of operation

more damage can be done to the reactor by incidents which are non-nuclear in

nature, such as that described in Case II.

B. Case I - Nuclear Incident

It is difficult to conceive of a sequence of events which could provide

increases of reactivity of the magnitude and rate required to create a serious

nuclear incident in the PRTR. The only conceivable method by which

reactivity can be added rapidly is by failure of the chain holding a shim

control element and the subsequent dropping of the rod out of the calandria

into the bottom shield.

The reactivity worth of individual shim control rods will depend both

on their location within the reactor and the number and configuration of other

rods in the vicinity. While the total shim rod worth is designed as 36 mk,

making the average half-rod worth 1 mk, individual half-rods may represent

as much as 3 mk when only a few shims are inserted.

UNCLASSIFIED



UNCLASSIFIED -140- HNW-48800 REV

If two rods were to fall from positions of maximum effectiveness

simultaneously, 6 mk of reactivity could be introduced in about 0. 6 seconds.

Under ordinary operating conditions, it would take more than two half-rods

falling simultaneously to add 6 mk to the reactor. However, it is possible

that the reactor might be operating with only two or three shim rods inserted

in such a fashion that individually they are worth nearly 3 mk each. The

probability of more than two chains breaking simultaneously under any conditions

is believed to be too small for consideration. Even the probability of two chains

breaking simultaneously or two breakages occurring within a few milliseconds

is believed to be extremely small. For these reasons, the simultaneous loss of two

shim rods was considered to be the most serious PRTR nuclear incident.

The course of such an incident would be as follows:

(1) The chains suspending two shim elements fail simultaneously

(or within a few milliseconds) and the elements fall out of the

reactor within 0. 6 seconds.

(2) The 6 mk of reactivity associated with the two shim rods is added

to the reactor within 0. 6 seconds. This addition may be approximated

by a linear input of 10 mk/sec for 0. 6 seconds.

(3) A peak power of 104 MW is reached in 0. 6 seconds. The excursion

is limited by dumping of the moderator. Fuel temperature at the

peak power surge is 880 C.

(4) The excursion is essentially complete in 2 seconds. The fuel

attains a maximum average temperature of 880 C. The total

energy release for the incident is about 80 MW-seconds.

The course of this incident, including the effects of moderator dump

is shown in Figure 38. It is evident from Figure 38 that the consequences of

losing two shim rods under the worst possible conditions are extremely small.

In the first two seconds only 80-MW-sec of energy is generated. Since the

normal rate of energy generation would lead to 140 MW-sec of energy in this

same period, it is evident that the moderator dump has been very effective
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in limiting the excursion. Such an excursion, then, could not lead to the

loss of any coolant from the primary system or do any damage to the reactor

other than requiring the replacement of the two defective shim rod assemblies.

Therefore, if an incident were to threaten the safety of the reactor it would

be non-nuclear in nature.

C. Case II - Loss of Coolant

1. General

The most severe incidents possible in the PRTR involve the loss of

coolant. When operating with heavy water coolant a loss of coolant incident

would initiate little or no nuclear excursion. Thus, such a nuclear excursion

would be so small that effect on the results of the incident would be slight.

Rupture of a process tube jumper or a 14-inch primary coolant header

would, indeed, constitute a serious incident. In either case the leak rate

would be much greater than the heavy water injection capacity. Since the

primary coolant system is protected from overpressure by safety valves it

is extremely unlikely that the coolant system could be ruptured by high

internal pressure. Although the rupture of a process tube jumper or a 14-inch

header is possible, the probability of such a rupture is very low.

Estimates have been made of the time required to void the pressurizer

for four types of primary coolant system ruptures. (12)

Top 14-inch header break - 4 see,

Bottom 14-inch. header break - 6 sec,

Bottom process tube jumper break - 57 sec, and

Top process tube jumper break - 59 sec.

Loss of coolant by any one of the above failures would cause the reactor to

scram. The abnormal condition in the primary coolant system would be

sensed first by process tube flow monitors and slightly later by the

pressurizer level instrumentation.

(12) Ambrose, T. W. , Personal Communication, May 6, 1958.
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The backup light water cooling system described in Section VI, page 126,

is provided to prevent fuel element melting in case of a large break in the

primary coolant system. Backup coolant will be supplied at a rate of

700 gpm in a manner that will insure dividing the water supply equally

between the two ring headers. Backup light water can be supplied by any

one of three independent pumping systems to guard against loss of normal

electrical power, and failure of the process water supply. The three pumping

systems are:

a. Boiler feedwater pumps, 750 gpm at 425 psia, powered by BPA,

b. Process water pumps, 750 gpm at 100 psia, powered by BPA

or emergency electrical generator, and

c. Well water pump, 750 gpm at 100 psia, powered by an internal

combustion engine.

2. "Worst Credible" Incident

The most serious incident imaginable and credible for the PRTR

could be caused by the complete breakage of the 14-inch primary coolant

line from the top ring header accompanied by the simultaneous loss of

light water backup coolant. Actually, the backup light water reservoir and

the well will be located some distance from the primary coolant circuit and

will be connected to both the top and bottom ring headers. An incident such

as this,, then, could be caused only by the simultaneous failure of the

following physically separated components:

a.

b.

c.

d.

Top 14-inch header break,

BPA power failure,

Emergency generator failure, and

Well water pump failure.

Depressurization of the primary coolant system through the break in

the 14-inch top line will raise the pressure in the containment building to

8. 6 psig in a few seconds. The method of calculating the pressure in the

containment building following an incident is outlined in Appendix E.

UNCLASSIFIED
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Following the loss of coolant the fuel elements will be heated to the

melting point of the zirconium jackets by fission product decay and by energy

from zirconium-steam reaction. A discussion of metal-water reactions is

given in Appendix F. It was concluded that the extent of the metal-water reactions

would be no greater than:

Zirconium jackets of Mark II B fuel elements - 14%,

Zirconium of process tubes - 11% and,

Plutonium-Aluminum alloy cores - 20%.

Further, it was estimated that the metal-water reactions will take place over

a period of 5 to 10 hours after the incident. The total energy released by

metal-water reactions and the subsequent hydrogen combustion is 7, 000, 000

BTU. Although the energy from chemical reactions would give a containment

building pressure of 16. 3 psig if released in a short time, the pressure will

actually be much lower because the water fog spray system will cool the

atmosphere in the building faster than the energy is released. The cooling

power of the water fog spray system is 37, 000, 000 BTU/hr. The pressure

transient in the containment building following a loss-of-coolant incident is

shown in Figure 39.

Since the pressure in the containment vessel is lower than the design

pressure no release of fission products to the atmosphere should occur.

However, gamma radiation in the vicinity of the building will be high.

Radiation and contamination effects of a major incident are discussed in

Section VIII.

D. Possible Future Operation

1. General

Possible future operation as well as planned initial operation must be

considered for a test reactor during the design phases. This is especially

true in regard to design of the containment vessel, since the capability of the

vessel to hold high pressures can not be increased after construction is

completed. When considering possible modes of operation only those with a
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finite probability of use can be accommodated in the design if the provisions

for their use will entail a considerable increase in capital cost.

In later stages of the Plutonium Recycle Program it may prove

desirable to operate the PRTR with heavy water moderator and a hydrogeneous

coolant, light water or organic. The rapid loss of light water or organic

coolant from the reactor could cause a severe power excursion. In fact, the

rapid loss of hydrogeneous coolant is the only known mechanism for producing

an extremely severe excursion in the PRTR. The lower vapor pressure of

organics as compared to light water represents a substantially safer situation

with respect to coolant loss from breaks in the system. Since the rapid loss

of light water coolant could initiate the most severe accident immaginable for

the PRTR the containment vessel was designed to withstand the pressure resulting

from such an accident.

2. Possible Major Incident

With light water coolant and heavy water moderator, the neutron

absorptions in the coolant would be a significant fraction of total absorptions.

Therefore, the situation would exist whereby loss of coolant could cause a

large increase in thermal utilization and hence multiplication. Complete loss

of light water coolant would lead to the insertion of 45 to 50 mk excess

reactivity with the Mark II concentric fuel element uniformly enriched with

equilibrium plutonium. (Fuel element assemblies for light water cooling will

have no greater ratio of light water to uranium than that given by the Mark II

fuel element. *) The effect on the resonance escape probability would be a

decrease, but amounting to 5 mk at most so that the change in utilization

remains the dominant factor.

Since a finite time is required for the coolant to excape from all of the

process tubes, the loss of all of the light water coolant cannot be instantaneous.

It is estimated that the coolant density in the process tubes will fall to 12. 5

per cent of the original density in 0. 1 sec after a complete break of the 14-inch

line from the top ring header. This is considered as the cause of the most

severe accident imaginable.

* The effect of a greater ratio of light water to uranium is illustrated by a
19 rod cluster element loading where the loss of light water coolant would
introduce 85 to 90 mk excess reactivity. UNCLASSIFIED
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The sequence of events which would characterize this incident is as

follows:

1) Complete loss of coolant supply to all process tubes by a total break

of the top 14-inch primary coolant line initiates the incident.

2) 87. 5 per cent of the coolant is lost from the process tubes in 0. 1

second and essentially all of the coolant has escaped within 4 sec. The

excess reactivity insertion may be approximated by a 450 mk/sec

ramp input for 0. 1 sec.

3) A peak power of the order of 21, 200 MW is reached in about 0. 3 sec at

which time the metal coefficient limits the excursion. The fuel temper-

erature has reached approximately 1340 C at this time.

4) The major portion of the excursion is complete in 0. 6 sec. The fuel

temperature reaches an average maximum temperature of 2560 C.

5) An integrated fission energy release of about 3800 MW sec is

generated by the excursion.

The safety circuit will trip within 0. 1 sec and dumping of the moderator

will begin within 0. 2 sec of the initiation of the excursion. Termination of

the excursion is due almost entirely to the Doppler effect, since the rate of

decrease of reactivity effected by the safety system is too low to have an

appreciable effect on terminating the excursion. However, dumping the

moderator decreases reactivity rapidly immediately after the excursion,

shutting down the reactor and protecting against recurrence of the power surge.

The course of the incident is shown graphically in Figure 40.

As in the case of the loss-of-coolant incident for heavy water cooling

the plutonium-aluminum alloy cores, the zirconium jackets, and the process

tubes will melt. The extent of the metal-water reactions should be the same

as for the loss-of-heavy-water-coolant incident. It is estimated that the

chemical reactions will take place over a 1 to 2 hour period following the

loss of coolant. The energy released by the metal-water reactions and

combustion of the hydrogen is 7, 000, 000 BTU.
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The total excess energy, nuclear plus chemical, is 10, 500,000 BTU.

This energy will not be released to the containment atmosphere instantaneously.

First, the energy from the nuclear excursion will be released from the

reactor core over a period of a few seconds giving an initial pressure of

12. 8 psig. Second, with the start of metal-water reactions more energy will

be released and the pressure will rise further. Early in the incident the water-

fog spray cooling system would be turned on to cool the atmosphere of the

containment building. If the water-fog is turned on five minutes after

initiation of the incident the estimated pressure transient would be as shown

in Figure 41.

The peak pressure in the containment building would be 17 psig,

occurring in about five minutes. If the water-fog were turned on in less

than five minutes the peak pressure would be lower and the pressure in the

containment vessel would be reduced to atmospheric at an earlier time.

Although the peak pressure is higher than the code design pressure

of 15 psig it is lower than the test pressure of 18. 75 psig. This incident

should not result in the release of radioactive contaminants from the

containment vessel.
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VIII. RADIOLOGICAL CONSEQUENCES OF A MAJOR ACCIDENT

A. Method of Analysis

The consequences of an accident releasing fission products from

the reactor were calculated for two conditions: (1) the containment vessel

holds with nominal leakage to the environs; and (2) the containment vessel

is ruptured soon after the incident. The fission product release to the

container was taken as 25 per cent of the total burden in the reactor with

the release fractionated into 100 per cent of the noble gases, 70 per cent of

the halogens, and 10 per cent of the remainder. These numbers are

generally in line with the experimental values of Parker and Creek(13)

although they may underestimate isotopes of cesium and tellurium and

overestimate strontium and rare earths.

Gamma dose rates at various distances from the containment vessel

were estimated for a 200 day irradiated fuel with allowance made for the

attenuation of the concrete wall in the lower portion of the containment vessel.

Removal of the particulate portion of the fission products by the water fog

used for cooling was calculated by conventional rainout equations.

The escape of material from the containment vessel was assumed

to occur at ground level and the dilution downwind with a wind speed of five

meters per second was calculated from Sutton's equations for the neutral

condition and from the recent equations from Hilst et al. for the stable

case. In the stable case it was necessary to assume that the dilution of a

ground level plume followed the same pattern as an elevated plume. The

release was considered to occur over a relatively short period of time so

that wind meander did not add to the effective dilution.

The deposition on ground surfaces was calculated assuming that

the deposition velocity was proportional to the ground wind velocity and

an arbitrary allowance was made for the change in deposition velocity

(13) Parker, G. W. and Creek, G. E. , The Volatilization of Fission Products
by Melting of Reactor Fuel Plates, CF-57-6-87, July, 1957.
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with atmospheric stability. A deposition velocity of 2. 7 cm/sec was used

in the neutral case for halogens and 0. 15 cm/sec for the particulates in line

with the results of Megaw and Chadwick. (14)

Details of these calculations are given in Appendix F and reference (15).

B. Limits Chosen

The consequences of an accident involving the disruption of the

containment vessel were estimated on the basis of exposures which would

result in various degrees of damage. The areas involved and the definition of

the property damage criteria are given in Table III. Estimates of human damage

were made from the calculated pattern of radiation doses.

TABLE III

EXPOSURE LEVELS CHOSEN TO REPRESENT PROPERTY

DAMAGE CRITERIA - PARTICULATE FISSION PRODUCT

Conditions Exposure Level Radiation Doses

Long Evacuation 5000 p.c/m2  8 r/wk at 24 hrs
32 mr/wk at 5 years

Temporary Evacuation 500 pc/m2  80 mr in 1st day
1 r in 1st month

Crop Control 50 pc /m2  Sr deposition

The deposition of 5000 pc/m2 results in dose rates of about one roentgen per

day at 24 hours after reactor shutdown and about 30 mr/week at five years for

fuel irradiated for 200 days. For a 50 day irradiation period the dosage rate

would be on the order of 10 mr/week. These values assume no loss of the

radioactive material by weathering and no allowance has been made for the

contributions from beta radiation.

(14) Megaw, W. J. and Chadwick, R. C. , Some Field Experiments on the
Release and Deposition of Fission Products and Thoria, AERE HP/M 114,
December, 1956 (OUO).

(15) Healy, J. W. , Calculations on Environmental Consequences of Reactor
Accidents - Interim Report, HW-54128, December 11, 1957.
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The temporary evacuation limit was set at 500 pc/m2. In the present

calculations this is regarded as 500 pc/m2 of the particulate fraction. It is
estimated that this deposition including the dose from the cloud passage will

result in 160 mr in the first day, 600 mr in the first ten days, one roentgen

in the first month and about three roentgens in the first year. If the halogen

contribution is included at least for close approaches to the reactor, the

total annual dose would be five to ten roentgens. This would be in addition

to the beta dose which would result from the ground deposition.

The crop limit is based on direct deposition of radioactive materials

on the crop and is a seasonal type of damage. It is estimated that crops in

this region may have to be destroyed primarily because of the strontium-90

content.

The limits chosen for the volatile escape are given in Table IV.

TABLE IV

EXPOSURE LEVELS CHOSEN TO REPRESENT DAMAGE

CRITERIA FOR A VOLATILE FISSION PRODUCT ESCAPE

Condition Exposure Level Radiation Doses

Temporary Evacuation 15, 000 pc/m2  15 r total whole body
dose

Crop Control 2 pc/m2  20 rads to thyroids
of children.

The halogen limit is based on an estimated 15 roentgens whole body

dose from the halogen deposition on the ground. The crop limit for halogens

was calculated on the basis of limiting the thyroid dose to 20 rads for

children eating about 1300 grams per day of vegetables with an uptake of

45 per cent to a five-gram thyroid.

The limit of 2 pc/m2 is reasonably close to the limit found by
the British for transfer to the milk from contaminated vegetation.
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C. Dosages If Containment Vessel Is Intact

In the event of an incident in which the containment vessel holds, the

consequences will consist largely of the gamma radiation dosage rates

surrounding the vessel. Some leakage will occur, however. The containment

design specifications call for a maximum leakage rate of 1000 cubic feet at

standard conditions of temperature and pressure per twenty-four hours.

Since the water fog system will bring the temperature and pressure down to

one atmosphere within one to two hours after the incident it is assumed that

the total quantity leaking during the period when the pressure is high is on

the order of 0.01 per cent of the total release to the containment vessel.

Calculations were made for a release of 25 per cent of the fission products from

all of the reactor to the containment vessel. Table V presents the radiation

dosage rates at various distances from the reactor housing for these release

conditions. The dosage rates have been corrected for the deposition that will

occur during operation of the water fog system.

TABLE V

DOSE RATES FROM THE RELEASE OF GROSS FISSION PRODUCTS

TO CONTAINMENT VESSEL, ENTIRE REACTOR INVOLVED

Distance Radiation Dosage Rates - r /hour

feet 10 Min 1 Hour 3 Hours 10 Hours 1.Day 3.Days 10 Days 30 .Days

330 170 89 30 12 8.1 2.9 1.8 0.15

660 45 21 6.1 2.0 1.3 0.48 0.30 0.023

1,300 3.7 1.8 0.53 0.17 0.11 0.040 0.018 0.002

2,000 0.50 0. 25 0.078 0.023 0.014 0.0050 0.003 ---

3,9300 0.017 0.009 0.003 0.001 --- --- ---
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TABLE VI

EXPECTED EFFECTS OF RELEASE OF PARTICULATE FISSION

PRODUCTS TO CONTAINMENT VESSEL WITH A 0. 01 PER CENT

LEAKAGE FROM THE VESSEL

Maximum Distances Involved in the Release - miles

Condition

Unstable

Long Evacuation

0. 23

Neutral 0

Moderate
Inversion 1

Strong Inversion 3

.35

. 7

Temporary Evacuation

0. 8

1.4

10

14

Crop ontrol

3

5

44

45

Areas Involved in the Release'- Square miles

Unstable <0. 01 0.05

Neutral <0. 01 0.1

Moderate
Inversion 0.10 2

Strong Inversion 0. 25 4. 2

0.

1.

6

2

32

38

The results from the release of the volatile materials to the

containment vessel are given in Table VII.

UNCLASSIFIED
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TABLE VII

EXPECTED EFFECTS OF RELEASE OF VOLATILE

FISSION PRODUCTS TO CONTAINMENT VESSEL

Distance

feet

Gamma

1 Hour 3 Hours 10 Hours

Dosage

1 Day

Rates - r/hour

3 Days 10 Days

Entire Reactor Involved

84

25

1.4

0. 21

0. 0070

28

4. 2

0.42

0. 056

0. 0028

8. 4

1.4

0.14

0. 014

5. 6

0.70

0.07

0. 007

2. 1

0. 35

0. 028

0. 0035

1.4

0. 21

0. 014

0. 0021

Ten Per Cent of Reactor Involved

8. 4

2. 5

0.14

0. 021

0. 00070

2. 8

0.42

0.042

0. 0056

0. 00028

0.84

0,14

0. 014

0. 0014

0 56

0.070

0.0070

0. 00070

0.

0.

0.

0.

21

035

0028

00035

0.

0.

0.

0.

14

021

0014

00021

These effects are confined primarily to the radiation dosage rates from

the containment vessel itself. At 300 feet on the centerline of the cloud, the

total escaping material provides a full body dose of 2 to 7 r.

D. Escape If Containment Vessel Were Damaged

The estimated doses at the centerline of the cloud downwind are given

in Figures 42, 43, 44, and 45 for various meteorological conditions. These

values were calculated for an instantaneous escape of the fission products

from the containment building following the accident. In the event of a protracted

escape, the doses would be lower because of the radioactive decay. For example,

in an escape occurring over a ten-hour period, it is estimated that the external

UNCLASSIFIED

330

660

1, 300

2, 000

3, 300

30 Days

0.

0.

0.

14

014

0014

330

660

1, 300

2, 000

3, 300

0. 014

0. 0014

0. 00014
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10,000 G.I.
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Lung Dose

(10 Days)
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Gamma Dose
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100 1000 10,000 100,000
Distance in Meters

FIGURE 42

Dose Following Instantaneous Escape - Moderate Inversion
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100, 000
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0
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Dose Lung Dose (10 Days)
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1
100 1000 10,000 100,000

Distance in Meters

FIGURE 43

Dose Following Instantaneous Escape - Neutral

UNCLASSIFIED
AIC-GE RICHLAND WASH.



UNCLASSIFIED -159- HW-48800 REV

100, 000

Lung Dose (10 Days)
10, 000

G.I. Tract Dose

1,000

Total

CA External

.5 Gamma
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U)

0

100

10

1

100 1000 10,000 100,000
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FIGURE 44

Dose Following Instantaneous Escape - Strong Inversion
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100, 000

10, 000

1, 000

1000 10,000
Distance in Meters

AIC-GE RICHLAND. WASH.

FIGURE 45

Dose Following Instantaneous Escape - Unstable
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dose would be lower by a factor of two even if the wind were invarient over

this time period and the individual remained in the center of the cloud. In

practice, wind shifts during such a protracted emission would lower the

average concentration although the exact effect is not predictable due to the

random nature of such shifts. In addition, evacuation of the area should be

possible so that individuals would not be exposed to the full cloud.

Using the instantaneous escape as the worse possible case for these

effects, it can be seen from Figure 44 that under strong inversion conditions

the external gamma radiation is about 180 - 250 rads at 5500 - 9000 meters

(3-6 miles) with lung doses of 1000 - 25(00 rads and G. .I. doses of 800 - 2000

rads. At these levels, one would expect severe reactions to perhaps lethality

although prompt treatment and medical care could alleviate these effects.

Under neutral conditions (Figure 43) comparable doses would be received at

distances of perhaps 500 meters (0. 3 mile).

Property damages were evaluated for the instantaneous escape case.

Here the distances involved are sensitive to the wind meander and are listed

as maximum. Areas would be expected to be about the same for instantaneous

or gradual escape.

The maximum distance and the total area involved are given in Tables

VIII and IX for the excape of particulate and volatile fission products,

respectively. Meteorological conditions of unstable, neutral, moderate

inversion, and strong inversion at a wind speed of five meters per second have

been considered. The areas and maximum distances for an incident involving

the total reactor charge or only ten per cent of the reactor charge are

included.

UNCLASSIFIED
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TABLE VIII

ESCAPE OF PARTICULATE FISSION PRODUCTS

Meteorological Condition Long Evacuation Temporary Evacuation Crop Control

Areas Involved with Entire Reactor - units of square miles

Unstable 0.7 7.5 90

Neutral 1.3 16 200

Moderate Inversion 32 370 > 1000

Strong Inversion 39 220 800

Areas Involved When Ten Per Cent of Reactor is Involved - units of square miles

Unstable 0.07 0.7 7.5

Neutral 0.13 1.3 16

Moderate Inversion 2 32 370

Strong Inversion 5 39 220

Distances Involved with Entire Reactor - units of miles

Unstable 3. 0 12 43

Neutral 5.2 20 72

Moderate Inversion 44 110 450

Strong Inversion 46 150 220

Distances Involved When Ten Per Cent of Reactor is Involved - units of miles

Unstable 0. 8 3. 0 12

Neutral 1.4 5.2 20

Moderate Inversion 10 44 110

Strong Inversion 14 46 150

UNCLASSIFIED
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TABLE IX

ESCAPE OF HALOGEN FISSION PRODUCTS

Meteorological Condition Temporary Evacuation Crop Control

Areas Involved with Entire Reactor - units of square miles

Unstable 1. 4 > 1000

Neutral 2. 2 > 1000

Moderate Inversion 3 100

Strong Inversion 1..3 10

Areas Involved when Ten Per Cent of Reactor is Involved - units of square miles

Unstable 0.14 1000

Neutral 0. 22 > 1000

Moderate Inversion -0.4 50

Strong Inversion -0. 2 7

Distances Involved with Entire Reactor - units of miles

Unstable 4. 2 500

Neutral 6.8 720

Moderate Inversion 10 50

Strong Inversion 5. 5 7

Distances Involved when Ten Per Cent of Reactor is Involved - units of miles

Unstable 1. 3 140

Neutral 2 180

Moderate Inversion 4. 0 40

Strong Inversion 4. 0 7

UNCLASSIFIED
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The Columbia River is located about 1500 feet east of the reactor

site. A cloud traveling in this direction will deposit materials in the river

resulting in a spread of radioisotopes downstream. The possible magnitude

of this effect was calculated for the case in which the plume crosses the river

for a river width of 1500 feet. Not allowing for dilution by turbulent mixing

in the river, the concentrations at a river flow rate of 300, 000 gallons per

second may reach on the order of 25 to 50 pc/cc of water at three hours after

the full release or when the water reaches an area of signigicant use. (16) In

an incident involving ten per cent of the reactor, the concentrations may reach

2. 5 to 5 pc/cc. For comparison, it has previously been estimated (17) that

a single drink of 500 ml of water containing 80 c/cc would be lethal to humans

from exposure of the G. I. tract. Since the total width of the contaminated

strip is on the order of 30 - 100 feet, the probability of an individual drinking

the maximum concentration is low and can further be controlled by closing

water plants downstream. The effects on fish are uncertain.

The lethal concentration for fish exposed 24 hours is estimated at

5 pc/cc. It is possible that some damage will occur to aquatic life in the

vicinity. Concentrations at McNary Dam will be decreased by radioactive

decay and turbulent mixing but contamination of areas along the river will

occur and will require control.

Rainout was not considered in detail since this, in general, will

decrease the total areas involved in the categories of crop damage and

temporary evacuation, at the possible expense of increasing the areas of

high contamination on the ground. In general, this should lead to little

increase in the lethal or human damage areas since prompt evacuation of

personnel will reduce their exposure to high levels from residual contamination.

(16) Healy, J. W. , Rostenbach, R. E. , Influence of Hanford Reactors on
Domestic Use of Columbia River Water, HW-36862, May 25, 1955 (Secret).

(17) Healy, J. W. , Computations of the Environmental Effects of a Reactor
Disaster, HW-30280, December 14, 1953 (Secret - Red Label).
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APPENDIX A

SUMMARY OF PRTR ENGINEERING DATA

1. GENERAL REACTOR DATA

1. Power level (nominal)

Heat to primary coolant loop

Heat to moderator coolant loop

Heat to reflector

70 MW

66MW

4 MW

1 MW

Primary coolant flow

Primary coolant pressure

Reactor inlet temperature

Reactor outlet temperature (bulk)

Number of process tubes

Lattice

Fuel loading - Number of tubes of U0 2

Number of tubes of plutonium

Number effective power tubes

Number effective flow tubes

Max. tube power

Max. tube flow

Max. tube outlet temperature

(max. AT = 125% bulk AT)

Neutron Flux - thermal, avg.

Fuel exposure U

Xenon override time

Time required for:

shutdown (normal)

cool and depressurize primary coolant

system (normal)

8,400 gpm D2 0 at 478 F

1050 psig

478 F

530 F

85

8 in. equil. triangle

37-75

10-48

55

68

1200 KW

123 gpm

543 F

4 x 1013 neut/(cm2)(sec)

5-8000 MWD/T

1-2 hours*

10 MW/min

2 hours*

* Tentative, for design purposes
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charge-discharge (one tube)

pressurize primary coolant system

startup (from critical to full power)

cold

hot

HW-48800 REV

20 min*

less than 5 min

2 hours*

10 MW/min

18. Power and Neutron Flux Distribution (Unflattened):

Radial flux dist.. (D 2 0 Reflector) 0.72 avg/max (1. 39 max/avg)

Radial flux dist. (H20 Reflector) 0. 46 avg/max (2.17 max/avg)

Vertical flux dist. (7. 4 foot Fuel) 0. 636 avg/max (1. 57 max/avg)

2. REACTOR PIPING

Process Tubes (Figure 5)

1.

2.

Material

Dimensions I. D. (active zone)

wall thickness (active zone)

length

wall thickness (inlet end)

O. D. (inlet end)

3. Weight

4. D2 0 Flow area for empty tube (active zone)

5. D2 0 Flow area with cluster element in tube

6. D2 0 Flow area with concentric element

in tube

7. Equivalent Diameter with cluster element

in tube

8. Equivalent Diameter with concentric

element in tube

9. Reynolds No. empty tube

10. Reynolds No. with cluster element

11. Reynolds No. with concentric element

Zircaloy- 2

3. 250 in. t 0. 010 in.

0. 154 in. t .008 in.

17 ft 5-1/4 in. *

0. 250 in.

2-1/16 in. *

85 lb

8. 3 in. 2 (0. 0576 ft2)
2 2

3. 56 in. (0. 0246 ft )

2. 73 in. 2 (0. 0187 ft 2)

0. 325 in. (0. 0271 ft)

0. 289 in.

860, 000

200, 000

234, 000

(0. 0241 ft)

* Tentative, for design purposes
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12. D2 0 flow/tube, maximum

13. D2 0 velocity, empty tube (123 gpm)

14. D2 0 velocity, 19 rod cluster element

(123 gpm)

15. D20 velocity, concentric element

(123 gpm)

16. D20 inventory (85 tubes and nozzles)

17. Pressure drop across cluster element

18. Pressure drop across concentric element

19. Design stress

-167-

Inlet and Outlet Piping

20. Jumper material (inlet and outlet)

21. Jumper size (inlet and outlet)

22. Pipe material (outlet)

23. Pipe size (outlet)

24. Valve type (inlet)

25. Valve material (inlet)

26. Valve size (inlet)

27. Ring header material (inlet and outlet)

28. Ring header size (inlet and outlet)

29. Ring header size diameter (inlet)

30. Ring header diameter (outlet)

31. D 2 0 velocity, jumpers (123 gpm)

32. D 2 0 velocity, ring header, max.

(4200 gpm)

33. D20 inventory, inlet jumpers and piping
outlet jumpers

inlet ring header

outlet ring header

Total

316 SS

1-3/4 in. O. D. tubing

(.083 in. wall) seamless

316 SS

1-1/2 in. Sch 10S seamless

angle

304 or 316 SS

1-1/2. in.

304 SS

10 in. Sch 100 seamless

13 ft 0 in.

13 ft 6 in.

20. 6 ft /sec

19. 7 ft/sec

78 gal

70 gal

144 gal

144 gal

436 gal

UNCLASSIFIED
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2. FUEL ELEMENTS

19 Rod Cluster Elements (Figure 6)

1. Length of active core in element

2. Length of element

3. Length of hanger

4. Length of fuel assembly (hanger and fuel

element assembly)

5. Core diameter (Pu-Al)

6. Sheath material

7. Sheath thickness

8. Core cross sectional area (19 elements)

9. Total cross sectional area (19 elements)

w/o wire wrap

10. Core weight: UO2

Pu-Al

11. Fuel element assembly weight (19 elements):

U0 2

Pu-Al

12. Hanger weight

13. Fuel assembly weight: U0 2

Pu-Al

14. Relative flux* in reactor core: Core

Center Rod

Coolant Annulus

6-Rod Ring

Coolant Annulus

12-Rod Ring

Coolant Annulus

Process Tube (Gas Gap &

Shroud Tube)

Moderator

Average Flux in Fuel

7 ft 4 in.

8 ft 3 in.

6 ft 2 in.

14 ft 5 in.

0. 504 in.

Zircaloy- 2

0. 030 in.

3. 76 in. 2

4. 76 in.

122 lb

32. 8 lb

160 lb

70 lb

40 lb

200 lb

110 lb

UO2-

1. 0138

1. 0378

1. 06 28

1. 1426

1. 2284

1. 3842

1.

1.

1.

4669

7344

1648

2

Core
Pu-Al

1. 0067

1. 0250

1. 0419

1. 1099

1. 1684

1. 2704

* Flux normalized by taking value at center line as one.
UNCLASSIFIED
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1.

1.

3485

5993

1199
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15. Maximum heat flux

Concentric Elements (Figure 7)

1. Length of UO2 in element

2. Length of element

3. Length of hanger

4. Length of fuel assembly (hanger and fuel

element assembly)

5. UO2 diameters: Rod O. D.

inner tube I. D.

inner tube O. D.

outer tube I. D.

outer tube O. D.

6. Sheath material

7. Sheath thickness

8. UO2 cross sectional area (total)

9. Total cross sectional area

10. UO2 weight (10. 2 g/cc)

11. Fuel element assembly weight

12. Hanger weight

13. Fuel assembly weight

14. Relative flux** in reactor core:

Center Fuel Rod

Coolant Annulus

Small Fuel Tube

Coolant Annulus

Large Fuel Tube

Coolant Annulus

Process Tube (Gas Gap & Shroud Tube)

Moderator

Average Flux in Fuel

-169 -

* Tentative, for design purposes

** Flux normalized by taking value at center line as one.
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330, 000 BTU/(hr)(ft 2)

7 ft 4 in.

8 ft 7 in.

5 ft 10 in.

14 ft 5 in.

0. 580 in.

1. 065 in.

1. 820 in.

2. 300 in.

2. 970 in.

Zircaloy-3*

0. 030 in.

4. 74 in. 2

5. 57 in. 2

154 lb

190 lb

40 lb

230 lb

kU 2 Element
1. 0221

1. 0672

1. 1259

1. 2863

1. 4667

1. 7548

1. 9067

2. 4345

1. 3192
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15. Maximum heat flux

4. PRIMARY COOLANT SYSTEM

1. Heating load

2. D2 0 flow rate

3. D2 0 inventory (exterior of ring headers)

Steam Generator

4. Type and number

5. Total surface area

6. Tube material

7. Total evaporation rate (full power)

8. D20 velocity

9. D 2 0 pressure drop

Pumps

10. Type and number

11.. Spares in circuit

12. Operating head

13. Capacity (each)

14. Electrical Power (each)

15. Material

Piping

16. Size

17. Material

18. D2 0 velocity

Pressurizer

19. Pressurizing Method

20. Pressurizer size

21. Control pressure

Steam System
22. H20 flow

23. Steam drum pressure

HW-48800 REV

400, 000 BTU/(hr)(ft2)

66 MW

8400 gpm

2174 gal

1 - U tube and shell

6000 it2
304 SS

207, 030 lb/hr

14. 5 ft/sec

18 psi

3 - shaft seal

1

100 lb

4200 gpm

350 HP

316 SS

14 in. Sch 100

304 SS

24 ft/sec

Helium bleed from hp tanks .

109 ft3 D 20

1050 psig

535 gpm

425 psia
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5. MODERATOR COOLANT SYSTEM

1. Heating load

2. D20 flow rate

3. D 2 0 inventory

4. Temperature range

Heat Exchangers

5. Type and number

6.

7.

Total surface area

Heat capacity

Pumps

8. Type and number

9. Electrical power (each)

10. Spares

11. Oper. Head

12. Capacity

Secondary Cooling Water

13. H2 0 flow rate

Heavy Water - General

1. D20 inventory, total

2. D 2 0 cost

3. Purity specification

4. D2 0 density at 505 F

5. D202heat capacity at 505 F

6. Resin quantity

7. Resin operating temperature

8. Total capacity - corrosion products

9. Estimated D20 loss rate

10. Storage capacity

-171-

* Tentative, for design purposes
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4 MW

1100 gpm

2544 gal*

137-160 F

Countercurrent shell and

tube

1000 ft 2

13. 7 x 106 BTU/hr

3, shaft seal

40 HP

1

100 psig

600 gpm

750 gpm at 68 F inlet

5824 gal

$28 /lb

99. 8%

0. 858 g/cc (53. 4 lb/ft3)

1. 16 BTU/(lb) (0 F)

8. 0 ft3

130 F

12.1 gram equiv. /ft3

1 to 2% per year*

6600 gal
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6. REACTOR CONTROLS

1. Primary control

2. Shim control

3. Scram

Moderator Level Control

4. Method of level control

5. Moderator level, full power

Controllable moderator height

6. Minimum rate of scram

7. Sensitivity of level control

Shim Control

8. Number of shims

9. Material

10. Type construction

11. Poison strength

12. Max. rate of motion

Instrumentation

13. Number ion chambers for primary control

14. Location of primary chambers

HW-48800 REV

moderator level

18 units (36 half-rods)

moderator dump

helium balance system

9. 25 ft maximum

8. 75 ft minimum

3 ft to 9. 25 ft

decrease 2 ft in first

second*

0. 1 in. *

36

stainless steel

18 pairs of half rods; rods

individually driven by

geared electrical motor

drives. Units contained

within calandria and top

and bottom shields

36 mk (1 mk per half rod)

5 to 8 ft /min*

1 startup channel

2 log channels

3 high level channels

2 control channels

holes through side shield

and reflector

* Tentative, for design purposes
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15. Controller action

16. Number of shim monitor chambers

HW-48800 REV

Automatically adjusts

moderator level to maintain

desired power level and/or

period

13**

7. REACTOR CORE COMPONENTS (Figures 2, 3, & 4)

C alandria

1. Over-all length (top of vessel to bottom of

vessel)

2. I. D. of moderator shell

3. Wall thickness of shell

4. Over-all diameter of calandria including

dump chamber

5. Material of construction

6. Design pressure

7. Test pressure

8. Number of process channel shroud tubes

9. 0. D. of process channel shroud tubes

10. Wall thickness of shroud tubes

11. Gas gap between shroud and process tubes

12. Number of flux monitor channels

13. 0. D. of monitor channel tubes

14. Wall thickness of monitor channel tubes

15. Material of monitor channel tubes

16. Number of shim control channels

outside 9 ft

7 ft 0 in.

1/4 in. *

11 ft 0 in.

aluminum

7. 5 psig

11. 0 psig

85

4. 2 in. ***

. 060 in. *

0. 303 in. *

13

1. 5 in.

0. 040 in. *

aluminum

18

10-1/2 in. *

Tentative, for design purposes

Calandria tubes provided; monitor chambers not

Center shroud tube 6 in. 0. D. , 0. 085 in. thick

provided for initial design

UNCLASSIFIED
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17.

18.

19.

20.

21.

0. D. of shim control channels

Wall thickness of shim control channel tubes

Volume of heavy water in moderator

Bottom drain line

Top overflow line

Reflector

1. Type of reflector used

2. Length of reflector (top and bottom)

3. Thickness of reflector

4. Over-all diameter of outer reflector tank

5. Total metal thickness between inner

reflector and moderator

8. SHIELDING

Top and Bottom Shields (Removable)

Weight of top shield About 23 tons

of bottom shield About 16 tons

Thickness

Material

Density of mixture

Neutron attenuation

Machine tolerance

Side Thermal Shields (Removable)

Thickness

Material

Neutron attenuation

2. 6875 in. *:

0. 060 in. *

284 ft 3

8 in.

8 in. to 4 in.

light water tank type

6 ft 7-3/4 in.

23-3/8 in.

11 ft 0 in.

1/4 in. of aluminum*

not including water or iron
pellets outside of tube
pattern

40 in.

iron pellets and about

37% water

285 lb/cu ft minimum

about 106

104 neut/(cm 2 )(sec) at

connectors

6 in.

iron

about 101

* Tentative figures, for design purposes
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Side Biological Shield

Thickness

Material

Density

Neutron attenuation

Radiation level at outside

of shield

Secondary Top Shield

Thickness

Material

Density

Weight of discs

Radiation level at main floor

Coolant

Type

Quantity (total)

Inlet temp. (max.)

Outlet temp. (max.)

Operations Side
(Cells B and C)

71 in.

Iron-Limonite
concrete

(minimum)

About 1010

<1 mrem/hr

Top and Bottom Shield

Once-through water

(treated)

100 gpm

145 F

185 F

9. FUEL ELEMENT HANDLING

1. Volume, storage basin

2. Area, Water, Storage basin

3. Volume, reactor hall water pit

4. Surface area, reactor hall water pit

5. Storage - irradiated, underwater

6. Water shielding over element tip

7. Cooling period

8. Capacity of storage basin crane

Process Side
(Cell A)

71 in.

Magnetite- Limonite
concrete

210 lb/ft3 (minimum)

About 109

<10 mrem/hr

27 in.

Iron-loaded concrete

320 lb/ft3 (minimum)

52, 14, 6, and 0.7

tons, respectively

'L5 mrem/jr

Thermal, Side,
and Secondary Shield

Once-through water

(sanitary)

105 gpm

70 F

110 F

88, 200 gal

480 ft 2

13, 700 gal

29 ft 2

128 fuel assemblies

15 ft

120 days

4000 lb

UNCLASSIFIED
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9.

10.

11.
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Cold incoming storage, dry

Charge-discharge location

Charge-discharge mechanism

12. Fueling vehicle motions

13. Cooling

14. Transfer mechanism through containment

vessel wall

15. Useful lift, in fueling vehicle

16. Shielding about discharged element

17. Fueling vehicle travel speed variable to

18. Fueling vehicle traveller speed'

19. Discharge hook lift speed, lift

20. Charge cask hook speed, lift

10. HELIUM SYSTEM

1. Uses of helium

HW-48800 REV

85 fuel assemblies

top of reactor

self-propelled cask

(fueling vehicle)

raises and lowers fuel

assembly:and process

tube w/ or w/o nozzle.

Rotates and orients process

tube and nozzle, incdexes over

tube and waterpit, cuts off

nozzle elbow.

forced air 250 cfm*

sliding carrier in water

pit winch-driven

21 ft

13 ft 2 in.

50 ft/min

20 ft /min

variable to 25 ft /min

25 ft/min

a. Primary coolant pressurization

b. Moderator level control and gas

sweep

c. Tube leak detection sweep gas

between process tubes and shroud

tubes

d. Reactor core blanket gas surrounding

calandria, reflector and inner

surfaces of shielding.

* Tentative, for design purposes
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2.

3.

4.

5.

6.

7.

OSSIFIED -177-

Helium content of system

Helium differential pump-number

Helium differential pump-capacity

Helium lines to top of calandria

Helium lines to bottom of calandria

Number and size of dump valves

HW-48800 REV

8000 scf

1

50 cfm

4-8 in. lines

3-8 in. lines

4-8 in. valves

11. INSTRUMENTATION

Flow Monitor

1. Channels

2. Differential, max.

3. Unrecoverable pressure drop

4. Normal operation %
5. Accuracy

6. Venturi location

7. High and low flow scram

8. Digital readout

Temperature Monitor

9. Channels

10. High temperature alarm

11. Resistance thermometer location

12. Range

13. Accuracy (thermometer)

14. Response (63% point) (thermometer)

15. Digital readout

Activity Monitor - Primary Coolant

16. Channels (process tubes)

17. Type

18. Alarm

85

25 psi

not to exceed 5 psi

80%

1%

inlet jumper

moderator dump

flow

85

annunciator

outlet jumper

0 to 600 F

2 F

3 sec

temperature

85

GM type gamma monitor

annunciator
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Activity Monitor - Secondary Coolant

19. Channels

20. Alarm

Power Calculator

21. Channels

22. Total power level recorders

23. Deviation recorders

24. Range

25. Accuracy

Shroud Tube Moisture Detection

26. Sampler lines

27. Channels

28. Sample line size

29. Sample line flow

30. Type of moisture detection

31. Dewcell flow

32. Range

33. Alarm

34. Channel indication switching

35. Shroud tube indication switching

HW-48800 REV

4

annunciator

2

1

1

0-100 MVIW

1 MW

85

12

1/4 in. *

1/10 cfm*

Dewcell

1 ft3/hr*

-20 to 30 F

annunciator

automatic

manual

Reactor Radiation

Startup

36. Channels

37. Type of chamber

38. Logarithmic CRM

39. Period amplifiers

40. Short period trip

Log Instrumentation

41. Log amplifiers

42. Period amplifiers

43. Type of chamber

1

fission

1

1

scram

2

2

compensated ion chamber

* Tentative, for design purposes
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44. Short period trip

High Level

45. Linear amplifiers

46. High level trip

47. Type chamber

Safety Circuit

48. Type circuits

49. Process tube low flow

50. Process tube high flow

51. Reactor period - short period

52. Safety circuit failure

53. High neutron flux

54. Manual trip

55. Steam drum feed water failure

56. Seismoscopes

57. High pressure in pressurizer

58. Low pressure in pressurizer

59. High level in pressurizer

60. Low level in pressurizer

61. High steam drum pressure

Reactor Thermocouples

62. Top shield

63. Top shield coolant outlet

64. Bottom shield

65. Bottom shield coolant outlet

66. Light water reflector

67. Thermal shield

68. Thermal shield coolant outlet

69. Reactor moderator

70. Moderator inlet-outlet

HW-48800 REV

scram

3

scram

uncompensated ion chamber

"Fail Safe"

scram

scram

scram

scram

scram

scram

scram

scram

scram

scram

scram

scram

scram

1

1

1

1

2

3

(inlet- outlet)

1

18

2
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71.

72.

73.

74.

75.

76.

77.

78.

79.

OSSIFIED -180-

Biological shield (side)

Biological shield coolant outlet

Lower access room wall

Biological shield (top) coolant outlet

Top tube sheet

Top tube sheet coolant return

Top sheet shroud tube bellows

Display

Type

HW-48800 REV

5

1

1

1

1

1

2

recorder and indicator

iron- constantin, mineral

insulated, stainless steel

sheath

Building Radiation Detection (Beta-Gamma Detection)

80. Number of chambers 10

81. Location and number

Experimental cell 1

Storage basin work area 1

Instrument cell 2

Process cell 2

Reactor hall 2

Hot shop 1

Tunnel 1

82. Indication recorder

83. Alarm annunciator

Tritium Detection

84. Number of chambers

85. Type

86. Sample lines

87. Location and number

Experimental cell

Instrument cell

Lower reactor face access room

1

Kanne

6

1

2

1
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Upper reactor face access room

Process cell

88. Indication

89. Alarm

HW-48800 REV

1

1

recorder

annunciator

Instrument Panel

90. AC power required

Type

Voltage, AC

Regulation

91. Galvanometer light

92. Galvanometer chamber

Instrument Air

93. Rate

94. Pressure

95. Dew point

96. Quality

12. BUILDING AND UTILITIES

Building

1. Reactor Hall

Floor area

Elevation

Floor loading

Head room

Crane failities

2. Process Equipment Cell

Floor area

Elevation

Floor loading

Head room

Crane facilities

isolated

120 volts

local (Sola type)

6 V battery

200 V battery

50 cfm

90 psig

-20 F

filtered and oil-free

5,026 ft 2

0 ft 0 in.

400 lb/ft2

30 ft

30 ton

2000 ft2

-32 ft 0 in.

2000 lb/ft 2

27 ft

main crane through hatch
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3. Experimental Equipment Cell

Floor area

Elevation

Floor loading

Head room

Crane facilities

4. Instrument Cell

Floor area

Elevation

Floor loading

Head room

Crane facilities

5. Hot Shop

Floor area

Elevation

Floor loading

Head room

Crane facilities

6. Storage basin

Floor area

Elevation

Floor loading

Head room

Crane facilities

Volume of water

7. Service Building

Floor area

Elevation

8. Service Building Basement and Tunnel

Floor area

Elevation

Floor loading

1000 ft2

-32 ft 0 in.

2000 lb/ft 2

27 ft

main crane through hatch

1000 ft2 (each level)

-11 ft 0 in. and -21 ft 0 in.

200 lb/ft2

9 ft

main crane through hatch

1000 ft2

-32 ft 0 in.

2000 lb/ft2

10 ft

main crane

1280 ft 2

-0; ft 6 in.

125 lb/ft2

9 ft

2 ton

88, 200 gal

8000 ft 2

0 ft 0 in.

7550 ft 2

-12 ft 0 in.

200 lb/ft2

through hatch

UNCLASSIFIED

-182- HW-48800 REV



UNCLASSIFIED -183-

Head room

Total process floor area

Total contained volume

Total service area volume

Electrical Services

1. AC Power supply

Voltage

Source of normal power

Reliability, BPA

2. DC Battery

Voltage

3. Power Backup

Voltage

Total emergency power available

375 KVA from emergency diesel

generator installation

Ventilation

Process Area

Total Supply, ft3 /min
Total Exhaust, ft3/min

Reactor Hall

Total Supply, ft3/min

Complete Air changes

per hour

Normal

6, 500

6, 500

5, 000

1

HW-48800 REV

11 ft

13, 356 ft 2

504, 500 ft 3

170,600 ft 3

2400, 480, and 120 V at

60 cycles

BPA

Approx. 5 failures in

5 years; duration range

from momentary to 86

minutes.

125 V. (Used only for

2400 V switchgear

operation and emergency

instrument power)

2400 V

Capacity

Purge

11, 500

11,500

10,000

2

UNCLASSIFIED



UNCLASSIFIED

Summer Temperature

Winter Temperature

Process Cell

Total Supply, ft3 /min

Complete Air changes per hour

Maximum Temperature

Experimental Cell

Total Supply, ft3 /min

Complete Air changes per hour

Maximum Temperature

Instrument Cell

Total Supply, ft 3 /min

Complete Air changes per hour

Maximum Temperature

Hot Shop

Total Supply, ft3 /min

Complete Air changes per hour

Maximum Temperature

Top Reactor Face

Total Supply, ft3 /min

Bottom Reactor Face

Total Supply, ft3/min (operating)

Total Supply, ft3 /min (shutdown)

Complete Air changes per hour
(shutdown)

Maximum Temperature (shutdown)

Storage Basin

Total Supply, ft3 /min

Complete Air changes per hour

Summer Temperature

Winter Temperature

Service Area

Total Supply, ft3 /min

Normal

80 F

70 F

3, 000

3

95 F

1, 500

3

95 F

1, 500 e

11-1/2

80 F

3, 000

17

80 F

2, 000

None

3, 000

40

95 F

1, 500

5

80 F

70 F

21, 500

Purge

8, 000

8

4, 000

8

each floor

UNCLASSIFIED
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APPENDIX B

SUMMARY OF METEOROLOGICAL DATA( 1 7)

The data reported here were obtained from remote-recording wind

stations near the site of interest and from the Meteorology Tower records.

The Meteorology Tower is located about 22 miles northwest of the PRTR

site. Although the climatic regimes of the two locations differ in some

respects, the Meteorology Tower records are included to provide an

indication of the precipitation and atmospheric stability conditions.

Precipitation and atmospheric stability are not currently measured at

the remote-recording wind station near the PRTR site.

PRTR Site

The PRTR site lies along the Columbia River on fairly level

terrain. The nearest significant topographic features are the bluffs across

the river to the northeast, which rise 400 to 600 feet above the surface.

The nearest other obstructions to air flow are the Horse Heaven Hills and

Red Mountains at a distance of about 10 miles to the south and southwest.

The terrain rises gently to the north and northwest up the Cold Creek and

Columbia River Valleys. It slopes downward toward the south and south-

west.

Table X shows wind speed and direction frequencies for the station

located approximately three-quarter miles north of the PRTR site. This

station has a mean wind speed of 10. 3 mph; the highest average wind

speed of any station in the network except one located on the north slope

of Rattlesnake Mountain, about 500 feet above the valley floor. The

southwest wind has the highest mean speed of 14 mph and also the highest

frequency of occurrence. The direction associated with the lowest speed

is east.

(17) Fuquay, J. J. and.Scoggins, M. F., Personal Communication,
November 5, 1955.
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TABLE X

WIND SPEED AND DIRECTION FREQUENCY - 300 AREA

Wind Speed in Units of mph. Wind Direction Frequency in
Per Cent of Time. Day: 0700-1900 PST. Night: 1900-0700 PST.

lC)

1

-- __. Season

Winter Spring Summer Fall Annual
Day Night Total ay Night Tota Day Night Total Day Night Total Day Night Total

NE 3.5 1.1 .3 .1 3,8 4.9 98 43 77.7 a. Z 1.3 3.2 61- 2. 6 4.4
Speed 6.2 3.9 5.0 8.1 8.3 8.2 10.3 8.2 9.2 6.9 7.9 7.4 7.9 7.1 7.5

E 3.0 2.2 2.6 7.7 3.3 5.5 9.5 2.7 6.1 2.0 0.8 1.4 5.6 2.2 3.9
Speed 7.2 8.3 7.8 9.0 10.5 9.8 9.5 7.4 8.4 6.0 6.7 6.3 7.9 8.2 8.0

SE 15.5 17.2 16.4 16.9 16.6 16.8 19.8 16.6 18.2 11.8 17.7 14.8 16.0 17.0 16.5
Speed 8.4 8.8 8.6 .9.2 8.0 8.6 10.6 7.4 9.0 7.9 7.8 7.8 9.0 8.0 8.5

S 12.5 13.9 13.2 10.1 9. 5 9. 8 10.4 6. 2 8.3 11. 5 9.4 10.4 11. 1 9. 8 10. 4
Speed 14.5 14.0 14.2 17.5 13.4 15.4 14.9 12.9 13.9 12.2 10.2 11.2 14.8 12.6 13.7

SW 22.3 21.0 21.6 25.2 17.1 21.2 30.0 17.5 23.8 15.9 12.1 13.6 23.1 16.9 20.0
Speed 16.5 14.1 15.3 13.6 12.2 12.9 17.5 11.5 14.5 15.9 11.3 13.6 15.9 12.3 14.1

W 5.6 6.7 6.2 8.1 7.1 7.6 5.2 9.4 7.3 5.2 5.4 5.3 6.0 7.2 6.6
Speed 9.6 6.1 7.8 19.4 10.4 14.9 5.5 9.3 12.4 13.7 6.4 10.0 14.6 8.0 13.3

NW 15.0 19.3 17.2 9.7 22.7 16.2 6.8 21.2 14.0 15.2 20.0 17.6 11.7 20.8 16.2
Speed 10.1 8.3 9.2 16.1 12.2 14.1 4.8 11.5 13.2 11.7 8.7 10.2 13.2 10.2 11.7

N 15.5 11.8 13.6 12.6 12.4 12.5 7.7 16.9 12.3 20.8 13.6 17.2 14.1 13.7 13.9
Speed 10.2 9.5 9.8 14.1 11.1 12.6 4.2 10.7 12.4 10.8 9.7 10.2 12.3 10.3 11.3

Variable 6.4 6.5 6.4 2.8 6.0 4.4 0.5 2.0 1.2 9.7 13.1 11.4 4.9 6.9 5.9
Speed 2.2 2.2 2.2 1.9 2.0 2.0 2.0 2.0 2.0 2.2 2.5 2.4 2.1 2.2 2.2
Calm 2.7 0.3 1.5 0.8 1.3 1.0 0 0 0 0.4 0.5 0.4 1.0 0.5 0.8

t1:

0

0
'

ti
.44
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Another wind station with a slightly longer period of record is located

in Richland about 6 miles south of the PRTR site. The winds observed at

this station are greatly influenced by the mountains to the south, southwest,

and west. Table XI shows the wind speed and direction frequencies for the

Richland station for the period, September, 1952, to June, 1955. The mean

wind speed is 8 mph. The strongest winds are from the southwest at 13 mph

and the direction of highest frequency is west.

TABLE XI

WIND SPEED AND DIRECTION FREQUENCY - RICHLAND

Wind Speed in Units of mph. Wind Direction Frequencies
in Per Cent of Time.

Season
Winter Spring Summer Fall Annual

NE 3. 5 5.1 7.0 5.6 5.3
Speed 4.4 7.3 4.8 3.8 5.1
E 7.8 12.4 12.1 10.4 10.7
Speed 4.4 5.0 4.5 3.6 4.4
SE 6.2 2.8 3.6 11.2 6.0
Speed 6.3 5.0 5.2 4.6 5.3
S 11.8 7.0 6.0 5.3 7.5
Speed 9.8 8.0 8.0 5.4 7.8
SW 22.0 14.2 18.1 14.0 17.1
Speed 15.9 14.2 11.1 11.0 13.1
W 20. 3 28.4 25. 8 19..9 23.6
Speed 7.2 11.5 9.0 7.6 8.8
NW 11.9 9. 5 10.0 9. 8 10.3
Speed 6.7 9.2 8.2 6.4 7.6
N 8. 8 13.2 10.9 12.1 11.2
Speed 5.6 7.8 7.3 5.7 6.6

Variable 1.9 3.2 3.2 1.1 2.4
Speed 3.3 3.5 3.3 2.7 3.2
Calm 4.8 4.0 3. 6 9.5 5.5
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Meteorology Tower Records

1. Temperature Stratification

The differences in temperature between the 3-foot and 200-foot levels

at the meteorology tower are used as a measure of the stability of the atmos-

phere. If the difference, T2 0 0 - T 3 , is greater than -0. 5 F a stable condi-

tion exists while if the difference is equal to or less than -1. 5 F an unstable

condition exists. The intermediate zone is considered as neutral. Table XII

presents the frequency of occurrence for each season, and for the year for

the period 1951 through 1953.

TABLE XII

FREQUENCY OF OCCURRENCE OF STABLE, NEUTRAL, AND

UNSTABLE LAPSE RATES, 3 FOOT - 200 FOOT,

AT HANFORD METEOROLOGY TOWER

(Based on hourly observations for the years 1951 - 1953)

AT = (T2 0 0 - T3 ) F

Season
Item Spring Summer Fall Winter Year

% of time
QT>-0.5 45 38 57 57 49
(stable)

% of time
-1.5<L T<-0.5 8 8 10 15 10
(neutral)

% of time
AT <-1. 5 47 54 33 28 41
(unstable)

Only a very limited amount of information about temperature stratifi-

cation above 400 feet is available at Hanford. Observations which are avail-

able indicate that temperature inversions up to 10, 000 feet above Mean Sea

Level (MSL) are very rare during late spring, summer, and early fall months

but are quite frequent during the colder seasons.
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The frequency of occurrence of higher level inversions in various

intervals of height up to 10, 000 feet above Mean Sea Level (MSL) for the

period November, 1955 through March, 1956 are shown in Table XIII.

TABLE XIII

PER CENT OF UPPER AIR OBSERVATIONS

WHICH SHOWED A TEMPERATURE INVERSION

WITHIN THE INDICATED HEIGHT INTERVAL

Frequency of Temperature
Height Interval Inversion

(Ft. above MSL) (% of Observations)

1000 - 3000 23

3000 - 5000 10

5000 - 10,000 12

2. Wind Speed vs. Lapse Rate

The joint frequency distribution, in per cent of total time, of

various class intervals of wind speed at 200 feet, and the temperature

lapse rate from 3 feet to 200 feet are shown in Table XIV.

3. Wind Roses at Two Hundred Feet Above Ground

The wind roses for the 200-foot level on the Hanford Meteorology

Tower are summarized in tabular form in Tables XV through XIX. These

tables show the per cent of time the 200 -foot wind blew from each of

16 directions and with an hourly mean speed in each of five class intervals

of speed during each season and during the entire year.

4. Wind Direction During Periods of Precipitation

The frequency of wind direction occurrence during periods of

precipitation is shown in Table XX.
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TABLE XIV

FREQUENCY DISTRIBUTION OF 200-FOOT WIND SPEED AND

TEMPERATURE LAPSE RATE

2-Foot to 200-Foot (Based on years 1951 - 1953)

Per Cent of Time

200-Foot Level

(Wind Speed h) 0-4 5-9 10-14 15-19 >20

Stability* S N U S N U S N U S N U S N U
Season

Winter 16.5 6.0 12. 015.7 2.6 7.1!12. 5 2.6 5.4 6.2 1.7 1. 75.7 2 .1 2. 2

Spring 7.5 1.4 9,411.6 1.2 14.5 13. 611.5 9.1 8.01 1.8 5.6 . 4.6 2. 4 7.8

Summer 3.740.9111.61 8.8;11.0 21.2112. 7 1.2 10.6 8.5 1.8 4_.7 4.4 3.0 5.9

Fall 16.2I4.0 14.7116.81.549.2 14.1 1.5 4.4 6.9f1.2 2.5 2.7 1. 4 2.9
Year _1_0_. 9 _3_. 1 11_. 9 113 2 1.6 13. 1. 7 7. 5 7. 4 1. 6 3. 7 4. 3 2. 2 4. 7

S = Stable

N = Neutral

U = Unstable

z1

l )

CI)
dI

I .

co

00

0
0
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TABLE XV

FREQUENCY DISTRIBUTION OF WIND SPEED AND WIND

DIRECTION AT 200-FOOT LEVEL

(Based on data for period 1951-1953)

PER CENT OF TIME

SPRING

Wind Hourly Average Wind Speed (MPH)
From: U-4 5-9 10-14 15-19 5-2 Total7

NNE 1.14 1.14 0.95 0.31 0.19 3.73

NE 1.19 1.22 0.76 0.24 0.04 3.45

ENE 1.03 0.95 0.36 0.06 0.00 2.39

E 1.20 0.89 0.33 0.09 0.00 2.51

ESE 1.29 0.91 0.18 0.06 0.00 2.44

SE 1.01 0.88 0.22 0.04 0.03 2.19

SSE 0.68 0.94 0.46 0.33 0.12 2.53

S 0.91 0.91 0.37 0.25 0.21 2.65

SSW 0.65 1.09 0.76 0.58 0.45 3.52

SW 0.65 1.41 1.32 1.01 2.54 6.94

WSW 0.64 1.61 2.50 2.22 2.02 8.98

W 0.80 2.60 3.18 1.32 0.89 8.80

WNW 0.86 3.23 5.20 4.31 3.60 17.21

NW 1.49 4.28 4.89 3.72 4.51 18.89

NNW 1.61 2.30 1.64 0.86 0.73 7.14

N 1.49 2.05 1.12 0.30 0.02 4.97

Variable 1.04 0.28 0.00 0.00 0.00 1.32

Calm ---- - --- ---- ---- ---- 0.31

Total 17. 99 26. 69 24. 24 15. 70 15. 35 99. 97
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FREQUENCY DISTRIBUTION OF WIND SPEED AND WIND

DIRECTION AT 200-FOOT LEVEL

(Based on data for period 1951-1953)

PER CENT OF 1

SUMMER

Wind Hourly Average
From: -4 5-9 10-14
NNE

NE

ENE

E

ESE

SE

SSE

S

SSW

SW

WSw

W

W'NW

NW

NNW

N

Variable

Calm
Total

0.59

1.12

0.62

0.97

1.26

0.67

0.59

0.83

0.60

0.85

0.71

0.80

0.16

1.03

0.86

1.48

1.98

1.13

1.41

0.92

0.95

1.04

1.12

0.82

1.98

1.41

2.24

2.01

2. 47

3.31

3.87

2.83

2.36

1.04

16.17 30.91

0.88

0.65

0.35

0.17

0.09

0.18

0.56

0.36

0.64

2.01

2.06

2.95

6.78

4.90

1.13

0.83

0.02

24. 56

CIME

Wind Speed (MPH)
15-H9 2i

0.14 0.11

0.32 0.18

0.20 0.06

0.03 0.00

0.00 0.00

0.00 0.00

0.18 0.02

0.04 0.00

0.11 0.08

0.91 0.60

1.45 0.59

0.94 0.39

6.35 3.72

3.92 7.46

0.35 0.08

0.14 0.02

0.00 0.00

15.08 13.31
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2.84

3.68

2.15

2.12

2.39

1.97

2. 16

3.22

2. 83

6.61

6.82

7.55

20. 92

21.18

5.25

4.82

3.04

Q.45

T
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TABLE XVII

FREQUENCY DISTRIBUTION OF WIND SPEED AND WIND

DIRECTION AT 200-FOOT LEVEL

(Based on data for period 1951-1953)

800 REV

PER CENT OF TIME

FALL

Wind Hourly Average Wind Speed (MPH)
From: 0-4 5-9 10-14 15-19 20 -Totalo

NNE 1.89 1.17 0.76 0.14 0.03 3.99

NE 2.45 0.64 0.43 0.03 0.00 3.55

ENE 1.64 0.23 0.06 0.03 0.00 1.96

E 2.39 0.38 0.02 0.00 0.00 2.79

ESE 2.74 0.53 0.03 0.03 0.00 3.34

SE 2.62 1.14 0.47 0.14 0.06 4.43

SSE 1.14 1.23 0.56 0.24 0.08 3.26

S 1.36 0.87 0.37 0.08 0.17 2.83

SSW 1.05 0.79 0.56 0.55 0.73 3.69

SW 0.88 1.05 0.98 0.91 1.36 5.18

WSW 1.23 1.14 1.51 1.60 0.90 6.38

W 1.60 2.36 1.72 0.61 0.29 6.58

WNW 1.81 4.52 5.07 2.85 1.49 15.75

NW 2.45 5.80 6.18 3.18 1.68 19.30

NNW 3.15 3.06 0.90 0.09 0.02 7.22

N 3.00 2.56 0.44 0.11 0.09 6.20

Variable 1.08 0.12 0.00 0.00 0.00 1.20

Calm ---- ---- ---- ---- ---- 2.35

Total 34. 83 27. 59 20. 06 10 .59 6. 90

UNCLASSIFIED
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TABLE XVIII

FREQUENCY DISTRIBUTION OF WIND SPEED AND WIND

DIRECTION AT 200-FOOT LEVEL

(Based on data for period 1951-1953)

800 REV

PER CENT OF TIME

WINTER

Wind Hourly Average Wind Speed (MPH)
From: 0-4 5-9 10-14 15-19 5;20 Total o

NNE 1.46 0.60 0.24 0.18 0.03 2.51

NE 1.58 0.41 0.00 0.03 0.17 2.19

ENE 1.41 0.34 0.06 0.00 0.00 1.81

E 2.05 0.43 0.11 0.00 0.00 2.59

ESE 2.83 0.43 0.21 0.02 0.00 3.49

SE 2.11 0.67 0.18 0.06 0.03 3.06

SSE 1.59 0.66 0.28 0.23 0.28 3.22

S 1.32 0.72 0.55 0.41 0.48 3.48

SSW 0.98 0.98 0.80 1.20 2.34 6.29

SW 1.00 1.29 1.75 1.68 3.81 9.52

WSW 0.90 1.81 1.39 1.24 1.46 6.80

W 1.67 2.01 1.65 0.66 0.23 6.22

WNW 1.91 4.27 4.75 1.75 0.64 13.32

NW 3.31 6.77 7.20 1.65 0. 52 19.45

NNW 3.72 2.70 0.90 0.23 0.00 7.55

N 3.02 1.07 0.29 0.21 0.00 4.59

Variable 1.09 0.17 0.00 0.00 0.00 1.26

Calm ---- ---- ---- ---- ---- 2.79

Total 34. 74 25. 33 20. 36 9. 55 9. 99
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TABLE XIX

FREQUENCY DISTRIBUTION OF WIND SPEED AND WIND

DIRECTION AT 200-FOOT LEVEL

(Based on data for period 1951-1953)

00 REV

PER CENT OF TIME

ANNUAL

Wind Hourly Average Wind Speed (MPH)
From: 0-4 5-9 10-14 15-19 520 Total o

1.27

1.58

1.17

1.65

2.02

1.60

1.00

1.10

0.82

0.84

0.87

1.21

1.33

2.06

2.33

2.24

1.30

1.01

0.92

0.61

0.67

0.73

0.95

0.92

1.12

0.07

1.50

1.74

2.36

3.83

5.17

2.72

2.01

0. 40

NNE

NE

ENE

E

ESE

SE

SSE

S

SSW

SW

WSW

W

WNW

NW

NNW

N

Variable

Calm

Total

0.71

0.46

0.21

0.16

0.13

0.26

0.46

0.41

0.69

1.51

1.87

2.38

5.45

5.78

1.15

0.67

0.00

22. 30

0.19

0.16

0.07

0.03

0.03

0.06

0.25

0.20

0.60

1.13

1.63

0.88

3.82

3.12

0.39

0.19

0.00

0.09

0.10

0.02

0.00

0.00

0.03

0.12

0.21

0.89

2.08

1. 24

0.45

2.38

3.56

0.21

0.03

0.00

12.75 11.41

UNCLASSIFIED

25.85 26.63

3.28

3.22

2.09

2.50

2.91

2.91

2.75

3.04

4.08

7.06

7.26

7.30

16. 81

19. 70

6.79

5.15

1.71

1.46



TABLE XX
FREQUENCY OF WIND DIRECTION (50-FOOT LF.VEL)

DURING PERIODS OF PRECIPITATION

(Based on six years of record, 1950 through 1955)

SEASON

Wind Spring Summer Fall-Winter Year
From: No. Hr. % Time No._Hr._% Time No. Hr._% Time No. Hr. % Time No. Hr. % Time
N 18 2.9 21 4.4 37 4.1 53 3.2 129 3.5
NNE 15 2.4 11 2.3 17 1.9 25 1.5 68 1.9
NE 11 1.8 16 3.4 25 2.8 36 2.2 88 2.4
ENE 10 1.6 8 1.7 15 1.7 23 1.4 56 1.5
E 15 2.4 12 2.5 28 3.1 36 2.2 91 2.5
ESE 20 3.2 9 1.9 36 4.0 40 2.4 105 2.9
SE 35 5.6 19 4.0 49 5.5 55 3.3 158 4.3
SSE 26 4.2 16 3.4 25 2.8 26 1.6 93 2.6
S 29 4.6 16 3.4 58 6.5 53 3.2 156 4.3
SSW 32 5.1 19 4.0 47 5.3. 57 3.4 155 4.3
SW 48 7.7 46 9.7 51 5.7 65 3.9 210 5.8
WSW 39 6.2 46 9.7 49 5.5 29 1.8 165 4.5
W 46 7.3 60 12.7 58 6.5 65 3.9 229 6.3
WNW 99 15.8 65 13.7 115 12.9 329 19.9 608 16.7
NW 117 18.7 76 16.1 167 18.7 401 24.2 761 20.9
NNW 41 6.5 18 3.8 50 5.6 139 8.4 248 6.8
Var. 0 0 1 0.2 0 0 0 0 1 0
Calm 25 4.0 14 3.0 65 7.3 221 13.4 325 8.9
Total 626 473 892 1655 3646
% Time 4.7 3.6 6.8 12.7 6.9
Precip.
Occ.

l )

I

Co

00
0
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APPENDIX C

SUMMARY OF SITE SELECTION ANALYSES

An initial site study and several reviews of the site selected for the

PRTR have been made. The results of the study and reviews are recorded

in the following documents and correspondence.

1. HW-46461, "Plutonium Recycle Program Demonstration Reactor

Site Study", N. G. Wittenbrock, November 7, 1956.

2. Letter, H. M. Parker to H. H. Schipper, "Plutonium Recycle

Reactor Costs and Site Study", March 5, 1957.

3. HW-50099, W. E. Johnson to J. E. Travis, "Plutonium Reactor

Site Study", May 3, 1957.

4. Letter, W. E. Johnson to J. E. Travis, "Plutonium Recycle

Program Reactor Site Study", August 2, 1957.

A summary of the PRTR site considerations presented in these references

follows.

Potential Hanford Sites

At first consideration it appeared that the optimum site for the

reactor would be in or adjacent to an existing manufacturing area. Exten-

sion or expansion of installed utility systems is more economical than

constructing complete new systems. The eight existing manufacturing

areas considered were 100-B, 100-D, 100-F, 100-H, 100-K, 200-E,

200 W, and 300 Areas. Development of a new area about two and one half

miles north of the 300 Area was also considered later.

When the initial site study was made the reactor was scoped for

water-to-water heat transfer in the primary heat exchanger, with a second-

ary coolant flow rate of 15, 000 gpm. The high cost of providing additional

river pumping capacity at all of the areas except 100-F area and 300 Area

eliminated the other manufacturing areas from further consideration as a

PRTR site.
UNCLASSIFIED
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Initial Comparison of 300 Area and 100-F Area Sites

1. Isolation

Both of the sites adjoin existing manufacturing areas. The reactor

with a containment building would constitute no significant hazard to the

adjacent manufacturing area at either site. Without a containment building

the experimental nature of the reactor might cause it to constitute a some-

what greater hazard than that of one twin reactor to the other in present

manufacturing areas.

2. Site

At both the 300 and 100-F Areas, reactor sites about 500 feet square

are available These sites are on level ground at about the same elevation

as the surrounding terrain Both sites are above the 100 year maximum

flood stage of the Columbia River. The reactor hall floor elevation at the

100-F site is lower with respect to natural flooding. This could introduce

design problems involving a high water table and the return of waste cooling

water to the river during floods.

Grading of the site at the 300 Area would require moving more material

than at 100-F Area, but this should not be a large expense item.

3. Waste Disposal

The two sites are approximately equal with respect to the difficulty

of disposal of grossly contaminated wastes which cannot be released to the

river. Since the secondary coolant has no direct contact with radioactive

contamination it can be returned to the river at either site. At both sites

nearly identical facilities would have to be provided for holdup of secondary

coolant in the event of a leak in a heat exchanger.

4. Water

Sanitary water for boiling heat transfer cooling can be more easily

supplied to the 300 Area site than the 100-F Area site. At 300 Area the

UNCLASSIFIED
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sanitary water export line from North Richland runs beside the reactor site,

but at 100-F Area about 2500 feet of water main must be laid to supply the

reactor site.

5. Power

At both locations the existing electrical distribution system can supply

the electric power required only by the addition of more substation capacity.

6. Transportation

Both sites are situated near existing hard surfaced roads. Neither

site offers a significant advantage over the other with respect to roads.

7. Meteorology

The meteorological and climatological conditions at the two sites

favor neither location. At both 300 Area and 100-F area meteorological

conditions will not result in design complications.

8. Geology

No appreciable differences are apparent in the geology of the two

reactor sites. At both sites unconsolidated sands and gravel of the

fluviatile series of sediments underlie the surface, and below these gravels

is a stratum of the clays of the lower Ringold formation which lies on

basalt bedrock. The foundation bearing strengths of the soil at these sites

is estimated to be the same as the manufacturing areas which they adjoin.

The minimum depth to ground water during high water stages of the

Columbia River is about 10 feet greater at 300 Area than at 100-F Area.

Development of a New Area

A preliminary engineering study was made of the development of a

new area, tentatively designated 500 Area, located about 2-1 /2 miles north

of 300 Area. The 500 Area was studied as the site for three proposed

facilities, the PRTR, the PFPP, and the Critical Mass Laboratory. The

new area was compared with the 300 Area and 100-F Area sites.
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The 500 Area would afford a convenient and economical ability to

accommodate future additions, such as a Fuel Element Test Reactor or

other experimental facilities. The capacity of the river pump house scoped

for the area could be expanded with additional construction work.

A preliminary hazards analysis for the new area was made. It was

not possible to analyze other than in a cursory fashion the hazards associ-

ated with the PFPP or the Critical Mass Laboratory. However, because of

the amounts of radioactive materials involved, the hazards associated with

an incident for either or both of these facilities would be small in comparison

to that of an incident affecting the PRTR. Thus, the analyses of the recycle

reactor should serve as a reliable indicator of the ultimate hazard associ-

ated with the areas. The potential effect caused by a PRTR incident at the

500 Area on 300 Area production facilities is less than a PRTR incident

at the 300 Area because of the added 2-1/2 miles distance and the somewhat

lower frequency of wind direction for the case of a major accident coinciding

with containment vessel failure. The probability of this type of catastrophe

is considered to be negligibly small.

The hazard potential for Columbia Basin lands is essentially the same

for 300 Area, 100-F, and the new site. The land area which could be affected

in the event of containment failure is so large that the point of origin within

the Hanford area is of minor consequence, especially so if the Wahluke Slope

is released for public use.

All three sites are adjacent to the Columbia River and , in case of an

accident, could cause similar contamination of the river water. The 100-F

Area site is sufficiently far from the nearest domestic use point that it has

some advantage from the standpoint of warning downstream users of the

impending danger.

The convenience to technical and supporting facilities would be some-

what less at the 500 Area site than at the 300 Area site. As has previously

been stated, the 100-F Area is less convenient.
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Conclusions of the preliminary study were:

1. The 100-F site is the least desirable.

2. The 500 Area site would, in principle, offer greater: protection

to production facilities than would the 300 Area site. However,

it is impossible to quantify these gains. The proposed reactor

is an inherently self-limiting type and complete containment

is provided. The other facilities will be built to take advan-

tage of HAPO's extensive experience in plutonium handling.

The risk of locating these near the 300 Area is not considered

to be significant.

3. The 500 Area site would be superior, provided that:

a. Adequate construction funds not chargeable to research and

development were available.

b. Adequate compensation for increased operating costs is

provided.

c. Adequate planning for future expansion is included.

d. Time delays are not excessive.

The 300 Area site was selected for the PRTR and PFPP because

sufficient funds for development of the 500 Area were not available.
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APPENDIX D

ANALYTICAL FORMULATION OF NEUTRON KINETICS

The time dependent neutron density is given by:

dn = 4k-H n+ ZX C +S. (1)
dt 1*

and

dC.
1 - n -A. C. (2)

dt 1* 1 1

where: C. = concentration of the ith group of delayed neutron

emitters.

X. = decay constant of the ith group.

n = thermal neutron density.

i = fractional yield of the ith group.

S= Zi. = total delayed fraction.

1* = effective lifetime of neutrons in reactor.

Ak = reactivity disturbance.

S = source density.

The temperature of the fuel is given by:

C d T =an-K(T-T) (3)
P dt c

where: T is the average fuel temperature.

Tc is average coolant temperature.

a is a constant converting thermal neutron density to

heat generation.

K is the heat transfer coefficient.

Cp is the gross heat capacity of the fuel.
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The delayed neutron data used was that computed by D. Houser and

M. V. Davis in HW-48907 for 80 per cent U235 and 20 per cent Pu239 fissionable

material. Eight delayed groups were used as follows:

_ (sec )
7.7

2. 2

0. 465

0. 400

0. 170

0. 0458

0. 024

0.0184

1* = 0. 82 x 10- 3 sec

a = 2. 201 x 10- MW-Cm3

neutron

_j3;_x105

17.5

102

282

17.8

130

139. 6

5. 6

22. 6

K = 0. 1317 MW/* C

C
P

= 1. 838 MW-Sec/* C
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APPENDIX E

CALCULATION OF THE CONTAINMENT PRESSURE

The method developed by Bailey (18) was used in estimating the

equilibrium pressure-excess energy-temperature relationships for the PRTR

containment building. The situation analyzed is the case of a reactor system

rupture caused by a nuclear excursion or an external cause. All penetra-

tions of the containment vessel are closed by a scram signal and the heavy

water coolant and moderator are released from the pressurized system to

the containment vessel. Vaporization of a fraction of the water and heating

of the air results in a pressure increase within the building.

Several assumptions made in developing this calculation method are:

1. Instantaneous release of nuclear and chemical energy.

2. Thermal equilibrium of air and water vapor.

3. No heat transfer to or from structural masses inside the vessel.

4. No dynamic effects analyzed.

5. Air follows the perfect gas relation and has a constant specific

heat.

In addition to these basic assumptions calculations for the PRTR

necessitated that it further be assumed:

1. Water in the primary coolant system, moderator system,

reflector system, and shield is treated as though it were a

single system and the average internal energy of the water in

these systems is used in the calculations.

2. Helium follows the perfect gas relation and has a constant

specific heat.

(18) Bailey, J. A., Enclosure Pressure Calculation Method, GEAP-0909,
October 12, 1956.
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Calculation of the equilibrium pressure, temperature, and excess

energy for an assumed partial pressure of water vapor, Pm, involves five

steps. First, the fraction of water vaporized, x, is determined. Second,

the partial pressure of the air, Pa, is calculated. Third, the partial pres-

sure of helium, PHe' is calculated. Fourth, the equilibrium total pressure,

Pt, is determined. Fifth, the excess energy, Q, is calculated.

Equations used in calculating these values are modifications of

those developed by Bailey( 1 9 ) and are as follows:

v
Vs+Vw) Wh g22 v

Ww7 f2(1)
x=v

fg2

where: Vs = free volume of containment vessel, cu ft.

Vw = volume occupied by water, cu ft.

Ww = weight of water, lb.

Wh = weight of moisture in air (humidity), lb.

v = specific volume of vapor at terminal conditions,
g2 cu ft/lb.

vf = specific volume of saturated liquid at terminal
2 conditions, cu ft/lb.

vf = specific volume of evaporation at terminal
2 conditions, cu ft /lb.

The term V , the volume occupied by water before an incident, is so

small in comparison to the free volume, Vs, that it can be neglected in

the calculations. Equation (1) can be simplified to

v
Vs Wh 92 vf

fg2

(19) Bailey, J. A. , ibid.
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T

pa Ea T 2(3)
2 1 a1

where: pa = partial pressure of air at terminal conditions, psia.
a2

p = partial pressure of air at initial conditions, psia.a1

T2 = terminal equilibrium temperature, OR.

Ta = initial air temperature, OR.
a1

T VHe

PHe = He T 2 1(4)
2 1 Hei s1

where: pHe = partial pressure of helium at terminal conditions,
2 psia.

pHe1 = helium pressure before incident, psia.

THe = initial helium temperature, OR.
H1

VHe1 = initial volume of helium, cu ft.

PtPa 2 +PHe2 + Pm (5)

where: pt = containment vessel pressure at terminal conditions,
psia.

p = partial pressure of water vapor, psia, (this value is
initially assumed in starting the calculation).

Q = Ww(xufg2 + u2 - uf1) + Wh(ug2 - uhf) + Wa cva(T2-Ta ) (6)

+ WHe cHe(T2-THe )

where: Q = excess energy contribution, BTU.

uf2 = heat of evaporation at terminal conditions, BTU/lb.
g2
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u 2 = enthalpy of liquid at terminal conditions, BTU/lb.
f2

u f = enthalpy of liquid at initial conditions, BTU/lb.

u9 = enthalpy of vapor at terminal conditions, BTU/lb.

u = enthalpy of water vapor in air at initial conditions,
h1  BTU/lb.

Wa = weight of air in containment vessel, lb.

cva = specific heat of air at constant volume, BTU/(lb)( F).

WHe= weight of helium, lb.

cHe = specific heat of helium, BTU/(lb)( F).

In the above equations there are seven unknowns: the terminal

temperature (T2 = Tm); the terminal vapor pressure (pm); the terminal

air partial pressure (pa ); the terminal helium partial pressure (pHe '
the fraction of water vaporized (x); the excess energy contribution (Q?;
and, the final containment pressure (pt). Assuming a value for the

terminal partial vapor pressure (pm) and determining the terminal

temperature (Tm) from steam table relationships, the values of each of

the remaining unknowns can be calculated using equations (2) through (6).

Interrelationships of any two of these variables can be shown by plotting

the values determined by repeating the calculations for several values of

pm. The most useful relationship is the one between Q, the excess energy

contribution, and pt, the final containment vessel pressure. When the

course of an accident has been analyzed, the heat generation (from nuclear

and chemical sources) can be calculated, and assuming no heat transfer

from the containment vessel the heat generation becomes Q. From the

plot of Q vs. pt the final containment pressure can be determined.
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Sample Calculation

Containment vessel free volume

Weight of water*

Initial water temperature

Initial air conditions

Temperature
Pressure
Relative humidity
Partial pressure of dry air

Weight of helium

Temperature of helium

Pressure of helium

Volume of helium

The weight of air in the containment vessel is

M V

Wa Pa s _ 2 8. 83 x 14. 225 x 375,000
a RT1T10.73 x 560

-209-

and the weight of the water vapor in the air for 50 per cent relative

humidity is

WH = 0.02 lb H 2 0/lb air x 25, 600 = 512 lbs.

For example let:

PM = 20 psia

T =228F=6m

u2
u

f 2

u 2

vf = 0. 01683 cu ft/lb

v'fg2 = 20. 072 cu ft/lb88 R

= 196.16 BTU/lb

= 960. 1 BTU/lb

= 1156.3 BTU/lb

v

v a

= 20. 089 cu ft/lb

= 0. 172 BTU/(lb)(OF)

cHe = 0. 75 BTU/(lb)( F)

UNCLASSIFIED

* For these calculations the weight of light water and the thermodynamic
properties of light water as given in steam tables were used.
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3 75, 000 cu ft

81, 600 lb

236 F

100 F
14. 7 psia
50 per cent
14. 225 psia

540 lb

160 F

14.7 psia

27, 800 cu ft

25 600 lbs
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Vs Whg

Xf_ w w
vf

HW-48800 REV

- V 2  37 5,000 512 x 20.089 -0.01683
_81~~. 81, 0022

20.072 =.2

Q= W(xu,+ uo - uf ) + Wh(u - uh )+W c (T2-Th2g2 f 2  1 a Va1

+ WHecHe(T2-THe )1
= 81, 600(0. 222 x 960.16 + 196 - 204) + 512(1156- - 1105)

+ 25, 600 x 0. 172(688 - 560) + 540 x 0. 75(699 - 620)

= 16,359,000 BTU.

T 2 688
PA = pa TE = 14. 225 5. = 17. 48 psia

2 1a1

T2 VHe 688

He2 He1 He 1 =14.7
27, 800= 0. 69 psia3759000

Pt p m + pa2 + pHe2a2  H 2

= 20 + 17. 48 + 0. 69 = 38. 17 psia.

Figure 46 is a plotpf the containment vessel pressure, pt, vs. the

excess energy contribution, Q, for the PRTR.
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APPENDIX F

METAL - WATER REACTIONS

I. GENERAL

Analysis of the kinetic behavior of the PRTR showed that large rapid

additions of excess reactivity, > 20 mk, are required to initiate a serious

nuclear incident. Even with such additions of excess reactivity the negative

temperature coefficient of the UO2 fuel causes the excursions to be practically

self-quenching. Excursions initiated by the addition of 20 mk or less of

excess reactivity will be stopped by the negative fuel temperature coefficient

before the fuel temperature can be raised to the melting point of the Zircaloy

jackets. In addition, the excursion would be halted more rapidly because the

safety system would scram the reactor.

There is no way to add rapidly 20 mk or more of excess reactivity to

the PRTR except by quickly removing hydrogenous coolant, light water or

organic. This, then, becomes a loss of coolant incident accompanied by an

excursion initiated by loss of the coolant. Fuel temperatures as high as the

melting point of the Zircaloy jackets could not be reached unless the process

tubes were essentially void of coolant. For these reasons a fuel meltdown with

the primary coolant system intact is considered impossible. Therefore,

molten metal-water reactions could take place only after a loss-of-coolant

incident when fission product decay energy and zirconium steam reaction

energy heats the jackets to the melting point and molten zirconium falls into

pools of water remaining at the bottom of the process tubes.

Melting of the fuel element jackets and the cores of the plutonium-

aluminum elements will occur after loss of coolant. Heat to melt the jackets

and the plutonium-aluminum cores will be supplied by fission product decay

and zirconium-steam reaction. Since the neutron flux will not be constant

throughout the core but will vary both radially and axially, fuel element

melting will be a progressive phenomenon occurring first at the center of the

reactor and progressing to the fringes.
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Heating curves were estimated for the two types of fuel elements

which will be used in the PRTR. For the Mark I, 19-rod cluster fuel element,

which will be used for plutonium-aluminum spike enrichment elements, the

heating curve was calculated for amaximum power tube (1200 KW). For the

Mark II, concentric cylinder fuel element, which will be used for UO2 elements,

heating curves for both maximum power tubes (1200 KW) and minimum power

tubes (320 KW) were calculated. In estimating these heating curves fission
(2)product decay heat was calculated using the Borst-Wheeler Curves 0) and

the energy from zirconium-steam reaction was calculated by Lustman's
(21) (22)method. The heating curves calculated by Ambrose are shown on

Figure 47.

II. ZIRCONIUM - WATER REACTION

After the primary coolant has blown down to atmospheric pressure there

will be a pool of 212 F water below the fuel element in each process tube. The

fuel element will be in a 212 F steam atmosphere. The temperature of the center

centimeter of the fuel element will increase to the metling point according to

the curves of Figure 47. When the zirconium jackets at the center of the fuel

element melt the lower half of the fuel element will drop into the tapered section

of the process tube. That portion of the fuel element submerged in water will

be cooled by boiling the water. Globules of molten zirconium forming at the

top of the lower half of the fuel element will run down the element or contact

the process tube and weld to it. There probably will be no "free-fall" path

through which droplets of molten zirconium could fall, into the water. Droplets

falling from the upper half of the fuel element will strike the lower half of the

element or the process tube wall before running down into the water. As the

(20) Wende, C. W. J. , The Computation of Radiation Hazards, TNX-7,
January 11, 1944, p. 55.

(21) Lustman, B. , Zirconium - Water Reaction Data and Application to
PWR Loss-of-Coolant Accident, WAPD-SC-543, May, 1957.

(22) Ambrose, T. W. , Personal Communication, May 16, 1957.
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jackets of the upper half of the fuel element melt the UO2 core pellets will

drop onto the lower half of the element. Where the UO 2 pellets contact the

process tube the tube will be heated to the melting point of zirconium.

Experimental studies of molten-metal-water reactions by Higgins at

Aerojet General showed that the percentage completion of the zirconium-

water reaction is dependent upon the size of the droplets falling into the

water. (23, 24) Lustman at Westinghouse made a theoretical analysis of

zirconium-water reaction and also concluded that the droplet size of molten

zirconium influences the degree of completion of the zirconium-water

reaction. (25) The relationships between droplet size and per cent reaction

experimentally determined by Higgins and calculated by Lustman are shown

on Figure 48.

For the PWR fuel elements with a zirconium jacket thickness of 0. 028

inch, Lustman calculated that the probable average minimum size droplet of

molten zirconium falling from a fuel plate would be 0. 238 cm. (26) The

zirconium jacket thickness of the PRTR fuel elements is 0. 030 inch; therefore

the average minimum droplet size formed on melting PRTR elements should be

about the same size, 0. 238 cm. By the same method of calculation the average

minimum droplet size formed on the 0. 150 inch thick zirconium process tubes

would be 0. 427 cm.

According to Figure 48 the 0. 238 cm zirconium droplets from the fuel

element jackets would give 14 per cent reaction and the droplets from the

process tubes would give 11 per cent reaction.

(23) Higgins, H. M. , The Reaction of Molten Uranium and Zirconium Alloys
with Water, AGC-2914-2, April 30, .1956.

(24) Higgins, H. M. and Schultz, R. D. , The Reaction of Metals with Water
and Oxidizing Gases at High Temperatures, IDO-2800l, April 30, 1957.

(25) Lustman, B. , ibid.

(26) Lustman, B.., Zirconium - Water Reactions, WAPD-137 DEL, December 1,
1955.
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III. PLUTONIUM-ALUMINUM WATER REACTION

The meltdown of the plutonium-aluminum spike enrichment fuel elements

will probably be characterized by a melting of the core before the zirconium

jacket fails. (M. P. aluminum - 600 C; M. P. zirconium - 1852 C) Since the

core will be molten when the jacket fails and the jacket will yield before failure,

it is expected that the molten plutonium-aluminum alloy will not be under

pressure when the temperature approaches the melting point of zirconium.

Therefore, the plutonium-aluminum alloy will probably pour out of the fuel

element in a stream rather than spray out as droplets. In estimating the per

cent of reaction the droplet size is considered as large, 2, 000 to 5, 000 microns.

Higgins experimental results indicate that 15 to 20 per cent reaction could be

expected with the large droplet size and the high temperature (1700 to 1800 C).

If the aluminum calandria shroud tubes were to melt no aluminum-

water reaction would be expected because of the lower temperature, 600 C.

Higgins found that little or no reaction took place when molten aluminum below

1150 C was dropped into water.

IV. HYDROGEN COMBUSTION

When either molten zirconium or aluminum reacts with water hydrogen

is formed as illustrated by the following equations:

Zr+ 2 H 2 0 > ZrO 2 +H 2

Al2 + 3 H2 > A12O3 + 3 H2

If the hydrogen is ignited as it forms it will burn rather than detonate.

On the other hand, if the hydrogen is not ignited as it forms and collects in a

large pocket the danger of a hydrogen detonation will exist.

Zabetakis at the Bureau of Mines determined the spontaneous ignition

temperature for hydrogen-water vapor mixtures issuing from a pipe into air. (27)

He found that hydrogen-water vapor mixtures may burst into flame spontaneously

after a time delay of a few seconds to a minute if the original hydrogen-water

vapor temperature is in excess of approximately 680 C. He also stated that

(27) Zabetakis, Michael G.., Research on the Combustion and Explosion Hazards
of Hydrogen-Water Vapor - Air Mixtures, AECU-3327, September 4, 1956.
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the presence of solid objects in the path of the escaping hydrogen may lower

the temperature required to that found in "static" experiments so that the

spontaneous ignition potentially could occur above temperatures of approximately

500 C.

In the PRTR with hydrogen and water vapor flowing up the process

tubes past fuel elements at 1800 to 1900 C it is reasonable to expect the

hydrogen-steam mixture to be released to the atmosphere above a temperature

of 680 C. Therefore, it is believed that hydrogen from the metal-water

reactions will ignite and burn spontaneously when it escapes from the reactor.

V. ENERGY FROM CHEMICAL REACTIONS

The percentages of reaction for zirconium and plutonium-aluminum

developed above are listed below:

Zirconium of Mark II B fuel element jackets 14%

Zirconium of process tubes 11%

Plutonium-aluminum alloy cores 20%

The weights of these materials in the reactor are as follows:

Mark II B fuel element jackets 344 kg

Process tubes 3280 kg

Plutonium-aluminum cores 592 kg

From Coughlin's data the following heats of reaction were

developed: (28)

Zr + H20 -> ZrO2 + H 2 ;AOH = -137, 180 cal/gm mol

2A1 + 3 H2 0 -- >Al2O3 + 3 H2 ; AH = -219, 320 cal/gm mol

2 H2 + 02 > 2 H2O; AH = -58, 700 cal/gm mol

(28) Coughlin, J. P. , Contributions to the Data on Theoretical Metallurgy:
XII, Heats and Free Exnergies of Formation of Inorganic Oxides,
Bureau of Mines Bulletin 542, 1954.
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The excess energy contribution from the chemical reactions was:

Zirconium-water reaction 2, 500, 000 BTU

Plutonium-aluminum-water reaction 1, 900, 000 BT U

H2 Combustion 2, 600, 000 BTU

Total 7,000,000 BTU

It should be noted that the 7, 000, 000 BTU from chemical reactions

is the total energy contribution. This energy will be released over a

relatively long period of time. Figure 47 shows that the center centimeter

of the maximum power tubes can be expected to reach 1852 C in about

200 seconds, but the center centimeter of the fringe tubes would not

reach this temperature before about 33 minutes. Melting of the jackets

along the length of the fuel elements would proceed from the center,

with ends of maximum power elements melting in about 20 to 30 minutes.

The temperature of the ends of the fringe elements would reach the

melting point of zirconium in about 1 to 2 hours. Process tube melting

would lag behind the melting of the jackets. Based on this progressive

meltdown it is estimated that the metal-water reactions would continue

until 5 to 10 hours after a loss-of-coolant incident.
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APPENDIX G

CALCULATION OF RADIOLOGICAL CONSEQUENCES OF ACCIDENT

IN PRTR

I. INTRODUCTION

The following calculations of the consequences of the escape of radio-

active materials from a major accident in the plutonium recycle test reactor

were made to illustrate some of the maximum effects. No attempt has been

made in this section to indicate the probability of occurrence of any of the

accidents discussed.

The calculations are preliminary at this stage with the assessment of

the effects of mixed radiation dosages and contamination levels being made

without a critical review of all pertinent literature. Some of the more recent

advances in meteorology and a proposed fractionated release of fission

products from the reactor have been incorporated since the original considera-

tions.

In general, only the instantaneous escape case has been considered

since, the plausible times of escape following rupture of the containment

vessel were estimated to be on the order of one to two hours. Since the

effects of the cloud result from the integrated exposure in each case, the

major differences in the results arise from the radioactive decay during

the prolonged escape and wind shifts that occur during the escape. Both of

these variables reduce the maximum distance of lethality.

II. RADIOISOTOPES INVOLVED

A. Quantities

The quantities of radioisotopes in the reactor operating at 70 mega-

watts are given in Table XXI.
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TABLE XXI

QUANTITIES OF ISOTOPES IN THE REACTOR - CURIES

Time

From(a)
Operation

0 2. 8 x 108

1 min 2. 4 x 10 8

10 min 1. 8 x 10 8

30 min 1. 6 x 10 8

1 hour 1. 4 x 10 8

3 hours 1. 1 x 108
10 hours 7. 7 x 107

1 day 6. 8 x 107

3 days 5. 1 x 107
10 days 3. 5 x 107
30 days 2. 4 x 107

100 days 8. 3 x 106
300 days 2. 1 x 106

1000 days 5. 0 x 105
3000 days 1. 5 x 105

Fission Products

From(b)
Burst

-.. 108

3. Ox 107
4. 0 x 106

6. 3 x 105
1. 9 x 104
5. 4 x 104
1. 9 x 104

4. 2 x 103
1. 5 x 103

Volatile (c)

6. 1 x 107

3. 3 x 107

2. 7 107

2. 3 x 107

1. 7 x 107
1. 2 x 107
7. 3 x 10 6

2. 7 x 106
2. 8 x 105
6. 3 x 103

Np239 Pu239

Iodine
Plus

Bromine

2. 9 x 107

1. 6 x 107

1. 5 x 107
1. 2 x 107
8. 9 x 106
6. 2 x 106
3. 2 x 106
1. 1 x 106

1. 5 x 105
370

4. 7 x

4. 5 x
4. 2 x
3. 5 x
1. 9x
2. 3 x
5. 6 x

(a) Total including volatiles
(b) 7500 MW-Sec
(c) Iodines, Bromines, Kryptons and Xenons

The average time of irradiation of the uranium was taken as 200

days. The fission products were obtained from previous calculations of the

quantity resulting from the fission of uranium-235(2 9). No correction was

made for the fraction of the fission products generated from plutonium

although it should be noted that certain important fission products, particu-

larly strontium-90, occur in significantly lower yields in plutonium fission

than in uranium- 235 fission. The quantities of fission products in the first

column are the total fission products from the operation of the reactor

including all of the volatile materials. The third and fourth columns separate

the total volatiles and the iodines plus bromines. The quantities attributed

29. Healy, J. W., G. E. Pilcher, C. E. Thompson, Computed Fission
Product Decay, HW-33414, December 1, 1954.
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to the burst were calculated from the data of Hunter and Ballou (30) for

instantaneously generated fission products from uranium-235.

Figure 49 illustrates the rate of decay of the fission products. Straight

lines were fitted to the total fission product decay data with the results given

in equations (1) and (2).

cries = 3. 2 x i8 -. 22 (t - minutes) t <5 x 104 minutes (1)

= 6.6 x 10 T-0. 22 (T - days) T <35 days

curies = 2. 14 x 109 T 1 2 T >35 days (2)

The data for iodine and bromine were fitted to a straight line over

the period from ten minutes to one day with the result given in equation (3):

curies = 2. 26 x 107 t-0. 144 (t - minutes) t < 1440 minutes (3)

This equation predicts the quantity of iodines and bromines to within

about 20 per cent over this period.

The Np2 3 9 was calculated assuming an over-all conversion ratio of

0. 8 and an equilibrium quantity of neptunium present. The plutonium was

calculated assuming only plutonium-239 with no allowance for the higher

isotopes.

Although it is impossible to detail the escape of fission products

because of the lack of adequate data on the complicated processes that govern

the escape from the fuel element and passage through the moderator to the

reactor surfaces, it is possible to generalize a release pattern which would

appear to provide a reasonable estimate of a worse possible condition. This

has been chosen as the release of 100 per cent of the noble gases, 70 per

cent of the halogens, and 10 per cent of the remaining mixture. This pro-

posed release will result in about 25 per cent of the total fission products

escaping from the reactor shielding.

(30) Hunter, H. G. N. E. Ballou, "Fission Product Decay Rates," Nucleonics
9:5, pages C2-7, November, 1951.
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B. Gamma Energies

The gamma spectrum for the total fission products was derived from

the tabulation for uranium-235 fission products used to obtain the number of

curies(2). Since the spectra had been derived earlier for 100 days irradiation

time, these values were used. The error involved in this spectrum as

compared to that for 200 days irradiation may be illustrated by comparison with

the similar spectrum for 500 days irradiation. At 500 days irradiation, the

total rate of energy release is 1. 1 times that at 100 days irradiation following

one day decay, 1. 3 times following ten days decay, and 1. 7 times following

100 days decay.

The spectra were derived in 14 energy groups giving photons per

second per watt. The energies of the isotopes were obtained from the National

Bureau of Standards (31) tabulations and the tabulations in Nuclear Science

Abstracts (32). The total energy release for each of the energy groupings was

obtained by multiplying the number of photons per second by the average energy

of the group. The 14 groups were then combined into the six groups reported

in order to facilitate the calculations.

The gamma spectra for decay times between one day and 100 days are

given in Table XXII. The data are expressed in Mev emitted per second for

each watt of reactor power. The times earlier than one day were not included

because of inaccuracies arising from the lack of knowledge of the decay

energies for the very short-lived fission products.

(31) United States Department of Commerce, National Bureau of Standards,
Nuclear Data, NBS Circular 499, September 1, 1950. (Suppl. 1,
April 25, 1951; Suppl. 2, November 26, 1951).

(32) Nuclear Science Abstracts, New Nuclear Data 1952 Cumulation, Vol. 6,
24 B, December 31, 1952 (1953 Cumulation, Vol. 7, 24B, December 31,
1953; 1954 Cumulation 8, 24B, December 31, 1954; 1955 Cumulation 9,
24B, December 31, 1955; 1956 Cumulation 10, 24B, December 31, 1956).
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TABLE XXII

FISSION PRODUCT GAMMA EMISSION

QVIevper second per watt of reactor power)

Decay Time 1 day 3 days 10 days 30 days 100 days
Energy

Mev

0 - 0. 19 5. 1 x 108  3. 9 x 108  2. 1 x 108  1. 0 x 108  2.8 x 107

0.2- 0.59 3.0 x 109 1.7 x 109 8.9x 108 4.0 x 108 8.9 x 107
0.6- 0.99 3. 9 x 109  2. 2 x 109 1. 1 x 109 7.2x 108 5. 0 x 108
1.0 - 1.79 2. 3 x 109  1.8x 109  1. 2 x 109  3. 7 x 108  1. 2x 107

1.8- 2.49 3. 7 x 108 2.9 x i08  1.7 x 108  5.2 x 10 6.3 x 106
2.5-3.0 5.3x10 6  4.8x106  3.4x106  1.1x10 6  2.7x10 5

Total 1.O x 101 6.3 x 109 3.5 x 109 1.6 x 109  6.4 x 108

The total rate of gamma energy emission in the first month follows the

t-0. 22 function noted in the total quantities of fission products. This function

was used to extrapolate the dosage rates to lower times than one day.

By combination of Table XXI and Table XXII the average gamma energy

per disintegration of the fission products was obtained. This varied from 0. 28

Mev per disintegration atone day to 0. 15 Mev per disintegration at 100 'days

passing through a minimum of 0. 13 Mev per disintegration at about 30 days.

The gamma ray spectrum for the volatile materials was derived from

the tabulation of fission products and the energy groupings given by Blomeke( 3 3 )

The energy groupings were much wider in this case which resulted in a spectrum

on a different basis than the one given for the total fission products. This

introduces a bias into the data and presumably causes the estimated total energy

emission rate to be higher than it should be. In derivation of this spectrum

the iodines, bromines, xenons, and kryptons, were considered together in

the energy groups with the total energy from the halides and the noble gases

tabulated separately. Table XXIII presents the spectra used:

(33) Blomeke, J. O. , Nuclear Properties of U2 3 5 Fission Products, ORNL- 1783,
November 2, 195.
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TABLE XXIII

0- 0
ME

6,. 9 x

6 . 9 x

6. 6 x
6. 1 x
5. 1 x

4.0 x

2. 7 x
1. 1 x

7. 8 x

GAMMA EMISSION - VOLATILE FISSION PRODUCTS

(Mev per second per watt of reactor power)

.25 0.26-1.0 1.01-1.70 >1.71 To
ev Mev Mev Mev Total Kr+

0108 4. 6x10 9 2.3x 109 4.9x 109 1.3x101 0 1.43
010 8 4.5x10 9 2.2x10 9 3.6x10 9 1.1x10 1 0 1.43
c10

8 4.2 x 10 9 2.0 x 109 2.9x 109 9.7x 10 9  1.2:
108 4. 0 x 109 1.4 x 109 1.8 x 109 7.8 x 10 9  8. 7:

:108 3.5x109 7. 3 x 10 8 7. 8 x10 8 5.6x10 9  6.13
c10 8 2.8x10 9 3.7x10 8 2.9x 108 3.8x10 9  4.3:
:108 1. 6 x10 9 1. 7 x 108 8. 9x10 7 2. 1 x10 9  2.7:
[10 8 4.7 x 10 8 3. 5 x 10 1. 9 x 10 6. 3 x 10 8  1. 1:
:106 5. 0 x 10 7 4. 2 x 106 2.5 x 105 6.2 x 10 7 7.8:

tal due to
Xe 1+Br

x 109 1. 1 x 101
x 109 9. 7 x 10 9

x109 8.6x 109
x108 6.9x 109
x108 5.Ox 109
x108 3.4x 109
x 108 1. 8 x 10 9

x108 5.2x 108
x 106 5. 5 x 107

Again the average energy per disintegration was derived by use of

Table XXI and Table XXIII. The average energy per disintegration varied from

0. 69 Mev at one hour to 0.43 Mev at 30 days. The inaccuracies involved in the

spectrum from lack of data on the short-lived isotopes is illustrated by the low

average energy per disintegration of 0. 39 Mev obtained at the time the reactor

was shut down.

III. CALCULATIONS

A. Dosage Rates from Container

The dosage rates from the release of fission products to the containment

vessel were calculated by assuming an inverse square relationship with dis-

tance, correcting for air absorption and for the buildup of dose rate in the air.

Equation (4) was used to obtain the dosage rates from the contained fission

products.

dose rate = Mev/sec e-p -~ s B(pr)3600 r/hour
4 Orr 5.2x 107

(4)

In this equation r is the distance from the container in centimeters,

is the total absorption coefficient, ( - a s) is the absorption coefficient cor-

rected for Compton scatter, B(Mr) is the correction factor for buildup in the
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air and 5. 2 x 107 is the number of electron volts per gram of air for one

roentgen. The absorption coefficients were obtained from the tabulation by

Snyder(34). The buildup factors were those given in the Radiological Health

Handbook( 3 5 ). Calculations were performed for each energy group separately

for the hemispherical dome comprising the top of the building and for the

horizontal sides of the building. Allowance was made for the attenuation of

one-half inch of steel in the hemisphere and for the one-half inch of steel and

one foot of concrete in the cylindrical portion of the building.

The noble gas dosage rates were derived from those for the total

volatile isotopes by the ratio of total noble gas energy release to the total

volatile energy release in Table XXIII. These results were needed to estimate

the effect of washout on the dosage rates at later times. The results are given

in Table XXIV.

TABLE XXIV

GAMMA DOSAGE RATES FROM CONTAINED ISOTOPES - r/hour

(no removal by deposition)

Distance
Time 100 meters 200 meters 400 meters 600 meters 1000 meters

Volatile Isotopes

1 hour 160 29 28 0.44 0. 021
3 hours 130 21 2.1 0.31 0.013

10 hours 90 15 1. 3 0. 18 0. 0074
24 hours 60 10 0. 83 0. 10 0. 0033

3 days 18 3. 1 0.26 0. 033 0.00083
10 days 9 1.5 0.12 0.012 ----
30 days 1. 0 0. 15 0. 012 0. 0012 ----

Full Release

24 hours 60 16 1. 3 0. 18 0. 006

(34) Snyder, W. S., J. L. Powell, Absorption of Gamma Rays, ORNL-421,
March 14, 1950.

(35) Federal Security Health Agency, Public Health Service, Radiological
Health Handbook, March 1953.
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TABLE XXIV (Contd.)

Distance
Time 100 meters 200 meters 400 meters 600 meters 1000 meters

Noble Gases

1 hour 24 4.1 0.40 0.063 0.003
3 hours 18 3. 0 0. 28 0. 042 0. 002

10 hours 12 2. 0 0. 17 0. 023 0. 001
24 hours 8.1 1.3 0.11 0.014----
3 days 2.9 0.48 0.040 0.005 --

10 days 1.8 0.30 0.018 0.003 ----
30 days 0. 15 0. 023 0. 002 ---- ----

The containment vessel provides for the introduction of 500 gallons per

minute of water in the form of fog immediately following the incident. Although

this fog is primarily intended to lower the temperature and pressure in the

containment vessel, it will also serve to wash at least part of the fission

products from the air. It is estimated that this fog will be introduced in particle

sizes on the order of 50 microns. Five hundred gallons per minute of water

into a container 80 feet in diameter will result in a total of 9. 6 inches of

precipitation per hour in the container as it settles. Chamberlain(36) has

estimated that 0. 2 of an inch of rainfall per hour will remove a fraction

1. 3 x 10- 3 per second of the suspended aerosol particles of 25 microns in

diameter and 7 x 10-4 per second of the five micron particles in suspension.

In view of the unknown agglomeration of the water droplets and the aerosol,

the incomplete sweeping of the volume of the containment vessel by the falling

water and the unknown efficiency of sweeping of the fog particles, a value of

2 x 10-4 per second for the removal of the suspended aerosols was adopted.

It is believed that this value is, if anything, conservative and will under-

estimate the rate of removal. The same value was used for the removal of

iodines and bromines. No allowance was made for the removal of noble gases

by solubility in the water. No removal was calculated for the ten minute period

following the incident. The calculations were performed for the full release

(36) United States Department of Commerce Weather Bureau, Meteorology and
Atomic Energy, July 1955.
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case by using the difference between the dosage rate due to the total fission

products at 24 hours and the dosage rate due to the noble gas at 24 hours and

extrapolating this portion by the t-0. 22function. Table XXV presents the

results of the calculations for the dosage including the correction for the

deposition that will occur during operation of the water fog system. In order

to obtain the total dosage rates these values should be added to the noble gas

dosage rates given in Table XXIV.

TABLE XXV

DOSAGE RATES FROM FISSION PRODUCTS IN CONTAINMENT VESSEL

r/hour (corrected for deposition)

Time 100 meters 200 meters 400 meters 600 meters 1000meters

Full Release

10 minutes 170 45 3.7 0.50 0.017
1 hour 65 17 1.4 0.19 0.006
3 hours 12 3.1 0.25 0.035 0.001

10 hours 0.055 0.014 0.001 ----- -----

Volatile Release

1 hour 69 12 1.1 0.18 0.0070
3 hours 13 2.2 0.20 0.030 0.0014

10 hours 0.052 0. 0084 0. 00070 ----- ------

B. Dosage Rates from Material Escaping from Containment Vessel

1. Dilution

The dispersion and deposition of radioactive material from an accident

of the type postulated will depend upon the meteorological conditions at the

time as well as the height and method of release. It was assumed that the

escape would be at ground level and the resulting concentrations and deposition

calculated by the techniques previously described(37)

(37) Healy, J. W., Calculations on Environmental Consequences of Reactor
Accidents - Interim Report, HW-54128, December 11, 1957.
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For neutral and unstable conditions, Sutton's equations (38) for an

instantaneous escape were used.

2Q exp ___x2 + 23/2 -32(2nF-L -_ _n + 2y
(x, y, z) r3/C 3(at)3 22-)C (at)2-n C2(ut )2-

2

+ z ) (5)

Cz(ut)2-n

The "exposure" or integrated concentration over the time of cloud

passage is then:

2 2

E ) = u C2Q n exp C y +  z  ) (6)
(x, y, z) r C C x2-n C2x2-n C2 x2-n

y z y z

The correction for deposition following Marley( 3 9 ) and earlier calcu-

lations, is, from equation (6):

4VDxn/ 2

Q/Qo = exp - n (7)

7rCzu n

Qo from equation (7) then replaces Q in equation, (6).

The values of C and C were chosen as 0. 21 and 0. 14 meters 1/8y Z (40)
at a wind speed of five meters per second

(38) Sutton, 0. G. , Micrometeorology, McGraw-Hill Company, Inc., 1953.

(39) Marley, W. G. , T. M. Fry, Radiological Hazards from an Escape of
Fission Products and the Implications in Power Reactor Location,
International Conference on the Peaceful Uses of Atomic Energy,
July 1955, Paper UN-394.

(40) Barad, M. L.., and G. R. Hilst, A Recomputation and Extension of Para-
meters Involved in Sutton's Diffusion Hypothesis, HW-21415, June 19,
1951, iW -21415-Sup 1, November 16, 1953.
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This technique assumes that the depletion of the cloud occurs uniformly

throughout its height. In practice the depletion occurs from the lowest layers

of the atmosphere and the replenishment of the radioisotopes in the layers

nearest the ground will depend upon the turbulence. In particular, in the inver-

sion case, the correction for deposition obtained in this manner may cause

under-estimation of the actual conditions at long distances.

The stable case was calculated from an expression resulting from recent

correlations of field studies of elevated sources by the Hanford Meteorology

group (41, 42, 43). The concentration in a plume is given as:

7C Q' 2 z2

(x,y,z) exp [i + ) (8)
(x ,z ,6 - zG 2 6 z

In equation (8) Q' is the rate of emission from a source located at the

center of a coordinate system with x extended downwind, y in the horizontal

direction perpendicular to the wind direction and z in the vertical direction;

a and a are the standard deviation of the concentration in the y and z direction

respectively. Correlations for ay and a were obtained from both photographic

studies of oil fog plumes and measurements of the vertical concentration grad-

ient with fluorescent pigments.

The exposure or integrated concentration was calculated from equa-

tion (9):

2

E(xyo) = 2Q yexp[-I ](9)
(x, y o) r a a d QY

(41) Shorr, B. , Diffusion of Stack Effluents during Periods of Stability
Associated with Drainage Winds at Hanford. HW-32265, June 28, 1954.

(42) Hilst, G. R.,, The Dispersion of Stack Gases in Stable Atmospheres,
(not published).

(43) Hilst, G. R. , and C. L. Simpson, Observation of Vertical Diffusion Rates
in Stable .Atmospheres (no reference) August 23, 1957.
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The correction for deposition was derived from equation (9) and

solved by numerical integration.

Q = Q exp - 4 VD fdx (10)

Qo from equation (10) then replaces Q in equation (9).

The dilution of the escaping material was calculated for both the

neutral and inversion condition. In each case,, a ground level escape was used.

The wind speed for both conditions averages close to five meters per second

in the area of interest(4 4 ). The meteorological data indicate that the stable

condition occurs about 49 per cent of the time in this region and the unstable

condition about 40 per cent of the time.

A review of the deposition velocity, assuming it to be limited by the

meteorological variables, indicated that it should be proportional to the ground

wind velocity and a function of the atmospheric stability. Studies at Hanford( 4 5 ,

and by Chamberlain(4 7 ) with iodine- 131 vapor have indicated that the value

should be about 2. 7 centimeters/second for neutral conditions with a wind speed

of five meters/second. For moderate inversion conditions, an assumed value

of 1. 7 centimeters/second was used for halogens. Recent work by Megaw and
(48)Chadwick has indicated that the particulate portion of the fission products

from burning uranium has a deposition velocity about one-thirtieth of that of

(44) Wittenbrock, N. G., Plutonium Recycle Program Demonstration, Reactor
Site Study, HW-46461, November-7, 1956 (Confidential).

(45) Parker, H. M. , Hazards Attendant on Storage of Radioactive Waste,
HW-14058, August 2, 1949 (Secret).

(46) Selders, A. A., Foliar Sorption of Iodine by Plants in Biology Research -
Annual Report 1955, HW-41500, page 77, 1956.

(47) Chamberlain, A. C. , Experiments on the Deposition of Iodine-131 Vapour
onto Surfaces from an Air Stream, AERE-HP-k 1082, January 3, 1953.

(48) Megaw, W. J. , and R. C. Chadwick, Some Field Experiments on the Release
and Deposition of Fission Products and Thoria, AERE HP/M 114,
December, 1956, (Official Use Only).
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iodine vapor. For this reason the deposition velocity for the particles was

taken as 0. 15 centimeters/second in neutral conditions and 0. 11 centimeters/

second for inversion conditions with wind speeds of five meters/second. It

should be noted that association of the iodines with fine particles may result

in lower deposition with consequent smaller cloud depletion and, thus, a

different pattern.

The exposures for unstable neutral, and inversion conditions were

calculated for the quantity of radioactive materials in existence at one day.

These quantities are listed in Table XXVI.

The exposures for the volatile materials were calculated separately

for the iodines and bromines, and for the kryptons and xenons, and summed

to obtain the total. In this manner no correction factor for deposition was

applied to the noble gases. In practice the noble gas exposure must be

included in the total fission product exposure at long distances in order to

eliminate the over-correction for deposition of the total fission products.

2. Radiation Dosages

The estimated radiation dosages at the center line of the cloud from

both the full release case and the volatile release case are summarized in

Tables XXVII and XXVIII.
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TABLE XXVI

CALCULATED EXPOSURES DOWNWIND - ENTIRE REACTOR INVOLVED

Exposures, E, pc sec/cc at 24 hours

Distance

Meters

Unstable

300
1, 000
3, 000
6, 000

10, 000
30, 000

100, 000
300,000

1, 000, 000

Neutral

300
1, 000
3, 000
6, 000

10, 000
30, 000

100, 000
300, 000

1, 000, 000

Solids

270
31
4. 3
1. 2
0.49
0. 066
0. 0077
0. 0011
0. 00013

1100
130
20

6. 1
2. 4
0. 35
0. 043
0. 0061
0. 00078

Moderate Inversion

300
1, 000
3, 000
6, 000

10, 000
30, 000

100, 000
300, 000

1, 000, 000

7700
1900
550
240
120

22
3. 2
0.30
0. 015

I + Br

130
14

1. 8
0.48
0. 18
0. 023
0. 0024
0. 00030
0. 000015

480
53

7.0
1. 9
0.75
0. 097
0. 0097
0. 0012
0.00011

3500
620

79
13
2.4
0.011

~0

~0

~0

Xe + Kr

300
35

4.
1.
0.
0.
0.
0.
0.

1200
150

22
6.
2.
0.
0.
0.
0.

7
4
55
044
0087
0012
00014

8
7
39
048
0068
00087

8700
2200
680
320
170
42

9. 3
2. 1
0.42

Total
Volatiles

430
49

6. 5
1. 9
0.73
0. 067
0. 011
0. 0015
0. 00015

1700
200
29
8.7
3. 5
0.49
0. 058
0. 0080
0. 00098

12, 000
2, 800

760
330
170
42

9. 3
2. 1
0.42

239

170
20
2.7
0.77
0.31
0. 042
0.0049
0. 00070
0. 000080

700
83
13

3. 8
1. 5
0.22
0.027
0. 0038
0. 00049

4900
1200
350
150

73
14

2. 0
0. 19
0. 0096

Strong Inversion

300 11,000
1, 000 3, 900
3,000 1,400
6,000 600

10, 000 290
30, 000 50

100, 000 2.8
300,000 0. 082

1, 000, 000 ~.0

UNCLASSIFIED

5300
1100

97
5. 7

~i 0

~0

~0

~0

~0

18,
5,
1,

13, 000
4, 700
1, 800

930
520
150

35
8. 7
1. 8

000
800
900
940
520
150

35
8. 7
1.8

7000
2400

870
380
180
31

1. 7
0. 050

~0
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TABLE XXVII

RADIATION DOSES AT CENTERLINE OF CLOUD -

ENTIRE REACTOR INVOLVED

Distance
meters

Cloud
Passage

r

Unstable Conditions

300
1, 000
3, 000
6, 000

10, 000
30, 000

100, 000

64
13

2. 4
0. 70
0.29
0. 034
0. 0032

Neutral Conditions

300 190
1, 000 36
3,000 8.4
6,000 2.8
10,000 1.3
30, 000 0. 15

100, 000 0. 017

Moderate Inversion

1,
3,
6,

10,
30,

100,

300
000
000
000
000
000
000

770
320
140

84
44
11

2. 3

Strong Inversion

300 1100
1,000 670
3,000 360
6,000 220

10,000 130
30,000 38

100,000 9.8

Ground Dose
First Hour

r

98
11
1. 3
0. 35
0. 13
0. 015
0. 0011

280
34
4. 1
1. 8
0.45
0. 053
0. 0045

1, 300
260
51
13
4. 4
0.84
0. 054

1, 300
340
57
15
6. 7
0.77
0. 032

Lung Dose
0 - 10 days

rads

910
98
15
4. 3
1. 6
0.25
0. 022

3, 700
430
66
20
7. 7
1. 3
0. 12

26, 000
6, 100
1, 900

770
380

84
9. 1

37, 000
13, 000
4, 500
2, 000

910
190

7. 7

G.I. Tract
Dose
rads

700
84
11

3. 1
1. 3
0. 17
0. 020

2, 900
350
54
16
6. 2
0.91
0.11

20, 000
5, 000
1, 500

620
320
59

8.4

29, 000
11,000

3, 700
1, 600

840
130

7. 7

UNCLASSIFIED

HW-48800 REV-236-



UNCLASSIFIED

TABLE XXVIII

RADIATION DOSES AT CENTERLINE OF CLOUD - VOLATILE RELEASE

ENTIRE REACTOR INVOLVED

Distance
meters

Unstable Condition

300
1, 000
3, 000
6, 000

10, 000
30, 000

100, 000

Neutral Condition

300
1, 000
3, 000
6, 000

10, 000
30, 000

100, 000

Moderate Inversion

300
1, 000
3, 000
6, 000

10, 000
30, 000

100, 000

Strong Inversion

300
1, 000
3, 000
6, 000

10, 000
30, 000

100, 000

Cloud
Passage

r

41
8. 4
1. 6
0. 50
0..20
0. 024
0. 0022

120
24

5. 5
1. 9
0.84
0. 11
0. 012

440
200

91
54
31
8.4
2. 0

670
450
240
150

91
32

6. 9

Ground Dose
First Hour

r

57
6. 6
0. 77
0. 20
0. 077
0. 0091
0. 00070

220
25

3. 2
1. 5
0.33
0. 039
0. 0033

980
180

24
3. 9
0.70
0.30

~0

980
230

20
1. 2

~0

~0

~0

Total External
Gamma Dose
First Hour

r

98
15

2. 4
0.70
0.28
0. 033
0. 0029

340
49

8. 7
3.4
1. 2
0. 15
0. 015

1400
380
120

58
32

8.
2.

1700
680
260
150

91
32

6.

7

0

9
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If a known percentage of the reactor core is involved in an incident,

the dose rate values listed in Tables XXVII and XXVIII may be reduced by the

percentage of the core involved.

The dosage rate from the cloud was calculated assuming a semi-infinite

cloud. These results were then corrected to the time of actual cloud passage

by t 0. 22 for the gross fission products and by t-0. 14 for the volatile. Correc-

tions for the finite size of the cloud were made from the curves of Hurwitz 4 9 ).

Equation (11) was used to calculate the dose from the semi-infinite cloud.

dose = E x 3. 7 x 104 x E roentgens at 24 hours (11)
2 x 6. 24 x 105 x 83 x 0. 001293

The energy release, E, was taken as 0. 3 Mev/disintegration for the full

release case and 0. 6 Mev/disintegration for the volatile emitters.

The dose rate from deposition was calculated assuming a rate of

10 r/hour for a deposition of one curie per square meter(50). The deposition

at the centerline of the cloud was calculated from equation (12).

deoiin=EVD
deposition = curies/m2 (12)

100

In equation (12) E is the exposure and VD is the deposition velocity

for the component of interest. The dose rate from equation (12) was

corrected for the size of the deposition area from the results given by

Fit zge rald(04 9 . These rates were corrected for the time of arrival for the

full release case by t-0. 22, and for the volatile case by t-0. 14. Correction

to times longer than one day was carried out by the ratio of the total number

(49) Fitzgerald, J. J., H. Hurwitz and L. Tonks, KAPL-ADM-867,
Supplement 1, September 11, 1953.

(50) U.S. Government Printing Office, The Effects of Atomic Weapons, 1950.
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of curies in existence to the number in existence at one day. Integrated

dosages over a period of time were calculated from equation (13):

TA+t

dose after arrival = D t-ndt

TA

D T 1-n - T 1-n (13)
L-TnA+t A

In equation (13), D is the dose rate at one day, TA is the time of

arrival and TA+t the time after arrival over which the dose is to be integrated.

The lung dose was calculated assuming a 25 per cent retention of the

inhaled material for the first day and a 12 per cent retention thereafter, with

no consideration of the biological half-life for the ten-day period. The dose

rate from the material deposited in the lung was calculated from equation (14).

Ex20x103 xfxt-nx3. 7x104 x1440x60xEx10 6 rads per day (14)dose rate =rdsprdy(4
60 x 1000 x 6.24 x 1011 x 100

In equation (14) f is the fractional retention and E is the average

energy per disintegration, taken as 0. 4 Mev. The total dose in a given time

period was calculated by integration of equation (14).

dose =-- n T A+t - T -n (15)

In equation (15) D is the dose rate at one day, TA is the time of arrival,

TA+t is the time after arrival over which the dose was integrated. The dosage

rate for neptunium-239 was calculated with the same assumptions as above

except that the energy per disintegration was taken as 0. 15 Mev. The values

given in Table VII include the dosage rates from neptunium and fission

products.
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The plutonium dosage rate to the lung was shown to'be negligible by

the following equations. The ratio of the lung dosage rate due to fission products

to the dosage rate due to plutonium is given in equation (16):

EF Px20x10 3 xfxt-nx3 7x104 x60x144OxEx106e -t

Dose rate FP

Dose rate Pu

60 x 1000 x 6. 24 x 10 11 x 100

1OxEPux2Ox1O 3 xfx3. 7x104 x6Ox144OxEx106e Xt
60 x 1000 x 6.24 x 1011 x 100

FP- -Xt -n
E Fge t
= P

10 E uPu -Xt
1OE EPu e

(16)

Since the average energy of the fission product beta particle is 0. 4 Mev,

the energy of plutonium alpha particle is 5. 15 Mev and the ratio of the exposures

is equal to the ratio of the total curies in existence at one day, or 3. 07 x 104

equation (16) simplfies to:

Dose rate FP

Dose rate Pu

3. 07 x 104 x 0. 4 eXt-n

10 x 5. 15 e-

e-xtt-n
238 e t

e

Thus at the first day the dose rate due to plutonium is less than 0. 5

per cent of the dose rate due to the fission products. The total dose in any

given time period is given by equation (18):

Total dose FP

Total dose Pu

1TIo8 e -Xtt-ndt
238O

f0 Tet
e-tdt

UNCLASSIFIED
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The solution of equation (18) indicates that the plutonium contributes

only about 0. 5 per cent of the total dose to ten days, 0. 6 per cent to 35 days,

1. 3 per cent to 100 days, and two per cent in the first year.

The dose to the G. I. tract from the radioisotopes removed from the

lung was calculated assuming 50 per cent of the inhaled isotopes were

swallowed. In view of the protracted time of release from the lung, the

factor of two decay occurring through the one hour to 30 hour period was

ignored and the quantity of isotopes was taken as that to the G. I. tract and in

existence at 24 hours. Under these assumptions and using a factor of two for

irradiation of the G. I. tract wall from the contents, the dose is given in

equation (19):

dose = c(3.7x10 x60x1440E x10t') rads (19)
m' x 6.24 x 1011 x 100 x 2

In equation (19), t' is the time of passage through the G. I. tract.

The dose to the lower large intestine only was calculated since the material

resides in this portion for the longest portion of time. The time of passage

was taken as 18 hours and m', the quantity of material passing through the

G. I. tract per day, was taken as 200 grams for this portion of the G. I.

tract(51)

UNCLASSIFIED
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APPENDIX H

THE PLUTONIUM FABRICATION PILOT PLANT

A. DESCRIPTION OF THE PLANT

1. General

The Plutonium Fabrication Pildt Plant (PFPP) is a facility designed

for the small scale manufacture of plutonium containing fuel elements for the

Plutonium Recycle Program. Fuel elements for other reactors using plutonium

enrichment can also be fabricated in the PFPP. Complete fuel elements up

to six inches over-all diameter by 12 feet over-all length can be processed.

Components of plate, rod, and tubular form can be made and jacketed.

Elements may be cast or wrought metallic, powder-metal, or ceramic types.

Unit processes for powder-metal and ceramic elements are combined

in a small integrated production line; included are batch preparation, mixing,

conditioning, pressing, sintering, and finishing by grinding. Unit processes

for metal-working include casting (both by pouring and by injection coating),

lathe turning, rolling, swaging, extrusion, and wire-drawing. Canning and

inspection facilities are common to all types of elements produced.

The concept adopted at Hanford for the control of plutonium contamin-

ation is to maintain three lines of defense:

a. Unit process containment,

b. Directed ventilation, and

c. Area or building containment.

The first line of defense, unit process containment, is achieved by

locating each of the unit processes mentioned above in a glovebox hood. These

glovebox hoods may be single units or may be connected into a production line

of glovebox hoods. Plutonium is always handled inside the glovebox hoods or

is sealed in plastic bags for transfer between hoods until it is canned in a fuel

element jacket.
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The second line of defense, directed ventilation, is supplied by intro-

ducing ventilation air near the ceiling and exhausting it at the floor under the

glovebox hoods. This ventilation flow minimizes the spread of small releases

of contamination in the process rooms. Surveys for contamination are made

regularly and decontamination is performed as required. Airborne contamina-

tion is filtered first at the entrance to the exhaust duct system and second at

the building main exhaust filters.

The third line of defense, area containment, is provided by the build-

ing itself. The building is constructed of concrete and concrete block. Walls

are plastered and painted with a protective coating which may be readily

decontaminated. Subdividing partitions are used to minimize the spread of

contamination in case of an accidental release at one operation.

2. Description of Building and Equipment

a. Layout of Building

The plant is in two main divisions, a regulated access process building,

142 feet square and two stories high, and a plant service area, 40 feet by

170 feet and one story high. A perspective view of the PFPP is shown on

Figure 50 and the first floor plan is shown on Figure 51. The regulated access

area is divided by a central north-south corridor. The floor-to-floor height

of the main floor of the process area is 18 feet. In the corridor are two levels,

the main floor for access to the process rooms, and the mezzainine level

for electrical and piping supply systems.

Process equipment planned for the original installation is all housed

in the main floor process area. The metallurgical processing equipment is

on the east side of the corridor. In the first group of rooms are a 300 KW

vacuum melting and casting furnace, a cryolite melt furnace for preparing

plutonium-aluminum alloys by reaction of plutonium with aluminum under a

cryolite slag, and an injection casting furnace. Next is a billet surfacing

lathe followed by a 1250-ton extrusion press and a vacuum-hooded rolling mill.

A swage and a hydraulic wire drawing machine complete the metal working

equipment.
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Plutonium Fabrication Pilot Plant Building
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On the west side of the corridor are rooms containing equipment for

radiography of fuel element components, welding, dimensional inspection,

canning, decontamination and degreasing, and autoclave testing of completed

elements. The powder-metal and oxide ceramic production line completes

the equipment on the west side. A vault for plutonium storage, stairways,

and an elevator complete the main floor plan. A loading dock and gas

cylinder storage rack are located at the rear of the building.

The second floor of the process area has a clear height of about 11

feet, This clearance is reduced to 9 feet in several places by ventilation

supply ducts. The ventilation supply equipment is located at the south end of

the second floor, and the exhaust filters and fans at the north end. The

remaining second floor space is available for storage of completed fuel

elements, for maintenance shops, and for future expansion of experimental

facilities.

The plant service area is a wing on the front of the building. It

contains locker rooms, lunch room, photographic darkroom, two

contamination -free laboratories, drafting room, and offices.

b. Glovebox Hoods

The glovebox hoods which form the first line of containment of

plutonium contamination are stainless steel frames to which polyester clear

plastic windows are fastened. All bolted joints are gasketed and a maximum

leakage rate is specified for the entire enclosure. All work in the hoods

is done by means of long gauntlet rubber gloves, the ends of which are finished

with a bead which snaps onto a plastic gloveport ring. A typical glovebox

hood is shown in Figure 52.

Workers wear surgeon's gloves taped to the wrists of the special

clothing when working in the hood gloves. The surgeon's gloves are surveyed

for contamination before they are removed. If contamination is detected,

the glovebox glove is replaced. A new glove is snapped over the old one

on the gloveport ring, and the old one worked off the ring (under the new one)

and pushed into the hood. The old glove is subsequently pushed into a plastic

bag and sealed off for disposal.
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Materials are introduced into a glovebox hood by means of an airlock,

only one door of which is open at a time, or through a sphincter seal, which

is a cylinder containing internal rubber ring diaphragms, through which a

cylindrical container, such as a can or ice cream carton, can be pushed

without losing the seal. Materials are removed from a glovebox hood by seal-

ing off into a plastic bag, or in exceptional cases by loading into an ice cream

carton in the airlock.

Pressure in the hoods is 1/2 to 1 1/2 inches of water below room

pressure so that all leakage will be into the hood rather than outward. Most

glovebox hoods are operated as static systems, without a steady flow of air

or inert gas through the hood. However, some renewal of the hood atmosphere

is effected by the pumping action of the gloves. The hood control system is

so arranged that momentary increases in pressure are exhausted to a hood

exhaust system, and momentary decreases in pressure are made up from a

hood supply system. In the PFPP, two supply lines are connected to each

hood, one carrying dry air, the other argon. Both supply and exhaust connec-

tions to the hoods are equipped with filters. The supply filters prevent spread

of contamination through a reverse air flow if hood exhaust were completely

lost. The exhaust filters localize heavy contamination. The hood exhaust

air is given a second filtration and finally mixed with the building ventilation

exhaust air just ahead of the main exhaust filter bank.

c. Process Rooms

The process rooms may be regarded as a second line of containment

against uncontrolled spread of contamination. Surfaces are smooth and

flush and are coated with a smooth, hard chemical- and solvent-resistant

paint. Floors are painted (in preference to tile-type coverings) to avoid

penetration of contamination into cracks.

Personnel leaving a process room are required to monitor shoe covers,

hands, and any clothing which may have become contaminated. Any contam-

inated articles of clothing are removed and fresh articles put on before

leaving the room.
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Process rooms do have escape doors on the side away from the central

corridor. These doors are used in emergencies only and have no handles on

the outside. Contamination escaping to the outside when these doors are used

is cleaned up at once, as a part of the operation of taking care of the original

emergency condition which led to the use of the escape door.

A second use for the outside doors is for construction access. For this

use, the process room is cleaned of all equipment and decontaminated; then the

corridor door is sealed, and construction can proceed under non-contaminated

conditions.

d. Building Ventilation

Directed ventilation is a major item in the Hanford contamination control

concept. As embodied in the PFPP ventilation system, 15 air changes per

hour are provided in the process area. The supply air is preheated, filtered,

washed, and reheated to the desired room conditions. It is supplied to the

rooms through conical diffusers near the ceiling. Air is exhausted through filter

boxes located in the floors of the process rooms. Some of these filter boxes

are located directly under the hooded equipment, so that any contamination

which may escape will be quickly drawn into the filters without being carried

around the room by air currents.

The prefiltered air passes through concrete ducts to the three main

exhaust filter banks. The capacity of these filters is sufficient to permit

shutdown of one filter for maintenance without reducing the effectiveness of

the building exhaust system. The exhaust air is drawn from the filters by

standard fans and ejected through short stacks at the roof.

It should be noted that wherever filtration has been mentioned, with

the single exception of the supply air filter, the filters used are the "absolute"

type, CWS equivalent.
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