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ABSTRACT

The Plutonium Recycle Test Reactor (PRTR) is designed to obtain
experimental data on plutonium fuel technology and plutonium fuel cycle
physics, and to produce irradiated fuel for the development of plutonium
fuel chemical processing. Its main purpose is to provide a pilot scale
demonstration of the economics and practicability of various plutonium
recycle fuel concepts. The reactor complex is described in detail. The
operating procedures, which are designed to maintain a high degree of
reactor safety, are described. Reactor safeguards aspects of possible

equipment malfunctions and failures are analyzed.
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I. INTRODUCTION

The Plutonium Recycle Test Reactor was constructed under Atomic
Energy Commission sponsorship as one of the facilities to be used to
develop the technology required for the utilization of plutonium fuels in
thermal heterogeneous power reactors. The reactor provides 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 prototypic 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.

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 incident

must be contained within safe limits.

(a) The containment shall accommodate the maximum credible accident. *
(b) The containment shell shall be shielded or otherwise protected

against penetration from within by missiles.

* Maximum credible accident is defined as a forseeable accident based on a
chain of events even though having a negligibly small probability of
occurrence.
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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 emergency shutdown system shall be capable of overriding a

"maximum credible power excursion''.

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

reactor) to the maximum degree practicable.

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.

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 conservatively limited to avoid
heat transfer burnout during both normal operation and emergency

conditions.

(b) Individual tube coolant flow, temperature, and radioactivity shall
be monitored.

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

minimize flow irregularities and consequences of inadvertent boiling.
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5. Piping and Vessel Standards - Shall conform to applicable codes for

high pressure piping and vessels. An exception to this criterion is
the process tube design.

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 revised PRTR
scope and detail design, was issued in June, 1958. (1) Since then the final
design has been established. Further defined physics constants and continu-
ing safeguards analyses involving more refined and extensive calculations

based on the final design permit publication of the final hazards report.

Since publication of the preliminary safeguards analysis, a number
of design changes have been made which affect reactor safety. Also,
there have been some changes in the safeguards analyses. The most

important changes are itemized below:

1. The safety circuit was redesigned to provide dual or triple channels
for each trip point. Four trips were eliminated from the safety circuit

without decreasing reactor safety; they were

(a) Low pressure of steam generator feedwater,
(b) Low level in secondary coolant storage tank,
(c) Low flow of secondary coolant, and

(d) High pressure in the containment building.

2. Shim control units were redesigned to minimize the possibility of a
rod falling out of the core. The number of rods was increased from
36 to 54 half-rods. Total strength of the shim system was increased to
115 mk.

(1) Wittenbrock, N.G. Plutonium Recycle Test Reactor, Prelimina
Safeguards Analysis, HW-48800 RE;V. June 5, 1958.
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10.

11.

12.

Injection of back-up light water coolant was made automatic. A

back-up coolant line to the steam generator shell was added.
The reflector was changed from light water to heavy water.

Additional pressure relief devices were installed on the primary coolant

outlet piping.

Rupture disks were installed on the calandria gas piping to relieve pressure

in the event of a process tube rupture.

A fourth bottom zc,?as line was installed on the calandria to increase the

initial flow rate of moderator during a scram.

The initial fuel element loading was changed from concentric cylinder

UOz elements to 19-rod cluster elements.

A lower Doppler fuel temperature coefficient was used in kinetic and

accident analyses.

Reactor safety was analyzed for operation only with D20 coolant. If it
is ever decided to operate with light water coolant a supplement to the

safeguards analysis will be submitted for review.

The maximum credible accident is defined as the loss of primary coolant
through a 12-inch diameter rupture rather than through a complete
parting of the top 14-inch header. Actually, the consequences are the
same except that the peak pressure in the containment vessel would
occur about nine seconds earlier for a complete parting of the top 14-inch

header.

Description of the Plutonium Fabrication Pilot Plant and the review of
the site selection analyses were not repeated since they would be identical

to the information presented in the preliminary report, HW-48800 REV.

Several test loops are being scoped for installation in the reactor to

improve the flexibility of the reactor as an experimental facility. Hazard

analyses of these loops will be published in succeeding reports.

Before this reactor is operated the design and plans for operation will

also be reviewed by the General Electric Reactor Safeguards Council.
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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
cutaway 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. Up to 50 per cent of the fuel elements will be spike
enrichment plutonium-aluminum 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. Fifty-four 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 vaporizing 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, with a hemispherical dome and ellipsoidal bottom,
houses the reactor. Over-all height of the containment vessel is 121 feet
6 inches, extending 75 feet above grade. The containment vessel is 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,
aside from the safety system. In a slow reactor runaway, moderator effects

may also be of significance in limiting the energy release.

B. Safeguards Analysis

Aside from inherent safety, the major safeguards against serious
reactor incidents are: fail safe design of circuitry and components as far
as practicable; interlocks to prevent unsafe combinations of manual or
automatic functions; the use of key locks on controls; and most important,
the selection and training of competent operating personnel. The organi-
zational directives to PRTR Operating and Management personnel clearly
define areas of responsibility and decision making powers. Procedures
for review and approval of process limitations and proposed experiments

by responsible parties are specified.

Analysis of the most severe incidents possible in the PRTR shows
that at least three simultaneous failures must occur to cause an incident of
significant consequences. Possible nuclear excursions were evaluated and
it was found that the only credible excursion leading to fuel core melting
was a start-up accident in which four simultaneous failures occurred; all
shim controls erroneously removed, the three period instruments failing
to respond to fast period, the automatic controller malfunctioning, and
the high neutron flux instruments being set to trip in the operating power
range. Even in this case, the time during which the Pu-Al would be molten
is too short to expect Al-Zr diffusion to cause rupture of the Zircaloy jackets.

No release of fission products to the atmosphere would occur.

Analysis of conceivable mechanical failures disclosed that the only
possible sequence leading to fuel melting required external piping failure

plus failure of the emergency coolant supply systems. Actually, this
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would require coincidental failure of three physically separated systems.

In the worst case, the heavy water would be rapidly expelled from the reactor
through a break in the 14-inch primary coolant line from the top ring header.
Changes in system pressures and flows would shut down the reactor by
actuation of the safety scram system. However, the fuel would melt in the
dry tubes due to fission product decay heating. Chemical reaction of the
melting fuel jackets, plutonium-aluminum alloy cores, and the process
tubes would release 2,000,000 Btu. The pressure in the containment vessel
would reach 9. 9 psig, which is less than the design pressure of the vessel.
Escape of fission products to the atmosphere would be limited to the amount
carried by the specified maximum leakage of 1000 cu ft/24 hr, and radiation

dosage to offsite inhabitants would be minimal.
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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
generated in 85 tubes. A cutaway view of the reactor is shown in Figure 2.
A description of the reactor and associated systems follows. For more
detailed information a 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 horizontal and vertical sections of the calandria.

To insulate the low temperature moderator from the high temperature
primary coolant a double wall fuel channel arrangement 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
0. 065-inch wall thickness; the center shroud tube is 6 inches outside
diameter with an 0. 085-inch wall thickness. The large central tube will
accommodate special experiments.
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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 flows upward through
these tubes; the maximum single-tube flow rate is 123 gpm. The process
tubes are supported by shoulders at the upper end resting upon flanges
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 are fabricated of Zircaloy-2 and are 3.250 £ 0. 010
inches inside diameter with a 0. 154 + 0. 008-inch wall thickness in the reactor
core. The lower ends of the tubes are 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 seconda(xg;

2.

Although this allowable design stress corresponds to an operating pressure

creep rate of 1077 in/(in)(hr) at 500 F in vacuum-annealed Zircaloy-

of 1250 psig, the pressure at the outlet of the process tubes will be limited
to 1050 psig until more information of the in-reactor behavior of Zircaloy-2
pressure tubes is available.

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.

(2) Fox, J. C. and D. E. Johnson. Design Basis for PRTR Process Tubes,
HW-50337. May 24, 1957.
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Using this nearby storage space increases the shutdown rate considerably.
The dump chamber is connected to the moderator storage tank by four
nominal 8-inch gas lines and an 8-inch drain line.

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 over-
flow into 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 are two horizontal rows of orifices
leading to two annular drain headers. Flow through these two rows of orifices
is limited to about two-thirds of the moderator inflow by a flow restricting
orifice in the common drain line. When the lower row of orifices is submerged
under approximately 2 inches of water, about 65 per cent of the moderator
flows out the lower of the two drain headers. When the upper row of orifices
is submerged about 2 inches, approximately 40 per cent of the moderator
flow passes out the upper drain header, 30 per cent flows out the lower
drain header, and the remainder flows over the level control weir. When
the moderator level is below both top drain headers, the entire moderator
effluent flows over the weir and out the dump chamber drain.

The moderator recirculation rate is 1086 gpm with a normal inlet
temperature of 137 F and a normal outlet temperature of 149 F. The
moderator is fed to the calandria via two routes. A 6-inch line feeds a
ring header which supplies moderator to a flat annular plenum extending
around the bottom of the vessel. A 2-inch line supplies moderator directly
to a flat plenum at the bottom center of the vessel. The water flows upward
from the two plenums through a system of distribution orifices. The
proportion of the total flow fed to the center and annular plenums is remotely
controlled by valves in the two lines.

UNCLASSIFIED
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The water reflector is contained in an annular cylinder 11 feet in
outside diameter and 7 feet inside diameter and 6 feet 10 inches high. 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

arrangement is shown in Figure 4.

The reflector is cooled by the recirculation of approximately 176
gpm of heavy water at inlet and outlet temperatures of 137 F and 160 F.
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 is controlled to a point a

few inches above the drain header.

Spaced around the reflector vessel at two different levels are nine
flux chamberholes 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 or sintered uranium dioxide cores, and several Mark II elements with
sintered uranium dioxide cores. The uranium dioxide is PWR grade extruded
or pressed and sintered to a minimum of 94 per cent theoretical density.
Plutonium alloy cores will contain plutonium in corrosion resistant
aluminum-nickel-silicon alloy. Other plutonium fuel elements, such as

UNCLASSIFIED
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uranium dioxide - plutonium dioxide or plutonium salt-ceramic carried cores,
will be candidates for investigation during the Plutonium Recycle Program

development.

Initially all jackets for fuel elements are Zircaloy-2, although at a

later date other sheathing materials may be used.

Fuel element assemblies 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 rod has the

following dimensions:

Core (bare) 0. 504 inches OD
Jacket Thickness 0. 030 inches
Core Length 7 feet 4 inches

Twelve of the nineteen rods have a spiral wrapping of 0. 072-inch
Zircaloy-2 wire to space the elements for adequate coolant flow over all
surfaces. The bundle is also wrapped in several places to maintain
alignment of the elements. Each element is rigidly fastened to the bracket
at each end. Fuel element assemblies are suspended by hangers supported

near the top of the process tube assembly.

Mark II concentric fuel element assemblies contain three fuel
components arranged as a rod surrounded by two concentric tubes. These

fuel elements have the following dimensions:

Mark II'C
Rod (bare) 0. 548 inches OD

. 082 inches ID

Inner Tube (bare) 1
1. 782 inches OD

Outer Tube (bare) 2. 328 inches ID
2. 948 inches OD

Jacket Thickness 0. 060 inches

-3

Core Length feet 4 inches
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FIGURE 7
Mark II, Concentric Cylinder Fuel Element Assembly
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These components are spaced by ribs or projections on the jackets
to assure adequate coolant flow over all surfaces. Components are rigidly
fastened to a bracket at each end. Fuel element assemblies are suspended
by hangers supported near the top of the process tube assembly.

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 reactor atmosphere. The outside surface is faced with a
1/4 inch thick steel shell. That portion of the shield forming the inside
wall of the process equipment cell is filled with magnetite-limonite concrete
having a wet density of about 210 1b/cu ft, while the other half of the shield
is filled with iron-limonite concrete having a wet density of 265 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 weight 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.
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The space inside the top and bottom primary shields 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 1b/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 112 F and an outlet temperature

of about 150 F when the reactor is operating at the 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.

Above the top primary shield is the top secondary shield which
consists 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 magnetite grout having an average density of 320 lb/cu ft. The
lower surfaces 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
secondary shield could build up a pressure great enough to lift the shield, it
is necessary to hold down the shield. The stationary ring is held down by six
equally spaced radial hold down pins that protrude into sockets in the reactor
hall floor slab. Interlocking lugs 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.
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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 neutron 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 10 mrem/hr
with the reactor operating. Radiation levels at the outside surface of the
side biological shield are estimated to be less than 1 mrem/hr in the hot
shop, instrument cell and experimental cell, and 10 mrem/hr in the process

equipment cell, excluding radiation from sources in these cells or rooms.

2. Coolant System

a. Normal 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, condensed, and dissipated in the river.
The coolant system flow diagram is shown in Figure 9. The primary

coolant circuit consists of:

(1) Three recirculation pumps (two operating) which circulate
8400 gpm of heavy water at a pressurizer pressure of 1025 psig
through the reactor and a shell-and-tube heat exchanger. The
dynamic head of the pumps is 110 psi.

(2) A pressurizer, 3 feet 6 inches inside diameter and 14 feet high,
provides a surge chamber for the expansion and contraction of
the coolant.

(3) Auxiliary piping, valves, and instruments.

The reactor heat removed by the primary coolant (66. 4 MW) raises
the temperature of the coolant from 478 F to 530 F. The primary heat
exchanger removes heat by vaporizing water on the shell side, and reduces
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the temperature of the primary coolant on the tube side from 530 F to
478 F or less. A temperature-controlled bypass around the heat exchanger
maintains the reactor inlet temperature of the primary coolant at 478 F.

On the steam side heat is removed by vaporizing 200,000 1b/hr of
water into 425 psia saturated steam. The steam is throttled to 40 psia and
piped to a barometric condenser. Blowdown of 50 to 100 gpm serves to

purge silica and accumulated solids.

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.

b. Emergency Coolant System

The emergency light water injection system will provide coolant to
the reactor on loss of primary coolant. Two separate systems are provided
for light water injection. One system is supplied by the boiler feed pumps
and can deliver 700 gpm of light water at 400 psig. The other system is
supplied by either the process water pumps or the diesel driven well pump
and can supply 750 gpm of light water at 100 psig. Both systems: can inject
water into the top and bottom ring headers. The points of injection into
the ring headers for the two systems are about diametrically opposite.

Light water injection is initiated automatically by a low-low liquid level

trip on the pressurizer.

A manually started emergency pump, 50 gpm at 475 psig, can be
used to supply water to the steam generator through a separate line connected
to the top of the steam generator in the event of a boiler feed line rupture.
This water is distributed by the demister to cascade over the tube bundle

and cool the primary coolant by evaporation after reactor shutdown.

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 several vertical
positions of fuel elements in the core (resulting in changes in bottom reflector

thickness).

The moderator level in the calandria is maintained and varied by a
helium gas pressure balance system. See Figure 11 for the primary control
flow sheet. The moderator in the reactor is continuously recirculated.
Heavy water is withdrawn from the storage tank below the reactor, cooled in
a heat exchanger, and fed into the calandria through two distribution plenums.
The heavy water returns 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 is 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 is suppressed and the
moderator seeks 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 changes correspondingly until equilibrium 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.

The pressure differential across the calandria is established and
maintained by a helium compressor and associated control valves connected

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

UNCLASSIFIED




HW-61236

-29-30-

UNCLASSIFIED

b

T
1
T

i
T

=

10.0 Inches

= 15.0 Inches*}H:

5.0 Inches

T
L
Y
t
T
/

74

/.

Bottom Reflect‘or Thickness

T
T
L

il
I
e

e Ange

T
f
PHO R

myay

T
T

Fonn i

T
t

R Rl

[Ne]
(3224) B19H 194271 0%A

0.930

.840

0.870 0.960 0.950 0
Reactivity (K ¢ Norm.)

0.980

0.990

1.000

FIGURE 10

UNCLASSIFIED

ty vs. Moderator Level

ivi

React

AEC-GE RICHLAND. WASH,




"HSYM ‘ONYTHDI¥ 39-23V

AIAISSYVTONN

CALANDRIA

FROM DEVIATION AND
PERIOD SHUTDOWN
INTERLOCKS

FROM MANUAL
VALVE OPERATOR

|_ — — — FROM AUTOMATIC

CONTROLLER

Er N w* ottt | |

50 CFM HELIUM
COMPRESSOR

s 8" BOTTOM :
8" DUMP VALVES b[| DRAINLINE "
8" BOTTOM
(TOTAL OF 4) oS LINES ™
(TOTAL OF 4)
-
GAS SWEEP ORIFICE ><>
(10 SCFM MAXIMUM) socenow
=
> VALVE
MODERATOR FLOW
MODERATOR LIMITING
HEAT EXCHANGER R ORIFICE
l (750 GPM)
—= H | [ |=—=—==—_
\____/ | |
L] L i
'
N TO PURIFICATION SYSTEM
(3 SCFM MAXIMUM)
MODERATOR
PUMP
MODERATOR
STORAGE TANK — 0,0 FLOW
l - —— HELIUM FLOW

FIGURE 11

Primary Control System Flow Diagram

dITAISSVTONN

]
w
—

]

9€219-MH



UNCLASSIFIED -32- HW-61236

rotary type compressor has a capacity of 50 scfm. A small flow, normally
10 scfm bleeds into the top gas plenum to supply a gas sweep through the
upper part of the calandria. Another small flow, normally 3 scfm, is 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 differ-
ential 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 are sized to maintain the moderator level within £+ 0. 05

inch 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 could credibly

reach criticality.

The maximum rates of increase of reactivity through increases in the
moderator level are limited by the capacity of the helium compressor. For
negative level changes, short of scram, the limiting factor is control valve

capacity.

Since the rates of level change are limited by gas system capacities,
they are dependent on the pressure difference and thus onthe 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 adjust-
ment make the PRTR particularly amenable to automatic control. The
controller, shown in block diagram on Figure 14 adjusts the mod erator
level control valve settings to maintain desired reactor neutron flux levels
and/or periods.
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Three input signals which are supplied to the controller from the

neutron flux monitaring system are:

(1) a signal proportional to reactor thermal 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 are 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 is 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 pawer level (~2 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) Shut down the reactor by opening the automatic control valve

and the shutdown valve.

A comprehensive study of the dynamic operating characteristics of
the reactor on either manual or automatic control was made. This study

took account of the following variables which affect control.

UNCLASSIFIED




UNCLASSIFIED -37- HW-61236

(1) Plutonium concentration of the fuel ranging from none to 50 per

cent of fissions occurring in plutonium.

(2) Fuel element heat transfer time constants ranging from about 3

to 15 seconds.

5 Ak /C.

3

(3) A fuel temperature coefficient of reactivity of 2.3 x 10~

3

(4) Variations in neutron lifetime from 0.65 x 10 ° to 0. 83 x 10~

seconds.

(5) Variations in critical moderator level ranging from 4 feet to
full tank.

(6) Variations in proportional band, reset rate, and derivative action

of servo control channel.

(7) Variations in the natural frequencies of the gas balance system,

reactor neutron kinetics, and controller.

The stability characteristics were shown to be good. Tests
performed on the full-scale mockup of the moderator gas balance system
demonstrated that moderator level oscillations (hence reactivity) are of
negligible amplitude and of too high a frequency to affect the reactor
power level. The minimum range of adjustments of reset rate,
proportional band, and derivative action is provided in the servo-channel
of the controller to accommodate future fuel loadings and potential changes
from design parameters. With proper adjustment of the controller servo-

channel no unstable reactor and controller interaction can occur.

It is possible at some reactor operating conditions that the controller
settings could be adjusted to a combination of values which would lead to
unstable reactor and controller interaction. However, these would pose
no danger to the reactor since the amplitude of such oscillations would be
limited by the physical limitations of the control system which is able
to insert and remove reactivity only at the relatively low rates previously
discussed. In addition, such oscillations would cause both period and
high power level safety system trips as well as a power deviation trip in

the controller itself.
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In addition to the above actions the controller operates a valve,
designated the shutdown valve, to assist control valve action. This valve is
a quick-opening type, with capacity equal to the automatic control valve
capacity. The controller opens this valve whenever the reactor power level
exceeds the demand level, or is significantly less than the demand level, or
the period is shorter than demand value, by preset amounts. Opening of this
valve accentuates control valve action, producing a rapid decrease in reactivity

as shown in Figure 13.

b. Shim Controls

The shim control system with a total strength of 115 mk, 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 controls are

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 3, page 11.
In each shim unit are three Inconel "half rods', 36 inches long. Each rod
is raised and lowered on its own lead screw. The shim rods and lead screws
are held in position by an extruded aluminum web which extends through the
calandria. The lower end of each lead screw runs in a ceramic bushing and
the upper end in two open type ball bearings. Thrust is carried by the upper
ball bearing. The three lead screws in each unit are driven by two motor
drive assemblies. Two lead screws are driven by one motor and travel at
two different speeds. The third lead screw is driven by the other motor.
Shim rod travel for the two coupled rods is 36 ipm and 24 ipm. The effect
of these coupled rods is that of a '"telescoping' rod. The third rod will
travel at 36 ipm. Position indications for the two fast speed rods are

transmitted to the control room by electrical position transmitters.
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The rods are exposed directly to the moderator, eliminating the
need for separate cooling systems. In the "withdrawn' position they are
contained in the bottom shield, in tubes extending downward from the
calandria. The two fast speed rods can travel to the top of the calandria,

but the slow speed rod can travel only to the midpoint of the calandria.

Corrosion of the shim control units 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 149 F
outlet, will result in a very low corrosion rate for the shim control
components. Failure of the shim controls by corrosion is considered a

very remote possibility.

The actuating motors and position transmitters are contained in the
top shield. A radiation shield beneath the motors attenuates reactor radiation
to a levedl compatible with desired life expectancies of the motors and trans-

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

c. Emergency Safety System

Reactor scram (emergency shutdown) is 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
operator. A reactor scram is initiated automatically in event of any of the

following conditions:

(1) Abnormal pressure of primary coole)Lnt=°=

(2) Abnormal liquid level in the primary coolant system pressurizer*
(3) Abnormal flow of coolant in any process tube**

(4) Short reactor period***

* Three channels, two channels indicating offstandard condition will trip
the safety circuit.

*% Two channels, either channel indicating offstandard condition will trip
the safety circuit.

*** Two channels, either channel indicating offstandard condition will trip
the safety circuit. In addition during reactor startup a sensitive startup
channel will be connected in the safety circuit.
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*
(5) Abnormally high power level
*
(6) Low liquid level in steam generator
. . *
(7) High pressure in steam generator
*
(8) Low pressure of instrument air
Kok
(9) High activity in building ventilation air
*
(10) High activity in secondary coolant effluent
(11) Electrical power failure

*
(12) Earthquake of sufficient force

Four 8-inch gas pressure 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 is interrupted. Powerful springs then
open the valves rapidly. At the same time the compressor in the primary
control system is stopped and the control valves open fully. Gas pressures
within the system equalizes rapidly and the moderator drains from the

calandria by gravity.

In tests, the dump valves opened fully in ~ 0. 05 second and had low
resistance to gas flow when open. When the valves open, gas pressures
in the calandria are equalized quickly. The moderator within the calandria
immediately begins to drop into the dump chamber under gravity flow. A
smadll portion of the moderator flow is returned to the storage tank by the
8-inch drain line, but the larger part is retained in the dump chamber.
The four bottom gas lines, with elevated entrances, permit the gas
displaced from the dump chamber to flow to the storage tank.

* Three channels, two channels indicating offstandard condition will trip
the safety circuit.

** Two channels, either channel indicating offstandard condition will trip
the safety circuit.

*%% Two channels, both channels must indicate offstandard condition to
trip the safety circuit.
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Within 0. 85 second after receipt of a scram signal, the moderator
level has fallen 2 feet, decreasing reactivity by a minimum of 18 mk
(with a moderator level initially at its maximum in the calandria). At this
time the dump chamber has filled with moderator, and further flow is
limited by the capacity of the five 8-inch lines leading to the storage tank.
Under these conditions the moderator level continues to drop at about
1.0 ft/sec, the rate decreasing as the calandria empties. Within 6 seconds
the moderator surface is 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 at
a lower level the rate of level change would be less; however, because of the
greater reactivity change for a given moderator level change 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 still 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 is connected in
the reactor shutdown safety circuit and will '""scram'' the reactor on
too short a period. A period signal is also supplied to the automatic
controller.
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(2) Logarithmic Channels

(3)

(4)

(5)

The two logarithmic channels consist of two compensated ion
chambers, log amplifiers, period amplifiers and recorders. The
period amplifiers are connected in the reactor safety circuit and

also furnish signals to the automatic controller.

High Level Channels

The three high level channels consist of three uncompensated
ion chambers, linear amplifiers and recorders. The three channels
are 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

"upscale' past a preset trip point.

Reactor Control Channel

The reactor control channel consists of two uncompensated
ion chambers, which provide a neutron flux level signal to the
automatic controller. Two galvanometers are also provided in this
circuit to indicate flux levels; these are utilized when the reactor
is controlled manually. 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:

Flow Monitor

The flow monitor measures the inlet flow through each reactor
process tube and actuates the reactor shutdown circuit if out-of-

limit high or low flows occur.

The system consists 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;
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(6)

(7

(8)

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

Temperature Monitor

The temperature monitor measures the temperature of the
outlet flow of each tube and actuates alarms if an over-temperature
exists. A surface type resistance temperature detector is mounted
on the outlet of each process tube; bridge and read-out circuitry is
located in the control room. This system utilizes the same type-out

equipment provided for the flow monitor system.

Water Activity Monitor

The water activity monitor consists of two main systems:

(a) The primary activity monitor, which monitors the gamma activity
of small sample flows from each process tube and a bulk sample
flow by means of scintillation detectors indicating any tube in

which a rupture has occurred; and

(b) The secondary coolant activity monitor, which monitors the
secondary coolant for gamma radiation to detect traces of primary

coolant that may result from leakage in the heat exchangers.

Power Calculator System

The power calculator system monitors the power level of the
reactor as determined by measurement of the heat removed by the
primary and moderator reactor coolants. The system consists of
two channels. One channel measures the power generated in the
primary coolant loop; the second channel measures the power generated
in the moderator cooling loop. Each channel consists of a tempera-
ture difference bridge and flow measuring instrumentation. The

output is a signal representative of power level.
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(9)

Reactor Thermocouple System

(10)

(11)

Mineral insulated, swaged type thermoaouples are 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 are recorded and indicated in the control room.

Steam Generation System

Standard power house type instrumentation is used to control
the steam generation system. All signals are transmitted to the
control room. The reactor safety circuit is actuated by a high
pressure or low water level in the steam generator.

Building Radiation Monitor System

(12)

Beta and gamma sensitive ion chambers are placed in various
locations inside the reactor building. The radiation level is
indicated and recorded by instrumentation on a centrally located
panel. Air samples from enclosures containing primary coolant
and moderator piping are monitored with beta sensitive detectors

for traces of tritium.

Reactor Safety Circuit

(13)

The reactor safety circuit causes a reactor shutdown by opening
valves which lower the moderator level. This shutdown will occur
when certain conditions exist that would result in marginal reactor

safety.

Other Systems

Additional instrumentation is provided to monitor flows,
temperatures, pressures, etc., of the gas system, coolant
purification systems and building services, such as ventilation.
Instruments are of standard type with all indicating and recording

in the control room or in the instrument cell.
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4. Helium System

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

(a) 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.

(b) To provide a helium blanket for the moderator and working fluid for
the gas balance system. This system was described in more detail
in the previous section on Control and Safety Systems.

(c) To provide an inert and unactivated gas blanket around the reactor
core and to provide a working fluid for the water leak detection

system.

5. Fuel Handling System

Charging and discharging of the fuel elements is 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 operations is based on the use of a large self-
propelled fueling vehicle. This vehicle carries an unshielded tube for
charging operations with unirradiated fuel elements and a heavily shielded
cask for both discharging and recharging of irradiated fuel elements. The
arrangement of the fueling vehicle is shown in Figure 18. This device is
about 25 feet high and weighs 50 tons. Much of the weight is concentrated
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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.

New unirradiated 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 proper process tube and a hook lowered into the tube where it can 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 18.

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 is an air-cooled pit located in
the floor of the reactor hall. The facility is used for examination of fuel
elements and process tubes irradiated in the PRTR.

Optical equipment is provided to view, photograph, and measure
irradiated fuel elements and process tubes. Handling equipment manipulates
the element past the viewers. Elements are cooled to prevent overheating.
No sectioning equipment is provided.
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The infinite multiplication constant for the reactor, and hence the
number of spike (Pu-Al) fuel elements, is determined by the excess reac-

tivity required. The values given below are discussed later.

Excess Reactivity Required, mk

Operating:
Equilibrium Xe and Sm 45
Fuel Temperature 32
Moderator Temperature 5]

Shutdown: Total Xenon and Samarium at 2 hours 90

Thus the total excess reactivity required is 127 mk to which is added an
arbitrary 10 mk to allow for fuel depletion between charge-discharge
operations. The required infinite multiplication constant for the reactor is
thus given by:

K 1 ¥ kex _1.137 _ 1.263
(Non leakage probability) ~ 0.900 ~

The relative number of spike elements may be estimated by assuming a
neutron flux distribution and volume and flux weighting the respective

k00 to match the required reactor koo. However, greater accuracy ma(%)be
obtained by performing multi-group calculations on the reactor core.
Results of three-group, three region critical loading calculations of this

type are shown in Figure 19.

2. Reactivity Control

a. Level Control

The level control strength varies strongly with the moderator level

height. The vertical buckling is given by

(3) Peterson, R. E. and J. J. Regimbal. Reactivity Worth and Power
of Spike Loading Configurations in PRTR, HW-58016. October 31,1958.

UNCLASSIFIED




UNCLASSIFIED -52- HW-61236

The infinite multiplication constant for the reactor, and hence the
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operations. The required infinite multiplication constant for the reactor is
thus given by:

K__ 1 *¥ex 0 1.137 _ 1.263
(Non leakage probability) ~ 0.900

The relative number of spike elements may be estimated by assuming a
neutron flux distribution and volume and flux weighting the respective

koo to match the required reactor koo. However, greater accuracy mai}é)be
obtained by performing multi-group calculations on the reactor core.
Results of three-group, three region critical loading calculations of this

type are shown in Figure 19.

2. Reactivity Control

a. Level Control

The level control strength varies strongly with the moderator level

height. The vertical buckling is given by
2

(3) Peterson, R. E. and J. J. Regimbal. Reactivity Worth and Power
of Spike Loading Configurations in PRTR, HW-58016. October 31,1958.
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where H is the sum of the fuel element length and the top and bottom

reflector savings, which are sligiltly smaller than the reflector thickness,

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 approxi-

mation, given by

we_ 1 _____ H
1+M2B2  HZ + M2 2

where M2 = L2 + 7 = 270 cm? for the case described in the previous para-

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

d _dw _ _ 2M%r® aH

k W H@®2+M2r2)

More exact calculations using a three-group model are in essential agree-
ment and are presented in Figure 10, page 29, for three different vertical

reflector thicknesses.

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, a3
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 115 mk in the normal operating
reactor at full power, and such that under any conditions the loss of a
rod from the core will not increase the reactivity by more than 80 cents

has been adopted. Calculation of rod strength was carried out using two
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group theory with an independent check by means of the P-3 approximation.
The basic design of the shim system affords considerable flexibility to meet

the requirements of particular reactor conditions.

c. Xenon Override

The increase in xenon paisoning after shutdown and the subsequent
decrease in poisoning after the reactor is again started up at various times
is shown in Figure 20 for full power operation. An allowance of 90 mk for
total xenon transient poison should permit startup within approximately two
hours after shutdown. Unlimited startup could be achieved by allowing of the
order of 140 mk for this purpose, but this would render self-sustaining
recycle operation essentially impossible and would require undesirably
strong individual shim rods. If the reactor is not started up within the
2-hour xenon override period it cannot start up until 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. (4) A neutron lifetime of 0. 82 milliseconds is calculated by
conventional methods. Twelve groups of delayed neutrons are employed,
corresponding to production in U2 35, U2 38, and Pu239 fission plus deute-
rium 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 produces a prompt period. The cor-
responding conversion to inhours at criticality is 35.6 ih = 1 mk, which is

(4) Houser, D. T. and M. V. Davis . Kinetic Behavior of a Uranium-
Plutonium D20 System, HW-48907. March 11, 1957.
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close to values characteristic of several presently operating thermal
reactors. Response to rapid changes in reactivity due to errors or mal-

function are discussed in Section VI.

b. Moderator Coefficients

The effects of moderator temperature, voids, and H O content
are discussed in HW-46679 REV, (5) which presents results of a series of
calculations using the P-3 method.. The conclusions of this study may be
summarized by quoting the appropriate coefficients:

1 dk -4

Moderator temperature, 54T - -1.06x10 “/C

This is enti,re-ly a density effect; the contribution of fuel cross
sections is not included. The calculated densjty effect itself is

dp

— = -0. 323
P

dk
k
where p is the density, so that, for example, replacement of three per
cent of the moderator by voids reduces 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 and the epithermal non-leakage probability.
It is possible that in some fuel element configurations these reactivity
increases would ovAerride the effect of reduced moderation and increased
leakage, resulting in a small net increase of reactivity on loss of heavy
water coolant. For example, although the Mk I UO2 fuel shows an increase
of 12 mk in koo (most of which is in €) on coolant loss, the increased fast
leakage results in a maximum net gain of only 4 mk in keff. Calculation
and measurement have shown that the presence of Pu-Al fuel in the reactor
further reduces the net gain in kggs. This is due to the much smaller change

(5) Davis, M. V. Reactivity Changes Resulting from Variations of
Moderator Quality in the TR, HW-46679 REV. undated.
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in ko with coolant loss for this fuel. Therefore, the net increase in keff
for a spike loading will be less than 4 mk.

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 second one per cent increment an addi-
tional 19 mk. Five per cent light water represents a total of 55 mk reac-
tivity loss. Large leakages of light water into the moderator or coolant
would thus shut down the reactor.

c. Fuel Temperature Coefficient

The temperature coefficient due to Doppler broadening of the uranium
resonance lines in UO2 has been measured in the Physical Constants Testing

Reactor and found to be

lde 1 d0 _ (53,02 x107/C

for MK 1 UO2 fuel in the temperature range of from 20 C to 365 C. (6) The

resulting resonance integral coefficient is

4/C

1 dZres _ (2.0 +£0.2) x 10~
Lres dT ' '

Ali:hough the Doppler coefficient of the Pu-Al fuel has not been measured,

it is known to be small. Therefore, a partial U02 charge, such as results
from the employment of Pu-Al fuel material in part of the reactor, pro-
duces a smaller effect. There is also evidence that the temperature coef-
ficient of the resonance integral in UO2 at higher temperatures (200 to

1000 C) is only about half of the Valuc(a'?;'neasured in the PCTR over the

temperature range indicated above.

(6) Heineman, R. E. et al.'' Experience in the Use of the Physical Constants
Testing Reactor' ,Geneva Conference Paper 1929. June, 1958.

(7) Blomberg, P. and E. Hellstrand, et al. ''Measurements and Calculations
of the Effective Resonance Integral in Uranium Metal and Oxide" ,
Geneva Conference Paper 150. September, 1958.
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For these reasons, the reactor fuel coefficient used in the safety analyses
has been reduced from the measured value and is described in Section VI.

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
cylindrical 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 (ASTM-A-212, Grade B) ,
80 feet in diameter, with a hemispherical dome and an ellipsoidal 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 500, 000 cubic feet with a net free volume of about 400, 000 cubic
feet. Arrangement of the building is shown in Figures 21,22,23, and 24.

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 are coated with "Koppers Bitumastic No. 50"
and one inch of fiberglas insulation to allow for independent movement of

the shell and the concrete.
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The reactor hall floor is slightly above grade and is ordinary con-
crete five feet thick for radiation shielding. The reactor hall houses the
decontamination equipment, fuel examination facility, fuel handling cask,
fuel storage transfer and handling facilities, and a circular 30-ton over -

head crane with a 1 1/2-ton auxiliary hoist.

One personnel air lock, approximatley 10 feet in diameter by 15
feet long, is provided for normal access into the reactor hall from the
service area. This air lock is equipped with doors, 4 feet wide by 8 feet
high, which are provided with mechanical interlocks and indicating lights
to assure that both doors cannot be open at the same time during reactor
operation. An emergency air lock, approximately 5 feet in diameter by 7
feet long, is equipped with 3 foot diameter doors for egress under emer-
gency conditions or in the event of failure of the main air lock doors. The
doors of this airlock are provided with interlocks to insure that both doors
are not opened at the same time. 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. Procedures specify that 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 con-
tainment and radiation shielding. A reinforced concrete vault is located
directly outside the containment vessel to house the ion exchangers and to

provide a means for disposal of the spent ion exchange units.
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Access to the tower 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 labrinths in the radial shielding walls.
A labyrinth through the common shielding wall between the process cell and

the experimental cell is also provided.

The lower reactor face access room is located directly below the
reactor with the floor at -42 feet elevation. This room houses the inlet

coolant piping, moderator dump valves, and the moderator stroage 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 gaté in the containment vessel wall closes the fuel element under-
water port in the discharge pit during reactor operation. Attached to the

storage basin is a fuel element load-out facility.

b. Containment Design Features

Design and construction of the containment vessel is 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 contain-
ment vessel since it is, itself, a protective device designed for complete
containment of all contents. Thus, no pressure releif 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 is installed

on the containment vessel.
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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. However, this is not
generally applicable to the design of containment vessels, since the inside
is accessible for inspection and maintenance or is embedded 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 was pressure tested at 18. 75 psig,
125 per cent of the normal design pressure A 72 hour leak rate at 15 psig
indicated a leak rate of less than the specified maximum rate of 1000 scf

per 24 hours.

Internal missile protection of the containment vessel above the
reactor hall floor consists 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 are 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 containment
vessel immediately following an incident Water for the spray system is
supplied from the 300 Area sanitary water system. The water fog spray valve

can be operated from either the control room or the 300 Area power house.

c. Pressure Equalization

The reactor containment vessel is designed to withstand the uniform
internal pressure resulting from the maximum credible accident. 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. With-

out this provision, there possibly would be a buildup of high pressures in
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some compartments of the reactor building. These local high pressures
might lead to failure of the containment vessel 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.

(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 42 square feet of venting area is pro-
vided through the side shield into the process cell. This vent opening is
sealed off at the inner face of the side shielding wall with an 8 psi rupture
diaphragm. Screw operated lead shielding doors are provided to give
shielding between the piping space and the process cell during reactor
charge-discharge operations. 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.

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

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

to withstand differential pressures up to 15 psi.

(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 facilities. 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,

mern'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) Water softeners,

(7) 480 volt switchgear,

(8) Battery room,

(9) 300 KW emergency diesel generator, and

(10) Diesel driven emergency deep well pump.
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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 houses the process water

treatment equipment.

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 outages ,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 is carried by D. C. -powered flood and spotlights.

Distribution in the facility is at 480 volts for all loads except the
primary coolant pumps (350 hp units) which operate at 2400 volts. Total
connected load is approximately 2300 kw, with normal demand estimated at
1500 kw. All instrument supply circuits, 120 volts AC, are on separate
transformers supplied by separate feeders from the reactor operation power

bus.

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

Figure 25.

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 are provided to prevent
the spread of contaminated air through the ductwork to the service area from
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the process area. One system provides ventilation for the service area
while the other provides ventilation for the process area. Reactor
generated steam is supplied to the heating coils during normal reactor
operation. During reactor shutdown steam is supplied by the 300 Area

Boilerhouse.

The service area fresh air supply system contains filters, air
washer, heating coils, and fan. The air washer is used during the summer
for cooling and during the heating season to provide humidity control for
greater personnel comfort. The service area above grade is divided into
several zones so that more uniform temperature control may be obtained
during the heating season. The supply air is tempered by the central unit
heating coils while local zone reheat coils provide the final required air
temperature. The basement is supplied with tempered air only. Air is
exhausted from the service area through both gravity flow and powered

exhausters.,

The process area fresh air supply unit contains filters, cooling coils,
heating coils and fan. The process area is supplied with 6500 cfm of out-
side air during normal operation. The reactor hall receives 5000 cfm and
the storage basin receives 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
are installed in the process area. Tempered air is provided by the supply

system.

Air flow in the containment building is from areas least likely to
be contaminated. Fresh air is supplied to the reactor hall and flows down into
the process cells. An exhaust fan draws air from the process cells and ex-
hausts it through a 150 ft stack to atmosphere. Single, air-operated
butterfly valves are installed in thz ~ain supply and exhaust ducts. The

purpose of these two valves is to close the supply and exhaust ducts in the
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FIGURE 25
One Line Electrical Diagram

(H-3-11130)

AEC-GE RICHLAND, WASH,



UNCLASSIFIED -77-178- HW-61236

event of an accident. The valves are manually or automatically operated to
close in 0.5 seconds or less upon reciving the signal. Opening of the valves
is controlled from the control room by a mechanism that does not com-
promise the ability of the valves to close. Closure of the valves is actuated
by:

(1) Manually operated switch in the reactor control room.

(2) Radiation detectors in the exhaust duct.

(3) Radiation detectors in secondary coolant line.

(4) Failure of tripping mechanism air supply.

The process ventilation system supply and exhaust fans will stop
automatically upon closure of the valves caused by (1), (2), or (3) above.
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IV. SITE

A. Location

The reactor is located within the Hanford Works restricted area
adjacent to the 300 Area. As shown on the Plot Plan, Figure 26, the site
adjoins the southeast corner of the 300 Area and is approximately 1500 feet
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 27.

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. (&)

- Estimates of transmissibilities 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 infiltra-

tion rate of about 10 to 13 gal/sq ft/day.

(8) Brown, R. W. ,‘ Personal Communication, 11-5-56.
UNCLASSIFIED




UNCLASSIFIED -80- HW-61236

C. derologz

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
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