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ABSTRACT

The Egineering Test Reactor (ETR) is designed to perform engineering
tests on fuel elements and components of nuclear plants. Its main purpose
is to provide large experimental facilities with very high neutron fluxes,
thus supplementing research reactors already in use. The reactor complex
is described in detail and engineering drawings are given for the complete
system, including buildings and services. Various operational considera-
tions are evaluated from a reactor safeguards basis.
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INTRODUCTION

GENERAL

The Engineering Test Reactor (ETR) is designed to perform engineering
tests on fuel elements and components of nuclear plants. Its main pur-
pose is to provide large experimental facilities with very high neutron
fluxes, thus supplementing research reactors already in use. Its basic
concepts were evolved from studies of the requirements for present and
future nuclear experimental programs and from the means of satisfying
these requirements.

DESIGN HISTORY

On September ti, 1954 the Phillips Petroleum Company was asked to
prepare a first conceptual design of the Engineering Test Reactor. The
reactor, to be built around large high flux through-core loop type of
experimental facilities, was to utilize as much known technology as
possible.

On October 1, 1954 the results of this preliminary study were issued
and on November 19, 1954 a subsequent study" was published. The proposed
reactor was cooled and moderated with light water and reflected with
beryllium. It utilized 3" x 3" x 36" fuel elements of the type used in
the Materials Testing Reactor (MTR). The November 19 study considered
an 8 x 10 and a 10 x 10 array at power levels of 110 and 125 megawatts.

On December 27, 1954 a supplementary core arrangement was issued
and it contained one 9" x 9", one 6" x 9", and three 6" x (" holes.
The reactor had an average thermal flux of 2.5 x 10 n/cm /sec and was
controlled by means of twelve shim rods.

On May 19, 1955 the Atomic Energy Commission, after reviewing the
preliminary work and issuing further specifications, awarded a contract
to Kaiser Engineers to design the Engineering Test Reactor. The General
Electric Company, in turn, received a subcontract covering the nuclear
design of the reactor core and facilities. The reactor thus developed
is described in the present report. To a large extent, it is patterned
after the concepts developed in the reports mentioned above.

NEEDS AND APPLICATIONS OF TIHE ENGINEERING TEST REACTOR

When completed, the Engineering Test Reactor will fulfill the
following needs:

1. Provide a large number of in-pile test facilities ranging from
3" x 3" x 36" to 9" x 9" x 36" holes. The size of the core
holes will accommodate large components or big segments of
newly developed reactors.

2. Have very high thermal and fast fluxes in the core holes.
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3. Be able to maintain a reasonably uniform flux along the 361"
core length.

h. Provide closed-loop type of facilities for circulating any
desired coolant fluid.

Its most important applications will be:

1. Test materials, fuel elements, fuel assemblies, components, and
coolants at extremely high thermal and fast fluxes and under
conditions approaching those expected in the proposed appli-
cation.

2. Simulate flux distributions in other reactors.

3. Perform accelerated irradiation tests.

No tests will be performed that will compromise the safety of the
reactors personnel and facilities at the site and surrounding areas.
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SUMMARY

GENERAL DESCRIPTION OF THE PROJECT

The Engineering Test Reactor (ETR) will be a complete nuclear
engineering test facility of the Atomic Energy Commission. It will be
located close to the Materials Testing Reactor (MTR) at the National
Reactor Testing Station, Idaho Falls, Idaho, and will augment and com-
plement the MTR installation, relying on the latter for some of its
auxiliary facilities. Center to center, the Engineering Test Reactor
is 420 feet south from the Materials Test Reactor. It is housed in a
gastight building 112' x 136', 58 feet above and 38 feet below grade.

The heart of the project is a light-water cooled and moderated
reactor fueled with enriched uranium and having a thermal rating of
175 megawatts.

The reactor core consists of a square array of h9 fuel elements,
16 control rods and numerous penetrations for experiments. The initial
loading of the core is approximately 12 kilograms of U-235 which enables
the reactor to run for approximately three weeks before reloading. For
the experiments the reaijor produces an average thermal flux in the core
of approximately h x 10 n/cm2/sec and a fast flux of approximately
1.5 x 101l n/cm /sec.

The reflector consists of a 4-1/2 inch thick layer of beryllium
immediately adjacent to the core and one to three rows of aluminum re-
flector elements 3" x 3" x 36".

The reactor is controlled by black and gray control rods located
in the core and regulating rods in the beryllium reflector. In addition,
burnable poison is added to the fuel elements to reduce the reactivity
changes caused by burn-up. The black rods containing a black absorber
are used only for effective shutdown of the reactor, while the gray and'
regulating rods provide reactivity control with reduced flux distortion
during the operating cycle. The control rods, driven from below the
reactor, utilize a control drive mechanism similar to the one developed
for the Oak Ridge Research Reactor (ORR).

The reactor is located in a vessel designed for a pressure of
250 psig. To protect the concrete biological shield and vessel walls
from excessive temperatures, four concentric steel thermal shields are
located between the reflector and the pressure vessel; the concrete is
protected further by an external thermal shield.

The reactor, reflector, and internal thermal shields are cooled by
high-purity, demineralized water circulated at a rate of )?,400 gallons
per minute. The water enters the reactor at 1100F. and 200 psia and is
discharged at 138 0 F. A T-shaped canal connects with the reactor to
provide underwater shielding for the handling of experimental facilities
and fuel elements.
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The coolant system is of the double-loop type. Demineralized water
in the primary loop passes through the reactor and the tube side of
shell-and-tube heat exchangers; the secondary loop rejects the heat to
the atmosphere through cooling towers. The system incorporates adequate
standby and emergency cooling capacity, by-pass demineralization and
degassing equipment.

For experimental purposes special sources o:' high-pressure heated
air and demineralized water are provided.

Material handling facilities include a freight elevator, a number
of cranes, a fork-lift truck and miscellaneous portable equipment.

Instrumentation for proper start-up, operation, and safety of the
reactor is provided. It includes the process instrumentation necessary
for safe operation of the coolant system, for monitoring radioactivity
at strategic points, and for recording and controlling flow, pressures,
and temperatures. Environmental radiation detection and alarm systems
are provided for adequate personnel protection.

The project is supplied with electrical power from the same source
as that for the MTR. Substations transforming the voltages to those
required are installed. An emergency power system to supply uninterrupted
power, as well as standby power, is for critical loads. Special com-
munication and alarm systems are installed.

Most of the project is housed in five adjacent buildings, including
a gastight reactor building designed for the reactor and the experimental
test facilities. The heat exchanger and primary pumping facilities are
housed in the heat exchanger building. The compressor building has the
special air compressors and heaters required for the experiments. The
electrical building houses the main switchgear, the battery plant, and
the standby diesel-electric power plant. The office building contains
the reactor control room, health physics room, the heating and ventilat-
ing equipment, as well as office space. A separate pumphouse, containing
the pumps for the secondary coolant systems,is located a short distance
from the reactor and close to the cooling towers.

Although certain facilities are common to both the MTR and ETR, the
ETR is designed to operate functionally independent of the MTR.

The system for the safe disposal of liquid radioactive waste is
integrated into the existing MTR waste disposal system. A stack and
filter system disposes the gaseous waste from the experiments. The
primary coolant system off-gas and cubicle exhaust air is ducted to the

stack.

Steam for the project is supplied by the existing MTR plant. The

additional water needed is furnished by increasing the existing MTR
supply. The sanitary sewerage system and fire system is an extension
of the existing MTR systems.



SUMMARY OF NOMINAL DATA

Operating Data

Power Rating (nominal)
Power density of reactor core
Core life before refueling
Pressure at reactor tank inlet
Coolant inlet temperature at reactor
Coolant outlet temperature at reactor
Number of flow passes through reactor
Average velocity in core passages
Coolant flow through core
Heat transfer area (core)
Average heat flux
Maximum heat flux (hot-spot factor 2.5)
Maximum fuel element surface temp.

Core

Average diameter, eouivalent
Height
Volume of core
J-235 content of new core
Critical mass after 3,500 mw-days
Metal-to-water ratio
Thermal neutron flux, average over
3,500 mw-days

Fast flux, average over 3,500 mw-days
Poison content, natural boron

175 mw
494 kw/liter

3,500 mw-days
200 psia
1100F.
1380F.
1

35 ft/sec.
4,400 gpm
1,208 ft 2

'4)0,000 Btu/hr-ft2

1,150,000 Btu/hr-ft2

280 F. Approx.

32 in.
36 in.

21,600 cu. in.
12 kg Approx.
10 kg Approx.
0.67

3.7 x 1014nv
1.5 x 1015 nv

100 g Approx.

Fuel Assemblies

Rectangular, 3.00" x 3.00" x 55", 2S aluminum
Number
Fuel plates per fuel assembly
Geometry of plates

Thickness
Width
Length

49
19

Fuel Core
0.020"
2.L 26"

36"

Over-all
0.0-50"
2.626"

37"

Control Rods

Type; Rectangular, upper section of absorber material, lower
section of fuel-type assembly (14 plates).

Number
Black rods
Gray rods
Regulating rods

Worth
Black, each
Gray, each
Regulating rod, each

'4
12

2

3.6% tpk/k
1% ak/k
0.5% ak/k



Access Holes in Core and Reflector for Experiments

a. Core

1 hole 91 x 9"
1 hole 6" x 9"
3 holes 6" x 6"
h holes 3" x 3"

b. Reflector

2 holes 6" x 6"
6 holes 3" x 3"

Primary Coolant System

Volume (including reactor vessel)

Pumps
Number of pumps
Type
Capa city
Total delivered head
Net Positive Suction Head
Speed
Casing
Shaft and impeller

Heat Exchangers
Total Duty
Tubes per exchanger
Heat Transfer surface per exchanger
Heat Transfer coefficient (service)
Tubeside - Flow

Inlet temperature
Outlet temperature

Design metal temperature
Design pressure
Maximum pressure drop
Velo city
Material

Shellside - Flow
Inlet temperature
Outlet temperature
Design pressure
Maximum pressure drop
Average velocity

55,000 gallons

Centrifugal
14,800 gpm per pump

180 ft. per pump
20 ft. per pump

900 rpm
Cast iron

30h Stainless steel

178 mw heat
1,700 5/ " O.D. 18 GWG

5,645 ft

310 Btu/hr-ft2 - OF.
4,400 gpm primary water

1380F.
1100F.
1700F.
250 psig
2 psig

3.2 ft/sec.
304 Stainless steel

38,200 gpm
780F.

1100 F.
150 psig

13 psi4.9 ft/sec.

Secondary Coolant System

632,000 gallonsVolume



Pumps
Number of pumps 4
Type Vertical turbine
Drive Direct
Fluid temperature 820F. max.
Capacity 9,550 gpm
Total delivered head 113 ft.
Pump bowls Cast iron
Shaft and couplings 304 Stainless steel
Impeller Cast bronze

Cooling Tower
Type Induced counter flow
Size, feet 42W x 271 x 46H
Number of cells 9
Number of fans 9
Brake horsepower per fan 61.5
Wet bulb temperature 64 F.
Temperature over tower 1100F.
Temperature off tower 780F.
Flow 43,000 gpm

Summary of Hazards

In this report an evaluation has been made of the hazards associated
with the operation of the ETR. The following hazards have been considered:

1. Hydraulic Failure of Two Fuel Plates in Core

2. Steam Blanketing Failure of 10 Percent of One Fuel Element in
Core

3. Failure of Two Fuel Plates in Canal

4. Rupture of Primary Coolant System

5. Fuel Element Failure in High Pressure Loop

6. Fuel Element Failure in Gaseous Loop

7. Leakage from Reactor Building

8. Leakage to Secondary Loop

9. Stack Performance During Fumigation Conditions (11.2 mph wind)
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SECTION 1

PROJECT DESCRIPTION

1.0 INTRODUCTION

This section is a description of the major features of the
project, except for the reactor and experiments, which are de-
scribed in Sections 2 and 3. Those features which have a direct
bearing upon the hazards aspects of the project have been treated
in more detail. A number of drawings, flow diagrams, piping and
instrumentation diagrams and sketches have been included to present
a comprehensive picture of the overall installation.

The material consists of a description of the topography of
the site and a description of the principal buildings. Next the
heat removal system is discussed, followed by a description of the
electrical systems (including emergency power, intercommunication
and lighting systems), general and experimental utilities, the
system for radiation monitoring and the waste disposal system.

1.1 SITE DESCRIPTION (See Figure No. 1.1)

The project will occupy an area of 30,000 square feet, with
the center of the ETR reactor located approximately 420 feet to
the south of the existing MTR reactor.

The topography is generally flat and arid, with a gentle
slope of less than 1% from southwest to northeast. The average
elevation is L,925 feet above sea level, which is approximately
equal to the elevation of datum 100 shown in the drawings. Pre-
vailing winds are southwest to west-southwest during the day and
north-northeast to northeast during the night, with south winds
about 3.5% of the time during both summer and winter. The wind
velocity varies from one to thirty miles-per-hour up to 20% of the
time, with calms about 7% of the time. Outside winter temperatures
for design purposes are set at minus 200F. Outside summer maximum
design temperatures are 95 F. dry bulb and 6 0F. wet bulb.

Boring and laboratory soil tests reveal an average of 40 feet
of sand and gravels, followed by 2 to 5 feet of clay over a level
formation of dense lava rock.

1.2 BUILDINGS

1.2.1 General

The principal facilities of the project will be housed
in five adjoining buildings and a separate pumphouse. They
are the Reactor Building, Heat Exchanger Building, Compressor
Building, Electrical Building, and Office Building. The
five buildings have different functions and, conseuently,
will be of different design. They are placed together for



convenience in operation only.

1.2.2 Reactor Building (See Figure No. 1.2 through 1.6)

The reactor building is 112' x 136', rises 58 feet above
grade, and has a 38 foot depth below grade. From the base-
ment floor to the first floor, which is slightly above grade,
the walls are concrete; the steel superstructure of columns
and trusses is covered with insulated metal-sandwich panel
siding. The interior surface of the siding is sealed and
taped to make the structure gastight. The roof construction
consists of steel decking on purlins with applied foam-glass
insulation and a built-up roofing.

The first floor of the building is elevation 96.5, the
same floor elevation as MTR, and just slightly above grade.
The basement floor is elevation 58 feet and rests on com-
pacted fill. It is designed to support the 2 foot thick
cubicle walls mentioned below, plus shielding and experiments.

The console floor, located between the first floor and
basement, serves the dual purpose of a shielding roof for
the experimental cubicles in the basement and a working level
for experimental consoles and equipment. This floor is
served by the passenger elevator and freight elevator and
is accessible through stairways and hatches. Because of
shielding requirements, the cubicle walls in the basement
consist of 2 foot thick, high-density concrete; accordingly,
the console floor is constructed of 3 feet of regular con-
crete to provide an equivalent amount of shielding with a
9 inch added top to accommodate electrical ducts. Numerous
access holes are provided in the first floor and the con-
sole floor for experimental leads.

A room known as the sub-pile room is located directly
below the reactor, inside the biological shielding, with
the floor level at the same elevation as the basement floor.
This room houses the experimental leads and provides access
to the reactor bottom head. Access between this room and
the remainder of the basement area is through a shielding
door.

The control rod access room is located directly below
the sub-pile room. As the name implies, it houses and pro-
vides access to the control rod drive mechanisms. This
room is reached by a stairway to the basement floor.

A 30/5 ton bridge crane spans the building and a
separate 2 ton crane is supported from the roof trusses.
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1.2.3 Canal (See Figure No. 1.7 through 1.10)

a) General

The canal is T-shaped and consists of two sections,
the working canal (stem of the T) which is 35 feet long
and connects with the reactor vessel and the 60 foot
long storage section. Except for the well underneath
the reactor discharge chute (which connects the reactor
vessel with canal), the water depth is 20 feet through-
out which gives a 1 foot freeboard. The storage canal
is spanned by a movable bridge on rollers traveling
the length of the storage section. The working canal
can be isolated from the storage section by the insertion
of a bulkhead at the junction. Further, a portion of
the working canal near the reactor can be isolated by
means of a second bulkhead. An underwater saw, located
in the forward bulkhead compartment of the working canal,
is used for cutting irradiated material.

The canal provides storage space for spent fuel-
element racks, reflector-element racks, control-rod
poison sections, in-pile loops, the fuel element shipping
cask, and miscellaneous experimental euipment.

b) Fuel Element Transfer

Spent fuel elements and experimental sections are
transferred to the working canal through the discharge
chute in the reactor vessel transition piece. This is
accomplished by dropping the fuel element into a trans-
fer tube located in the canal underneath the discharge
chute. The transfer tube, which is hydraulically
operated, is pivoted to permit an operator at the top
of the canal to secure the element to a grappling tool.
The operator then "walks" the element to the storage
canal where it is deposited in storage racks, each
holding up to 36 elements. After cooling in the canal
for approximately 120 days ( following 500 hours of
operation in the reactor core), eight fuel elements are
placed in a transfer cask. The cask is lifted out of
the canal by the 30-ton crane and picked up by a straddle
truck for transporting to the Chemical Processing Plant.

c) Working Canal

Occasionally it will be necessary to move equip-
ment which will not fit into the transfer tube, from
the reactor tank to the canal. For this reason the
canal is kept clear of any permanently installed
equipment for a distance of 10 feet from the reactor
vessel and the transfer tube removed from its normal
position. This provides sufficient working room for
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the removal of experiments from the reactor tank to
the canal. In order to remove experimental equipment
of lengths. up to 151 feet, a well is located in the
canal floor below the normal position of the unload-
ing mechanism.

A saw to cut off fuel element end boxes and to cut
in-pile loops is provided. A saw table 10 feet long
is adequate since a space for overhang exists at each
end of the table. In-pile loops will be dismantled in
the 35 foot section of the working canal.

Two bulkheads in the canal allow various sections
of the canal to be drained individually.

The height of the working canal from the canal
floor to the top of the parapet is 21 feet, the width
is 8 feet, and the total length is 35 feet, apportioned
as follows:

Space Requirements in Working Canal

Function Length Required

Movement of unloading mechanism 10 feet
Disassembly of experiments 25 feet

TOTAL 35 feet

d) Storage Canal

Storage space for spent fuel elements, reflector
pieces and spent control elements is provided in the
canal. The length of canal required for the storage
of these elements is approximately 26 feet.

Storage for miscellaneous items such as irradiated
fuel slugs, end boxes, and experimental equipment is
necessary. It is expected that a 12 foot section of
canal will be sufficient for miscellaneous storage, pro-
vided objects are removed as soon as possible.

The fuel element transfer cask requires 6 linear
feet at the junction of the two canals. In addition
to this space, a 2 foot clearance is provided on both
ends of the cask for error in placement of the cask.

Between reactor operation cycles it is expected
that some of the experiments will have to be removed
from the reactor, placed in a low-background area of
the canal, counted for induced activity and inspected
before being replaced in the reactor. To keep the
time required for this work to a minimum, and conse-
ouently minimize reactor shutdown time, a space in the
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canal is provided in which instruments may be set up
in advance. It is estimated that a length of 12 feet
will be sufficient for this purpose.

The width of the storage canal is set at 12 feet,
which is the approximate maximum dimension which will
still allow efficient movement of materials by hand
tools. The total length is 60 feet, apportioned as
follows:

Space Requirements in Storage Canal

Function Length Required

Storage of fuel, reflector, and
control elements 26 feet

Miscellaneous storage 12 feet
Inspection and counting of exposed

samples 12 feet
Transfer cask 10 feet

TOTAL 60 feet

e) Canal Water Purging, Draining, and Cleaning

1) Water Supply and Purge

The canal is supplied with demineralized
water from the MTR storage tanks. For "quick
fill" a L inch stainless steel pipe is used. For

canal purging (and other demineralized water re-
ouirements at the console floor and first floor)
a 3 inch stainless steel pipe is provided. The
purge water is supplied at two locations in the
storage canal and two locations in the working
canal. The rate of water supply is controlled by
a manual valve at each location, adjustable from
0 to 100 gpm per valve (i.e., from 0 to 400 gpm
total flow), and operated from the first floor
along the canal parapet wall. Normally the purge
system will operate at a fraction of 100 gpm which
will be sufficient to keep the activity in the

canal to a permissible level under normal operating
conditions. As described in Section 5 the canal
purge rate, which is determined by the rate of
activity from spent fuel elements and experiments,
is also deemed sufficient to maintain the canal
water temperature at 85 F. However, 3 inch suction
connections are provided at each end of the storage
canal for connections to future hoods to be placed
over the spent fuel element racks. This will allow
water to be drawn upwards through the racks for
additional cooling and prevent the hot water from
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diffusing throughout the canal.

2) Water Drainage

Adjustable overflows with 3 inch pipe connec-
tions are located at each end of the storage canal
and within each bulkhead compartment in the working
canal. Each overflow has a capacity of about
120 gpm and drains into the 6 inch canal drain
terminating in the 5,000 gallon "warms' sump tank.

In addition to the overflows there are three
drain sumps containing 6 inch valves in the canal
floor, one is located in the storage canal and one
within each bulkhead compartment in the working
canal. The drain line in the storage canal is
embedded in the canal footing and runs to a riser
in the north section of the storage canal. To
this riser are connected all the canal overflows
and the first floor gutter drains located adjacent
to the canal parapet wall. The valves are gener-
ally closed and the normal drainage of approximately
100 gpm comes from the overflows. The gutter drain
riser is an extension of the canal drain riser and
extends to the top face of the canal with a blind
flange for cleanout and future drain connection.

The 6 inch drain riser from the plug valves
in the working canal is embedded and runs within
the north canal footing under the working canal
and terminates in the 5,000-gallon warm sump tank.
Connected to this riser are the two reactor top
drains and the canal level adjustment valve located
12 inches below the top of the parapet. The level
adjustment valve is used to lower the canal water
level when fuel elements are transferred from the
reactor into the canal. During this period the
water level in the canal may be adjusted so that
water may flow either way between the reactor vessel
and the canal.

3) Canal Cleaning

The canal bottom can be cleaned by a manually
operated, portable, suction-type cleaning tool
which is connected to suction connections in the
canal wall. Four 2 inch suction lines are centrally
located in the canal, each line terminating 6 inches
below normal water level. Each connection has
couplers for quick connection to the flexible hose
of the cleaning tool and is equipped with an exposed
shut-off valve at the outside of the canal parapet.



The four cleaning lines join into a common
line which connects to the suction of the 50 gpm
trash pump located in the sump tank area. The
trash pump discharges to the 5,000 gallon warm
sump tank through a 10-micron filter. Dirty
filter cartridges may be removed to the MTR hot
cell for cleaning.

The canal cleaning tool is fabricated from
1.5 inch aluminum tubing of which the upper portion
serves as a handling tool and the lower portion
as the suction line.

1.2.4 Ventilation

a) First Floor (See Figure No. 1.11)

The first floor is ventilated through a central
duct system with the two main branches running along
the north and south walls of the building. The basic
equipment consists of outside air intake louvers, return
air louvers, mixing dampers, washable type filters,
steam heating coil, a blower, and an exhaust fan in the
roof. The air is recirculated four times per hour with
two air changes being outside air.

b) Console Floor and Basement Floor

The console and basement floors are ventilated by
a common system having equipment of the same type as
the main floor system. Total air recirculated is six
air changes per hour. The air supply to the basement
area is taken from the console floor through rectang-
ular openings along the perimeter of the basement
ceiling and is exhausted from the experimental cubicles
through an overhead exhaust duct at the rate of six air
changes per hour. Consequently, the fresh air intake
at the console floor is equivalent to the volume
exhausted through these cubicles. The exhaust duct
runs to two exhaust fans located in the electrical
building basement from which the air is discharged via
a duct to the hot waste gas stack. The cubicles can
thus be held at a negative pressure, and the amount of
air circulated through the cubicles is governed by the
leaks around cubicle doors, pipes, and openings. This
system provides a negative pressure in the basement
area and a still lower pressure in the cubicles. Thus,
even if the floor hatches are open, the air will always
flow to the basement area.

c) Reactor Control Room (Office Building)

The control room is air-conditioned by a package-
type air-conditioning unit located in the heating and
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ventilating equipment area in the office building basement.
A supply duct from the unit to the room will discharge
into the room from ceiling diffusers. Outside air will
be supplied to the unit through a duct connected to the
outside air intake plenum.

d) Amplifier Room (Office Building)

The amplifier room is air-conditioned by means of
a package-type air-conditioning unit.

e) Sub-Pile Room and Control Rod Access Room

The cooling of the sub-pile room and control rod
access room (down to a maximum temperature of 105F.)
is accomplished by means of recirculating the air through
blowers which discharge through water cooling coils.
This space is under a negative pressure and fresh air
is supplied by leakage from other areas.

The chilled-water equipment is located in the
heating-and-ventilating equipment room under the office
building, and consists of two 7; ton chiller units and
two chilled-water circulating pumps (one a standby).
These same chillers serve the control room and amplifier
room a-c units.

The control rod access room and sub-pile room have
exhaust ducts connected to the cubicle exhaust system
which, in turn, exhausts to the waste gas stack.

1.2.5 Heat Exchanger Building (See Figure No. 1.12 and 1.13)

The heat exchanger building adjoins the east side of
the reactor building. It is approximately 128' x 69' x 2'
high, single-story, with concrete exterior walls and roof
for shielding. This building houses the primary coolant
system heat exchangers, primary coolant pumps, and the by-
pass demineralizer. The coolant pumps are located in separate
shielding caves to permit direct maintenance on one set of
equipment while the others are in operation. The motors are
located on the opposite side of the shielding wall and
connected to the pumps through an extension shaft.

A 5,000-gallon degassing tank is located on the roof.
The primary coolant supply and return lines are connected
with the reactor vessel through a concrete pipe tunnel. The
major items of equipment include: four tanks of shell-and-
tube heat exchangers (3-high/bank), four ll,000-gpm centri-
fugal pumps and motors, two-300 gpm pressurizing pumps,
two 2,000 gpm primary coolant and emergency shutdown pumps,
a l00-gpm capacity bypass demineralizer located in a separate
wing of the building, and a 71 ton overhead crane over the
pump pit area for removal and handling of pump pit shielding
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covers and pumps.

1.2.6 Compressor Building (See Figure No. 1.14 and 1.15)

The compressor building adjoins the east side of the
reactor building and the north side of the heat exchanger
building. It is a single story steel frame structure,
125' x 65' x 29' high with access to both the reactor build-
ing and the heat exchanger building. The west wall,
consisting of insulated metal panels, is common with the
reactor building and the concrete south wall is common with
the heat exchanger building. The compressor building houses
the large compressors and heaters used for the experimental
facilities. The process control room, which is described
later, is situated in the southeast corner.

1.2.7 Office Building (See Figure No. 1.16 and 1.17)

The office building is located adjacent to the north
face of the reactor building where the two buildings have
a common wall. It is a 4l' x 92' x 24' high steel-frame
and concrete-block structure, two stories high and having
a basement. It contains the following facilities:

Basement:
Heating and ventilating room for office and reactor
buildings.
Amplifier room and instrument repair room.

First Floor:
Reactor control room, operations rooms, change room,
health physics room and offices.

Second Floor:
Offices and toilet facilities.

Gastight doors, located in the south wall, provide
access to the reactor building and the control room and
operations rooms. There is direct vision from the control,
operations, and health physics rooms to the first floor of
the reactor building through fixed-glass windows set in
metal frames with neoprene seals.

1.2.8 Electrical Building (See Figure No. 1.18)

The electrical equipment building is a steel-frame
one-story structure with reinforced concrete floor and
basement. The building size is 113'-44" x 53'-9" x 16'-0"
in height with concrete block walls on the south, east and
west side. The north face, consisting of insulated metal

panels, is common with the reactor building. The roof
consists of metal decking with insulation and built-up
roofing. The basement has a size approximately half of the
first floor area and is located along the north side,
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adjacent to the reactor building. The cubicle exhaust fan
room is situated at the east end of the basement while the
cable vault occupies the remaining basement space. The
first floor contains the high- and low-voltage switchgear
and control panels, the diesel generator and the battery
rooms. There is direct access between this floor and the
first floor of the reactor building. A stairway connects
the basement area to the reactor console floor.

1.2.9 Pumphouse (See Figure No. 1.19)

The pumphouse is located southeast of the reactor build-
ing adjacent to the cooling towers, to which it is connected
through a 1 foot deep cold well to the cooling tower canal.
It is a one-story steel-frame and pumice block structure,
40' x 81' x 16' high, with a metal deck and built-up roofing.
It contains the seven pumps of the secondary cooling system.

1.2.10 Control Rooms (See Figure No. 1.20 through 1.23)

a) Reactor Control Room

The reactor control room is located in the office
building at the same level as the first floor of the
reactor building. In this room are located the control
panels and the control console. A window in the north
wall of the reactor building enables the operator to
observe the experimental equipment located on the first floor.

The control board consists of ten panels, four feet
wide by eight feet high. Panel No. 1 serves only as a
door and Panel No. 10 is reserved for the experimenters
circuits, leaving the other eight panels for the reactor
control instrumentation, the annunciators, and the radia-
tion monitoring recorders.

The console consists of five panels containing the
reactor control rod position indicators, rod control
switches, indicating lights, and other control switches
and meters for the operation of the reactor. It is
located directly in front of the section of the control
panel most directly related to reactor operation.

The amplifier room, below the control room, con-
tains all the amplifiers, the motor control panel, the
power distribution cabinet, and the relays necessary for
the operation of the control system.

b) Process Water Control Room

The process water control room is located in the
southeast corner of the compressor building. It houses
the instrumentation, controls and recorders for the
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primary and secondary coolant systems, the bypass deminer-
alizer system, the secondary coolant water treatment system,
the experimental air heaters, as well as some radiation
monitoring recorders. Stack gas temperature, pressure and
radioactivity is also indicated on this panel. The diff-
erential pressure across the reactor core is indicated only
in the reactor control room, while the pressures, temperatures,
and flows of the primary coolant across the reactor are
indicated both in the process control room and the reactor
control room. An operator will be on duty in the process
control room at all times and is in direct communication
with the reactor control room operator.

-18-



1.3 HEAT REMOVAL SYSTEM (See Figure No. 1.24)

1.3.1 General

The heat removal system of the reactor consists of a
primary cooling system, which absorbs the reactor fission
heat and rejects it to a secondary cooling system, which in
turn dumps the heat to the atmosphere through cooling towers.
Light water is the coolant used in both systems; the primary
coolant in the reactor is also the moderator. Both cooling
systems are closed loops: a primary loop consisting of
demineralized water which is exposed to the atmosphere only
in the degassing tank, and a secondary cooling system which
is in contact with the atmosphere at the cooling towers.
These two systems are separated by the tubes in the primary
heat exchangers, the latter designed to prevent leakage
between the primary and secondary cooling systems. Activity
in the primary and secondary cooling water is continuously
monitored.

1.3.2 Primary Cooling System (See Figure No. 1.25)

a) General Description

High-purity demineralized water is circulated
through the reactor core at a rate up to 44,400
gallons per minute by the use of four primary coolant
pumps. The inlet water to the reactor is at 1100 F. and
200 psia and the discharge temperature is 137.5 F. under
normal operation of the reactor (177.6 mw, 175 mw
nominal). The contained volume of water in the system,
including the reactor, is approximately.55,000 gallons.
The primary coolant water leaving the reactor passes
through the tubes of four parallel sets of heat
exchangers (three heat exchangers per set) and is
returned to the reactor by the primary coolant pumps.

The system water is pressurized, degassed, and
purified as described later on.

The material of construction of the primary coolant
system, including the heat exchanger tubes, is stainless
steel, with the exception of the pump casings and some
of the valves which are cast steel.

b) Basic Equipment

The basic equipment necessary to remove the reactor
heat under normal operation includes:
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1) Heat Exchangers

There are four banks of three heat exchangers
each in parallel, each bank being stacked in a
vertical plane. The exchangers use a shell-and-
tube counter-flow arrangement, with the primary
water flowing through the tubes. The units have
fixed double-tube sheet and are of straight-
through, single path design. All parts in contact
with the primary water are constructed from 304 or
30h ELC stainless steel.

Pertinent data are as follows:

Total duty
Tubes per exchanger
Heat transfer surface per

exchanger
Heat transfer coefficient

(service)
Tubeside:

Flow
Inlet temperature
Outlet temperature
Maximum metal design

temperature
Design pressure
Maximum pressure drop
Velocity
Material

Shellside:
F low
Inlet temperature
Outlet temperature
Design pressure
Maximum pressure drop
Average velocity

177.6 mw heat

1700 5/8" od - 18 BWG

5h45 ft2

312 Btu/hr-ft 2 - OF.
h4,h00 gpm primary water
1380F .
1100F.

1700F.
250 psig
2 psi
3.2 ft/sec
301 or 301-L SS

38 200 gpm sec. water
78 F.
1100F.
150 psig
13 psi4.9 ft/sec

2) Primary Punps

There are four centrifugal primary pumps with
each pump suction connected to a heat exchanger
bank and each pump discharge connected to a common
header. The pumps are of the horizontal split-
case type with a horizontal discharge and bottom
suction.
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Pertinent data are as follows:

Number of pumps 4 .
Type Centrifugal
Drive Direct
Motor hp 800
Fluid temperature 110 F.
Capacity 1),800 gpm
TDH 180'-0"
NPSH 20'-0f"
Speed 900 rpm
Casing Cast iron
Shaft and impeller 304
WR 2 of pump, shaft and

motor 4670 lbs-ft2

c) Degassing and Pressurizing (See Figure No. 1.26)

1) General

The gas concentration in the primary water
must be held at a low value to prevent gas bubble
formation in any part of the system. This is
accomplished by continuously bypassing a small
quantity of the water through a degassing system
and returning it to the main stream. It is also
necessary to maintain the system at a sufficiently
high pressure during normal operation to prevent
boiling in any fuel element channel. This
pressure is dictated by the fuel element (hot
spot) surface temperature. Both degassing and
pressurizing have been combined into a single
system consisting of the following equipment:

A 5,000 gallon degassing tank containing
2,500 gallons cf water. This tank is
located on top of the heat exchanger
building approximately 35 feet above the
reactor inlet.

Two 300 gpm pressurizer pumps (one is a
standby) taking suction from the degassing
tank and discharging into the primary coolant
system at a point of low pressure (142 psia).

A flow control valve, in the pressurizer
pump discharge line, controlled by a flow
meter.

A pressure controller located downstream
of the primary coolant pumps, i.e., at a
point of high pressure (200 psia).



A back-pressure control valve controlled by
the pressure controller. This valve is
located in the bleed line between reactor
outlet line and the degassing tank.

To facilitate the description of the system,
its dual function will be discussed separately.

2) Degassing

The degassing requirements of the primary
coolant system are based on an inlet temperature
of 1100 F. and an inlet pressure of 200 psia.

The calculations made on H2 and 02 gas
production indicate that the equilibrium between
production and recombination will be reached at a
gas concentration much lower than the minimum
value necessary to cause bubble formation in any
part of the system. Based upon both theoretical
considerations and experimental data it has been
predicted that the equilibrium gas concentration
under actual operating conditions might reach
5 cc/liter which is less than the solubility
under any conceivable reactor operating conditions
(minimum solubility is 160 cc/liter at the primary
pump inlet). It might be mentioned that the
relatively high gas evolution rate experienced
at the MTR can be explained by the fact that its
entire coolant stream is degassed continuously in
flash evaporators which prevent the system from
ever attaining equilibrium. The calculations
referred to above, however, were based on labor-
atory data and theoretical considerations and not
upon actual operating experience in a reactor
similar to the ETR. Therefore, bypass degassing
equipment with a maximum flow of 300 gpm is
installed. The quantity of gas that can be
removed by this equipment is directly proportional
to the gas concentration in the primary cooling
water; at the predicted concentration (5 cc/1)
approximately 0.2 scfm would be removed. In
addition to removing water decomposition products,
the degassing device will also perform the
following func ti ons:

(1) Remove hydrogen resulting from corrosion of
fuel elements and structural material.

(2) Remove carbon doxide formed by oxidation of
any trace of organic material in the system.

(3) Remove the noble fission gases, such as krypton
and xenon which will result from a fission break.
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At a flow rate of 300 gpm, it will be possible
to reduce the concentration of the noble fission
gases in the primary coolant system at about the
same rate as the demineralizer will remove ionic
fission products. At this flow, it is anticipated
that the hydrogen off-gas rate will be 0.2 scfm
which is more than adequate to remove any hydrogen
resulting from corrosion. Since the solubility
of air and hydrogen will be lower in the degassing
tank than anywhere else in the system, the possi-
bility of gas bubble formation in the core or any
other part of the primary loop will be eliminated.

During normal operation approximately 300 gpm
of primary coolant are withdrawn continuously from
the reactor outlet line. This flow is bled through
the back-ressure valve to the degassing tank. The
automatic flow control valve downstream of the
pressurizer pumps maintains a constant outflow
of 300 gpm from the degassing tank, i.e., a
constant return of 300 gpm to the main coolant
stream regardless of system pressure. Water
level in the degassing tank is automatically
maintained through a level-controlled demineralized
water make-up line and an overflow line. The
accumulation of an explosive mixture of hydrogen
and oxygen is prevented by passing air, at
atmospheric pressure, over the water surface in
the tank and venting the mixture to the waste
gas stack. In addition to removing the decompo-
sition gases the system will also remove any
fission gases which may be introduced into the
primary coolant by a fuel element or experiment
failure.

3) Pressurizing

The pressurizing requirements of the primary
coolant system are based upon a temperature of
1100F. and a pressure of 200 psia at the discharge
of the primary coolant pumps. During normal
operation, the system pressure is almost entirely
controlled by the back-pressure valve, bleeding a
varying flow of coolant into the degassing tank.
(The surge tank, which is discussed later, tends
to smooth out small pressure surges, but its
function is not to control pressure during normal
operation.) A pressure connection located in the
primary coolant line near the reactor inlet signals
a controller which regulates this back-pressure
valve, i.e., varies the amount of water bled from
the system. Since the supply rate of 300 gpm is
constant, the back-pressure valve controls the



system pressure. This valve will shut off
completely if the system pressure drops below a
set minimum. Above this minimum the valve will
bleed coolant into the degassing tank to maintain
or regain system pressure. The equipment is the
same as that used for degassing described before.

It should be pointed out that the pressurizer
pump is not pressure controlled but will return
300 gpm to the primary coolant stream essentially
without regard to system pressure. The pump will
have a steep characteristic curve, i.e., the pump
operates at a pressure considerably above that of
the system with the flow control valve acting as a
throttle valve. For normal operation the pressure
downstream of the flow control valve is approximately

1L2 psia. If for some reason the system pressure
rises, the flow control valve will open in order
to return a constant flow of 300 gpm to the primary
system. At some point the valve will be fully
opened and the pressure at the pump will be the
system pressure plus the pressure drop across the
valve at a 300 gpm flow. If the system pressure
should fall, the flow control valve will close
trying to supply 300 gpm, until the valve is
nearly closed. 'Thus, if the primary coolant
system has a leak and experiences a drop in
system pressure, the back-pressure valve will
close, but the flow-control valve does not permit
the pressurizer pump to deliver more than 300 gpm.

The primary coolant system is protected
against excessive pressures by a pressure controller
set to close the flow-control valve when the
pressure downstream of the pump reaches 165 psig.
This corresponds to a pressure of 250 psig at the
discharge of the primary pumps, i.e., maximum
system pressure.

d) By-Pass Demineralizer (See Figure No. 1.27 and 1.28)

In order to maintain the required high purity of
the primary water, a by-pass demineralizer system
consisting of an anion bed, a cation bed, and two mixed
beds is installed.

It will maintain the primary water to maximum
ionic impurities of 2 ppm corresponding to 1,000,000
ohm-cm by demineralizing a by-pass flow of 100 gpm. It
will also be capable for short term operation of 300 gpm
for fission product removal.



The by-pass flow through the demineralizer is
controlled by an automatic flow control valve in the
inlet line to the demineralizer. The valve receives
a signal from a flow meter through a recorder-
controller having an adjustable setting. During reactor
shutdown, up to 300 gpm can be passed through the by-
pass demineralizer by the pressurizer pump when the
water is too radioactive to remove the cover of the
reactor, or too radioactive to be discharged to the
retention basin. During that time, the primary water
is recirculated in the primary loop at a rate of 2,000
gpm by the emergency and shutdown pumps. (These pumps
are described below.)

The system is designed for non-regenerative
operation, but the tanks will be provided with the
necessary stubs for future addition of a regenera-
tion system. Spent resin is slurried into a disposable
casket. The fresh supply of resin will be fed into
the tanks with demineralized water. This water will
be drained to the warm sump tank or the retention basin.

The pH will be controlled by by-passing part of
the fluid around the anion or the cation tanks and the
mixed bed tanks.

The system is designed for flexibility so that
each tank may be completely or partially by-passed,
the fluid proportioned between the banks, or diverted
completely through one bank. This is accomplished by
diaphragm-operated control valves located on the pipe
leading to each tank inlet controlled by remote manual
stations mounted on the process water control panel.
Flow indicators for each tank will also be located on
the panel adjacent to the manual control stations.

A connection will be provided at the inlet for
pumping hot waste from the MTR hot waste tank through
the demineralizer system before it goes to the retention
basin. This may be done at the rate of 100 gpm.

e) Emergency Equipment

1) General

Several emergency situations may arise
involving loss of pressure and flow in the
primary coolant system. In these cases the
reactor is shut down automatically. It is
necessary, however, to maintain some flow
through the reactor core to remove fission
product decay heat and to maintain sufficient
pressure to prevent nucleate boiling in the core.
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The various emergency conditions and their
consequences are discussed in detail in
Sections 5 and 6. In this section the emergency
equipment and its relation to the rest of the
heat removal system is described.

2) Emergency Equipment

The emergency equipment consists of the
following items:

Two emergency pumps, each rated at 2,000
gpm (one is a standby) paralleling the
primary coolant pumps. Since these pumps
are also utilized for circulating the
primary coolant during normal shutdown
they are called "Emergency and Shutdown
Pumps."

A back-pressure valve controlled by a
pressure controller and connected to the
frequency detection relay. This is the
same equipment described before under
"Pressurizing."

A 120 cubic foot surge tank containing
approximately 40 cubic feet of water
(300 gallons) and 80 cubic- feet of air.

An electric power frequency measuring
device and various flow, pressure and
temperature measuring devices in the
primary loop.

An 8 inch pipe line from the plant fire
main loop with a manual connection to the
primary coolant system.

3) Function of Equipment

The function of the pressurizing equipment
described above is to maintain system pressure
under normal operating conditions. In the event
there is a loss of system pressure beyond the
control range of the back-pressure valve, or in
any emergency situation resulting in loss of
system pressure or flow, the reactor is shut
down. The following is a tabulation of abnormal
conditions in the primary loop causing reactor
shutdown. The settings listed are only approximate
and can be varied since the controllers are
adjustable over their entire range.



CAUSE

Primary Coolant System
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As discussed in Section 5, calculations have
been made for the frequency drop after power
failure, the flow available through the primary
coolant system after electric power failure, and
available pressures in the core. The design and
response time of the emergency equipment have been
based upon these data in order to prevent boiling
in the core arising from malfunctioning of the
primary coolant system.

During an emergency condition such as (a)
a power failure, (b) the loss of a primary pump,
or (c) the loss of a pressurizer pump, the
primary system pressure will drop between the
time the incident occurs and the time the
emergency equipment can be put into operation.
The surge tank, located at and connected to the
36 inch primary coolant supply header and loaded
with air at system pressure, will buffer the system
pressure during this period.

SETTING



The primary coolant emergency and shutdown
pumps receive their power from the emergency
diesel-electric generator system (see "Electrical
Systems"). Power will be applied to one pump (one
is a standby) approximately 8 seconds after power
failure of the main system and it will be up to speed
within 2 seconds after power application.

In any situation involving loss of system pres-
sure the pressure controller will begin to close the
back-pressure valve. Normally the pressure at the
controller sensing element is 200 psia and the valve
is passing 300 gpm. The back-pressure valve tends to
close and is completely closed when the pressure has
dropped to 195 psia. In an emergency condition in-
volving rapid or sudden loss of pressure, the valve
will take about 4 seconds to close. Electric power
failure, sensed by the frequency detection device
will also cause this valve to close.

The interconnection with the fire main serves
to supply raw water to the primary coolant system
downstream of the main coolant pumps in an accident
involving a large loss of primary water. The connec-
tion must be made manually by opening two valves.

1.3.3 Secondary Cooling System (See Figure 1.29 and 1.30)

a) General Description

In the primary heat exchangers described above, heat
is transferred from the demineralized primary coolant water
to the secondary cooling water. The secondary cooling water
in turn passes over a set of cooling towers, where the tem-
perature can be reduced to within a few degrees of wet-bulb
temperature by evaporation. The cooled secondary water is
pumped from the cold well of the cooling towers to the heat
exchangers. In order to maintain the inlet cooling water
temperature approximately constant and to take care of changes
in the cooling water requirements resulting from change in
experiments, flow control valves are-provided in both the
primary and secondary coolant systems. The volume of water
in the secondary loop, including the stored water in the
cooling tower basin, is approximately 632,000 gallons. The
quantity of water lost by evaporation and drift amounts to
approximately 90,000 gallons per hour. Make-up is supplied
from well water which is chemically treated in the pumphouse.
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b) Basic Equipment

1) Secondary Pumps

There are four centrifugal secondary coolant
pumps taking suction from the cooling tower cold
well and discharging into a common header. A flow
control valve in the header is regulated from a
temperature controller, which senses the tempera-
ture of the primary coolant entering the reactor,
i.e., leaving the heat exchangers.

Number of pumps
Type
Drive
Motor horsepower
Fluid temperature
Capacity
Total dynamic head
Pump bowls
Shaft and couplings
Impeller

4
Vertical turbine
Direct
350
820 F. max.

9,550 gpm
113' -0"
Cast iron
304.SS
Cast bronze

2) Cooling Towers

Type
Size, feet
Number of cells
Number of fans
Brake horsepower per fan
Wet bulb temperature
Temperature over tower
Temperature off tower
Flow

Induced counter flow42W x 271L x 46H
9
9
61.5
640 F.
1100F.
780F.43,000 gpm

c) Emergency Equipment

The emergency equipment in the secondary coolant
system consists of three pumps, each rated at 2,L00 gpm,
located in the pumphouse. Under normal operating con-
ditions two units are used for utility cooling purposes,
with the remaining pump as a standby. This pump parallels
the main coolant pumps of the secondary system and is
supplied with emergency power from the diesel-electric
generating set, 13 seconds after detection of main
electric power failure by the freouency measuring
device.

Since any two of these pumps are also used to cir-
culate secondary coolant through a heat exchanger bank
during reactor shutdown, all three pumps are called
"Emergency and Shutdown Pumps".
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1.3.h Routine Operation of the Heat Removal System

a) Full Power Operation

1) Primary Loop

Before reactor startup, the primary loop is
filled with demineralized water from the existing
MTR demineralized water storage tanks. Two
existing 1,000 gpm pumps ("Reactor Flush Pumps")
take suction from the demineralized water storage
tanks and supply the water to the primary loop,
through a manual valving arrangement, at the up-
stream side of two heat exchanger banks. The
valve in the connecting line to the surge tank is
open and air will be trapped in the surge tank.
After the system is completely filled with water
at atmospheric pressure, the primary pumps are
started, followed by the pressurizer pump. The
pressurizer pump raises the system pressure causing
the pressure controller to open the back-pressure
valve. This opens the back-pressure valve, pass-
ing water into the degassing tank and stabilizes
the system pressure. The air trapped in the surge
tank at startup will be compressed and sufficient
additional air is added to lower the water level
in the tank to the normal position. The water
that this air displaces will be removed through
the back-pressure valve to the degassing tank.

In the main circuit, 4,400 gpm of water is
pumped by the primary pumps to a manifold and
through the reactor vessel. Passing through the
heat exchangers, the water returns to the suction
of the primary pumps. A flow control valve actuated
by the pressure differential across the reactor
regulates the flow through the vessel to maintain
35 feet per second through the core. At normal
operation of the reactor (177.6 mw) the water will
enter the reactor vessel at 1100F. and leave at
137.5 F. The inlet temperature will be controlled
at 1100F. by the secondary cooling system.

2) Secondary Loop

During operation of the reactor, four secondary
coolant pumps circulate water through the shell
side of the four banks of heat exchangers and over
the tower. The fans on the cooling tower are
operating. During periods of low wet-bulb tempera-
tures, some fans may be turned off and the secondary
water will remain at or below design temperature.
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3) Auxiliary Equipment

During normal operation additional secondary
cooling water is pumped from the cold by two of
the three previously mentioned Secondary Coolant
Emergency and Shutdown pumps.

This water will be distributed as follows and
returned to the tower:

(a) Heat exchangers on users equipment

(b) Coolers and jackets of compressors supplying
experimental air

(c) Heat exchangers on air conditioners

(d) Emergency diesel generator cooling

b) Partial Power Operation

Partial power operation will correspond to a
fraction of the heat which will be generated in the
reactor under design conditions.

The primary coolant flow is assumed to be governed
primarily by the configuration in the reactor core and
thus will be maintained constant. Hence, the partial
load operation will mainly manifest itself in the
temperatures of the primary coolant at the reactor in-
let and exit. The control of these temperatures can
be accomplished by varying the mean temperature differ-
ence in the primary coolant heat exchangers. The
latter can be done by either a reduction in the secondary
flow by cutting out one or two pumps, by throttling with
the butterfly valve in the line, or by cutting out
successive fans or cells of the cooling towers.

c) Shutdown and Refueling

1) Flushing

Following shutdown, after routine operation
of the reactor, the heat developed in the core will
be reduced to less than 2% of the operating level
within ten minutes. For the first ten minute
period the normal cooling equipment operates.
The water in the primary system will contain various
radioactive elements which preclude immediate
opening of the vessel.

Preparatory to flushing and in order to iso-
late as much as possible of the contaminated water
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from the reactor vessel (restricting cleanup to
a minimum), while at the same time providing the
necessary cooling, the main primary coolant pumps,
the degassing tank and all except one of the banks
of heat exchangers are cut off from the primary
system by valves within ten minutes after shut-
down. One of the two primary 2,000 gpm "Emergency
and Shutdown Pumps" is started. The remaining
water volume to be circulated in the primary
system is approximately 40,000 gallons.

Before flushing can proceed, the primary
system pressure must be reduced to near atmospheric
pressure. While recirculating the cooling flow
of 2,000 gpm through the reactor and one heat
exchanger bank, the following steps are taken to
reduce the pressure:

(a) The pressurizer pump is shut off and the
degassing tank is isolated from the primary
loop by closing a block valve. The back
pressure valve will have closed automatically.

(b) The system pressure is reduced by bleeding
air manually from the surge tank.

(c) The gland seal and pressurizer pumps supply-
ing demineralized water to various pump
glands may be shut off.

Flushing water at a rate up to 2,000 gpm is
pumped by the flush pumps from the MTR-ETR demin-
eralized water storage tanks. It enters the
flushing connection at the discharge side of the
pressurizing pumps, passes through one heat
exchanger bank, the emergency and shutdown pump,
and through the reactor vessel and is then dis-
charged at the south end of the east retention
basin.

During the flushing period the cooling towers
do not need to be in operation because no primary
water is recirculated. Flushing is stopped after
approximately 100,000 gallons have been passed
through the system.

2) Refueling

Upon completion of the flushing, the flushing
water connection is closed and the drain to the
retention basin is shut off. The recirculation
valve is opened and one of the emergency shutdown
pumps is started again, circulating the remaining
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water at 2,000 gpm through the open part of the
system. The static head available at the upstream
side of the reactor vessel, with the cover off,
is not sufficient to force the water through the
bypass demineralizer. Therefore, a cross-over
connection, at the discharge of the pressurizer
pumps, permits a flow of 100 gpm through the bypass
demineralizer for further demineralization of the
flush water remaining in the system.

The level of the water in the reactor vessel
can be adjusted during refueling by drainage from
the vessel to the warm sump tank through the two
taps on the side of the vessel, the upper one
positioned for refueling level and the lower one
for changing experimental equipment. The level
must be dropped before the head can be removed,
so air is admitted through a check valve on the
head which will allow air to enter but will pre-
vent radioactive gases from leaving.

It is not necessary to have any cooling tower
fans operating, with the reduced heat load after
one hour of shutdown. One of the secondary cool-
ant emergency and shutdown pumps in the cold well
will circulate secondary water through the one
heat exchanger bank and the cooling tower.

1.4 ELECTRICAL SYSTEMS

1.4.1 General

The present main power supply to the MTR area has been
increased by adding a new 132/13.8 ky substation to the ex-
isting 7,500-kva station in the MTR area. The new substation
consists of two transformers equipped with tap changing under
load and each having a capacity of 15,000 kva.

Also, in order to supply power to the three raw-water feed
pumps installed in the existing raw-water pumphouse in the MTR
area, an additional 225-kva, 3-phase, 2300/h80-volt transformer
and a motor control center have been installed.

The power requirements for the ETR area consist of a con-
nected load of 17,800 kva of which 8,800 kva consists of test
facilities. The maximum demand has been estimated to be 16,000
kva.
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Two 13.8 kv feeders connect the secondaries of the
15,000-kva transformers to the 13.8 kv switchgear in the ETR
electrical building. The feeders have been installed in two
separate duct lines, so that damage to one line will cause no
interruption of power, since the remaining feeder will safely
carry the entire load.

1.4.2 Distribution Systems (See Figure No. 1.31)

a) The 13.8 KV System

A 13.8-kv bus located in the 13.8-kv switchgear
supplies two h,000-hp motors on the high-pressure ex-
perimental-air compressors in the compressor building.
It also supplies power to two 13.8/h.16-kv 7500/9375-kva
transformers, connected delta-wye, with resistance grounded

neutrals.

A study has shown that the interrupting duty (8 cycle)
of the 13.8-kv switchgear is 307-mva, and that the momentary
asymmetrical fault current may be 23,500 amps. The design,
therefore, includes 500-mva, 13.8-kv switchgear. The switch-
gear is of the metal-enclosed, air-break, drawout type.

b) The 4160-Volt System

In general, motors over 100 hp are supplied from the
4160-volt switchgear. This switchgear is rated at 250-mva
capacity and is of the metal-enclosed type with drawout type
air breakers and current-limiting starters.

c) The 480-Volt System

Three independent 480-volt, 3-phase with grounded
neutral systems are provided for normal operation. These are:

1. Operations power

2. Experimental power

3. Instrument power

Operations power is used for motors up to 100 hp and
for supplying power outlet receptacles in operation areas in
general. This power is obtained from two 1000-kva transformers.
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Experimental power is reserved for experimenters
and is obtained from two 1000-kva transformers.

Instrument power is obtained from a separate 112-
kva transformer in order to excape the effects of voltage
fluctuations of this system during starting of low-voltage
motors.

d) The 120/2140-Volt System

This system supplies lighting, fractional hp motors,
and miscellaneous appliances and devices requiring a low
voltage. It is equipped with a number of small, dry-type
transformers, with primaries fed through fused switches
on the 480-volt system. System neutrals are grounded.

1.4.3 Emergency Power Systems (See Figure 1.32)

a) General

Two types of emergency power systems are installed;
namely; the "Emergency Power System" and the "Battery
Power Systems".

b) Emergency Power System

The 480-volt emergency power .is obtained through two
750-kva transformers. Under normal operating conditions
the system is supplied from normal power.

A self-starting diesel engine generator is connected
to the emergency s ection of the 41 6 0-volt bus. The cap-
acity of the emergency system is 1360 kva at the altitude
of the ETR site. In the event of normal power failure a
tie-breaker isolates the emergency section of the 4160-
volt bus from the normal power bus and the diesel-engine
generator is started automatically. Any loads connected
to this system will be subject to momentary power interrup-
tion of 8 - 30 seconds while the diesel generator set comes
on the line.

The following is a tabulation of the critical pieces
of equipment supplied by the emergency diesel, their horse-
power and restarting time after power failure. It would
take approximately an additional 2 seconds to reach full
speed.



E UIPMENT HP TIESEC.

Emergency & Shutdown Pump (Primary Cool-
ant System) 15 8

Gland Seal Pump 30 101
Experimental Water Circ.Pump 75 1C4
Emergency & Shutdown Pump (Secondary

Coolant
System) 125 13

Emergency Air Compressor 50 16

In addition to the above loads there are various
motors which are connected to the diesel-generator
subsequent to the critical load. Furthermore, emer-
gency lighting, some instruments and some experimental
panels which are immediately supplied with battery
power upon failure, are switched to the diesel after
the foregoing loads have been connected.

c) Battery Power Systems

There are two systems of battery-supplied power:

1. Failure free power: Critical power for experi-
menters' operations and instrumentation is supplied
by a failure free system, consisting of a storage
battery and an a-c d-c invertible M-G set. Under
normal conditions the failure free system is con-
nected to the emergency bus through a bus-tie breaker
and is supplied by normal power. The M-G set float-
charges the battery and supplies the d-c control
power. During power failure, batteries will motorize
machine driving the inverted a-c machine as an alterna-
tor, supplying the failure free loads. After the
diesel set starts and emergency power is available,
automatic synchronizing will tie the systems together,
transferring failure free loads to the emergency system
and inverting the M-G set so as to resume battery charg-
ing. The purpose of this transfer is to limit the size
and capacity of the storage battery.

2. Regulated Power: Reactor control and instrumentation
power is supplied by a separate regulated power system
from a storage battery and three M-G sets. Two sets
consist of d-c motors driving a-c alternators, and one
set an a-c motor driving a d-c generator. The battery
floats on the system during normal operations and will
power the d-c motors should the normal power fail.
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1.4.4 Electric Motors and Controls

All motors are across-the-line starting. Induction
motors are used for 500 hp and below synchronous motors a-
bove this rating except for Well No. 3 pump. All synchronous
motors will have unity power factor.

Circuit breaker switchgear is used for the 13.8-kv
motors and current-limiting-fused starters for the 4160-
volt motors.

For the 1480-volt motors, motor control centers are in-
stalled in the vicinity of the motors to be controlled.

Stop-lockout push-buttons are provided for all motors.

1.4.5 Intercommunication, Paging, and Telephone Systems

a) General

Five intercommunication and paging systems are
installed in the ETR area in addition to a regular com-
mercial-type telephone system.

b) Intercommunication Systems

The intercommunication systems are independent
systems, all being monitored at one master station. The
systems are identified as follows:

1. Reactor Operations System

2. Shutdown Operations System

3. Instrument Sound Powered System

4. Experimental Facilities System

5. Paging System

The reactor operations system provides two-way
communication between a master station located at the
reactor control console and eight substations located
on the three floors of the reactor building, in the
compressor building, electrical building, health physics
room and in the instrument repair shop.
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The shutdown operations system provides communica-
tion between the reactor control console and three inter-
communication stations located on the first floor, in the
sub-pile room, and in the control rod access room in the
reactor building.

The sound-powered telephone system connects all
points of instrumentation and control and the electrical
equipment areas.

The experimental facilities sound-powered telephone
system connects the reactor control room and the experi-
mental areas.

The paging system of loudspeakers is provided for
personnel paging and general announcements in the reactor
building and in the office building.

c) Telephone System

The entire ETR area is served by the commercial tele-
phone system. Provisions for up to six circuits per 1,000
square feet of usable floor space are made in offices and
other administration areas. Additional outlets are provided
at other locations as follows:

Reactor Building Basement Area (h)
Reactor Building Console Floor (h)
Reactor Building First Floor (5)
Health Physics Room (3)
Instrument Repair Shop (1)
Reactor Control Room (2)
Reactor Control Console (1)
Compressor Building Control Room (1)
Electrical Building (1)
Cooling Tower Pumphouse (1)

A call chime and horn system is installed.

A cross-connecting terminal cabinet, large enough to
accommodate 50 to 75 percent additional circuits, chime
control and other special equipment, and containing two
or more duplex 120-volt outlets is located at the reactor
building entry, and at the first and second floors of the
office building.

-38-



d) Alarm Systems

Five different alarm systems are .installed in the
ETR area.

1. Fire Alarm System

2. Sprinkler System Waterflow Alarm

3. Watchman Reporting System

4. Gate Security Alarm

5. Reactor Warning Horns and Lights

The alarm systems are connected to the correspond-
ing alarm circuits existing in the MTR area. The equip-
ment, circuits and operation are essentially the same as
in the MTR area.

The fire alarm system is of the code-transmitting

type with all features necessary for a Class tA"f proprietary
alarm system. The fire alarm boxes are of the shunt non-
interferring type, transmitting five rounds of signal. Single-
stroke coding-type gongs and a coding fire alarm horn will
sound upon operation of any fire alarm box.

The fire alarm boxes and alarm gongs are provided at
the following locations:

LOCATION INDOOR F.A OUTDOOR ALARM ALARM
BOXES F.A .BOXES GONGS HORN

Reactor Building 7 7
Office Building 3 1 h
Electrical Building 1 1
Compressor Building 1 2
Pumphouse 1 1

The sprinkler system waterflow alarm consists of a
waterflow coded transmitter which will operate all the gongs
and horn.

The watchman reporting system in the MTR area has been
extended by relocating mechanical stations to provide ade-
quate coverage of the ETR area.
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The MTR gate security alarm system has been extended
to the ETR gate.

The reactor warning horns are provided for each floor
in the reactor building to sound continuously for 10 seconds
prior to reactor start-up. "Reactor On" warning lights are
provided at all levels of reactor building, in the reactor
control room, compressor control room, health physics room,
and in the MTR demineralizing building.

Conduits and wiring have been installed for an evacua-
tion alarm system which will be installed by others.

1.4.6 Lighting

Interior lighting in the buildings consists of the incan-

descent and quick-starting fluorescent type depending on the
nature of the areas.

Fluorescent lighting fixtures are used in offices, labora-

tories, shops, and other similar areas.

Special lighting provisions are made as follows:

(1) The control room has a suspended ceiling with recessed
fluorescent fixtures. Supplementary lighting is provided
at the control console.

(2) Supplementary floor lighting over the reactor provides
50 foot-candles at the top of the reactor.

(3) Provision is made for underwater lighting of the canal by
"drop lamps".

(h) Exit lights are provided. Emergency lighting from a failure-
free source is provided at the control console, at the top of
the reactor, in stairways, and at exits. This source will
also be used for fire-alarm box marking lights, and to supply
partial lighting of about 25% normal in the control rooms and
at other important control boards. Power from the standby
diesel generator source is used to supply emergency lighting
for safety showers and around the periphery of the reactor at
all levels. This source is also used to provide partial light-
ing of about 25% normal in the control rooms and other important
operational locations in the event of a normal power failure...



1.5 GENERAL UTILITIES

1.5.1 Steam

The principal demand for steam will be for space heating.
Additional demands are for tank heating (demineralized water
storage tank and fuel oil heater), purging, and steam tracing.
The maximum continuous winter demand has been computed to be
6,560 lbs. of steam per hour, with an additional peak demand
of 810 lbs. per hour. The existing MTR steam plant has a maxi-
mum continuous capacity of 20,000 lbs. per hour and a maximum
peak demand of 13,036 lbs. per hour. There is, therefore,
available 7,000 lbs. per hour for the ETR, and it is felt that
with the standby overload capacity available, the MTR plant will
be adequate to supply the requirements of the ETR. A h-inch
135-lb. steam main and a 2-inch condensate return line will be
run a distance of approximately 800 feet from the existing plant
to the ETR area.

1.5.2 Compressed Air (See Fig. 1.33)

Two compressed air systems will be required: one for
general plant service and the other for instrument service.
The requirement for general plant service is 300 cfm at 165 psi
and for the instrument service 200 cfm at 165 psi.

Two new compressors will be installed at the MTR steam
plant: one 300 scfm at 165 psi and one 200 scfm at 165 psi.
Both units will be motor driven, carbon-ring compressors. The
new 300 scfm machine is a standby and emergency unit, driven
from the MTR diesel generator. The existing 300-scfm MTR com-
pressor will be available for ETR use. This unit together with
the new 200-scfm compressor furnishes the 500-scfm total air
requirements for the ETR facility.

All compressors will be equipped with a standard-type air
inlet filter. For the instrument service, the compressor will
be equipped with a standard inlet filter and an air drer that
will provide outlet air having a dew-point of minus 30 F.

1.5.3 Raw Water (See Fig. 1.34)

Raw water is presently supplied by two wells located at
the north end of the existing MTR area. Water from these wells
is pumped by two motor-driven deep well pumps each rated at
850 gpm each. The combined MTR and ETR requirements are as
follows:

1. Demand on well pumps: 3,750 gpm

2. Demand on feed pumps: 4,300 gpm

The present wells and raw water pumping capacity are in-
adequate for supplying the combined demand. Therefore, the



capacity of Well No. 1 'will be increased by the installation
of a new deep-well pump and a new well will be drilled to meet
the combined demand. The existing west well (Well No. 2) will
be used only for standby. A new 900-gpm feed pump will be in-
stalled to feed into the existing distribution system as well
as two new 1,300-gpm feed pumps to supply the ETR cooling tower
make-up demand. The existing raw water storage capacity is
deemed adequate.

1.5.h Demineralized Water (See Fig. 1.35 and 1.36)

a) General

The major demand for demineralized water is from the
primary coolant system (both initial fill and flushing)
and from the canal. Small quantities are needed for the
experimental-air cooling system (quenching), other experi-
mental needs, pump gland seals, and various seals in the
reactor vessel bottom head. For experimental needs, for
the pump gland seals, and for the seals in the bottom head,
the demineralized water must be at high pressure, conse-
quently, these uses are grouped under the "High Pressure
Demineralized Water System". There are two 90-gpm gland-
seal and pressurizing pumps (one is a standby) which are
connected to a line from the existing and new demineralized
water storage tanks (through the existing reactor flush
pumps); these pumps supply the gland-seal water for the
primary coolant pumps, the pressurizer pumps and the pri-
mary coolant shutdown pumps. The gland seal and pressuriz-
ing pumps have the additional function of supplying and
pressurizing the experimental loop described later, as
well as the seals in the reactor vessel bottom head.

b) Make-up Demineralizer

The existing MTR make-up demineralizer, with certain
additions, provides demineralized water for the MTR as well
as the ETR. It is located in the Demineralizer Building
at the north end of the MTR area and consists of two cation
exchangers, two anion exchangers, and a degasifier. Raw
water from a storage tank is treated by the demineralizer
to approximately 1 ppm total solids. Storage for demineral-
ized water from the above unit is provided by two 100,000
gallon surface, steam-heated tanks located adjacent to the

MTR Demineralizer Building. The water from the storage tank
is pumped to points of usage by two 160-gpm (168 ft. TDH)
feed pumps, one pump serving as a spare. Two 1,000-gpm
reactor flush pumps serve to transfer up to 2,000 gpm of
demineralized water to the ETR during the reactor flush
period, one pump acting as a spare. To increase the present
capacity of 200 gpm, an additional 150-gpm demineralizer
is installed together with a new 100,000-gallon storage tank
located at and connected into the existing system.
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1.5.5 Domestic Water

The existing soft water treating unit, blended water stor-
age tank and blended water pumping capacity is adequate to
supply both MTR and ETR domestic water supply.

1.5.6 Diesel Oil Storage

The present MTR diesel-oil transfer pumps have sufficient
capacity to provide the combined MTR and ETR requirements, but
the storage capacity will be increased by a new 70,000-gallon
storage tank.

1.5.7 Acid Storage

The existing acid storage tanks and acid transfer pumps
are adequate for the combined MTR-ETR demand. A 3-inch supply
line will be installed between these pumps and the ETR cooling
tower pumphouse.

1.5.8 Sewage Disposal

The present sewage disposal facilities are adequate to handle

the combined MTR and ETR sewage volume. The present sewer system
will be extended to the ETR facilities.

1.6 UTILITIES FOR E(PERI4ENTS

1.6.1 General

General experimental utilities shared by several of the
experimenters are provided. An experimenter with special in-
dividual requirements must furnish such facilities himself.

The interconnections between the experiment and the reactor
control system will be made in accordance with the decisions
of the Reactor Operator granting the space allotment. They
will also determine which reactor control functions may be used.
Connections to the reactor control system will be available to
the experiment at the Amphenol plug, but only such circuits
will be used by the experimenter as are permitted for that ex-
periment by the authority.

1.6.2 Demineralized Water for Experimental Loop

This system circulates up to 2,000 gpm of demineralized water
through the experimental loop. It consists of a high pressure
supply manifold, a low pressure return manifold, a heat exchanger
and two 1,000-gpm circulating pumps.

1.6.3 Treated Well Water

When needed, treated well water will be withdrawn from the
cooling tower water circuit. No provision is made for continu-
ing this service during an emergency.
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1.6.4 High-Pressure Air (See Fig. 1.37)

A maximum of 30 lbs/sec of air at 320 psig pressure is
being supplied to the highdpressure air users. Facilities are
also being provided to heat 2 lbs/sec of this air to 1,2600 F.
and to manifold it into a single header, from which point the
experimenters will provide their own facilities. At the outlet
of the reactor, the hot air is quenched to 8000 F by the injection
of high pressure demineralized water. Individual lines are being
supplied to carry this air, at 8000 F, in separate streams to a
filter pit located adjacent to the MTR hot waste storage area.
From the filter pit the air is discharged to the ETR stack. The
equipment within the filter pit will be provided by the experi-
menters.

In case of a loss of pressure in the high-pressure air
receiver, an emergency air compressor will be automatically
cut into the system and will have a capacity of 1 lb/sec of
air at 6 psig.

1.7 RADIATION MONITORING (See Fig. 1.38)

1.7.1 Area Health Monitoring, Reactor Building

a) Gross Gamma Radiation

This consists of nineteen radiation sensing devices,
seventeen of which are located at strategic points in the
reactor building, at the basement, console floor, and first
floor levels, one in the sub-pile room and one in the con-
trol rod access room. The radiation intensities at each
of the seventeen locations throughout the building will be
registered on one of three multiple strip-chart recorders
and excessive intensities will actuate an annunciator at
the reactor control board and in the health physics room.

In addition to the above alarms, excessive intensity
at any sensing device will actuate a local light and horn
adjacent to the device. Personnel will thus be warned as
to where high radiation intensity is present.

The monitoring system for the sub-pile and control
rod access rooms has a number of additional safety features.
A radiation sensing device is located in each room and the
intensities are registered on a two-pen strip-chart po-
tentiometric recorder. When radiation is below a set low
value, all lights are off and horns are silent. As the
radiation intensity exceeds this low value, two dim lamps
inside the room and an "Above Tolerance" sign outside the
room go on. At the sane time a horn inside the room and
annunciators in the reactor control room and the health
physics office sound for a 30-second period. The latter
annunciator can be reset by the health physicist. Should
the radiation rise above a second set level, a horn inside



the room and the annunciator in the reactor control room
again sound for a 30-second period, two bright lamps inside
the room and a "Danger Radiation" sign outside the room go
on and a second, annunciator position in the health physics
office is actuated. This annunciator can also be reset by
the health physicist.

Should the radiation level continue to rise, no further
alarms will sound, but the reactor operator can observe his
recorder and the health physicist can read his indicating
meter. As the radiation intensity falls to the "Above Toler-
ance" setting, the alarms and lamps will be tripped in re-
verse sequence.

Expected radiation intensities under normal conditions
are

First Floor - 0.75 mr/hr

Console Floor - 0.75 mr/hr except 10' corridor
behind canal which will be no
higher than 7.5 mr/hr

Basement - 0.75 mr/hr

The radiation level in the sub-pile room will depend
upon the experiments present and to what extent they are
shielded. With no experiments or adequately shielded ex-
periments it is expected that the radiation level will be
1/10 tolerance approximately four hours after shutdown.

The radiation level in the control-rod access room will
be lower than that in the sub-pile room. If the experimental
loops in the sub-pile room are adequately shielded, the acti-
vity in the control-rod access room will permit unlimited
access within a few minutes after reactor shutdown. Depend-
ing upon the type and shielding of the experimental loops,
very limited access may be possible during reactor operation.

b) Radioactivity of Airborne Particles

This monitoring consists of eleven separate, complete
systems for detecting the presence of radioactive particles
in the air at fixed locations in the reactor building, at
the basement, console floor, and first floor levels.

Samples are continuously drawn from the air surrounding
the detecting devices and particles are deposited on a mov-
ing filter tape. Each unit is equipped with a meter to
indicate activity and alarm lights to indicate activity above a
pre-set minimum. Eleven recorders, located on the reactor control
panel, provide permanent records of activity throughout the
building.



Activity above a pre-set minimum at any of the monitors
will actuate annunciators on the reactor control panel and
in the health physics room.

1.7.2 Area Health Monitoring for Gamma Radiation in the Compressor
and Heat Exchanger Buildings

This consists of eight radiation sensing devices, placed
at strategic locations. The radiation intensities at these
selected locations-are registered on one 8-point strip-chart
recorder at the process control panel in the compressor build-
ing. Excessive radiation intensities actuate an annunciator
at the process control panel.

Under normal operation the expected radiation intensities
in these areas are:

Near the primary coolant motors - 7.5 mr/hr

At outside surface of the heat
exchanger building - 7.5 mr/hr

1.7.3 Personnel Monitoring

The purpose of these systems is to detect contamination
of persons or clothing of people entering and leaving through
doors, elevators and stairs at eleven strategic locations and
to sound an alarm when above-normal radiation is detected.
They are so located that no one can pass from one area to an-
other without his contaminated condition being discovered.

A complete unit, i.e., sensing devices, amplifier with
integral power supply, and a horn will be located at each
point monitored. No alarms or lights will be run from these
points to other locations; they will be local installations,
requiring only a supply of 120-volt, 60-cycle a-c failure-

free power. It will be the responsibility of any person,
causing alarm operation, to report to health physics immedi-
ately.

A hand-and-foot monitoring unit is located near the locker
and wash room in the office building to enable the operating
personnel to detect the presence of contamination of hands or
feet.

1.7.h Primary Water Monitoring

a) Normal Operation Monitoring

e primary water system is continuously monitored
for N activity, which indicates reactor power level.
The system consists of one sensing device, located in a
shielded position near the 36-inch reactor outlet pipe,
which registers the gamma intensity of the coolant leaving



the reactor. A strip-chart potentiometric recorder is
located at the reactor control board. If the intensity
exceeds a pre-set value, recorder contacts will close to

actuate an annunciator located at the reactor control
board, and to effect a gradual reactor power reduction
by automatic run-down.

b) Fission Products Monitoring

The purpose of this system is to detect fuel element
failure by the presence of fission products escaping into
the primary cooling water. Water is drawn continuously
from a sample connection in the primary coolant line leav-
ing the reactor. The sample passes through a pressure
regulator and a flowmeter and is piped through a glasswool
filter for the removal of larger particles. The sample
then passes through a cation bed for the absorption of
all major radioactive corrosion materials, leaving only
materials normally associated with fuel element leakage,
iodine and bromine, to be collected in the anion bed.

The anion bed is monitored by a gamma scintillation
detector. The signal is transmitted through a preampli-
fier and an amplifier-linear ratemeter combination to a
recorder on the reactor control panel, for a continuous
record of the amount of fuel element leakage. Activity
above a pre-set minimum will actuate an annunciator on the
reactor control panel.

1.7.5 Secondary Water Monitoring

This system consists of four radiation sensing devices,
each located at one of the discharge lines of the four heat-
exchanger banks in the secondary cooling water system. Its
purpose is to. detect ary radioactive contamination of the
secondary cooling water, which would result from leakage in-
side the heat exchanger. A recorder, on the process water
control panel in the compressor building, registers any acti-
vity at the four discharge lines. If the activity is above
a pre-set value annunciators at the process control panel and
in the health physics room are actuated.

It is expected that the radiation intensity of the second-
ary coolant will normally be quite low. A control range from
0.1 to 100 mr/hr (with an adjustable alarm over the entire range)
is provided for this system, which should detect N-16 activity
for a leakage rate as low as 1/2 gallon per minute from the
primary to the secondary system.

1.7.6 Service Water Monitoring

Service water monitoring would be necessary at points at

-47-



interconnection between process water systems and service
water systems. At the present time there are no such inter-
connections. For this reason no instrumentation has been
provided for monitoring the service water systems. In the
event radiation monitoring is provided at a later date, it will
consist of separate, complete systems for detection of radio-
active contamination in the service water, located near points
at which process water and service water lines interconnect.

Each system would consist of power supply, amplifier, and
radioactivity sensing device, located in the vicinity of the
water supply being monitored. A 120-volt, 60-cycle a-c supply
is furnished to the various locations. The radioactivity of
the water samples will be recorded at the reactor control
panel and will actuate annunciators at the reactor control
board and in the health physics room. Provisions have been
made on the reactor control panel for the addition of the re-
corder and annunciator.

The expected normal radioactivity of the service water
will be less than that of the surroundings at the point at
which the sensing element is located. The sensing element is
shielded against radiations from sources other than those due
to the service water.

1.7.7 Stack Gas Monitoring

The purpose of the stack gas monitoring systems is to
detect radioactivity in the waste gases in concentrations
which constitute a hazard if allowed to escape to the air at
times when atmospheric conditions are adverse.

Air is drawn continuously from the stack at a point located
three stack diameters above the hot-gas inlet duct. Gross
gamma activity of the air sample is measured, and in addition,
particles in the air are deposited on a continuously moving
filter tape for measurement of the gross particulate activity.

A two-point recorder, located at the reactor control board,
will register gross gamma and particulate activity and, in case
the set values are exceeded, will actuate annunciators in the
reactor control room, the process control panel, the health
physics room, and in the MTR Process Water Building (Bldg. 605).
In this manner the operating crews and staff of both the MTR
and ETR are warned that a situation possibly dangerous to the
entire area exists. Stack gas temperature and pressure indi-
cators are located at the process water control panel in the
compressor building.

1.7.8 Bypass Demineralizer Monitoring

The purpose of the bypass demineralizer is to remove con-
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tinuously from the primary coolant any radioactive isotopes
and dissolved corrosion products formed by the operation of

the reactor and carried by the cooling water flowing through
it. This system is monitored by periodically withdrawing and
checking samples from a special sampling connection.

1.8 WASTE DISPOSAL

1.8.1 General

The waste disposal system described in this section covers

the normal disposal of radioactive solid, liquid, and gaseous

wastes. The safety and hazards aspects are discussed in Sec-

tions 5 and 6.

1.8.2 Solid Waste Disposal

The only source of hot solid waste will be the radioactive
resin from the bypass demineralizer tanks and filters from the

waste gas filter pit. These will be loaded into a steel coffin
for permanent burial.

1.8.3 Liquid Waste Disposal (See Fig. 1.39 and 1.0)

Three types of liquid wastes must be disposed of. These
are:

1. Cold Effluents (never radioactive)

2. Warm Effluents (low radioactivity)

3. Hot Effluents (highly radioactive)

Cold effluents are pumped to the south end of the existing
MTR retention basin for disposal to the MTR leaching bed.

Warm effluents will enter collector piping leading directly
to a 5,000-gallon "warm" sump tank beneath the basement floor
of the reactor building. This tank serves to hold and dilute
the warm effluent until it can be discharged to the retention
basin. If the warm waste is too radioactive, it can be pumped
to the existing MTR hot storage waste tanks.

Hot effluents have a separate collection system draining
into a 500-gallon hot-waste catch tank acting as a sump (which
is located adjacent to the "warm" sump tank), from which they
can be pumped to the existing MTR 10,000-gallon hot-waste stor-
age tanks.

1.8.4 Gaseous Waste Disposal

There are three sources of gaseous waste, viz:
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1. Experimental air leaving the reactor.
2. Exhaust air leaving the cubicles.
3. Exhaust from the degassing tank.

The exhausted experimental air will leave the reactor in
three separate lines, each line being connected to an indivi-
dual experimental air facility. After leaving the reactor
vessel, the experimental air from each stream will be quenched
to a temperature of 8000F with a water spray introduced to the
line by atomizing nozzles. After cooling, the separate air
lines continue in the waste gas tunnel from the bottom of the
vessel to the filter pit, which is located approximately 250
feet east of the northeast corner of the reactor building.
Each of the three streams will run through a high-pressure
pipe line type filter for almost complete removal of particu-
late matter. Immediately after filtration, the air streams
will go through control valves which hold a set back-pressure
on their respective experiments in the reactor. After pressure
reduction, the three streams combine into a 20-inch diameter
above-ground header, going to the stack. At design conditions
the estimated pressure loss through this line running from the
filter house to the top of the stack is approximately 14.0 psi.
The maximum linear velocity in the line at full flow is ap-
proximately 675 feet per second. At these velocities there
will be some whistling, but the line is in a remote location
where noise will not be a serious nuisance.

The cubicle exhaust air duct carries the low pressure air
from the cubicle exhaust and the reactor building ventilating
system to the bottom of the stack. This air flows through the
duct at a relatively low velocity and the low pressure drop in
order to keep the size and power requirements of the exhaust
blowers to economical sizes.

About 0.2 scfm of decomposition gas from the degassing
tank is picked up by 20 scfm of sweep air and added to the
cubicle exhaust air.

The ETR stack has an inside diameter of 4.h feet, which
gives a minimum velocity of 1,000 feet per minute at low stack
loading conditions. This minimum condition occurs when no
experimental air is being used, and only the 15,000 actual
cubic feet per minute of ventilating and cubicle exhaust air
goes into stack. The 1,000 feet-per-minute minimum discharge
velocity has been selected in order to promote turbulence and
mixing of the stack gases as they enter the atmosphere.

The stack height of 250 feet has been selected in order to
reduce the frequency of enforced shut-downs during adverse
meteorological conditions, particularly during periods of
"looping" and "fumigation". The ETR stack will be located near
the existing MTR stack. This location provides a 560-foot dis-

persion path between the top of the stack and normally occupied
ground areas.
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SECTION 2

REACTOR DESCRIPTION

2.0 GENERAL

All components of the reactor have been critically examined
and are described in this section.

Load conditions used are based upon the most conservative
credible situations. The maximum values of combined mechanical
and thermal stresses are given below.

Component Material Maximum Combined Yield Stress
Mechanical and at Operating
Thermal Stresses Temperature

Reactor Vessel Stainless clad 20,900 psi 37,300 psi
carbon steel

Reflector Beryllium 11,300 psi 32,100 psi
Reflector Aluminum 1,500 psi 10,000 psi
Core Support Stainless Steel 16,300 psi 38-8,000 psi

2.1 REACTOR PRESSURE VESSEL (See Figure No. 2.1 and 2.la)

The pressure vessel is approximately 35'-8" in overall length,
1l'-5" T.D. at the upper section, and 7'-7 I).D. at the lower sec-
tion. The vessel, designed for a pressure of 250 psig, also serves
the functions of containing the reactor core and of providing
radiation space and facilities to accommodate the tubes to be used
in the nuclear radiation experiments. Facilities are also provided
for control rods, instrumentation, shielding of the vessel walls
from excessive radiation, directing coolant flow through the core,
discharging of fuel elements, and support of all internal structure.

2.1.1 Design and Materials

The vessel design has been based on safety considera-
tions, and conservative approach was used throughout.
Minimum design and construction requirements have followed
the ASME Boiler and Pressure Vessel Code, and the vessel
will bear the official Code Stamp. In areas where more
stringent standards were considered necessary, thorough
stress analyses have been made, Typical areas are the
upper and lower transition sections and the flat bottom
head.

Design criteria as established, provide safety "cushions"
well above actual operating conditions. An example is the
design pressure of 250 psig, with an actual operating pressure
of 185 psig.
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The point of highest stress in the pressure vessel is
in the flat bottom head, because of the cluster of perfora-
tions and the concentration of loads. This stress of
20,900 psi is approximately 28% of the specified tensile
strength for a stainless steel forging #SA-182 Grade F 30.

The possibility of the occurrence of the combination of
loads to cause this stress is quite remote, and its effect
would be momentary. It is based on the simultaneous build-
up of internal pressure to 250 psig plus all static loads,
together with the shock load from sixteen (16) control rods
scrammed from their highest position.

This is a very conservative approach, considering that
the lower portion of the vessel will operate normally at
135 psig.

The vessel is constructed of stainless clad carbon
steel and stainless steel. Stainless steel, both solid and
cladding,will be #30L ELC. Carbon steel will be SA-212
Grade B.

2.1.2 Vessel Walls and Closures

The overall height of the vessel is approximately 35'-8".
The upper cylinder wall is ll'-5" inside diameter and is 2inches
thick. The lower cylinder wall is 7'-7" inside diameter and
is 1 inch thick. The upper transition section is 2 inches
thick, with an inner ring tapered to join the 1 inch thick
lower cylinder. The lower transition section is 3 inches
thick.

The top vessel head consists of two main sections. One
is A large elliptical section (24 inches thick) that mates
with the upper cylinder wall. It is removable to provide
access to the vessel internals whenever necessary.

The other section of the top head is a flat plate
62 inches diameter, 4} inches thick, in the center of the
elliptical section. It is removable to provide an auxiliary
opening for access to vessel internals, and also provides

a surface through which experiment tubes can be inserted.
Approximately 15 feet of water separates the top of the
discharge chute and this head.

A discharge chute, 15 inches inside diameter, is located
in the upper transition section. It provides passage between

the reactor and the canal, for fuel and reflector elements
and other materials. Approximately 11 feet of water separates
the top of the discharge chute and the water surface when
the main vessel head is off.



The discharge chuts is fitted with an elliptical head
cover, sealed with 0-rings and equipped with safety hold-
down latches. It can be removed and replaced easily and
quickly with grappling tools from above.

The lower vessel head is a flat circular stainless
steel plate, 8 inches thick. This head supports the reactor
core, and is equipped with holes to accommodate experiment
pipes, control rods, ion and fission chamber thimbles, and
regulating rods.

The vessel walls also support the inner reactor tank,
inner thermal shields, experiment pipes, and the flow dis-
tributor.

Nozzles around the upper cylinder wall provided to
accommodate experiment pipes and leads, will be covered with
blind flanges adapted to the experiment requirements.

The coolant outlet nozzle is located at a height to
preclude draining the water from the reactor below the top
of the fuel elements.

2.1.3 Inner Reactor Tank

The inner reactor tank consists of conical and cylin-
drical sections joined so as to direct the flow of primary
coolant into the lattice. It also forms a barrier to
separate inlet and outlet coolant flow. At its upper end
the tank is supported by and bolted to a hanger ring located
at the transition section. The lower end slides over and
maintains a free fit with the grid plate. The entire tank

is fabricated from type 30 ELC stainless steel.

During reactor operation, the tank is expected to shift
its centerline a distance of 0.0015 inches due to the unbal-
ance of pressure forces caused by a single coolant outlet
opening. This compared to an allowable value of 0.065 inches.
The maximum combined stress in the inner reactor tank is
1,000 psi and occurs at the joint between the two cylinders.
This compares with a yield strength of 40,000 psi.

2.1.4 Flow Distributor

A flow distributor directs the flow of primary coolant
water into the vessel so that turbulence at the core inlet
and hydraulic loads on the internals (such as user facilities
and control rods) are minimized. The distributor is rectan-
gular in cross section and extends along the circumference
of the vessel wall beyond the vessel center. A flow splitter
at the inlet distributes the water equally into each leg.
Along the distributor several openings allow some of the water
to flow into the reactor, the remainder is directed upward
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by curved sections at the distributor exits. The distributor
is fabricated of Type 30-ELC stainless steel and is welded
to the vessel wall. The maximum stress in the flow distri-
butor is 1,200 psi compared to a yield strength of 40,000 psi.

2.1.5 Vessel Support

The pressure vessel is uniformly supported at the transi-
tion from the larger to the smaller diameter by means of
support sections mounted on the concrete biological shield.
This method supports the vessel such that thermal expansion
(maximum expected 1/16 inch) of the vessel will not introduce
stress or movements that would be excessive. The vessel
can expand diametrally but is prevented from rotating or
developing vertical misalignments by means of guides located
at the transition section and also at the bottom head. The
maximum lateral displacement of the vessel at the transition
section is + 1/32 inches and at the bottom head is
+ 0.0035 inches.

2.1.6 Experimental Facilities Support Ring

Since not all of the experimental facilities are of
the through type a means of support other than the grid
plate is desirable. The support ring, formed from Type
30h-ELC stainless steel, and located at the cylindrical
wall upper flange, serves this purpose. Numerous holes
are machined in the ring so that a hanger arm may be used
to connect the facility piping to the ring by the use of
shear pins placed in the holes. For the anticipated moment
of approximately 2,000,000 inch-pounds, at the support ring,
the maximum stress in the ring is 17,500 psi. This compares
to a yield stress value of 38,000 psi.

2.2 FUEL ELEMENT (See Figure No. 2.2)

2.2.1 Description

The fuel elements for the ETR are flat-plate MTR-type
aluminum-boron-uranium assemblies. Each element contains
nineteen 0.050-inch thick, 2.77-inch wide, 37-inch long
fuel plates. They are positioned into the side plates so

that between each two fuel plates there exists a 0.108-inch
wide water coolant passage.

A burnable poison in the form of approximately 1.8 grams
of natural boron per fuel element is added to the aluminum
cladding to reduce the amount of reactivity that must be
controlled over the reactor cycle and then to provide a more
uniform flux distribution in the core during the operating
cycle. The approximate core composition by weight of an

ETR element is 11% uranium (185 g) and 89% aluminum (1,455 g).
Three special elements have been fabricated at ORNL which
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will contain 1.5, 2.5, and 3.5 grams of boron. These are
being tested in the MTR and from the test results a more
exact loading of boron will be determined. The design stress
of the fuel element is approximately 1/3. of the yield value
at operating conditions.

2.2.2 Fluid Flow

Additional tests are being performed on the fuel element.
One series is performed in a scale hydraulic loop which
utilizes full-size fuel elements in a full-scale model of
the grid plate and diffuser. Among other conditions, the
tests will include the variation of element annulus flow
channel spacing and the location of the element in various
core positions. In combination with pressure and velocity
conditions, this series of tests should indicate the
structural integrity of the fuel elements. A description
of the hydraulic loop and the tests being performed is pre-
sented in Appendix A. The results of the tests will be
discussed at the Safeguards Committee presentation.

2.2.3 Irradiation Stability

Another series of tests in the MTR will demonstrate
the effects of radiation on the fuel element and will help
to establish element reliability and long burnup life.

2.2.4 Corrosion

Presently available information indicates that the
strength of the element material is approximately 20% less
at operating temperature than at room temperature. Since
the water pH is maintained between 6.0 and 7.0, corrosion
and 'erosion effects of the coolant should be negligible.
The worth of these values is being evaluated in tests being
performed at the MTR.

2.2.5 Manufacturing Processes

The fuel element design introduces a feature new to
reactor technology. That is the introduction of a dispersed
burnable poison in the cladding material. The techniques
of this process are being established at Oak Ridge National
Laboratory.

2.3 CONTROL ROS (See Figure No. 2.3 through 2.5)

2.3.1 General

The ETR reactor safety control and regulating functions
are accomplished by the use of 16 control rods and 2 regulating
rods. The control rods are distributed Within the core proper
and the regulating rods are located in the beryllium reflector.



Four of the control rods (safety rods) are known as "black"
poison rods and are used for startup and shutdown only. In
their lowest position these four rods will overcome an
excess reactivity of 14.4%. The other twelve control rods
are known as "gray" poison rods and are used not only for
startup and shutdown, but for control purposes during reactor
operation. The gray rods were chosen so that their macro-
scopic absorbtion cross-section is approximately the same
as that of the fuel elements. In this way, a minimum distor-
tion of the thermal flux distribution in the core is obtained.
In their lowest position, the twelve gray rods can overcome
an excess reactivity of 12%. The two high-speed regulating
rods each can overcome 0.5% excess reactivity.

The control rods consist of poison, fuel and shock
sections attached end-to-end and inserted in guide tubes.

The lower end of the shock tube mates with the control rod
drive. Poison and fuel section cooling is accomplished by
passage of primary coolant through the opening at the top
of the rod, thence downward past the poison and fuel plate

sections and finally passes out of the tube through slots

placed approximately 3 feet below the grid plate. Thus,
the hydraulic load is always downward.

2,3.2 Poison Section

The design of the poison section of the gray and black

rods is essentially the same. They are made of plates,
7/32 inches thick, and arranged to form a 2 inch square.

The plates are fastened together mechanically by small

screws which are locked in position by staking. The black

rod poison material is 301 type stainless steel enriched
with boron. The gray material is type "A" nickel low in
cobalt.

2.3.3 Fuel Section

The fuel section of the control rods is similar to that

of a standard fuel element. However, only 1 reduced width

fuel plates are used instead of 19. With the same plate
loading concentration, these plates contain 58% as much fuel
as the standard fuel elements.

2.3.4 Shock Section

The shock section is the lowest part of the moving
rod assembly. It consists of a 2 inch square tube and an

attached stainless steel shock tube. Two lugs are dove-

tailed and welded to the upper end of the square tube for

attaching the shock section to the fuel section above. Slots

are cut in the square tube to match the slots in the guide
tube to provide an exit for the primary coolant flow.
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2.3.5 Guide Tube

The guide tube is an aluminum alloy drawn tube 3 inches
square and approximately 15 feet long, which surrounds the
moving portions of the control rod. Lateral support for
the tube is obtained from several locations. These are the
connection with the bottom plate, passage through the lower
support plate approximately h feet above the head, passage
through the grid plate approximately 5 feet above that and
then passage through the upper framework approximately
3 feet above the core. Thus, adequate alignment, vibration
and structural load support is available throughout the
length of the rod. The guide tube is expected to be dis-
placed no more than .015 inches as compared to an allowable
value in excess of .05 inches.

2.3.6 Latch System

The movable portions of the control rods are joined

together by means of a mechanical latch system.

The latch itself consists of two streamlined, cam
operated hooks, mounted in shafts which are driven across
the adapter piece in the fuel section and fastened in
place. The hooks are free to rotate on these shafts. The
latch plate, which passes upward through the poison section,
has an extension which rides on the cam surfaces between
the two hooks. When the latch plate is pulled up the camming
arrangement rotates the hooks out of the latched position.
When the latch is pushed down the hooks are moved into the
latched position. A self-locking arrangement is incorporated
into the cam when in the latched position. Pressure on the
hooks causes the latch cam follower to fill in the joint
betweerg the two hook cam surfaces. Further insurance that
the latch plate will not slide causing the latch to dis-
engage is the pressure on the plate from the poison latch
rod above.

The above latch rod passes through the poison section
and is attached to an operating cam at the top. The operat-
ing cam is used to assure that the latch is closed during
normal operation and open during reactor servicing operations.
Two pins fixed to the main body of the poison section pass
through slots in the operating cam. When the cam is rotated
the pins operate the latch and transfer lifting motions to
the poison. Depressions in the cam restrict rotary motion
of the cam and latch rod when the cam is turned to the
extremes of travel. A captive spring operating on the central
rod helps to lock the cam in the position in which it is
placed. The spring is encased in a can to provide the
"captive" feature. Thus, should the spring fail, the parts
cannot travel into the flow stream. However, the spring is
a compression type so designed that it will not be stressed
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beyond the yield point even when closed coil against coil.
Thus, a positive locking scheme is available for satisfactory
control rod operation.

2.3.7 Roller System

In principle, the operation of the rod movement is
similar to the ORR and MTR designs. However, in these, the
bearing rollers are mounted on a separate structure and
rotate but do not translate. In the ETR design, the rollers
are mounted in the control rod itself and translate with it.

The roller system allows free motion of the movable
sections within the guide tube, prevents rubbing and acts
as a guide during scram motion. The system consists of a
series of roller bearing groups where each group contains
4 rollers in an approximately horizontal plane. Two adja-
cent rollers are fixed while the other two adjacent rollers
are flexible. Thus, limited freedom of motion in two planes
is available and this freedom allows for irregularities and
misalignments in the guide tube and permits the system to
tolerate minor quantities of foreign material. The rollers
themselves are made of graphitar with a stainless steel
outer band. A hardened stainless steel pin through the
graphitar completes the assembly.

The operation and movement of the control rod will be
examined experimentally during the control rod drive mechan-

ism tests. A description of these tests is included in the

report as Appendix B.

2.3.8 Change-Out Procedure

To better define the mechanics of operation of the
various components of the control rods, the change-out pro-
cedure of the control rods follows:

1. Insert the guide tube into the core, down through the
grid plate and the protection plate, and finally into

the bottom head. The orientation of the guide tube
depends on its position in the core. The water inlet
holes above the core are not to face an adjacent facility
tube. These inlet holes are cut into only two sides
of a guide tube directly opposite to each other.

2. Insert the shock section into the guide tube allowing
it to come to rest on the control rod drive tube. The
position of the guide tube determines the orientation
of the shock section. The lugs which attach the fuel

and shock sections will line up rotated 900 from the

water inlet holes in the guide tube. The control rod

drive must be in its highest position for this operation.

The scram magnet is closed.
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3. Insert the fuel section in the guide tube and allow it
to come to rest on the shock section. The fuel section
must be so oriented that the upper lugs line up rotated
900 from the water inlet holes in the guide tube. The
fuel plates will run in the same direction as the slots
in the guide tube. The cohtrol rod drive mechanism
must be in its highest position for this operation.

4. Insert the poison section in the guide tube until it
rests on top of the fuel section. The orientation of
the poison section must be such that the slots in the
poison line up with the slots in the guide tube. Turn
the lifting handle on the poison section until it locks
in the closed position. The lifting handle will then
be running in the same direction as the fuel plates
and holes in the guide tube.

5. Scram the control rod (assuming there is water in the
system) by releasing the scram magnet.

6. Run the control rod drive mechanism down and pick up
the control rod again. The rod and the double row of
support balls are then in the proper relation.

7. For this first complete control rod installation the
drive should be run up again and a slight pull placed
on the poison lifting handle to make sure that the
control rod with all its sections and the control rod
drive are connected together. The maximum "pull" is
50 pounds. The scram and rod pickup will not be
necessary for subsequent refueling operations because
the shock section will already be attached to the drive.
However, the check "pull" is still necessary.

8. When all of the control rods are in place, the upper
support frame is lowered into place section by section,
and latched into place.

The normal maintenance operation consists primarily of
replacing the fuel section. The poison section is designed
to be used through several refueling cycles. Since the
poison section is the highest part of the control rod, it
must be removed and set aside in order to remove and change
the fuel section. After the fuel is changed, the poison
replaced, and the support frame put into position, the re-
fueling cycle is complete.

Maintenance of the shock section in the event of bearing
failure or damage is accomplished by removing the section
and replacing it with a new one.

If guide tube damage causes malfunction of a control
rod, the tube can be replaced after removing the control



rod. Some of the test facilities are so located in the ETR core
that one or two control rods and guide tubes must be removed in
order to insert or remove facility. In short, the maintenance
requirements for the control rods are such that the design must,
and does, facilitate repetitive handling.

2.b REGULATING RODS (See Figure No. 2.6)

2.4.1 General

The regulating rod is a unit driven by a high speed servo
system so as to perform the reactor fine control function. The
rod element is a tube formed from boron enriched 30 type stainless
steel, approximately 1-3/4 inches in diameter and 32 inches long.
The element is housed within a 2 inch diameter aluminum thimble
which extends from the top of the beryllium down to the plate.
Attached to the upper end of the thimble is a section of square
tubing to accommodate the handling tool. The rod element is
supported by roller bearing groups mounted at either end. Each
bearing group consists of three stainless steel, graphite core
type rollers mounted 1200 apart. The remaining structure consists
of a long shaft assembly of aluminum and stainless steel which
transmits motion from the regulating rod drive to the regulating
rod element. The drive shaft is sealed by a triple gland packing
that utilizes fresh water from the facility seal monitoring
system. Any leakage is removed between the second and third
packings. The assembly is approximately JL feet in length.

The regulating rod is cooled by primary cooling water. The
coolant enters the top of the regulating rod thimble and passes
down around the outside of the tubular rod and also down through
the center. The water exits from the center of the rod through
several holes at the base of the rod. Some of the water continues
down into the hollow portion of the drive rod and exits through a
series of radial holes. The coolant reenters the main stream
through a number of slots cut through the thimble below the reactor
core but above the plate. Since the bottom of the thimble is open,
some of the water is removed at the end of the thimble.

2.4.2 Change-Out Procedure

1. The thimble which extends from the plate to the top of the
beryllium reflector is normally left in at all times unless
it becomes damaged and so requires replacement.

2. The regulating rod is first disengaged from the drive and
placed on top of the rod removal plug.

3. The plug is used to thrust the rod up through the packing
and then acts as a reactor water seal.

4. A special handling tool is used to pick up the regulating
rod and deliver it to the discharge chute for passage to
the canal.

5. A special stopper is placed in the upper side of the bottom
head.

-100.-



6. The rod removal plug and packing flange may then be dismounted
from the bottom head and repacked.

7. When the packing is again replaced, the stopper is removed and
the next regulating rod inserted.

8. The regulating rod is attached to the drive.

2.5 CONTROL ROD DRIVE MECHANISM (See Fig. No. 2.7 and 2.8)

2.5.1 General

The 16 ETR control rods are actuated from beneath by indi-
vidual control rod drives. These mechanically-driven devices are
situated in the control'rod access room, and their actuating
elements penetrate the bottom head of the reactor pressure vessel.

All 16 control rod mechanisms are essentially identical and
contain many of the design features of a control rod drive
developed for the ORNL Research Reactor. While considerable
modification of the Oak Ridge design is necessitated by the rather
critical space, accessibility, and performance requirements of the
ETR, the design of the magnetically actuated scram system is
utilized.

2.5.2 Mechanism

The mechanism consists of a motor, gear train, rotating nut,
lead screw, magnet release, drive tube, and guide tube. During
normal control operation the motor driven rotating nut drives a
lead screw. The rotating nut is mounted on ball bearings fixed
to the frame of the mechanism. The lead screw moves vertically
through the nut without rotating. The magnet release and drive
tube are coupled to the lead screw and move with the lead screw.
The control element is positioned on the top of the drive tube.
Position of the actuator unit is indicated remotely by a selsyn
system, as well as by a motor-mounted counter, while end travel
is checked by limit switches and snubbers. In addition, a
hydraulic pressure sensing device will indicate whether or not the
rod is fully inserted. Scram is initiated by releasing the spring-
actuated magnetic release. Gravity and differential pressure
force the control element extension downward into the guide tube
and around the drive tube. Scram is arrested in a hydraulic shock
absorber inside the guide tube.

The hydraulic shock absorber is mounted to the bottom head
of the reactor pressure vessel. Sealing is accomplished by
means of a spiral-type stainless steel-and-asbestos (Flexitallic)
gasket, while fastening is accomplished by a flange on the shock
absorber. The drive mechanism itself is flange-mounted to the
control rod mounting plate located on the lower surface of the
secondary shield in the sub-pile room. The drive motor, also
attached to this mounting plate, is coupled to a worm gear
reduction unit which drives the lead screw.
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The drive tube, which moves axially within a seal, is
attached to the upper end of the lead screw. The scram magnet,
mounted to the lower end of the lead screw, obtains electrical
power required for its actuation through a springlike helical
lead.

The control rod drive mechanism is driven by a 170 RPM
3-phase induction motor. This type motor is preferred because its
speed regulation matches the safety requirements limiting con-
trol rod withdrawal rates.

The 22:1 ratio gear reduction unit consists of a horizontal-
axis worm gear that is driven at motor speed and mates with an
output gear mounted on the control rod axis. This output gear,
internally threaded, drives the lead screw which is kept from
rotating by a sliding key. The Acme thread lead screw has 5
teeth per inch, providing a drive mechanism output speed of
approximately 16 inches per minute in either direction, over
a total stroke of about 38 inches.

A spring-loaded double sliding seal packing is provided
to prevent reactcar water leakage while permitting axial move-
ment of the control rod mechanism drive tube. Standard gra-
phite-impregnated asbestos packing is utilized.

2.5.3 Release Operation

Operation of the scram magnet results from interruption
of electrical power to the scram magnet. The mechanism is
electrically fail-safe, since loss of power shuts down the
reactor, by releasing the rod, allowing it to fall to such
a position that the poison section is in the lattice.

A ball-type coupling attaches the control rod to the
drive tube during normal operation. Uncoupling of the control
rod results from the radially inward motion of the coupling
balls located on the upper end of the drive tube.

While the control rod is coupled to the drive tube, the
coupling balls are held in position by a cam which moves ax-
ially within the drive tube. The scram magnet exerts an up-
ward force sufficient to hold the cam in an upward or coupled
position. This magnetic force is opposed by the scram actuat-
ing spring, such that the cam moves axially downward when
power to the electro-magnet is interrupted. This downward cam
motion allows coupling balls to move radially inward to un-
couple the control rod and drive tube. A metal bellows seal
permits the required axial cam motion while preventing leakage
of reactor water.
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2.5.4. Resetting Operation

Resetting the scram release mechanism is accomplished
by driving the lead screw to the limit of its travel down-
ward. This action causes reset pins in the release mechanism
to strike the reset stop compressing the release spring and
causing the scram magnet and its armature to close. Since
at this time, the control element is also in its lowermost
position as a result of scramming, the coupling balls engage
the control rod properly when resetting occurs.

When, as a result of scramming, the control rod is re-
leased from the control rod mechanism drive tube, it falls
toward the reactor bottom under the action of gravity and
reactor differential pressure. A hydraulic shock absorber
is provided to bring the control rod to a stop at the lower
limit of its travel. The lower tubular portion of the control
rod enters the shock absorber-and displaces a portion of the
water in the shock absorber. The water flows between the con-
stricted annular passages between the tubular section and the.
shock absorber. This resistance to hydraulic flow creates a
decellerating force which greatly reduces control rod velocity.
A belleville spring stack serves as a lower limit stop and
brings the control element to reset at its fully scrammed
position.

The operation of the combined mechanism and rod will be
tested in a facility that will duplicate mechanical and hydra-
ulic conditions of the reactor as closely as possible. These
tests will help to establish performance characteristics of
the mechanism as well as its structural reliability. The test
description is presented in Appendix B, and results will be
published as soon as available.

2.6 REGULATING ROD DRIVE MECHANISM (See Figure No.2.9)

2.6.1 General

The regulating rod drive mechanism is essentially an
enclosed system containing a d-c motor driving the mechanism
shaft by means of a ball bearing screw. The mechanism is com-
posed of four main sections, connecting shaft, shock section,
drive section and support section.

2.6.2 Connecting Shaft Section

The connecting shaft section consists of the round
hardened alloy steel shaft and the covering housing. The
round shaft mates with and is pinned to the regulating rod
shaft which extends below the bottom head. At its lower end
the connecting shaft is joined to the lower drive shaft by
means of a bolted voupling. The shaft is enclosed by a spray
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proof clamped sheet metal cover. The flanges seal the cover
at its upper end by contact with the bottom head and at its
lower end by contact with the control rod mounting plate.

2.6.3 Shock Section

The shock section consists of the housing, drive shaft
and shock absorber. The housing mates with and is bolted
at its upper end to the control rod mounting plate and to the
drive motor housing at its lower end. The drive shaft in
this region is square in cross-section so that the roller
guide system can resist the twist put into the drive shaft
by the drive motor torque.

The shock absorber is an air piston device with a central
free piston travel sedion for the 24 inch regulating rod stroke
and a 6 inch compression section at each end. The piston has
four wide lands closely fitted to the cylinder. Each compres-
sion section of the cylinder contains a 4 inch air space and
a 2 inch section of molded neoprene. The neoprene will com-
press to approximately 1 inch thus providing a total shock
stopping distance of 5 inches.

The neoprene stops act in three capacities; as a seal-
as pressure increases the neoprene deforms to close on the
shaft; as a brake - deformation and pressure compression cause
the bumpers to squeeze the shaft; and as a cushion and final
stop.

2.6.4 Drive Section

This section contains the drive motor and shaft, gearing
and enclosure housing. The housing is joined to the shock
section at the top and to the support section beneath. The
drive motor is a d-c type rated at 1 horsepower and 1550 RPM,
It is capable of being driven to 4000 RPM at 200 volts and
momentary overload of 100 amperes. It carries an integrally
mounted d-c tachometer and brake. The gearing from the motor
connects with the ball bearing screw which drives the drive
shaft.

2.6.5 Support Section

The support assembly supports the loads of the entire
mechanism. The assembly consists of two 4 inch I beams con-
nected by a mounting plate at their ends. The other ends of
the beams are bolted and dowelled to pads on the metal con-
crete liner of the annular portion of the control rod access
room ceiling.
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2.7 BERYLLIUM REFLECTOR (See Fig.2.10 and 2.11)

2.7.1 General

The beryllium reflector completely outlines the
reactor core, and consists of four wall sections. Each
wall section is 37.5 inches high by 34.5 inches long by
4.5 inches thick and is cooled by primary coolant water
flowing through approximately 320 drilled passages 3/16
inches in diameter. Several larger vertical holes are lo-
cated in each section. Two of the holes contain regulat-
ing rods, while the others contain short-length plugs which
can be removed to accommodate various lengths of experimen-
tal facilities as required.

2.7.2 Advantages

Several of the advantages which the beryllium reflector
affords are:

(1) The flux distribution in the reactor is flattened
by the reflector. This decreases the hot-spot
factor and permits the reactor to be run at a high-
er power level than if no reflector were used. The
utility of the reactor for experimental purposes is
enhanced since the beryllium tends to raise the flux
near the core perimeter.

(2) The reflector decreases leakage from the core and
thus decreases the required fuel loading.

(3) The reflector provides a buffer between the ex-
perimental holes in the aluminum and the reactor
core. These holes can therefore be utilized with-
out greatly affecting the core and could, for in-
stance, be used for experiments containing large
amounts of highly absorbent materials.

2.7.3 Function

In addition to the nuclear requirement, the beryllium
reflector has two functions. Its structural function is to
contain the square array of fuel elements. As such it re-
duces the effect of vibration on these elements by providing
a solid wall of high damping ability. Its hydraulic function
is to separate the coolant that flows past the fuel elements
from that which flows past the aluminum elements. This pre-
vents the cross flow that would result from the pressure
difference between channels.



2.7.4 Design Loads

Various assumed load conditions include 120% of nominal
operating power (more conservative than single effect of ANP
experiment at 100% power) and a lateral differential pressure
of 37 psi (more than twice anticipated). Normal calculation
methods determined the size and location of the cooling holes
so that thermal stresses are minimized. The maximum allowable
value of combined mechanical and thermal stresses was 11300 psi,
which is one-fourth of the ultimate tensile strength.

2.8 ALUMINUM REFLECTOR (See Fig.2.12)

2.8.1 General

The aluminum reflector pieces surround the beryllium re-
flector and are located within the aluminum filler area ad-
jacent to the inner reactor tank wall. These are 3 inches by
3 inches by 37.5 inches long. As such they are used to provide
an area of flexible arrangement for containing experiments out-
side the high flux region of the core.

There are presently 94 reflector pieces and any of these
can be removed to provide radiation facilities as required.

Each element has a 1.553 inch diameter hole drilled in
it at its center so that when partially filled with an aluminum
plug the annulus area provides internal cooling. If desired,
the plug may be removed to provide space for the inclusion of
experiments. The cylindrical end connector which is identical
to the fuel element type, is machined integral with the reflector
pieces at their lower ends.

The clearance area of the interstitual spaces between

elements contains comparatively slow moving water which re-
moves only a minor quantity of heat. This heat removal has not
been included in heat transfer calculations.

2.8.2 Filler Pieces

Outside of the array of 3-inch by 3-inch pieces are
aluminum sections that are shaped to conform with the flat face
of the 3-inch by 3-inch pieces and also the tank wall. These
pieces are cooled by flow between the filter pieces and the
inner reactor tank and this flow passes through the annulus
between the grid plate and the inner reactor tank. All aluminum
reflector sections are supported by the grid plate.
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2.5.3 Design

The maximum stress in the elements is approximately

4,500 psi compared to a yield stress of 10,000 psi. This
value is based on thermal loads developed within the core
proper.

2.9 CORE SUPPORT STRUCTURE (See Fig.2.13)

2.9.1 General

The reactor core and reflector pieces are supported

and located on a grid plate. The grid plate is supported
by means of six columns which transmit the load to the bottom
head of the pressure vessel.

2.9.2 Grid Plate

The grid plate, is 9} inches thick and 621 inches in
diameter and is machined from a stainless steel slab. The
plate has many perforations which locate fuel reflector
elements as well as control rods and experimental facilities.
Close tolerances provide control over the positioning of the
various components as well as structural support such that
an upper grid plate is not required.

The plate load conditions include thermal loads resulting
from reactor operation at 120% of normal power with typical
experiments as well as the design hydraulic and structural
mechanical loads. These severe loads cause a maximum com-
bined thermal and mechanical stress of 16,300 psi. This value
is less than one half the yield stress of the material at oper-
ating conditions. The maximum axial deflection of the grid
plate is 0.010 inches.

2.9,3 Core Support Columns

The grid plate is supported by six 5" x 18.5" I beam
columns 8 feet long, made from 301 stainless steel. The
columns are dowelled at the grid plate and bolted to the
bottom head. Approximately 4 feet above the bottom head the
six columns are connected by means of bolts to a 2 inch thick
circular plate. At their upper ends, the columns are re-
strained from excessive lateral motion by means of extensions
to the thermal shield supports attached to the vessel walls.

The overall expected lateral displacement of the grid
plate at the upper end of the columns is 0.020 inch. This
compares with a value in excess of 0.0[5 inch which would be
required to produce rubbing of the control rod components.



2.10 EXPERIMENTAL FACILITIES (See Fig. 2.10 and 2.13)

There will be 17 openings in the core and reflector to allow
installation of the experimental facilities. The openings range
in size from 9" by 9" square to a 3" by 3" square. There are
additional openings in the reflector which may be used for experi-
ments.

Penetrations through the pressure vessel shell and bottom
head permit external connection of coolant and service facilities
to the individual experiments without interfering with reactor
operation. They also provide a means of feed-through for experi-
mental and operational instrumentation leads and, in certain cases,
for mechanical linkage, permitting movement of the specimen from
outside the vessel. Each experimental penetration through the
bottom head will be furnished with a seal removal plug for closure,
pending installation of an experiment requiring access through the
bottom head.

Based on means provided for removing fission heat from the fuel-
bearing test specimen, experiments can be divided into three classes:
capsule type, inside loop type, and outside loop type. In capsule
experiments, the specimen is sealed within a tube and filled with
an appropriate heat transfer fluid. Capsule experiments are cooled
by reactor primary coolant flowing around and possibly through the
experiment carrier. Specimens in inside loop experiments may be
sealed within a tube the same as in the capsule type experiment,
but provision is made in the configuration of the tube for natural
or forced circulation of the fluid through a heat exchanger. In
the outside loop type experiments provision is made for pumping
the selected coolant into the pressure vessel through a horizontal
run extending through one of the radial shell penetrations and con-
necting with a facility tube. The coolant makes a 90 degree turn
in the facility tube and continues downward past the test section
and out of the pressure vessel through a penetration in the bottom

head.

Each facility housing will be designed for containment of the
experiment within, even under extreme conditions of temperature,
pressure, vibration and corrosion. This means that the integrated
design of facility an. experiment will be approved individually
before installation in the reactor. Six typical experiments are
discussed in Section 3.
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2.11 THERMAL SHIELDS

2.11.1 General

The thermal shields protect the pressure vessel walls
and the concrete biological shield from excessive thermal
stresses. There are two sets of thermal shields, one in-
ternal and one external. The three sources of heat con-
sidered were direct gamma radiation from the core, gamma
radiation from capture of thermal neutrons, and the slowing
down of fast neutrons. Four gamma energy levels were used
in determining the material property values required.

2.11.2 Internal Thermal Shield

The four internal thermal shields protect the vessel
walls and in part the concrete shielding. They are made of
304 stainless steel and formed into 57 inch long cylindrical
shells. The thicknesses of the shells are 0.75, 0.875,
1.125 and 1.625 inches, respectively, radially outward. Ad-
jacent water shield thicknesses are 4.50, 1.00, 1.00 and
2.00 inches, respectively. These thicknesses were deter-
mined from flow distribution, pressure drop and attendant
heat transfer conditions as well as radiation attenuation.
The reactor primary coolant is the medium which transports
the heat removed from the internal thermal shields. The
maximum combined stress in the internal shield is 2,200 psi
which is less than ten percent of yield strength.

2.11.3 External Thermal Shield

In general, the external shield embedded in the re-
inforced concrete is designed on the same basis as the
inner shields. This shield is all lead (3-1/2 inches thick)
with stainless steel cooling coils embedded in it. Primary
coolant water is circulated through these coils to keep the
inside surface of the concrete below 1200 F.

2.12 SHIELDING

2.12.1 General

This section describes the shielding required at various
locations about the reactor. Those tolerance values presented
herein are less than or equal to those specified in the
National Bureau of Standards Handbook 52: Maximum Permissible
Amounts of Radioisotopes in the Human Body and Maximum Per-
missible Concentration in Air and Water.

2.12.2 Concrete Biological Shield

At reactor midplane 8 feet of magnetite concrete (density
3.5 gm/cc) following the thermal shield is required to at-
tenuate core radiation to 1/10 tolerance. This specification
determines the position of the outer face of the concrete
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shield which is to be a uniform distance from the center
line of the pressure vessel, with the exception of the
regions penetrated by the canal and primary coolant pipes.

The proposed method of fuel element transfer limits
the amount of shielding in the area between the canal and
pressure vessel. However, accessible areas to the sides
of the canal are shielded by the canal walls, and 2-1/2 feet
of magnetite concrete is in the canal next to the pressure
vessel to attenuate radiation to 1/10 tolerance in access-
ible areas above the canal.

In the region penetrated by the primary coolant pipes,
the concrete is 5-1/2 feet thick. This provides adequate
shielding for after-shutdown access to the pipe tunnel.

At the console floor level, 5" x 16" x 8' steel slabs
are placed in the concrete immediately outside of the
vertical experimental pipes that require this additional
shielding. These slabs make up for the decreased concrete
shield thickness in the pipe regions and also provide sup-
plementary shielding for particularly active experiments
such as those using sodium coolants.

2.12.3 Top Ares Shielding

The pressure vessel top head cover is made of 4-1/2
inches of steel with a concrete slab above to attenuate
radiation from the active water and from the reactor core
to 1/10 tolerance. The remaining top head shielding con-
sists of essentially 2 feet of magnetite concrete (mini-
mum density 3.5 gm/cc) encased in steel. The concrete
section weighs about 180 tons and is divided into six
rings to permit manipulation with the 30-ton crane. Any
additional shielding required by special experiments will
be installed with the experiment.

2.12.h Bottom Area Shielding

a) Sub-Pile Room Saielding

The large amount of steel in the reactor grid
plate and bottom head (9-1/2 inches and 8-1/2 inches
respectively) reduces radiation from the core to 1/10
tolerance in the sub-pile room about h hours after
shutdown. This allows the desired access to experi-
mental loops and equipment. However, supplementary
shielding may be required for loops which contain
active coolants such as sodium.

b) Control Rod Access Room

The ceiling and walls of the control rod access
room each have 12 inches of magnetite concrete encased
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in steel. This shielding allows access to control
rod mechanisms and other equipment a few minutes after
reactor shutdown. It provides more than enough shield-
ing for core radiation and also attenuates radiation
from moderately active equipment in the sub-pile roan.
This thickness decreases the amount of supplementary
shielding which would have to be added to- highly active
loops. If desired, very limited access may also be pos-
sible during reactor operation particularly if only the
smaller air cooled loops are in operation.

2.12.5 Canal Shielding

a) Water Level

The planned 20 foot water depth in the canal will
allow 15-1/2 feet of water above the active sections
of fuel elements stored in the canal and will reduce
the radiation above the canal to 1/35 tolerance if all
65 fuel element sections are placed in the canal 2.5
hours after shutdown. Reduction of the water depth to
19 feet would still satisfy tolerance requirements.

b) Canal Walls

There will be about 3 feet of water between a
group of 65 spent elements and the canal wall if a
single row of storage racks is placed midway between
the canal walls. In order to reduce the radial gamma
radiation to 1/10 tolerance the lower sections of the
canal walls are 6 feet of portland concrete (density
2.35 g/ec). The upper sections are tapered to about
2 feet.

In the region of spent element storage, the walls
are 7 feet thick adjacent to the experimental area on
the console floor since space limitations may make it
necessary to place storage racks of irradiated fuel
elements against the canal walls. The increase in
concrete thickness to compensate for the loss of the
3 feet of water will limit radiation from 2.5 hour
decay fuel elements to 1/7 tolerance.

c) Canal Floor

The fuel elements in the canal will have 1-1/2 feet
of water below the active sections. This water, in ad-
dition to the 7 feet of portland concrete in the canal
floor, will attenuate gamma radiation to 1/30 tolerance
below the canal floor.

d) Canal Penetration of the Biological Shield

The region between the pressure vessel and the
canal water contains sufficient shielding material to



attenuate radiation from the core to tolerance levels
in regions around the top of the canal. Core neutrons
are readily attenuated by the large amount of water in
this area, but, an additional 2-1/2 feet of magnetite
concrete is required to assure attenuation of gammas
to 1/10 tolerance.

e) Canal Water Activity

Flux distributions in the ETR core and thermal
shields have been determined from three-group, one
dimensional calculations on an IBM-650 computer. The
average fast neutron flux merging from the external
thermal shield is 1.2 x 10 nv. The concrete between
the external thermal shield and canal water reduces
the activating flux to 3. x 108 nv, This concrete
is not required to shield the canal water, but is re-
quired for structural reasons and for shielding areas
outside the sub-pile room during reactor operation.
Assuming infinite activation time and zero decay time,
the gammas from the water activated in this region
are reduced to neglibible intensities in accessible
areas above, below and to the sides of the canal. This
means that forced circulation in the canal to prevent
a buildup of water activity is not necessary.

f) Canal Pit

A grate will be positioned in the canal pit to
allow h feet of water shielding for a "hot" fuel ele-
ment accidentally dropped during refueling operations.
This water, in addition to 8-1/2 inch of steel between
the pit and the sub-pile room, limits radiation in the
sub-pile room to 350 mr/hr. In the event that an ele-
ment is dropped, a warning will be sounded by a de-
tector in the sub-pile room and also by the operators
above to allow personnel a few minutes to leave the
area until the element is retrieved.

2.12.6 Water Shielding Requirements During Fuel Element Changes

There is 132 inches of water above the center of the
discharge chute to provide adequate shielding during re-
fueling. With this amount of water, an operator handling
the grapples from the refueling platform (6 feet above the
water level) will receive a gamma dose of 1/2 weekly toler-
ance while removing all the spent elements from the reactor
core. To satisfy these requirements, it was found that
80 inches of water is required above a spent fuel element

at its closest approach to the surface. Therefore, the
bottom of the fuel element must be 129 inches below the
surface of the water during removal.

The contribution from the remaining fuel elements



in the core is negligible in comparison to a single raised

fuel element. No allowance is made here for contaminated

cooling water in the vessel.

A little consideration will show that the specified
water depth is somewhat conservative. The total exposure
was considered to be for 10 seconds at the closest approach

to the surface of the water, and the source was taken at two

hours after shutdown.

2.12.7 Fuel Element Transfer Cask

The transfer cask will be used to transport up to eight
fuel elements which have decayed approximately 120 days
following 500 hours operation in the reactor core. The
walls and ends of the cylindrical cask are 11 inches of
lead and reduce radiation to 1/30 tolerance one meter from
the cask, as required by shipping regulations.

2.12.8 Pipe Tunnel

The 36-inch diameter primary coolant pipes are enclosed
in a tunnel with h-feet thick walls of magnetite concrete.
It extends from the biological shield to the heat exchanger
building 50 feet away and limits radiation from the active
water to 1/10 tolerance in accessible regions above, below
and to the sides of the tunnel.

2.13 CONTROL INSTRUMENTATION (See Fig. 2.1L and 2.15)

2.13.1 General

The Control Instrumentation System provides a method
of operating and monitoring the reactor from a centrally
located control room. The control of the reactor is a com-
bination of manual control performed by the operator, and
automatic control initiated by instrument signals. A func-
tion of the system is to insure safe operation of the reactor
at all times by demanding that the proper sequence of opera-

tions be followed and that the monitored circuit parameters
are normal. This is accomplished through permissives and
interlocks in the rod control circuits. Automatic shutdown
of the reactor is caused by certain abnormal conditions
that will be discussed later. A tabulation of the abnormal
conditions that will result in correction action is given
below. The settings listed are typical ones. Since the
instruments are provided with a continuous adjustable range,
the exact final settings will be made prior to reactor
operation.
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Safety Signals for ER

(Non-Experimental)

Gray
Rundown Scram

Full
Scram

Electronic
Scram

Neutron Flux
Period
N1 6 Activity

Thermopiles
Relay Power
Loss

Water Inlet
Temperature

Water Discharge
Temperature

Water Pressure
Water Flow
Power
Differential

Temperature
Differential

Pressure
Instrument

Power
Gamma Level

1.lN

1.lN

1.2N 1.3N

1. 2N
5 sec
1.2N

1.4N

1.2N

1.2N
20%

o.9N
1.3N

1.5N

-10%
o.95N
1.lN

1.2N

+20%

1.3N

1.5N

1.5N

1.5N

0.8N
1.4N 1.5N

1.8N

2.13.2 Instrumentation Channels

a) Restart

There are two identical restart channels each
utilizing a fission chamber that is sensitive to the
low neutron densities that are present when the reactor
is being restarted after a shutdown period. Logarith-
mic counting ratemeters and recorders which indicate
the rate of neutron production, are energized by sig-
nals from the fission chambers. At start-up, initially
the chambers are located in a position near the active
section of the core. As the power level of the reactor
increases, the chambers are automatically withdrawn to
other preset positions to prevent damage to the chambers
and to keep the recorders' indicators on scale. This
automatic withdrawal is initiated by a switch on each
recorder. The chambers are so located that one re-
corder indicates one decade below the other. This
arrangement and an interlock insure that only one
chamber will be withdrawn at a time, thus giving the
operator at least one valid indication of neutron
production.

m M~.

Slow
Setback

Fast
Setback

1.)4N
i sec

x

x



b) Flux Limit Safety Channels

There are three identical flux limit safety channels
included in the control system. These channels use un-
compensated ion chambers to energize flux level recorders
and to provide signals to the sigma bus for fast elect-
ronic "scram" on abnormally high flux levels. The elect-
ronic scram level is 0.1 Nf* when the indicated flux
level is below 0.03 Nf and 1.h Nf after the indicated
flux level has exceeded 0.03 Nf. The recorders provide
a record of reactor operating flux and actuate the re-
actor regulating rod control circuits to reduce reacti-
vity when the reactor flux level exceeds 1.2 Nf.

c) Log Nr- Period Channels

Two identical Log N - period channels monitor and
indicate the logarithm of power level and generated
period of the reactor. These channels use gamma com-
pensated ion chambers to energize Log N and period
recorder indicators and also on a period of one second
to supply a signal to the sigma bus for a fast elect-
ronic scram. The recorders provide signals which
energize the rod control circuits to decrease reacti-
vity when the generated reactor period is in one of
the critical ranges described later.

d) Deviation Galvanometer Channel

The deviation galvanometer channel utilizes a
gamma compensated ion chamber which drives a light
beam galvanometer through a nulling circuit. The
galvanometer has a zero center scale and indicates
deviation from a given power level and the nulling
circuit is used to obtain a zero reading at any given
power level. Deflection from zero then indicates pro-
portionally deviation from that level.

2.13.3 Control System

The reactor will be controlled by a total of 18 rods:
16 shim-safety rods and 2 high-speed regulating rods. The
shim-safety rods are of two types: Four black rods worth
approximately 4 percent k each and twelve gray rods worth
approximately 1 percent k each. The two regulating rods
are worth approximately 0.5 percent k.

a) Regulating Rod Driving System

The two regulating rod channels use uncompensated
ion chambers to measure the power level of the reactor

*Nf is the flux of the reactor at full rated power.



for the system. Motor operated logarithmic rheostats
supply the power level signal to the control system.
The regulating rods are driven by permanent magnet
field IC motors through a ball bearing screw arrange-
ment. An amplidyne control is utilized to drive the
DC motor. The regulating rod thus controlled will
maintain the reactor at a selected flux level within
the range of 1% to 100% of full-rated power. The
amplidyne servo system can cause movement of the regu-
lating rods through a travel of 24 inches with suf-
ficient acceleration to attain a speed of four feet
per second in 0.2 seconds. However, limit switches
on the rod will tend to keep the rod positioned within
a 7-inch center range. The speed, acceleration and
full travel of these rods was so chosen that in the
event of misoperation of the servo, the reactor con-
ditions cannot be made prompt critical. The DC drive
motor has been provided with a brake which will hold
the regulating rod in case of failure of power to the
amplidyne drive motor.

b) Shim Safety Driving System

The drive mechanisms of the black and gray shim-
safety rods are of the worm gear reduction screw thread
type, actuated by AC induction motors. Since it is im-
possible to increase the speed of such a motor under
load to greater than synchronous speed, there is a de-
finite limitation on speed of withdrawal of shim-safety
rods. Although the shim-safety rods are driven by
single speed motors, three speeds of changing reactivity
are available. These speeds are obtained by use of rod
selector switches and an intermittent timer. "High
speed" is obtained by continuous withdrawal of a
selected group of rods; "intermediate speed" is inter-
mittent withdrawal of a selected group of rods. The
time cycle for intermediate speed is 1/2 second with-
drawal followed by a h-d/2 second stop (none being
withdrawn). The "low speed" is obtained by withdrawal
of one selected rod. Insertion is always at high speed
and the operator may block the insertion of particular
rods by manual selector switches. Withdrawal and in-
sertion conditions will be described in more detail in
later paragraphs dealing with interlocks.

c) Shim-Safety Rod Control and Interlock

The block diagram shows the sequence of operation
and interrelation of the various sections of the control
system. The solid lines show the flow of control power
which eventually results in the shim-safety rod motion.
Rectangles represent conditions to be satisfied in order
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for power to reach the objectives represented by circles.
the black dots denote the two main regimes, start and
run and the run auxiliary regimes for regulating rod
selection. Dotted lines mark points of interconnection
on the sane switch.

It should be noted that the objective of raising
or lowering the control point setting for the servo is
not, strictly speaking, part of the shim-safety rod
control. The purpose of the maintenance function is
to provide direct means for manual withdrawal of drive
mechanisms. If when performing this function, the
drive had a rod connected to it, an unsafe condition
could be generated. To avoid this, the manual raise
switch is put in series with a group scram manual
switch so that withdrawal of the mechanism will re-
sult only if the magnets are de-energized. Rod in-
sertion can be reached by any one of several simple
parallel paths, while the rod withdrawal can be
reached only through compliance with more numerous
conditions.

d) Speeds of Withdrawal

The paths leading to withdrawal are organized ac-
cording to the speed to be made available in changing
reactivity. Since AC induction motors are preferred
because they are not subject to accidental over speed-
ing, the most convenient means of varying the speed of
changing reactivity is by intermittent operation and
by varying the number of rods in motion. Low, inter-
mediate and high speed may be selected by use of two
selector switches. One selector switch is used for
the intermediate and high speeds and a second switch
is used for low speeds. Since it is possible to block
the withdrawal of any rod, it is possible to use any
number of rods in either high or intermediate speed.

Intermediate speed is usually used in the start
mode og operation and is withheld after a flux level
of 10 full operating level (Nf) has been reached and
the "run" switch has been operated. The start mode
applies to operation until the flux level exceeds 10-
Nf and the run switch has been operated. The run mode
applies to operation after the run switch has been
operated, which takis place between flux levels of
10- Nf and 3 x 10 Nf. Start is available subject
to proper control point setting, sufficiently long
reactor periods, and not being in the run mode. The
run condition is obtained if the fission chambers are
in the correct position, neutron level is not too high
and operator has manually pushed the run button. The
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condition of correct neutro level is governed by a
relay which operates at 10 Nf.

Intermediate and low speeds are available at low
levels, subject only to a minimum neutron counting rate
1.2 cps, a period greater than 30 seconds and lack of
motion of either fission chamber. High speed becomes
available only at levels above 10-4Nf. High speed is
available for fast recovery from a scram to overcome
poison buildup.

If the reactor raises with a period of less than
30 seconds during the start period, the withdrawal
will be interrupted and the operator will have to
switch back to neutral on the speed selector switches
before resuming withdrawal. An interruption of this
nature will be bypassed, however, when the reactor
flux level reaches 10- Nf. "Withdrawal stopped by
Rundown" indicates the overriding, interruption action
of a rundown signal; while "insertion interlock" merely
indicates that any given rod is not to be simultaneously
subjected to withdrawal and insertion.

e) Selection of Automatic Regulation

The manual-automatic switch provides for selection
of one servo regulating rod or the other and for manual
operation in case both servos fail. Thus this switch
bypasses the permissive function of the regulating rod
limit switch which requires that, while operation is
servo-controlled, withdrawal of shim-safety rods is per-
mitted only if the regulating rod is fully withdrawn.

f) Shim Safety Rod Insertion

Four parallel pathslead to shim-safety rod insertion.
These paths provide for manual or automatic insertion of
one or more selected rods; automatic insertion of rod
holder mechanisms when a rod has been dropped by release
of its magnet, manual insertion of individual rods and
insertion of all gray rods due to safety action (rundown).

When the manual auto switch has selected regulating
rod 1 or 2, insertion of one or more preferred rods is
initiated by a limit switch on the regulating rod that
is actuated when the rod nears full insertion. As a con-
sequence of shim-safety rod insertion, the regulating rod
then withdraws until it operates another limit switch,
stopping shim-safety rod insertion. Similarly, all gray
rods are inserted through the rundown path when the
regulating rod reaches the rundown limit switch, which
is placed somewhat farther in on the regulating rod's
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travel. This rundown limit switch backs up the pre-
ferred insert limit switch in cases when insertion of
a single shim rod does not satisfy the demands of the
regulating rod.

The other insertion paths provide for "inching"
(the insertion of one or more preferred rods), manual
insertion of individual rods and rundown insertion of
all gray rods. The rundown path can be initiated by
instrument signals. A period shorter than five seconds
ora flux level greater than .03 Nf during start and
fast or slow setback or a period shorter than five
seconds when the reactor is being run by manual control
will cause rundown.

g) Servo Set Point

The control point setter is a motor-operated rheo-
stat which determines the control setting of the servo.
Actually there are two motors which drive this rheostat,
the high speed motor and low speed motor. The speeds
of these motors are chosen to give a complete cycle from
one extreme to the other of the rheostat in 90 seconds
and 8 minutes respectively. There are four ways a lower-
ing action can be initiated; manually: by the sag relay
and by fast and slow setback relays. The last three will
continue the lowering until the initiating condition is
satisfied or the lower limit stop has been reached.

Selection of one rod or the other will cause the
unselected control rheostat to raise to the upper limit
stop, but in order to raise the control point of the
servo, the run auxiliary mode must have been satisfied.
The run auxiliary condition requires that the regulating
rod is at its upper limit, the reactor period greater
than 30 seconds and the power level is between sag and
0.01 Nf. These conditions are not permanent, however,
as they are bypassed once run auxiliary is established,
and manual raising of the control point is then possible.

h) Setback

The function of a fast or slow setback signal is to
lower the servo control set point. However, if the manual-
automatic switch is on manual, fast or slow setback ini-
tiates a rundown insertion (i.e. all gray rods insert),
since in this case its usual function would be without
significance. Setback is a mild safety action which
causes the motor driven rheostat of the servo system to
call for a decrease in reactivity. A "fast" setback
signal will cause the rheostat to be driven by the high
speed motor while a "slow" setback allows the rheostat

-119-



to be driven by the slow speed motor.

i) Shim Safety Sensitivity of Control

As described previously, type of control of the
shim-safety rods is selected by the operator in ac-
cordance with the power level needs. However, no
mention has been made of the variation of sensitivity
with position of the shim-safety rods in the active
lattice.

The effectiveness of the shim-safety rods in
controlling the reactor is proportional to the neutron
density of the portion.of the reactor in which the rod
is located. The neutron density in the active lattice
varies from the top to the bottom approximately as a
cosine curve. As a result, the shim-safety rods exer-
cise minimum control when they are almost out of the
active lattice and maximum control when they are in
the middle section of the lattice. Thus the rate of
change of reactivity is variable for each selected
speed.

2.13.4 Magnet Release Safety Circuits

The safety circuits de-energize all 16 of the safety-
magnet upon receipt of one of three classes of input signals.
These classes of input signals are:

1) High neutron intensity level

2) High rate of increase of reactor power (period)

3) Scram warning from temperature, water flow, or
other auxiliary sources. The block diagram of the
system indicating the conditions which initiates
the corrective actions.

A system of relays provide a warning light on a safety unit
operating abnormally and these warnings are collected into a
single indicator on the annunciator alarm panel to warn the
operator of this condition.

Hard vacuum tubes are used to de-energize the safety
magnets, for the clrss (1) and (2) signals above. There are
two magnet current amplifiers complete with power supplies
for each magnet. This permits the removal of one amplifier
for replacement or servicing without dropping a rod.

2.14 RMOTE HANDLING

2.14.1 General

The remote handling equipment is used to open the reactor
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replace fuel elements and other reactor parts, handle experi-
ments in the reactor and service parts and experiments after
removal from the reactor. This has been designed so that in-
correct positioning of the reactor components will be very
difficult, if not impossible. Special tools for individual
experiments will be provided by the experimenters.

2.11.2 Core Servicing Equipment

Maintenance work is carried on when the reactor is full
of water, therefore all maintenance tools have long handles
and are designed for positive grasping of the parts being
handled. All of these tools are operated from the refueling
platform in position above the reactor, and can be assisted
by a hoist over the reactor which minimizes the chances of
dropping a grapple in the reactor.

Fuel elements and poison control elements are handled
in the reactor with the grapple. These two elements are not
handled at the same time during a refueling shutdown and they
are not interchangeable in the reactor core.

The aluminum reflector element has a different handle
than the fuel element and different grapples are used for
handling the two elements. The accounting procedure should
prevent fuel and aluminum element interchange even though both
elements are designed to fit the sane type opening in the grid
plate.

The poison control element and the fuel control element
are similar in appearance and both fit into the control rod
guide tube. Therefore it is possible to place a poison con-
trol element in the portion of the guide tube normally occupied
by a fuel control element. The likelihood of this occurring
is small since the control rods are serviced one at a time and
each component is checked by the accounting procedure. If it
did occur, the mistake would be visible to the man on the plat-
form and also would be noticed when the final latching check
of the control rod is made.

2.14.3 Radiation Level

Radiation levels at the reactor opening and canal parapet
are negligible at mosttimes during shutdown. The level does
increase temporarily when used fuel elements are passed through
the discharge chute. The normal procedure is for the fuel ele-
ments to be lifted out of the core and raised until they clear
the control rods which project above the core. They are then
passed across the reactor core, lifted to the discharge chute
opening and then quickly dropped through the discharge chute
into the transfer tube in the canal. During a complete refuel-
ing operation the operator should receive no more than 1/2 of
the weekly tolerance dose.



First floor

9" facility tube - - . .-. ;;..> :::

Flow distributor-- - --- t-r---l-

- - Fuel element o '
Discharge chute

y'm- -Thermal shield

ACb p troto rod.accessrroom

-R-A-:TO'RCoELEVCftI SH A

- ----rGrdddpive

- --"a'.i :ab Basmen

:ECT R ELVA-N SH-A I

FI . i
-122-



0. G.KELLEY & CO.
SOSToD, HAS.

DULASTMN.N J. CLEVE.A 4. OIOOHNON ca. isN.

K I1S5 twQGINPQ"R_
- Oar rNAWS , IS - mN H

JO4NO.. SS 4IS. - ' 747.
ASPAONASS SPCS CATE D , 55t
APNP AAI . S.TC . DANAN(

DETDAT .(CT

IOr e tAlM eAct s gcx 'te

Passivavg as

TST NON VT
.A' '959 5GA r.A T " -IC e..e Y s

rub Wo InAbCSsti

PANT SN ______
SPAWN ST. $4QW

tel

M" cvr .. 0 %:" .'. 9

C. 0101. t.- , Freo tso

$Ae~m N 'OI~A.O IN9ANIe PCSDP1D0.Aw

ODOCeI.. W. UV . 350 PSANevrgo

er statisaar:. le. n npse

NADAA COtA. STAN1 WC9 SAI. vsi CSPL

IwO w4PgoTw v-eTAA NCA.ANNATY- WwV.9N

rnlAwet 14T @410 mDOsTh* VINIA AGI
O.DD COTANSA AOg.AJuOTDA N". W.H1WTo AIDIA

-/. 1MOT9S .Aego PROeC.O.AV :.:

1)1'u. TWIArVO A.'.. 14D TAAeND EADO CWl

1. oociow -ucaas wc Vs0P.6

R l . PA RA. IDOARAF N C DINT TA Sr T'tr
e- 'N-T 1.r T'TI 01 pROA.,SAD v'ACNDT"It Fw0CA H.T VS.,t I DAACtTNAN VOw. 1'A

A40 PCA H'or fNt. --OAASAw-mwt
V00 I N WTOIDACO,

d) v -s i.'oo,..' n ov At 'r u . t
CTqrrqAo,.T)TO2E. - ONTP IA TI)0 m PI
AIoia. ArTTO ETwA'r 4vWW:w. wl.' N9 cOON.CO

R) Dol0AJ t -TD. D A-es& psPU -tNRP' nf1u.
'NO TMRCv: 't, P vf1PYtr.I TIA4 A' i 250'"

w- Am' VT. 0TvQv . d ,-NtiOA. F O PT

-TAD To1+ O ,T ' DP NC Dtre OOL.Tw A
RAwNL ON ATTATFTIR Met T911oTrTo p ON S SP -r1
vtzt - C'o icR *
ccM volt- B[g -MWCeg no gges e nefr geen
*ruo. Tow le.m ,w. weSV. NT A.,ATD -FOM D ODD:T'G so diSl AAlt NVTHT.S
exa w(. ,-w MCT-GA, .+0 Mtu t 7 t o ocoon .nC

ruPeet c AWen'.9w4Ne. NoNE' A'-'.% C VoTor..A.
.NDR Tc .oo T .-. QT.SD ONAOrTAO* OVTND
-. Tw:l. Of '-DC tOS..

(6. A'u. 'A.DTV. , r eU'c.N DTDAT PO . -SIA . wC
.:Ca,.... w T cS,:DA DT to A D t of N

c AAC ' e-n.:.uv GIoR DO L.AA OC A'' .tVaZF4?
A'cA*AAC. . -I, t rAAALNiA. 'T 'TAA A0 AP.-tY Softl.
9'.VAAL VD'A- , OS, -tT WIo..--tAJT a TAV.

NI

Ok-i

IN9

.p

g

-W

%zIz~tL -_

I
.... . -._.- ... . 4 -~~

A-.- - .-- . T

5.

1~i~

"ln
sI1L

*'** ** "'

-- -- --
fD.S 11. _ _

1-

b

--

- --. - -- , Ia. - - .-- .-

ill

I xo

J,

- A I

---

- -- -.-- ---- .-. --- ..-- -.. A. .

N.-

H'

IN

4!

-- V tPD

leie

CP-.

v-

7- -

1 -1

--

T'.

.OS MDV VQ'.OLC DNAA.CNAN
14. CT'OO TwI 1011. AWE

a G4T.0.DS'1 SSwa

ISW TAXemm sa

Saw-uLs (swt.T})

-Ct SFTLO A

"3--

-------

45.

S'"IA ODN pCA1

0
-- ?

2 
TOR 8 ~c++

IA" tO 30Na.T K

FIG. 2A

-123-

-p

Or

.. .1-

g T 
rrn

- .

- Ue' DTA+L OW F I. r Ve
O. ... _..':i; * T.. V T

-I-

I i7
--

'.1: ::a -'

.. C' a7QO

---

-- v-"-

t

I

I

i CVW,



MATEMAL LM
-. .

[PL.,e A ,yETe-'b 2-" Te-foa l7e4I
I '3 P C 3 E - 962.2 - _t.-.-Ms PT

4 -1 4u 4 c" - A C - ts42.-_=- %B ."-2.

I SISE T SCR EW 's- a-" 8 ul e~liir s.sir. m nt

A3- a C-

I I --_F-S-

-3 -- A o"h

mURV!

Mie T- " -

.----. --

j% WYrDY.(E.

' a Iare wnr s.pta e
RD3 a.I 

4
--- . ---. - f RF-u. tea a

/ O..D I R oo

-1

C)O-, (..

(EDu ac R wS Ir.DE To 0 EA.DALLCLE.WM me
ooi Clam e.

L..'"'-o .. + A c %.) em se as ss CRL.cA, EfZ y9C) W.OKDDOK .IDOK KIDI.J

', F sy T.- P t0 0R .-150, 'v EL.A-r soU -0 EAOjor
DeA1J. VCo" c T C r.

4A. o: O'A.,-B ScA.r t.C'O.S.& D..C'a- tIo8E

C.Mu-EwMdic. '-JOVM EAOtc.r AC wmAIMj .002S

YAACKIMUsa OF ASSIKE.NADY

6.EcARK. EIAL. O. O ) S.MDA.E E.' O EAC4 ELEAC.JT
Iu Z. SAW m OCTTICS.

7. \ADIPoC OEGICDEASE ATE r-uAO . eS
b- MANUCA TUICCa SPEC-. 't. - K5-A

ID. DES'4K) OATH SAAKET - SOAA - S3I

10. EQUIPMENT PIECE MD.. 642 -59 -/ TNR( 49

ETR MTR 64g

FUEL ELEMENT

UNtLESS OTHERWISE SPECIFIED----
DMMENSIONS AEI ICE aPovcp a r f E "
RACTKJ ~aDECIALS ANtGLES ApO~P

G wr On COas AEC AManO[O
SCALE: M.(

LDATE.-

GENERAL ELECTRIC CO.
ATOMIC POWER EQUIPMENT DEPT.

_ - sSCHENECTADY. N. Y.KAIER NGIEER
KAISER ENGINEERS

DIVISION OF HENRY J. KAISER COMPANY
OAKLAND. CAUFORNIA

U. S. ATOMIC ENERGY COMMISSION
IDAHO OPERATIONS OFFICE

IDAHO FALLS. IDAHO

RE TR-552R-MTR-642-M-76 .

I - --
I-.

.V -

H
N'.

- I

SECTOL A-A
Sat AVoeC) bEc. Mt'ot tL)

CT \ O A C*' (

._..r

- 4 :sue -

IL I-

E RMsCFs
imp me! -

iv
,,- ^aav mr gcmrq(

I E EREACES

) 
1



-
I

-

I i

_-7 -77=- 1

.~ -. ~Pps. 5~.aw~o..I Aft

___________~L_- -- I

IOT E $LCOTS GU'DE TUBE
8 6LOTA N P~OisO 6DE

-- - ~PL ATE. COt AC~IE A T hiI

IIQt NOW br~t
",t.O s E D i rs m tETu

i wae * -Am nwe e t

!i

14

V

\1

-~A Ara

(Is

AP"f

- -- Ss-APmOX.

20J

n'

I

SECTION 'O-D"

9 AW'

7-- Y
- 1

-125-

1

3

/

I

IML

1 

LL 

t

T r I ' 1

4 
_______

s4



STAKE OVER 2 PLACES MIN.

/1 77 7I 7 /

L El- -

4 1) T 6 t

a rNas. ov"-e CE-w s

SECT ic-c

03
UV

i
I

.--7- i-Z A /

ii
-ePo

(3-) a

0

0 0

SEC' c'OU L

70

SECTION-E-E

-125a-

1

r

C I I

__ _ _ __\ t \ \ \L \ \j\ \ \- -

'ter

-- 236

1

--
_ _

- "E,

7 1 - I 4 7 / /' A
-

I

'
I

D

r'-'-T i

/ I / 
z 1

i i i i

I A i 1



4-2-56

2.500 SQUARE (REE\ I 21 DIA.(REF

sOTAPErP/N ATA5S &V
STAKE OVER AfTR R FNAL ASSFM&Y

15 F 'lh &PPROY. TO

TOP QF GUIDE TUBE
( PT 94)

300O5QUARE (REF)

.44 DiA. (RE

M R. c.SPEC - - -t- MSO(

. sog -r.T.a sw. ,- 500- 3-f
3 -. MEc-iA.CAM... Fgft , ms o RT 5romam

ovsait PT r JA A EMcr% 7 Z Ptuv JA1ryTHt1

*GATE

RE REFERENCES_ D____NG____ SAWIN C 30 U OTERWISE CKE
- O TJ Poro -JEr1iS S.4.___G ' -_748 A V E ~ tI R

- ' - - , E -.--- - - , _ 1-74~ 9 4 pR ai --
- oe oFR/1T. DC. ANALE a A'w- O .

- GV4T' . ~E -- - A _ su~ FR s
COirEALP~4 Q _______________4 M ALL SURMOCES

Raa_~, s 4- -st MATERIAL
GOVT. OR COML AE F

r- -DATE:

E TR MTR 641
CONTROL ELEMENT a

GUIDE TUBE ASSEMBLY

GENERAL ELECTRIC CO.
ATOMIC POWER EQUIPMENT DPT.

SCHENECTADY .Y.

KAWSER
DI OA RM HENRY A K AI COM

U.S. ATOMIC ENERGY COMMl
IDAHO OPERATION -64P

owg,TR -5528 MTR6ZTL

-125b-

i291 12 19 30) 32'

A J- -

F.)

1

"r

-7-,



/

N

(I

z

)s

N

N

rx
N

N

J KU7 I

1

i I

CONTROL ROD LAT CH SYSTEM

FIGURE 2.4

i

I

f

i

i

'i

i

I

4 I

I

M 

,

II

d

-126-

-".
r

a'

N

N

Ao-b g

11

Is.

\

-l

Lt



I, i I -,. I. I I I l
dOF OF

\ \ \ \ - \-B3 % N - 1 t; x x x -mp

H - . . r .

- ii

4 1JJ~piI

3 4 ? 8 9 to@I

STAK cv AL c
ZP c3 Mt

I -I~ 
I IT

--- / -

f / V / I

*8W

\ \N\ \ \ \ 1 'iF\

E

- - - '

H
H

03
U
H

Pd

w
0

CJ

a

* -

- 5k APP OX,

_

r --

C

N

H

C 3

R 
:-- IMQLdffl

1 ON -- --

e

- -_ - .T - -- _ _

i ^' 7 7 7 s s s-.

11

Li / f. / . / / ,/ / / f

L loo

i
I 1/1 / z I z





5 r

P/N 3 3 /9LES AE s 9CED
W/7/1 e 63SETS 9 iAS

7TE.4 , ,pn/Z9>LY' t 7r6
S/MI'AN) /SA'E ,4LL P/AS

SLLFT To TI -r OP OF LOC.K

89is INEXToENDDPOSmTON

K
rbIA.

TOP OF
BE*.yLL uM

SO
SECT /ON 8-8

K

LL

F- - --- - - -- --

ii

I

_____jm

GP/D PLATE

/1

71'25 /)y T I

PLATE

-128-

T--

4

i _I

-T

SEGCr/ON A -A- 're

/.

" E

I'



IdF4K 1 ~

f/

=_ REF. (ROD I' uP POSIToN)

3F 8 EF0TOP CF U[PPER

?KGR ";;S'J2~x

/ z2I

19 6

I II

r 2 9 a 9 2 278 2 21 If

Bj REF.

/&YTOAI HEAD

1 1 '
I ! i I'

GROUPNOT PT.]

I

I 4

6 7

I 8

MATERIAL LIST

NAME j DRAWING NO., DESCRIPTION, MATERIAL, WEIGHT.

POISON TUBE __
UPPER BEARING SUPPORT _

LANTn RNG

-1

-1
e

P"6
N_-727 G-
M-731 P-N

i . KEER t m 1 P"7

I 10 SPRING ___

I NT 7 -71--
13

14
15_
16

SHAFT

P-3

P-4

-- P-I

AiIILCPIN .0
- i N 18 TAPER PIN W

SPRING 5/
20 HOUSING E

21 W ASHER IG

22 BOLT ( SOC.

AR 24 PACKING

1 25 WASHER

tI 27

"v IV n0 "/2 1 1r 17-
1/4 SQ.BRAIDED PURE WHITE ASBESTOS. GRAPHITE

IMPREGNATED. SIMILAR TO GARLSCB CAT NG 730

635 -oo01A.X IIA6 LG-FINISH 17-4 PH ST'N ST'L

00X5/16 LW 17-4 PH ST'N ST.

I DIA X13 LG ST'L 5A SI420
T R - 5528 - MTR-642-M - 730 P-5

SAFETY WIRE .040 DIA

MALE CONNECTOR 6- FBTX SS-

j lL iII 1__ _ _ _

NOTES:
MANUFACTURING SPEC GE-M-516

2. DESIGN DATA 500 - 559
3.FASTEN PIN PT. 19I IN SHAFT PTS 13 i 14 USING

SAFETY WIRE PT 26
4 PACKING RINGS PTS. 23t 24 TOBE

POSITIONED SO THAT SPLITS IN
ADJACENT RINGS ARE 180* APART

REFERENCE

FIG. 2.6

M
T

R-642

REGULATING ROD
ASSEMBLY

GENERAL ELECTRIC CO.
NT OAT! ATOMIC POWER EQUIPMENT DEPT.

olaaN c ss ,sSCHENECTADY NY.

-DIMENSRONSARE INIINCHES APOnE - . KAISER ENGINEERS
TOLERANCES ONMACHINED PPR1 DIVISIONN OF HENRY J. KAISER COMPANY

1 TMEPNONSECL 'yE P -s OAKLACALFORNIA-RACTION4S DECIMALS ARHI ES APPROVED

.. L sURFACES _Appoav iU.S. ATOMIC ENERGY COMMISSION
- MATER A IDAHO OPERATIONS OFFICE

- GoT oncout E AIDAHO FALLS, IDAHO
SAL 'ETR-5528-MTR642-M-726

-128a-

E SAME AS PT 23

11/64O" 01l/I6 TMK 17-4 PH STtiST

RKER APPLIANCE CO.CLEVELANOHG r

__
r r O

ET

'/4 7-4 PH STM STIL.

.... yn .v vnn .a A .d

I i

I

LANTERN RING
9Q KFPFR

S2

6 3/ 1 X 1/2 LG T1HO.1

6 F26

A



A B C D E F G H I J K L M N 0 P Q R

1R

2

3

4 UPPER4

LIMIT
SWITCH

5

SNUBBER

g HELICAL SPRING LEAD

SELSYN TRANSMITTER

7

SET

SEAL DRAIN

REACTOR
BOTTOM 

MBLELENG

CRAMAD PPLATE

SLIDING SEAL PACKINGEK

10 DRIVE TUBE
COUPLING

BALLS -

I I BELLEVILLE SPRING
CRAM POSITION INDICATOR OR

BELLOWS RPRT

SSHOCK ABSORBER

A B C D E F G H ~ K L M N 0 P 0 R

S T U V W X Y Z

LOWER LIMIT SWITCH 4-2-56

SNL8BER

ESET STOP 2
RESET PIN

RELEASE INDICATOR SWITCH
RESET SPRING

SCRAM SPRING
ARMATURE 3

SCRAM MAGNET

4

LE AD SCRE W

5

6

7

8

9

NODATE DESCRIPTIONS LOC

REVISIONS

ETR MTR 642

CONTROL ROD DRIVE 10
(ISOMETRIC)

BRTWDBy E GENERAL ELECTRIC CO.

C +C ,- ATOMIC POWER EQUIPMENT DEPT.

REFEENCE u~u~ss so~,y SPEVIDRADRAWNEDWN SCHENECTADY, N Y
REFERENCES DR NLEGD OTHERS ECIFIED APPROVEDGE, KAISER ENGINEERS

TGNO TOLERANCES ON MACHINED APPROVE GE DIVISION OF HENRY CAKAISER COMPANY II
OITOL ROD DRIVE i. , DIMENSIONS APPROVED E OAKLAND, CALIFORNIA

FRACIOcNS DECIMALS ANGLESAPPROVED Ra

ALL SURFACES APPROVED U S ATOMIC ENERGY COMMISSION
MATERIAL AEC APPROVE IDAHO OPERATIONS OFFICE

GOVT OR COML AE A IDAHO FALLS IDAHO

G E DATE: ETR-5528-MTR-642-M-67 O
S T U V W X Y Z -129-



5 BALLS
EQUALLY
SPACED

CONTROL ROD.,
SHOCK TUBE

CONTROL ROD,
DRIVE TUBE

c -.

/ /C

I

/

',

\/

RELEASED

/

/ 

1 i

/x

LOCKED

ETR CONTROL ROD SCRAM RELEASE
COUPLING

FIGURE 2.8

130-

siIi

/

I 
I



A- I

A

.I2(
5
/6XIA. DRILL

FOR SPRING~ DOWEL PIN

1/1

GASKET
- TN K. XI WIDE K43_LG.
MATL. NEOPRENE

.IO c'73G DIA. FOR SELF TAPi NG
SRW11HOLES EACH S~i7C

LOCATE FROM "VTS R CovER FT
AT A55EMBLY.

GASKET
L THKLx WIDE x 52 L.

MATL. NEOPRENE

II

i

i

i

b O 0 0

GASKET

16 TNK. Alt WIDE X 4.02-63.OgO L4.

MATL. NE.OPRENE-

Li
I _____________ _________________________________

fl

BCTO MAOF
bOTTOM NERD

I \ '41 \ \1
7\

SECTIONIA- A'

-131-

\ \ \ \

M h

{ (-.

F i i I - i 1 1 -4I

i i
f
I

/ /

'

b O

I \

I \

I

i

b)

{

1!

ell

F1

L _ 1

i



O

Q

eo

I ,' I-

IA-

, L M 05 L
cp TI r

"ECT N B-B

-131a-

Ji

HI ' 7 / / /-/ "/1 /,. -- ,,F;

i

i

I

B

oo o cocc

L.4.IJIF

T

\

\ \

\ \

1

I

i '

i

4,4 

\ 

\ 
T

M i il
,.

.... I \ ' I

VAM FA W ILI.j 'Ir4l k I rmmmTw

'C " . 4 , -, i . -, " - , . e=&- - 'Im ja

- ._,

,

.. :. .

r 

_

__

O

i

E t4l, ;'/ Y/I ' / / /L"I
/; S I ! % .Y lari

o o

i

- -

O I l\J

- -

i J J

/

U 
-t

p L -



4-2-56

I A

L . __

REGULATING ROD DRIVE ASSEMBLY
ETR- 5528-MTR-42- M - 712.

FIG. 2.9

-131b-

+

m e .e me === = mame amm een

Ii

f

I

_i

I -JT-

I t
r A -4-,iw

/

41 LP



o o o c

Q Q- 
o

o o o ooQ

o = - o

Fuel Control, shim Facility Al reflector

LiBe reflector (Q Regulating rods in Beeflectorhe S Source

REACTOR CORE ARRANGEMENT-SCHEMATIC

-132-



N

I'-

00
J ~O

(-,-441
E3.J0 E

L..( "I'9 KJ

-
r

t~

-9r

r

~~Ftt~~z 7 ...z/ ZZAi p
(1 -r-72  z7ijqt4

V-y I'

!6/A/9 5

MATERIL LIST

ow R E DWING NMD.. DE "IION. ATERI 9

I 2 .. '$25' _ ~ 28''.'?- 4e - -/72

2 3 .. 2 45T -> -if

6 u .- ~f ~7

- /27 C- 77-. 1
8 '-,.a /---1

~ g. -- ~1-\9 PT \
?- 9 't e A -I -- 7 PT2.0

I 117, T~T
1"

s"LaT1

1t 2'. EYE SO'T.-, . H. t-T2CSA . . e-' ..- 42 P - ,, Pr t

:0 HES:
'= A/-MN/FACTU?/VG SPEC G-*'-/-'

~ :=S // 7-/? //tA ST -si-53
i-/N 4SSE-8L.ED DC-r arT.t~ 'tSP BE R./~O/E'
?07 o- zF'cccL~i'/rc' A-HOC/. S.-A'S 5 - E/'s

-f
o-

r

~0 7
- 9 1

4.-......
--- - -

-1 'J V...

0-00

.3.

UNLESS OTHERWISE :PECFIEDREFERENCES DIMENSIONS ARE IN INCHES -.- -

At. +o mi.E BRAwIMG No. TOLERANCES ON MACHINED -- - ^

FRACTIONS DECIMALS ANGLES A*

MATERIAL ACMM.C
GOVT OR COML aArE ra

~~~ R EvLSIONS

ETR MTR 642

BERYLLIUM REFLECTOR
ASSEMBLY

GENERAL ELECTRIC CO.
ATOMIC POWER EQUIPMENT DEPT.

sCHENECC ADY. N. Y

KAISER ENGINEERS
DIVISION OF HENRY J KAISER COMPANY

OAKLAND. CALIFORNIA

U. S. ATOMIC ENERGY COMMISSION
IDAHO OPERATIONS OFFICEIDAHO FALLS IDAHO

:7

"GL

= -2_

, a-2

Hi
L)$

1 I -- - -
--Z'

fie

L.---- /

1



KAEMAL ST

/ AME 7RUN RH.. ri. ARA

Y, 1 A5EMLY

' REFLECTOR ETR-5528-MTR-Ao42-M 7

3 ETR-558-MTR-4_2-7--/-/

4 7P77U4 oi3 EF.-Dy.-55-t eT-44---7

P".Sa - G E -I5

2. ERS7AHq
3

0DA -S. 5O- 533

Derr

4 A

4 P4

LO A DESCIMPrm I OC.A
REVISIONS

ETR MTR 642

ALUMINUM REFLECTOR

GENERAL ELECTRIC CO.
ATOMIC POWER EQUIPMENT DEPT.

SCHENECTADY. N. Y.

KAISER ENGINEERS,
DIVISION OF HENRY J. KAISER COMPANY

OAKLAND. CALIFORNIA

U. S. ATOMIC ENERGY COMMISSION
IDAHO OPERATIONS OFFICE

IDAHO FALLS. IDAHO

"'' ETR-5528-MTR-642-Mf7 C

0

C,EE

I

2FIG.2. 12

CHCE 9Lt REFERENCES UNLESS OTHERWISE PCIFIED vD. ;-

nR.NO TILE DRAWNG NO. TOLERANCES ON MACHINED APPIMvEDGE.

/ 4 n(7g E/,E//4-/0/ M-2M FRACTIONSDECIMALS ANGLES aovE K.E-
ALL SUlRFAC~ES APPROVEDK.E.

MATERIAL AEC APPROVED
GOVT OR COML AEC APPROVED

-CALE F.L
I

4

-'---'----

I I I

1 I I I

n /7ZA
I

v 3

5Z 1; A1oPt X. 

I

i 
.

1

1

1

L



- u.., USE

Z9.4.ese=xa
z.7. 4eos. z

t7. .

Ao

t.V.ooh,
+ + |+ +1

+ + + + + + + g - +

- T t +j 1 - | . . -+ -4' Y / + T

- ' f+ }+tt+ ++t }+t +t++~T+ +.+Yaw. oe..me
+1 + ti+ +++++ +++++ i ++ t++ + t++ + tC+ + * "*.AEOAS tov

++ + + + t + ++,t--+ -- - + - + 4+ - -- +tN ,
.. +44 . 1 -SP- - + + L

c t + - - - + ++ +

4- 6 - +0

-. + + ++ [+ ++r +t + + + + u-C oS~oa

V " i.G4.P /- CM +t + + '
t t2{ t" o . +..p ++ } C Aq. P.,\ a

+ + + +eM S~m
* - mol

46a.u'A
+04 + d+ -24udte- aa-

.I « os "I / Po+ f + 
".2 . amf 9R.9,'so 8-t1 .. a-I

DIT 
.0' 

'1 +raax ~ a 'M

1 N .. , AA 4
-32 -seeRer s7112/

L- -

" I 9.I\ oso +1 .

aCA OE-s 6 s w.
- I I 1 C90A- .. AOL-e s O . IT O A. ZL

x.2
- %

KME ~~

|'

h. SR.D0.4YS' 
'W Fo O.. 1 loVE. AtOI W

Som E T ee 4 , a'.,: , AVE.

0--- -11 " V 4Y'

'Z.L..SE .AT. G DIMCVI 4Z 0 C. TMCO J -O.ES seCL.. AW E
oow 4.0" O I sEM,( - -APP'cAetOe)

3 S , sAu.-F. e e O c)CGsfIcATICUS GE - -i-

4 84Sl YE. lE. 171'" oo-" J

AETS..MT .64 2'' YC-L - ?- W

/- 8-437 ara ALL y= AV--E~wSe V

. VS B 6' "" G .219 " a

12.1,5 OO*-4 1,{^ Z 1 ~s 00

'-w ,ETR .MTR 642

- GRID PLATE

GENERAL ELECTRIC CO.FIG . I3 - -- ATOMIC POWER EQUIPMENT T DEPTH.

UDe M ARE BoL6M E i""KAISER ENGINEERS
oniso , ONIN noo AKLAMD. CAUFORA

AL. SIIWMco aa U. S. ATOMIC ENERGY COMMISSbIO
NATU'RnAL. mnauAHO OPERATIONS OFFICEcoVTon cla. amanavoIDAHO FALLS. [DAMO

As T Eq CAE -' 'ER52-T74
Gi I DATE 1110 I F% Ja n i n ffaA IRUK 1a.

I



W 0E OF TIt CC/ U//TS

TA 9_T

F/US/'N V'H.4816

MOTOR

I EI

r.M7,L /F/ER

10 O(; Y/T
PATE fETEQ

,ECO/DEQ

00/ -ci' /-C F >VC,/75 0/YE OF 
7

/U-O C/CL//3

/Z UX Z/M/T AoEP/OD

STY CM9AlBEQ

/ QE

SL/POLY

L06/Y / LOG /V

//P'/f/E .OECOQDEQ

ILEVE L E/OD 
0

EP/OD
-ECOPDEQ s r/PL /F/E. -"PECOQOEQ

U AI ' E~V~L~~/ GM L E V E L
4A4'/L /F/EP k 9OY/YUL ,o-, E 1 93- 5

x
X

X

x

x

CJ/YE C/4?CO/T

6'?L 9VsY=NOETEQ

CSA 
T9TAE

/5/1T20447GE/5" 4ELP6
IS pL y

SAVE E F ; tiQST/CU'S/94 ONE OF A CIUTYOt/WALy A EAN/GG9 G /E :%i LrC/ YD
G'POUP"V6 ALTO Ce2w I C - ALA LYA E PEMA/G LP-D 2Y/E S oW LL 055

.AMP[ P4761. 4414-. oYIPZ ,AMLC 4MP'L. /0'464. AUOL.1L L L I Ld

MULT/ -fO/NT
.9MPZAF/ER

| wD cOD QOD CUPQENT D
9GNET ^MAsilET MAf? - CO20EQ IM4ET

~RN11i9L cov 9M7U/L dAr i M.- cavr ___ MA___ _____(M

MAO---7

.ANEW sJaw LE VEL

x

x

x

X

/ 9/ 475D5 TOT-7L
*U 9 .8 F 25 DS TOTAL

/L L . stwM9 L/eI/Ls

x
x--

U
X
---
---

-K

FL -- 7p n / ~ -/'C48E/5 -- I

RST D a E M E n "-~~ -- ~~ ~ EK/ E

., I.///E |- D vQ E

! T0/SQ - T 2

- . -

-A.~ E/90 0 957 ..UEY8QC4

X sr----~ al

- -- ---

x

x
-

x

- - _.

(/E){CEP Q/c L L.O/ c9L

- QELA Y t r T -... !MODES ~~. /C TAAS
sw//CH ----.- _-

-- ECAPfQ -- -PE5A7PT -/CS AUS/Tr/>5 ------

QL2 DEP- - -

PEC04iEP A-11/' --- ME~N/Y S - -

PECaQDEQ -- R weQ CO/YTAUOL W/r./nC/ w/-cQS --- ---- -

- PDEQ

QECOQ/EP I M /YUTL -- 4'CEEDOLQE PNN/.
_PECO __EQ __Q_ M K?/C -/SS/OY P/SDCT.S MU, ATE DESCPPTIM LOC.APPO
PPESSUpE S'!/TC -.-- REIvSIONS

-QE | 5%0 ---IT~"E QMJCC4/P4ESPPE5/EU/ /rCTQSM 6-'/ L
4  

T R M TR 647T

-EUEL k- Xg7VT'FUNCTIONAL BLOCK DIAGRAMECc1D2EQ 
- - ET/I INSTRUMENTATION 8

______________ CONTROL DIAGRAM

LFIG. 2. 4 B ATE m GENERAL ELECTRIC CO.9 DRAWN /77 ,, ATOMIC POWER EQUIPMENT DEPT.60.. '-'.4 SCHENECTADY. N. Y.
REFERENCES UNLESS OTHERWISE SPECIFIED CHEKED S CE ..

* ""DIMENSGIO.ON AR N INHESAPROVED -EKAISER ENGINEERS

FRACTIONS DECIMALS ANGLES APPROVED R.CDVIIO OAKLAND. CALIFORNIACOPN
AP RO D .E.

ALL SURFACE AL APPOVED 'U. 'ATOMIC ENERGY COMMISSION
GOVT OR COML AEC APPROVED IDAOERATIONS OFFICE

G.E. DATE- ETR- 5528-MTR-647- T-500 S.

r
AON/TOQ S/GN/L

PUNDOWM LEVELSS_

/4 Z//E5 CTECT/CN4 -

AiEJTQNT FLU
KArROD

N 9A4"T///!TY .
T'EQAA2/LESaELPY OEQ Z27

leEQ IN ET TEMP
itWTEQ O/5CHR+Fa CTEMP

teTEQ / ES5UEQ
- TEQiLMI/P

- 49EQ 5/LE . TEMP
H/ EQ L W/6l0P9PQ/64-9/EQ 'EL (fL TEMP

I/PFEQEtIT/PL 66150

H
F-'

1

1

I E



-I

CONTROL POWER..ME

KI EY SW'CN

START SW TCH 21N :W 7~ON 3Soo/ s ir C S /-~520ATSET~N,2 K /O4 NF

BLOCKED Y RUN f . C.'S OUT

CON2 .PO/OINT T.rN /):o-4 Nf (SA

T 7>S- s2c S/OW JE 77CK

f2C/L/7/ '5 P20'CEGr/A'
2/E SC-RM/SW 5/y yMM4NA4

N0- 24/Ss! 5 ceMIN'
6 

/90 FLUXfY : IA

r 7 7 SEC. IERM P/i ES / Z/
N> 0-4Nf (SAW) F c.'S STOPPD ,>M-u' -- T.r1. s At EGL9//N , PDr! .PAESSRE -/O :

2N M0NAL2 N M/9/PES/M/SA'L I '1FLO

w,-CPS<O / C O ffREN/L TEnff' /2 N
7/-> 30 SEG. 0/PcFFeflN/9L .PESS 20%

,fNAX SEAL /7 2ac

//T /// 5/T2f0 o SW /NT / AW 5000 SW Low SPfED SW IIC// ,7,25 P2O722Y/ON
/NTERME/T6 N/2 ANN//ON2S I s//N -PR/K.

/NSErQ /-r r ENT ~ ~ C0SV'/N(S C0N /2/// -M

ER2&/P 14/ NOR9WA L fEs/2 /rNR~te/A L /NP!/ ( /v/TNDAWL .WOP/223

CONTROT. NTS 5f S. COYrPO P/NT ST S
/NrEM/rrTrT/2r7| I I u As- - -_-_- - -- - 5s ,OAsr /UNOOV

) I 2/5 4R/55E LosE/fR Q LO ,'7N / X 2

C-A LFLUX A/$/" / .2N
A'swDBNu2/10 ____ ____. __A__.O_'- N o CT//y- /.A/

/AK0//SPEDSWMAN70. ./ rfo/E / 4
LOW SPEED SW IN I '1', AZI I/ rAT7 4 0/SCM 7-04W /.2

4O-ER PRSSLAAQ o%
I .0.. 2//O Ss7-17 M O ROSTAT DATE ,OZ/- 0-902
Gaa ER LM/T Sy P 1/P22 J ER /3N

0T.( . // /N/92 A023A . s-o5
23507 81< '.''724L E25 0Y .IO///~k2" I ISl47AS/ 12/9 /N7f0C0 2A/S E /N504LO0K 0/005330.

SEBACK
III___/'/rN02qs/ 5720020

MA.V10 OU7 SW ___ MAN/H/. qu/rO SW
ON Ro1 /02 2 ON M4U//L SLOW - - - FAST

/RE G / A TP/5W 2 0 0

I MANUA . - 41/7o SW _ ANdFL 0- TO t _ _ - -/L

NR Da - / 2 ~~ ~ ~ -~ ~~~ ~~~ oN fA4N / ,/L

AtW SaAT [/M/7 T .
R a -SE-TED-UN PLC K0 1> 3 #LN 7g/6 S cC / /

/"_ _ LOW SPEED SW. /NS R111//f S

/NML(/4A Rd S~ /NO VL r.ROD S~(31) ' A L AC K R OST5 7 4554
ON RASE - O Q fF C CX /)X A fF I Lo7/T ' Y :Q00 PPE RRfO /SER I < S c N> -9 /L

--- -SEL ECN) //. I~ O jjof 5 AY IqA 40K 9005YNA'ST SLOWKSf 0 N 0

- - - - - . --- -/S 
/N // FT/ Y

.. _. ELECL /M/ fiz r wr ROO

0,12552 1 20 3soo o,~po I 3 OC 000095 eos'00292300 /2502

e I

I I F~oST SfL207Nj I012/OCs/

RO2 NoT-SEA5STED

FIG.2.5_

t 4* -- r r|.1. /14 rsL54

/ s/f E r /L 0 0 0/wr--W 2 LO R C W . RE R E C E SU N E S OH ER W IS E S EC F D G E a --7

7/~#4OcM mr.DRA s NO TOLERANCES ON MACHINED APr1ovDGE
-DIMENSIONS PRV E

FRACTIONS ECIALS ANGES Apmo[Eo.E
- -- ALL SURFACES APnOYEDEE _

d~/TlP /NOP./ /7MA TERIA. AEC AFA''

DAD

CALE:_____1___"_______E MO. 00

DATE - OEsCRIPrio IOC. APD .:
R EVISION S

78R /'17k (647
OpE9PA T/O/ L CO/ TRO-

(6 OC K D/ 9M

GENERAL ELECTRIC CO.
ATOMIC POWER EQUIPMENT DEPT.

SCHENECTADY. N. Y.

KAISER ENGINEERS
DIVISION OF HENRY J. KAISER COMPANY

OAKLAND. CALIFORNIA

U. S. ATOMIC ENERGY COMMISSION
IDAHO OPERATIONS OFFICE

IDAHO FALLS. IDAHO

p fT=5528-17 .- 647- T-513 ~
H

MATERIAL LUST

DRAWING N0. DESCIMPTIMn MATERIAL WIlMI
b



SECTION 3

DESCRIPTION OF EXPERIMENTS

NOTE:

This section contains classified data

and is issued as a separate classified

report. This section involves Secret-

Restricted Data in the information

categories of C-82, c-84, and C-85. It

can only be made available to those with

proper security clearance and access to

the categories of information involved.
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SECTION

REACTOR PHYSICS. HEAT TRANSFER AND FLUID FLOW

4.0 GENERAL

This section summarizes reactor physics, heat transfer, and fluid
flow calculations performed to date to support the design of the
Engineering Test Reactor.

4,1 REACTOR PHYSICS

4.1.1 General

The physics of the ETR depends strongly upon the contents of
the experimental facilities. In order to evaluate properly the
reactor with experiments in the core, it was necessary that
multi-region two-dimensional calculations be made. These
calculations require the use of a large computer such as the
UNIVAC and are complex enough to warrant a five-stage program.

1) In the early stages of design it was decided to perform otaly
those 'preliminary two-dimensional calculations required to
obtain an idea of the general behavior of the reactor and
its critical loading with tentative experiments in place.

2) A one-dimensional code of a homogeneous core was utilized
on an IBM-650 computer to study the effects of the experi-
ments and other characteristics of the reactor.

3) Two-dimensional calculations of the core at startup condi-
tions were performed.

/) Detailed two-dimensional calculations of the properties
of the EPR with its first set of experiments in place are
being carried out. This phase of the program is presently
in progress and is nearing completion.

5) A series of nuclear tests is being performed in the RMF to
confirm the validity of the physics calculations.

The important calculations and results are described below:

4.1.2 Preliminary Two Dimensional Calculations (See Fig. 4.1 through 4.13)

a) riginal Calculations

At the start of the Engineering Test Reactor design
program the only available two-dimensional computer program
available was the MUG code developed at KAPL. The MUG code
is applicable to cylindrical geometry and the first step
was to "mock-up" the reactor in the cylindrical coordinate
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system. Figure 4.1 compares the actual midplane core con-
figuration (dashed lines) with the representation used for
the calculations (solid lines). The mock-up is taken as
symmetrical about the base line Figure 4.1 because of the
limitations of the computer program. To compute the cross
sections, fuel elements as described previously were used
in the core proper while the experimental holes were filled
with constituents specified by the future users. The 9" x
9" hole contained an ANP-type of experiment (Figure 4.2), *
the two 6" x 6" holes on the left were filled with fused-
salts experiments (Figure 4.3),* and the 6" x 6" hole in the
center was filled with a Navy-type of fuel element (Figure
4.4).* The remaining one-third of the experimental holes
was assumed filled with fuel elements. The annular ring
around the reactor is beryllium which is assumed to have an
infinite aluminum backing. The calculations performed on
a UNIVAC computer have attempted to preserve the more
important features and dimensions of the Engineering Test
Reactor. Three neutron groups were used in the calculations
(1) neutrons above 10 Kev, (2) neutrons between 10 Kev and
thermal energies, and (3) thermal neutrons.

In this preliminary mock-up of the STR the power level,
critical mass, flux, and power distribution were studied
in detail.

1) Power Level

The power level of the Engineering Test Reactor
was set from heat transfer considerations. With 65

active fuel elements including 16 control rod posi-
tions, the maximum heat to be produced in the core,
excluding experiments, was taken as 175 mw.

2) Critical Mass

The critical loading per fuel element was cam-
puted to be 181 grams corresponding to a critical
mass of 11.8 kg in the fuel section of the cold clean
Engineering Test Reactor. In addition, there are 2.2
kg in the user's experiments shown and 2.0 kg in the
experimental holes filled with fuel elements, thus
bringing the total critical mass of the mock-up to
16 kg. In order to coimpensate for xenon, samarium,
and other poisons the 16 kg must be increased to 17.6
kg or the 11.8 kg contained in the fuel elements proper
raised to 13.4 kg.

These figures are classified and are contained in a separate
classified report, General Electric Company Report No. GEAP.-055h/s.



If the experimental holes assumed filled with fuel ele-
ments are replaced by absorber experiments of the same
macroscopic cross sections as fuel elements (but containing
no fissionable material), the required content of the fuel
section would be 26% higher, or 17 kg U-235*.

As indicated previously, the above results show that
the critical mass of the Engineering Test Reactor depends
upon the composition of the in-pile experimental facilities.
It is expected to vary with the tests to be performed and
it will be determined for each new set of experiments. A
rigid operating procedure will be developed to ascertain
that only the minimum required fissionable material is
available in the core at startup.

3) Flux Distribution

The flux distributions in the core at its midplane is
1.4 times the flux averaged in the axial direction over the
core (Fig. 4.5, 4.6 and 4.7).

The thermal flux plotted in Figure 4.5 is based upon
175 mw of heat and an initial loading of 14.7 kg which ac-
counts for xenon and samarium poisoning and 3 gray rods in
the core.

Examination of Figures 4.5, 4.6, and 4.7 reveals the
marked effect of the experimental holes on the flux dis-
tribution. The 9" x 9" hole contains a higher density of
fissionable material, and the other holes a lower density
than is present in the core proper. This unequal loading
manifests itself by tilting the flux distribution so that
the flux decreases as distance increases from the 9" x 9'!
hole. Inside the 9" x 9" hole the fast flux peaks above
that of the surrounding regions, the epithermal flux re-
mains approximately the same, while the thermal flux drops
below that of the surrounding regions. If more moderator
were added to the experiment, it is expected that the fast
flux would decrease and the thermal flux increase. The
average thermal flux in the core, excluding experiments,
is 4.6 x 1014 nv at the midplane, while the thermal flux
averaged over the entire core, including core experiments,
is 4.2 x 1014 nv at the midplane. Since the flux averaged
in the midplane is 1.4 times that averaged over the entire
core, the average thermal flux in the entire core is 3 x
1014 nv.

In this calculation each fuel element contained 2.5 grams of natural
boron. Later work indicates that the required boron is closer to 1.75
grams. This will reduce the critical loadings by approximately 20%.
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The values quoted thus far are the fluxes with xenon equi-
librium established. During the three week running cycle
of the ETR approximately one third of the initial loading
will burn up. At the end of the cycle, therefore, the
flux will be about 50 percent higher than at the start.
Thus over the cycle the average thermal flux will be
approximately 3.7 x 1014.

4) Power Distribution

Figure 4.8 is a plot of the power distribution for the
homogeneous core. The maximum heat generation is 965 watts
per cubic centimeter compared to the midplane average value
of 590 watts per cubic centimeter. The hot-spot factor
thus becomes (965/590) x 1.4 = 2.3 for the entire core in-
cluding experiments. Since the experimental holes will be
provided with separate cooling facilities, the hot-spot
factor in the core is obtained by dividing the maximum
heat generation by the average power generation in the fuel
proper or (965/710) x 1.4 = 1.9. This value of the hot-
spot factor accounts only for flux distortions and neglects
the effects of possible control rod and burnable poison
distortion.

b) Recent Calculations

In the period between the performance of these calculations
and the previous Safeguards Meeting, the character of the ex-
periment in the 9" x 9" hole had been changed by the addition of
considerably more moderator. Also there was firmer information on
the experiments scheduled for the first loading of the ETR. The
experiments included for this calculation are an ANP experiment in
the 9" x 9" hole (Figure 3.1) two pressurized-water experiments
(Figure 3.3 and 3.4), and a fused-salt experiment in the 6" x 6"
hole at the left (Figure 3.5). The calculations were performed
with two groups of neutrons: the thermal group and the above-
thermal group. A method had been evolved to calculate adjoint
fluxes using-the MUG code, and in this set of calculations the
adjoint fluxes were obtained as well as the flux and power distri-
butions.

1) Flux Distribution

Figures 4.9 and 4.10 are plots of the thermal and
above-thermal fluxes. As was expected, the thermal flux
in the 9" x 9" hole has been increased and the above-thermal
flux decreased by the addition of the moderator. However,
the effect of the heavy fuel load in the 9" x 9" hole is
still indicated by the peaking of the flux near this hole.
The ad joint fluxes, 0 +1 and $ +2, are shown in Figure 4.11
and 4.12.



2) Void Coefficient

From the fluxes and adjoint fluxes the void and tem-
perature coefficients were computed using perturbation
theory. The overall void coefficient was calculated to be
-8.3 x 10-44 k/k per percent void in the water. There was
some concern over the distribution of the void coofficicnt
in the reactor since the void coefficient could be negative
overall and still be positive in parts of the reactor.
Figure 4.13 is a plot of the void coefficient in the hori-
zontal plane in terms of4 k/k per percent void per cm 2 of
water. As can be seen the void coefficient is negative
everywhere, and is in fact, the most negative at the
reactor hot spot.

3) Temperature Coefficient

The temperature coefficient for a temperature rise in
the core, excluding experiments, was found to be -7.6 x
lO-5A k/k per OF. The coefficient of a temperature rise
in the core including experiments is -3.6 x lO-5A4k/k per
OF. During a power excursion it is possible for the fuel
element plates to heat up before there is much heat trans-
fer to the water. The temperature coefficient for a rise
in the fuel plate temperature alone is -1.84 x 10-64 k/k
per OF.

4) Neutron Lifetime

The prompt neutron lifetime for the core considered
in the calculations is 5.5 x 10-5 second. This is a con-
servative (i.e. low) number since no hardening of the
neutron spectrum was considered. The loading used for
these calculations was 185 grams of U-235 and 1.5 grams
of natural boron per fuel element (fuel elements in all
spaces except the experimental holes shown). The effect
of equilibrium xenon and samarium was included in the
cross sections. When this calculation is compared to the
previous calculation it is concluded that the difference
in k produced by the change in experiments is about 8%.



4.1.3 One-Dimensional Calculations (See Figure No. 4.14 through 4.30)

a) General Parameters

In order to check the above calculations and to
determine the effect of the experiments on the void
and temperature coefficients a one-dimensional calcu-
lation was performed in which the reactor core was
mocked up as a cylinder with a radius of 4l cm. The
buckling of this bare cylinder is then equal to the
buckling of the ETR bare core. A h4 inch beryllium
reflector was placed around the core, followed by
100 cm of aluminum. The cross sections used were the
same as for the two-dimensional calculations described
above.

The coefficients obtained were:

Temperature coefficient due to:
Rise in metal and water = -9.6 x 10-54ak/k-F.
Rise in metal alone = -l.5 x 10-6 k/k-oF.

Overall void coefficient = -8.3 x 10-4o k/k per
percent
void

Prompt neutron lifetime = 5.5 x 10-5 sec.

Thus, this set of experiments did not produce a major
effect on the important coefficients.

b) Control Rod Worth

The Engineering Test Reactor is controlled by means
of four conventional black rods, twelve gray rods, and
two regulating rods. The gray rods are designed so
that the capture and scattering cross sections in the
rod are close to the cross sections in a standard fuel
element. The gray section of the control rods, however,
does not contain fissionable material. However, since

the scattering and capture cross sections are close to
those in the fuel elements, the gray rods are not
expected to produce large flux distortions. Calculations
which have been performed to study the effects and worth
of gray rods are reported below.

Figure 4.14 is a plot of the relative power in the
uniform core with a gray rod inserted at its center.
The average power in Figure 4.1 is normalized to
100 and insertion of the gray rod is seen to reduce the
radial hot-spot factor from 1.41 to 1.30. Similar re-
sults for the thermal, epithermal, and fast flux are
plotted in Figures 4.15, 4.16, and 4.17. Here the flux
distortion is not severe in contrast to the effects of
a black rod shown in Figure 4.18. The A k produced by



the insertion of a single gray rod in the core center
is 2%, while that produced by a single black rod is 6%.
The shadowing effects produced by four gray or four
black rods are apparent in Figure 4.19. The A k so
produced by the four gray rods is 6.5% as compared to
the 8% expected on the basis of one rod producing 2%Lok.
On the other hand, the ok produced by the four black
rods is only 9% as compared to 6% produced by one rod.

The observations described above are in agreement
with studies made for the core described in section 4.1.1
with a gray control rod inserted in position 22.11 (see
Figure 4.1). The Aok produced was approximately 1%
and the flux distortion was 20% for the fast flux
immediately outside the control rod, but less than 15%
for the thermal and epithermal fluxes. The disturbance
produced by the gray rod was only a few percent three
inches away from the rod.

The shadowing studies indicate that a large number
of gray rods can be placed in the ETR without reducing
their effectiveness. The shadowing effects illustrated
are, of course, highly exaggerated since in the ETR the
control rods, and in particular the black rods, will
not be in such close proximity. The strength of four
black rods distributed in the reactor core was studied

on the UNIVAC with the XY code. The effect of the four
rods was 14.4% a k/k.

Perturbation calculations have been used to study
the variation of gray-rod worth with position. Fig-
ure 1.20 shows the relative gray-rod worth as a function
of position. The average position of the gray rods is
about two-thirds of the way from the core center to
the core edge. From Figure 4.20 one sees that the worth
at this position is half the worth at the central posi-
tion. Thus, the gray rods have been designed to have
an average worth of approximately 1%.

At the Safeguards Meeting, XY calculations will
be presented which evaluate the black rod effectiveness
with the four black rods distributed about the reactor
core.

c) Burnable Poisons

The Engineering Test Reactor utilizes burnable
poisons in the fuel elements to compensate for depletion
of fissionable material, thus reducing the required
external control for fuel burnup from 15% to 5% keff-
The weight ratio of boron to uranium needed in each
fuel element in the homogeneous core was determined by
means of three group IBM calculations. In these



calculations the entire core was assumed to be uniformly
loaded with fuel elements initially containing 185 grams
of U-235. Computations were made for boron contents
of 2.5 grams, 1.75 grams, and 1.2 grams per fuel ele-
ment. The power distribution at startup was first
determined for each different boron content. Then,
assuming that the reactor operates with this power
distribution for five days, the average fuel and poison
burnup in the reactor was obtained for three equal
concentric regions in the core. The flux distribution
and keff in this new core was next computed and the
entire procedure repeated at five-day intervals.

Results of the calculations appear in Figure 1.21
showing the change of keff as a function of time for
loadings of 2.5, 1.75, and 1.2 grams of boron per fuel
element. Figure 1.21 reveals that 1.2 grams of boron
per fuel element leads to a 20-day cycle with a keff
excursion of only 5%.

Values plotted in Figure 4.21 account for the
uneven burnup rate in the horizontal plane. In the
case of uniform burnup the change in keff is greater
as indicated in Figure 4.22. If one assumes that the
uneven burnup in the vertical direction produces a
change equal to one-half the change computed between
the case of uniform burnup and uneven burnup in the
horizontal plane, the third curve of Figure 1.22 is
obtained. This curve shows that a 20-day cycle re-
quires a total excursion in keff of about 5.5%.
Figure 4.23 gives corresponding results for a boron
content of 1.75 grams per fuel element and indicates
that a boron-to-uranium ratio of 0.6% to 0.9% by weight
produces a 20-day cycle with an excursion in keff of
between 5 and 6%.

As fuel and poison are burned in the reactor core,
the flux and power distribution within the core will
change with time. Figure 4.24 shows the power dis-
tributions in the horizontal plane as a function of
time for a uniform core containing fuel elements with
1.2 grams of boron added per element. All the curves
of Figure 4.24 are normalized to an average power
generation of 100 over the core. Thus, at start-up
the hot-spot factor is 1.13 in the horizontal plane.
After five days this rises to slightly over 1.4 and
then falls to 1.2 after 25 days of operation. The
large lumps which appear in the curves are caused by
the approximation of the core by three concentric
regions of uniform characteristics. Actually, of
course, the fuel and poison content vary continuously
in the core, and the conditions there will be more
nearly represented if "average" lines are drawn through



each curve following their general shape but not their
sharp humps. The essential feature of the power dis-
tribution is a sharpening of the flux peaking during the
first few days of operation and then a gradual flatten-
ing of the distribution thereafter. Figure 4.25 shows
the power distribution with 1.75 grams of boron per
fuel element. The same behavior is again observed.
In this case, however, there is a larger increase in
the hot-spot factor; it rises from 1.111 to 1.45 during
the initial part of the cycle.

In a similar manner, the thermal flux in the ETR
will vary with time. Figure 4.26 is a plot of the
thermal flux in the core as a function of time for
the case with 1.2 grams of boron per fuel element.
Each of the curves is normalized to the same total
power generation in the core. It is interesting to
note that although the shape of the power distribution
changes markedly with time (Figure 4.26) the shape of
the thermal flux distribution remains fairly constant
with time. Thus, at start-up the ratio of the flux at
the core center to the flux at the core-beryllium
interface is 2.08. After twenty days of operation this
ratio has changed by only six percent to 2.21. The
ratio of the average thermal flux after twenty days
of operation to the average at startup is slightly
greater than 1.50.

Figures 4.27 and 4.28 show the epithermal and fast
flux distributions for the case of 1.2 grams of boron
per fuel element. Since the average number of fissions
per cubic centimeter in the reactor remains constant
(because the power level remains constant) the average
production rate of fast neutrons does not change with
time. The decrease in the fission rate at the center
of the reactor with time is reflected in the epithermal
and fast flux distributions.

d) Gamma Heating

Materials placed in the reactor tank are subject
to gamma heating. At a power of 175 mw, 6.7% of the
total fission energy is produced in gamma ray energy,
which amounts to 30 watts per cubic centimeter of the
homogeneous core. With an additional 4 watts per
cubic centimeter produced by neutron absorption, a
total of 34 watts per cubic centimeter must be absorbed
in the core. This leads to an average heating of 20
watts per gram for a core with 60% water and 40% alum-
inum by volume. The power density changes with position,
reaching approximately 28 watts per gram at the core
center, 6 watts per gram average at the core boundary,
and 8.5 watts per gram at the midplane of the core



boundary. Gamma heating in the core with the proposed
first set of experiments is now being studied, and
approximate values can be obtained by utilizing the
figures given above and the power distribution curve
of Figure 4.8.

In the region external to the reactor core the
flux distribution was determined for the homogeneous
core, and it is shown in Figure 14.29. The correspond-
ing gamma heating values are shown in Figure 4.30.

4.1.4 Startup Core of the ETR (See Figure No. 4.31 through 4.35)
The start-up procedure presently planned for the ETR

is to fill the experimental in-core holes with aluminum
filler pieces and perform the initial tests and run the
reactor up to power with the filler pieces in place. The
aluminum filler pieces contain 7% by volume of water for
cooling purposes.

Figure 4.31 is a diagram of the core for the start-up
condition. Figures 1.32 and 1.33 are plots of the thermal
and above-thermal flux at start-up of the ETR with the filler
pieces in place. The calculation was performed with three
gray-rod poison sections and the fuel section of the other
control rods in the core and with the equilibrium value of
xenon and samarium present. At start-up the fuel element
loading will be 230 grams of U-235 and the control rods will
each contain 93 grams of U-235. The total loading of the
reactor will therefore be 12.5 kilograms. There are minor
modifications of the core structure still being evaluated
which may change these figures slightly. At start-up, after
xenon buildup, the average above-the mnal flux in the fuel
section at midplane will be 7.2 x 101 nv and the average
thermal 4ux in the fuel section at midplane will be
3.0 x 101 nv. Figures L.34 and 4.35 show the adjoint
functions for the core under the start-up conditions.

Under the above conditions the temperature coefficient
for a change in temperature of the metal in the fuel element
is -5.9 x 10-6 ok/k- F. For a change in temperature of
both metal and water in thp fuel element the temperature
coefficient is -3.55 x 10~ Lek/k- F. The overall void
coefficient in the fuel section is -1.99 x 10~ Ak/k per
percent void in the water. The prompt neutron lifetime is

5.2 x l0-5 sec.

The calculation for the startup core was repeated with
black rods in the core in positions (21, 19), (19, 27), (27,23)
and (31, 17). The total Lok/k produced by the four black
rods is 14.4%.
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4.1.5 The Core With The First Set of Experiments in Place

XY calculations have been performed on the ETR with
the proposed first set of experiments in place. The
analysis of these calculations is in progress at the pre-
sent time and the completed results will be presented as
soon as available. Results to date indicate that at xenon
and samarium equilibrium and with three gray-rod poison
sections in the core, the critical loading of the fuel
elements will be 195 grams U-235 per element and the load-
ing of the control rod fuel sections will be 79 grams U-235.
The total loading in the fuel section will therefore be
10.6 kg. In addition there will be 5.3 kg of fuel in the
experiments. Thus the total loading will be close to 16 kg
of U-235. This increase in total critical mass over the
case where the filler pieces were in the holes is due
largely to the effect of the structural materials in the
experimental facilities. The void and temperature coefficients
and neutron lifetime have not been evaluated yet in the XY
geometry with experiments in place. However, the major
experiments are the same as for the calculated r A case and
the coefficients are not expected to be radically different.

h.l.6 Nuclear Tests

The following measurements have been made and the re-
sults will be presented when the data has been analyzed.

a. Determine the critical mass with a complete radial 3 inch
Be reflector and with four RMF fuel elements replaced
by an air column extending from the grid plate to 2 feet
above the water.

b. Measure neutron flux distributions radially at the mid-
plane through the core and the reflector, longitudinally
through the core, and in regions surrounding the air
column.

c. Determine the critical mass with the same conditions
as in (a) with a prototype fuel element inserted in
the air column, and one mockup gray rod replacing an
adjacent RMF fuel element.

d. Repeat neutron flux distribution measurements as in
(b) and in addition, the flux distributions in and
about the gray control rod.

e. Obtain temperature coefficient of reactivity over
temperature range attainable in RMF.

f. Determine change in k when the mockup gray control
rod is replaced by an RMF fuel element.



g. Repeat neutron flux distribution measurements as in (d).

h. Introduce one-half gray rod and one-half fuel element.
Check for neutron flux peak in region between fuel
element and gray control rod by comparison of longitudinal
distributions through interior of control rod and fuel
element.

i. Determine the critical mass with a complete 3 inch Be
reflector and four RIF fuel elements replaced by an
aluminum plug (61 x 61? in cross section).

Items (a) through (d) will check the accuracy of the
calculations to predict the effects of an air void through
the core and the effects of an air void containing fuel
and poison material. Item (e) will determine the ability
of the calculations to predict the temperature coefficient
and items (f) and (g), the ability to predict the value and
effect of a gray control rod.

4.2 HEAT TRANSFER (See Figure No. 4.36 through 4.39)

Heat produced in the reactor is removed by the primary water
circulating between fuel plates at 35 ft/sec. The temperature
distributions in the hottest and average channel of the Engineering
Test Reactor were computed on the following basis.

1. The heat generation in the ETR, excluding experimental holes,
equals 175 mw. Of this, 93.1 percent is generated in the
enriched portions of the fuel and control elements and 97
percent in the entire fuel elements which includes the fuel,
cladding, and side plates. Water flowing through the core
proper thus removes 170 mw of heat, of which 163 mw are
produced in the enriched volume of the core.

2. To determine the temperature drop across the heat transfer
film, only the heat generated in the enriched fuel and its
corresponding heat transfer area need to be considered.
Assuming that at least six control rods are producing heat
the available heat transfer area is 1,208 ft/.

3. The film temperature drop in the ETR is large enough so
that the effect of property variation must be examined.
The most recent experimental results for water in the tempera-
ture range of the ETR have been correlated by Columbia
University by means of the equation:

0.8

= 0.020 (( f))1/3
ff 0.20(Prf)



where
D = hydraulic diameter, ft
k = thermal conductivity, Btu/hr-ft- F.

= density, lb/ft3

A*= absolute viscosity lb/ft-sec
Pr = Prandtl number
V - water velocity, ft/sec

The subscript f is used here to denote film conditions. The
heat transfer coefficient, h, was computed using the above
equation.

4. The maximum heat flux in the hottest channel is 1,150,000
Btu/hr/ft with an axial cosine distribution over 43 inches.

5. A value of 2.5 has been used for the hot-spot factor in
the present calculations. It accounts for the computed
physics flux distortion of 1.9, localized poison burnup
effect, experimental variation, and uncertainty of calcu-
lations.

Results of the calculations are presented in Figures 1.36
and 1.37. Figure 14.38 shows the increase in bulk water and surface
temperature along the fuel element for the hottest reactor channel,
while Figure 1.39 gives similar results for the average channel.
Estimated saturation temperatures are also plotted on Figure 4.38.
Examination of Figure 4.38 reveals that the maximum surface tempera-
ture is 2770F. or approximately 900F. below the saturation tempera-
ture at that point. This margin is sufficient to avoid boiling
in spite of the following uncertainties which account for approxi-
mately one-half of the available margin.

Heat transfer coefficient + 10%
Flow channel reduction = 10%
Flow variation - 16%

Other uncertainties such as flow distribution, core toler-
ances, power transients, and variation in fuel element loading are
provided for by the remaining half of the 900 F. margin.

4.3 FLOW DISTRIBUTION

The Engineering Test Reactor is cooled with demineralized
water. The required water flow is determined by heat generation
in the core and reflector and an allowable temperature rise across
the core.

The coolant velocity required to satisfy the requirements
is approximately 35 feet per second through the fuel elements.
The water also cools the core and reflectors with the following

_15y.



distribution:

Fuel elements 29,850 gallons per minute
Control elements 6,690
Clearance between facilities

and elements 2,710
Beryllium reflector 1,250
Aluminum reflector elements 3,010
Leakage past inner reactor tank

(Aluminum filler pieces 860

TOTAL h4,370 gallons per minute

The overall pressure drop across the core and grid plate is
approximately 50 psi.

Immediately after entering the vessel, the coolant water is
directed toward the top of the vessel by a flow distributor. The
change in direction has the effect of increasing the distance along
which the coolant must flow and so allows a longer time during
which the vortices and pump vibration inputs in the water may be
dissipated.

The coolant reverses through 180 degrees, and then moves
through the parallel paths of the fuel and reflector elements.
Below the core the coolant again reverses through a 180 degree
turn, cools the internal thermal shields, and passes out of the
reactor through the 36 inch outlet pipe.

The coolant velocity past the fuel elements has a value
higher than that of any other test reactor and therefore could cause
rather severe pressure and vibration loads to be imposed on reactor
fuel and control elements. In an effort to obtain experimental
information about these hydraulic effects several dummy fuel elements
(the same size and shape as actual elements but not containing any
fissionable material) and two control elements will be located on
a test grid plate in the same relationship as in the reactor. This
combination constitutes the core of a hydraulic test loop. See
Appendix A for a description of the hydraulic loop and tests. Data
from tests performed with this loop should give complete information
on flow and pressure distributions within and around the fuel elements
as well as vibration characteristics. The data are being reduced
presently and will be discussed orally at the Safeguards Meeting
in June.
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SECTION 5

SAFEGUARDS EVALUATION

5.0 INTRODUCTION

As with any other piece of mechanical equipment, the Engineering
Test Reactor can have accidents during its operating life. These
may be caused by mechanical failure, operational error, or factors
beyond the control of designers or operators. In this section the
most serious accidents are investigated. First, a brief review is
given of the more important safeguards provisions incorporated in
the design to minimize their occurrence and detrimental effects.
Second, their cause probability, and consequences are considered.

5.1 SAFETY FEATURES - REACTOR BUILDING AND FACILITIES

5.1.1 Reactor Building

1. The reactor building is a gas-tight structure. All
openings can be closed by means of manually controlled
remotely actuated solenoids which trip felt-lined dampers
inside of the ducts. Under average conditions, the
outleakage from the building will not exceed 10 percent
of the building volume during any 24 hour period.

2. The "gas-tightness" of the building will be tested by
introducing helium into the building and measuring the
decrease in concentration during a 24 hour period.

3. The building walls are designed for a wind loading of
30 lb/ft2 which corresponds to a wind velocity of
approximately 85 mph.

4. Radiation sensing devices connected to the alarm system
are located at strategic points in the reactor building.

5. The ventilating system provides six air changes per hour,
two changes of which are outside air. It, also, keeps
the subpile room, the control-rod access room, and the
area around the reactor at a negative pressure.

5.1.2 Canal

1. Critical arrangement of fissionable material is prevented
by storing the fuel elements in racks holding a 6 x 6
array of fuel elements with cadmium sheets separating
each row of six fuel elements and a cadmium sheet
wrapped around the outside walls of the rack.
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2. A maximum purge rate of 100 gpm maintains the canal
activity below permissible level.

3. A minimum of six feet of concrete in the walls and
floor and a depth of twenty feet of water holds the
radiation level below tolerance.

h. Stainless steel stops at construction joints and amercoat
seal insure leak tightness of the canal.

5.1.3 Heat Removal System

1. The primary coolant system is a closed loop containing
a large volume of water.

2. Water purity is maintained at approximately 2 ppm by
the use of a 100 gm bypass demineralizer.

3. Gas concentration in the water is minimized by bypassing
300 gpm to a degassing tank.

4. Primary coolant outleakage will be non-existent during
normal operation since the seals are externally
pressurized by a pump supplied with normal and emergency
electric power.

5. Four primary pumps are provided and the loss of one
pump is not serious.

6. A frequency measuring device detects power failure
and initiates a scram causing the rods to drop 275
milliseconds after a power failure. The frequency
measuring device will also initiate action which will
cut the primary pump motors off the line, turn on the
emergency diesel-electric generator, close the bypass
flow control valve, and close the back pressure
control valve.

7. A 2000 gpm emergency cooling pump (supplied by the
emergency diesel-electric generator) will be at full
flow ten seconds after power failure.

8. A back-pressure valve stops water loss to the degassing
tank approximately four seconds after loss of pressure
or power.

9. A spare pressurizer pump is up to speed three seconds
after the first one fails.

10. The pressure surge tank reduces pressure variations to
1/3 psi per gallon lost or gained by the primary system.
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11. Radiation monitors indicate gross gamma activity and
fission product activity in the primary water and gross
gamma activity in the secondary water.

12. The butterfly valve in the secondary coolant line
maintain a reactor inlet temperature of 110F by means
of a temperature sensing device in the primary coolant
line.

13. Since the heat exchangers employ double tube sheets,
there will be no leakage between the primary and secondary
coolant systems under normal operation.

14. The bypass control valve tends to keep the flow through
the reactor constant.

15. None of the valves in the system can be closed quickly
enough to cause significant water hammer.

5.1.h Stack

1. The stack is 250 feet high and is located 700 feet from
the normally occupied ground areas.

2. The stack gases are filtered, and they are monitored by
ion chambers connected to the alarm system.

3. Except for adverse atmospheric conditions, the stack
will keep argon-ll concentrations at the building area
below permitted levels.

5.2 SAFETY FEATURES - REACTOR COMPONENTS

5.2.1 Pressure Vessel and Internals

1. They are designed to meet ASME Codes.

2. Thermal and pressure stresses are considered additive
and are well below allowable stresses.

Stress Yield Stress

Bottom head 20,900 psi 37,300 psi
Transition section 12,650 41,800
Flow distributor 1,200 40,000
Experiment support ring 17,500 38,000

3. Nozzles are located so that it is impossible to drain
the core.

4. Maximum misalignment will not exceed 0.0035 inch compared
to the allowable value of 0.0h5 inch, at the bottom head.
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5.2.2 Fuel Element

1. Except for flat plate construction and the inclusion
of boron in the cladding, the fuel element utilizes
MTR technology.

2. A thorough test of the mechanical properties of the
fuel element is being carried out in a specially-built
hydraulic loop.

3. The plates can sustain a pressure differential of 4 psi
without significant changes in geometry.

4. The spacing between plates varies at the utmost between
0.099 inch and 0.146 inch corresponding to a pressure
differential below 2 psi.

5. At the maximum operating temperature of 2760F no corrosion
difficulties are expected.

5.2.3 Control Rods

1. They utilize a proven mechanism to be used in the
Oak Ridge research reactor.

2. Operation, corrosion, scramming characteristics, and
performance are being evaluated in a loop at the specific
conditions of the ETR.

3. Gray rods reduce flux distortions in core.

4. The misalignment of the rod always remains below 0.015
inch compared to the minimum allowable value of 0.045 inch.

5. The rate of removal of control rods is set at 16 inches

per minute to insure safe startup.

5.2.4 Reflector Elements

1. The large slabs of beryllium prevent expansion of the
core.

2. Stresses in the beryllium and aluminum reflectors are
respectively 11,300 psi and 4,500 psi compared to yield
values of 32,000 psi and 10,000 psi.

5.2.5 Reactor Supports

1. The maximum stress in the grid plate is 16,330 psi

compared to the yield value of 38,000 psi.

2. The maximum deflection is 0.011 inch.
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5.2.6 Experimental Facilities

1. They are designed to contain experiments so that tests
coolants or experimental contents cannot escape into
the primary system.

5.2.7 Reactor Shielding

Sufficient shielding is provided at all locations to maintain
the radiation levels below tolerance.

First Floor 0.75
Console Floor 0.75
Areas around top head shield 0.75
Subpile room (4 hours after shutdown) 0.75
Control rod access room (3 minutes after
shutdown) 0.75
Near outer "T" wall of storage section of
canal (access usually not desired) 7.5
All other regions to sides and above canal 0.75
Outside subpile room during operation 0,75
Operator removing all fuel elements
during refueling 150
Operator removing control rod guide tube 300
Below canal pit in subpile room because of a
dropped fuel element in the pit 350

mr/hr
mr/hr
mr/hr
mr/hr

mr/hr

mr/hr
mr/hr
mr/hr

mr
mr

mr/hr

5.2.8 Control and Instrumentation

1. The control and instrumentation system is patterned
after the MTR installation.

2. An electronic scram requires 12 milliseconds before
rod insertion starts.

3. Fourteen percent in reactivity is always available
during the entire operating cycle to insure effective
reactor shutdown.

4. Scram settings are available and adjustable for flux,
flow, temperature, and activity level (nominal values
are given in Section 2).

5.2.9 Reactor Physics

1. The reactor is inherently safe. It h s a negative
temperature coefficient of -7.6 x 10"' A k/k per OF and
a negative void coefficient of -8.3 x lO 4kAk/k per per-
cent void.

2. The inclusion of boron in the fuel element reduces
reactivity required for burnup to five percent.
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3. The effect of experiments was evaluated by considering
a homogeneous core, a startup core (experimental facilities
replaced by aluminum) and the core with the first set
of experiments.

h. The calculation methods have been verified by means of
tests carried out in the Reactivity Measuring Facility (RMF)
in the canal at the MTR.

5. Boron burnup was found to increase the hot-spot factor by
not more than five percent.

5.2.10 Reactor Heat Transfer

1. A margin of 90 F is provided between the maximum surface
temperature and the corresponding saturation temperature.

2. Only a flow decrease of 217 percent, a power increase
of 54 percent or a pressure loss of 120 psi will increase
the maximum surface temperature to saturation.

3. Burnout heat flux at ETR operating conditions according
to extrapolated available data is 4,700,000 Btu/hr-ft2

compared o the maximum expected flux of 1,150,000
Btu/hr-ft

4. If boiling did occur, MTR experience reveals that it
would be detected rapidly.

5.2.11 Reactor Fluid Flow

1. Hydraulic tests are being performed to check and verify
all the flow parameters in the core.

2. The core and heat exchanger are located with respect to
each other so that natural circulation maintains down-
ward flow through the reactor after shutdown.

3. It is not possible to attain laminar flow conditions
in the fuel element channels.

5.3 SAFETY FEATURES - REACTOR OPERATIONS

5.3.1 Organization

The primary safety protection in the organization for
the operation of the Engineering Test Reactor consists in
the use of the same organizational structure for the ETR
operation as that used for the MTR for the past five years.



The ETR will have an operating crew independent of the
operating crew for the MTR, but the overall supervision
and the project engineering, hazards evaluation, and program
planning groups will be common to the two reactors. The
health physics operations will be under common supervision
with operation crews assigned to each of the reactors.

5.3.2 Operating Standards

In approving the location of the ETR the General
Manager, on the basis of recommendations by the Advisory
Committee on Reactor Safeguards, determined on October 17, 1955,
that "The procedure for reviewing the reactor operations and
each experiment by a committee of competent people at the
site as outlined to the Committee be maintained. This
procedure for the MTR is now on file at the Idaho Operations
Office and is a part of this recommendations and further
"The operating policy now used by the MTR operator, as
described in "Experimental Procedures at the MTR" submitted
by your office on September 13, 1955, shall be followed by
the Operator in the Operation of the ETR and in the evaluation,
approval and performance of irradiations therein".

The experimental procedures at the MTR referred to in
the above paragraph are as follows:

"After the necessary approvals have been granted in
Washington, the proposals come to Phillips for detailed
technical consideration, which usually involves consultation
with representatives of the sponsoring laboratory. If, on
the basis of such study, the proposal appears feasible and
there is suitable space in the reactor to carry out the
work, it is accepted for inclusion in the scheduled experinlent&l
programs."

"The general philosophy governing sponsored experimental
work is that the sponsoring laboratory fabricates the required
experimental equipment and ships it to MTR where it is in-
stalled in the reactor by Phillips personnel. Operation of
the equipment for the purpose of obtaining in-reactor
observational data may be done by either sponsor representatives
or Phillips personnel, but in either case is under the jurisdiction
of Phillips supervisors."

"The philosophy of the procedures is based on four
main considerations:

1. Clear definition of the line of supervisory
responsibilities in the handling of incidents
arising from malfunction of the reactor or any
of the experiments.



2. An organization structure, supplemented by various
special committees, which insures that no experiment
is placed in the reactor without a thorough review,
from the point of feasibility or safety.

3. An organizational structure that guards against
long-time progressive changes in either reactors
or experiments which might produce a serious
incident,

4. Definition of the areas of responsibilities of
sponsors representatives, MTR staff supervisors,
and MTR committees which, while necessarily in-
volving some overlapping or responsibility, tends
to eliminate any gaps which might lead to serious
incidents."

"The manner in which the aforementioned points are
manifest at the MTR are outlined below:

Point 1. The Project Manager has defined the
responsibility for direct action upon the occurrence
of incidents as follows: "....,.it is the continuing
responsibility of the Operations Supervisors and personnel
in the event of the occurrence of an incident at the MTR
to take immediate and direct action in accordance with
their best judgment as to what should be done, and to
notify responsible line supervision as soon as practically
possible thereafter." (Do-60-55A -- inter-office letter)".
"This unambiguously designates the Operations Branch to
act in any emergency without waiting for higher level
supervision to authorize such action. It is implicit
in this system that the MTR shift supervisors are all
senior technical men with a thorough understanding of
each experiment and its associated apparatus."

Point 2. The MTR organization which deals with engineered
experiments coming in from outside laboratories has the
following groups which bear some degree of responsibility
for the particular experiment throughout its life in the
reactor. These are (a) the Program Committee, (b) Project
Engineering Section, (c) Operations Branch, and (d) the
MTR Reactor Safeguard Committee. These groups deal with
each experiment at various stages commencing with its
early planning to the actual insertion into and removal
from the MTR. The Program Committee has general technical
jurisdiction over all experimental work in and around the
reactor. It is this Committee which gives the first
expression of opinion to the experimenters as to feasibility
and places at the disposal of the experimenter information
requisite to the planning of experimental equipment for
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the MTR. The Program Committee also clears the Atomic
Energy Commission papers relative to the experiment
which gives it an official status as a part of the MTR
program. A Project Engineering Section appoints a
project engineer to work with the experimenter and to
become familiar with the requirements and special
conditions of his particular experiment. The Operations
Branch exercises responsibility for the operation of
the reactor and its associated irradiation program and
facilities. The Operations Branch may also exercise
the right of refusing to accept for installation in the
reactor any experiment which in their opinion is unsafe
or offers an impractical handling problem. This usually
results in a redesign of the experiment to satisfy the
operational requirements. The Reactor Safeguard Committee
is kept informed by the aforementioned groups regarding
the proposed insertion and removal of experimental
materials or reactor components. This Committee exercises
the final decision as to how a given experiment must be
instrumented with respect to the MTR control functions
such as scram, slow power reduction, etc. The Safeguard
Committee also examines the experimental facilities
associated with each experiment to determine that no
condition produced by the experiment in relation to the
reactor represents a serious hazard potential."

Point 3. The Reactor Safeguard Committee is charged
to review from time to time the various factors affecting
the safe operation of the Materials Testing Reactor,
with particular regard to such factors as reactor physics,
safety control mechanisms and internal reactor components,
and to make recommendations with regard to those things
which need to be done to assure that we can continue to
operate the reactor with complete safety." "In addition,
a Hazards Survey Committee comprising members of Operations,
Project Engineering and the Reactor Safeguard Committee
make a periodic review of the entire experimental program
outlining the major hazards of each experiment.

Point 4. The areas of responsibilities of sponsors
representatives in relation to the experimental program
are very thoroughly and carefully spelled out in a letter
from the Project Manager to said representatives. This
letter carefully delineates the responsibility of the
groups at the MTR so that the sponsors representatives
may work within the framework of the MTR organization
and still accomplish the purpose of their experiment."
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The results of the review of the experiments under the above
procedures will be available to the Advisory Committee on
Reactor Safeguards at their request.

5.3.3 Selection of Experimenters

The procedure for selection of experimenters will be
the same as that now in use for the MTR and the same priority
and assignment policies will be in effect. This is in
accordance with the direction of the General Manager of
October 17, 1955 and is quoted as follows:

"The procedures for processing requests for irradiations
now used for the MTR shall be applicable to both the MTR
and ETR. The functions of the MTR Policy Board (see AEC
Manual Chapter 7505 about to be released to supersede
GM-RDV-1) will be changed to include the ETR. AEC 320
forms are to be submitted to Washington for all irradiation
requests falling in the presently used categories."
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5.h SAFETY FEATURES - REACTOR STARTUP

5.4.1 General

To insure safe startup of the ETR it is planned to per-
form a series of complete and thorough pre-neutron and post-
neutron tests. It is anticipated that a manual outlining
the tests will be prepared by the designers and operators
of the reactor. Its main purpose would be to demonstrate
the operability of the reactor and its components and to
verify the more important parameters and characteristics of
the reactor.

5.4.2 Pre-Neutron Tests

These tests will cover the testing of the entire plant
and will include such tests as pressure tests, leakage tests,
flow measurements, pump characteristics curves, response of
surge tank, performance of heat exchangers, cooling towers,
stack and other important components, valve closure time,
hydraulic flow decay. All such studies will be carried out
for normal operating conditions and with simulated accident
conditions.

5.4.3 Post-Neutron Tests

To obtain an idea of the tests the following summary of
MTR tests has been reproduced with minor modifications to
adapt it to the ETR conditions.

a) Approach to Criticality

Prior to this, all pre-neutron tests are to be com-
pleted. Additional instrumentation will be inserted for
the purpose of the tests.

b) Characteristics of Reactor

1) Check of Control System - At 10 to 100 watts
the control system and instruments will be
checked using reactor-derived signals.

2) Shielding Survey - The shielding will be checked
as power levels are increased.

3) Attainment of Full Core Loading - The control
rod positions as a function of the fuel loading
will be followed.

4) Neutron Checks on All Instruments - Operating
at 1000 watts, all the chambers will be given
a more extensive check.
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5) Map of Neutron Distribution - The neutron flux and
flux distribution will be determined by using foils,
chambers and cobalt wires. The power level will be
approximately 1 kw.

6) Calibration of Control Rods - A calibration of the
regulating rods will be performed at approximately
300 watts.

(a) Period Calibration of Regulating Rods - The
reactor will be brought from 1 watt to 300
watts on a 60-second period by use of the
regulating rod and at various insertion posi-
tions of the rod. These experiments will be
repeated with different shim rod configurations
and combinations to interrelate the shim and
regulating rods.

(b) Poison Calibration of Control Rods - By in-
serting stainless steel poison strips uniformly
in the lattice, the control rods will be cali-
brated throughout their length. This will
require several separate insertions and measure-
ments.

7) Determination of the Temperature Coefficient - The
overall temperature coefficient will be determined
by operating at approximately 100 watts using ex-
ternally heated water to vary the temperature of
the reactor.

8) Servo-mechanism Operation - At the lowest power at
which the servo system will operate (say 10,000 watts),
a check of its performance will be made.

9) Power Calibration of Instruments - At a power level
of 1-5 megawatts, a heat balance will be made on the
reactor and the readings of the neutron and power
measuring instruments will be correlated.

10) Other Power Checks

(a) Monitoring Instruments - At this power level
(1-5 megawatts) the main N-16 activity monitors
will be checked.

(b) Shielding - A thorough check of the activity
at the biological shield surface will be made.

(c) Temperature Map - The initial temperature map
of the reactor shields will be made at these
powers.
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(d) Gamma Heating " A series of measurements will
be made to determine the magnitude and distri-
bution of gamma heating in the reactor tank.

11) Determination of Poisoning Effects - The reactor will
be operated at 1-5 megawatts long enough to establish
approximate equilibrium in poison buildup and then
held at a very low power while the decay curve of
the poisons is determined.

12) Control instrumentation will be checked at various
power levels.

o) Establishment of Full Power Rating

1) Intermediate Power Measurements - With the reactor
at temperature equilibrium at a power level between
5 and 30 megawatts, power level calibrations and
other determinations in b)-9 and b)-10 will be re-
peated.

2) Attainment of Power Rating - Part 1) will be repeated
with stepwise increase in power either until 175
megawatts is reached or until some limiting condition
is encountered which forbids further increase.

d) Full Power Operation

The reactor and its auxiliaries will be operated for
30 days at the maximum power obtained in c)-2. During this
period the performance of all components will be studied
and evaluated. In addition, several major scrams during
full power operation, with simulated multiple failures,
will be initiated. It will be determined that the reactor
and the plant as a whole behave satisfactorily.

5.5 ACCIDENTS OF MECHANICAL TYPE

5.5.1 Radiation Damage

One possible source of accidents in the ETR is the failure
of mechanical components from radiation damage...

Components in the ETR are exposed to high neutron and gamma
fluxes and the integrated fluxes for the intended life of some
components is in the range where only a limited amount of data
is available about the effects of such exposures. The table
below indicates the approximate integrated thermal nvt per
year of exposure for some of the ETR components. All values
are for the maximum expected thermal neutron exposure for any
location on that component with no time off for refueling.
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Estimated ETR Exposures

Maximum Integrated
Exposure nvt/yr

Experimental facility tube
Control rod guide tube
Control rod poison section
Beryllium
Control rod shock absorber
Grid plate
Inner reactor tank
Aluminum reflector
Internal thermal shield
Diffuser
Grid plate supports
Pressure vessel
Plate
Bottom head

Al or SS
61s Al
Ni or B-SS
QMV Be
61S Al
347 SS
304 SS
63s Al
304 ss
615 Al
304 SS
Carbon Steel
304 ss
304 SS

2x102 2

2X1022
2x102 2

1022
3x102 1

3x102 1

3x102 1

3x10 2 1

3x10 20

2x1020
3x10 1 9

3x10 1 7

Negligible
Negligible

Certain components in the MTR have received comparable
exposure without impairing the functional use of the parts
involved over the five-year life of the reactor. The values
for the MTR with time off for refueling are as follows:

Estimated MTR Exposures

Component Material

Beryllium reflector
Lower grid support
Extension on control rod

QMV Be
356 Al

Ss

Maximum Integrated
Exposure nvt/yr

1x102 2

2x102 1

1x102 1

Also, ORNL has performed some tests on effects of material
properties with radiation. Results shown in ORNL memorandum
CF-54- 6 are as follows.

Material Flux Yield Strength Tensile Strength
nvtBefore After Before After

2S Al
356 Al
QMV Be
347 SS

1021
1021
1021
1021

18,000
24,000
25,000
60,000

23,500
51,000

*

97,500

20,000
32,800
35,500
90,000

29,200
54,000
50,000

110,000

Elongations
Before After

21%
2.9%
1.4%

60-70%

20.2%
0.9%
0.2%

50%

* broke before reaching 0.2% offset.

Argonne National Laboratory made a survey to determine
the effects of irradiation on stainless steel. This survey
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is reported in Appendix F of ANL report 5403 - "Design Evalu-
ation of In-Reactor Tube for Argonne Water Loop at MTR (ANL-2)"
by L. W. Fromm. The results reproduced in the report indicate
that radiation damage "proceeds at a decreasing rate and ap-
proaches a saturation level". This phenomenum is illustrated
in Figure 5.1 reproduced from ANL 5403.

The general conclusion to be drawn from the above, studies
is that high radiation exposure increases the strength, de-
creases ductility, and does not impair the functional useful-
ness of metallic parts. A further observation is that irradiation
effects are saturable at higher exposures. Finally, there
are no established limits for radiation exposure of metals
such as aluminum, beryllium or stainless steel.

It may be added that the ETR operator will be aware of
radiation damage problems. A careful survey of th effects
of high radiation exposure can be carried out while the
operation progresses, and if any detrimental trend is ob-
served, it will be possible to replace all of the highly
radiated parts.

5.5.2 Power Failure

a) General

After a power failure caused by a break in the incoming
power line, the voltage on the plant lines will not
drop instantaneously since the synchronous motors on
the primary coolant pumps and on the experimental air
compressors will act as generators and feed back into
the lines until they are either disconnected from the
line or until they come to a stop.

b) Detection

A device is used to detect a power failure by detecting
a frequency drop in the power line as the synchronous
motors slow down. After the frequency drops to a specific
value, this device initiates a signal to open the circuit
breakers on the motors and will cause the reactor to
be scrammed. The frequency at which the signal is
initiated can be varied between 59.5 and 57 cycles per
second. (The final setting will be chosen in accordance
with the motor manufacturer's recommendations and will
be made during the testing of the equipment after in-
stallation.) After the "trip" frequency is reached, the
time required to open the motor circuit breaker will be
approximately 232 milliseconds. The time required to
release the control rods after the "trip" frequency is
reached will be approximately 235 milliseconds. Momentary
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drops in line frequency during normal operations will not
result in the reactor being scrammed because a 100-milli.-
second delay time is included in both the 232 millisecond and
the 235 millisecond time intervals given above.

c) Frequency Drop

A plot of line frequency at the primary coolant pump motors
as a function of time after power failure is shown in Figure
5.2. This curve has been calculated by taking into account,
the inertia of the primary coolant pumps, and the inertia
and load of the remaining equipment connected to the ETR
power system up to the time that the circuit breakers are
opened. This curve shows that the time required for the
frequency to drop to 59.5 cycles per second is 8 milliseconds
and the time to drop to 57 cycles per second is 40 milli-
seconds, for the case when the large air compressors are
not running at the time of power failure. Because of the
inertia in the compressors, the frequency does not fall off
quite as fast with the compressors running as it does without
them running.

d) Available Flow

The plot of available flow through the primary coolant system
vs. time after a power failure (Figure 5.3) was calculated
using the frequency vs. time curve and the speed-capacity-
head characteristics of the primary coolant pumps. Power is
applied to the emergency pump (2,000 gpm capacity) approxi-
mately 8 seconds after a power failure and this pump will be
up to speed within 2 seconds after power application. How-
ever, because of the inertia of the primary coolant pumps
and the head developed by them, the emergency pump with its
low head does not contribute to the flow until approximately
12 seconds after power failure.

e) Reactor Power

The curve of reactor power shown in Figure 5.3 has been based
on the assumption that at the time of power failure the reactor
power is 120% of normal. This is a pessimistic assumption since
a slow setback of the control rods should normally occur at
110% of normal, thus keeping the power below that value.

As noted above, the time required for the frequency to drop
to 57 cycles per second is 40 milliseconds and the time re-
quired to initiate the dropping of the rods after the "trip"
frequency is reached is 235 milliseconds giving a total of
275 milliseconds from the time of power failure to the time
the rods start to drop into the reactor. After an additional
150 milliseconds, the power drops from 210 megawatts (120% of
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normal power) to 42 megawatts (20% of 210 megawatts) and
decays further into the curve of fission product decay heat.

f) Available Pressure at Hot Spot

At the time of power failure, the pressure at the surge
tank will be approximately 200 psia and the valve positions
will normally be as follows-

Back-Pressure Valve: Open and passing 300 gpm
to degassing tank.

Air Bleed Valve: Closed (opened only by
manual operation when surge
tank level is low).

In order to maintain the system pressure close to normal
after a power failure, the back pressure valve must be
closed as quickly as possible. To accomplish this, the
pressure controller will be set to close this valve when the
pressure drops to 195 psia, and the frequency detection
device will also initiate action to close the back pressure
valve. Since it will take approximately 5 seconds to close
the valve by the pressure method, there will be a loss of
25 gallons of water from the system (taking no credit for
the return of water to the system by the pressurizer pump
while it is slowing down). With a surge tank of the size
contemplated, the pressure will drop only to 185 psia at
the pressure controller and the pressure at the fuel element
hot spot will actually rise as shown in Figure 5.3.

g) Conclusions

Based on the available flow curve and the reactor power
curve, values of pressure required at the hot spot to prevent
nucleate boiling have been calculated and plotted on Figure
5.3. Also, based on the available pressure curve and the
reactor power curve, values of flow required to prevent
boiling have been computed and plotted in Figure 5.3.

From the foregoing curves it is seen that with the
emergency pump operating at full speed approximately 10
seconds after a power failure, there is approximately 135%
excess pressure and 47% excess flow, and a minimum of 63 F.
temperature margin to prevent nucleate boiling in the
reactor core.

5.5.3 Failure of Pressurizer Pump

During this emergency, the primary coolant pumps will
continue to operate. Because of the interlocking switches
between the two pressurizer pumps, approximately 3 seconds
will elapse between the time that one pump fails and the time



that the spare is running at full speed. Assuming that the primary
coolant leakage rate through the back-pressure valve is 300 gpm
during this 3 second period, only 15 gallons need be provided by
the surge tank, corresponding to a pressure drop in the system and
at the hot-spot of approximately 8 psi.

If the spare pressurizer pump does not start, the back-
pressure valve will close within 5 seconds after the pressurizer
pump fails. Since approximately 25 gallons will be lost during
these 5 seconds, the pressure at the reactor vessel entrance will
drop to 181 psia and thus the pressure at the hot spot will drop
to approximately 151 psia. A safety margin of 86 psi and approx-
imately 600F. will still be present since the pressure required
at full flow and with the reactor power at 120% of normal is
only 65 psia as shown in Figure 5.3.

5.5.4 Loss of One Primary Coolant Pump

Under normal operation, four pumps are operated in parallel
with each one discharging through a heat exchanger bank. A
throttle valve in the primary coolant line and a bypass valve
between the inlet and exit lines to the reactor are used to
control the flow through the reactor. The head vs. capacity
curves with four pumps operating in parallel and with three
pumps operating in parallel are shown in Figure 5.4. The head
loss vs. flow characteristics of the primary coolant system are
also shown in Figure 5. for the cases of flow through four heat
exchanger banks (four pumps) and three heat exchanger banks
(three pumps).

From the standpoint of the failure of one primary coolant
pump, the most pessimistic normal operating point that can be
assumed is one in which four pumps are operating with the throttle
valve partially closed and the bypass valve completely closed
(Point 1). Since the throttle valve is not an automatic operating
valve (its position can be changed by remote-manual operation),
the operating point of the system will move to Point 2 when one
of the primary coolant pumps fails. Since this results in more
than a 10% reduction in flow, the reactor will be shut down by a
rundown of the control rods. It will be possible to operate
the reactor at normal flow with three pumps running by opening
the throttle valve to its full open position (Point 3). If the
normal operating point of the reactor is with the bypass
partially open, the reduction of flow through the reactor will
not be as great as that indicated above with the bypass completely
closed since the bypass valve will close automatically when the
flow starts to decrease.

It does not appear that the loss of a primary coolant pump
will cause any damage to the reactor since even if the flow
through the reactor drops to 38,200 gpm (Point 2), the flow will
be adequate to prevent boiling in the core.
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5.5.5 Failure of Emergency Power Supply

In this case, the emergency diesel electric generator
fails to start when the outside source of electric power
is lost and the flow of the system will continue to decay.
Any core damage is avoided because of the relative elevation
of the heat exchangers above the reactor core.

The available natural circulation head is sufficient to
provide continued downwards flow into the reactor core.
Figure 5.5 determines the bulk water temperature rise as a
function of time by equating the available thermal head to
all the pressure losses in the system. The corresponding
primary flow rates are shown in Figure 5.6 as a function
of time and they compare favorably with values utilized
previously with the emergency pump on.

The available margin of safety for 5 percent reactor
power (decay heat) was investigated for two cases: the
secondary system flow is maintained at its original value
of 38,200 gpm, or the secondary system stops circulating.
In the first case it was found that the thermal driving
head produces a circulation of 1700 gpm and the corresponding
bulk temperature rise across the core is 50 *F. With full
secondary flow in the heat exchanger the inlet temperature
to the core eventually decreases from 110 F. to 78*F. and
the bulk temperature at the hottest point in the hottest
reactor channel will drop from 162F. to 1300F. The
corresponding maximum surface temperature will decrease
from 251*F. to 219F. With the surge tank provided, the
pressure at the hot spot will drop at the most to 155
psia and the saturation temperature of 361 F. at 155
psia is considerably above the maximum surface temperature
of 251F.

In the event of secondary pump failure, the system
temperature will begin to rise and the time for boiling
to take place will depend on the heat capacity of the
primary system. Assuming no heat loss, the time for
bringing the maximum surface temperature from 251F. to
saturation temperature is approximately 1.3 hours. In all
probability, the secondary system would have natural
circulation, thus increasing the time available for obtaining
a cold water supply.

A failure of the emergency diesel, therefore, is not
serious for approximately an hour after the loss of power.

5.5.6 Failure of Bypass Valve

In this situation the bypass valve around the reactor
fails to close upon power failure.
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The flow calculations were made assuming that the bypass
valve was closed. However, since the bypass valve will be
passing no more than 6,500 gpm (l13% of the total flow) and
this excess flow will contribute slightly to total system
inertia, the flow through the core will be the same as that
with the bypass valve closed until approximately 6 seconds
after power failure, as shown in Figure 5.3. With the
bypass valve passing some flow, the total output of the
pump at the time of power failure will be 44,400 gpm plus
the amount being bypassed. After power failure the flow
decay curve of total flow will lie above that shown in
Figure 5.3. Since the ratio of the two resistances will
not change as the flow decays, the reactor will still obtain
its proportionate share of the total coolant. When the
bypass valve closes (7 seconds after power failure), the
flow through the reactor will then be increased by the
amount formerly being bypassed.

The reverse problem of closing the bypass valve
rapidly poses two problems. First, too quick a shutdown
could result in a water hammer propagated through the
reactor (a water hammer analysis is presented in Section
5.5.12). Second, when the bypass valve is closed, the
flow through the reactor increases. The increase, however,
will be less than 2L}% and this slight increase in reactor
flow will not harm the fuel elements to be tested at 15%
above normal conditions.

5.5.7 Failure of Frequency Device to Scram the Reactor

In this situation power has failed but malfunction of
the frequency device fails to scram the reactor. The
reactor power thus remains constant until the flow decreases
sufficiently to initiate power reductions. The flow setting
to initiate a full scram is adjustable and is made on the
flow recorder. Also, the flow detection system has a 1-
second time constant and the pen speed of the recorder is
5 seconds for full scale travel. For instance, for a scram
setting at 90% of normal flow it would take 0.350 second
to reach this flow, one second for the instrument to respond
and 0.500 second for the pen to cover 10% of full scale.
The reactor power, therefore, will start to decrease before
two seconds after the start of the accident. Surface bulk
and saturation temperature versus time are shown on Figure
5.7 for such a case. The surface temperature reaches a peak
of 3800F. at 2 seconds after power failure. With a pressure
of 185 psia at the hot spot during this time the saturation
temperature is 375*F. and nucleate boiling does not set in.
Further, the time the surface remains at 380 0F. is short.

The above analysis was based on the assumption that the
three time intervals involved (0.350 second, one second, and
0.500 second) were additive. This is conservative since the
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three events are occurring at least partially simultaneously.
If the flow scram is set at 90%, the signal to scram the
reactor should come within 1.4 seconds.

5.5.8 Seal Water Leakage

There are a number of water seals on the shim rods and
experiments and it might be possible that, in the case of
power failure, the primary coolant will leak from the system
and eventually empty the surge tank. However, during normal
operation there is a maximum in-leakage of 13 gpm. The
pressure is applied to the seals by the 250 psig Seal Water
Pumps. These pumps are on the emergency diesel-electric
power which will be applied to one of these pumps 10} seconds
after power failure so that little or no water will be lost
through the seals. Actually, this seal in-:Leakage will help
maintain system pressure after a power failure. On the other
hand, if the emergency diesel fails to operate, the pressure
outside the seals will drop below system pressure so that
there will be some out-leakage. However, this leakage rate
should be twice the 13 gpm given above since the water out-
leakage is proportional to the square root of available
pressure. As the pressure slowly drops, the surge tank air
will expand and eventually reach the system. This air
should not cause any ill effects, however, since it will
just go to the top of the reactor vessel. The 80 cubic
feet of air at 200 psia in the surge tank will expand to
560 cubic feet at 30 psia; thus, if all of this air goes
to the vessel, it will fill only the top 6 feet of the
vessel.

5.5.9 Lateral Core Displacement

The core support structure was subjected to the highest
credible lateral loading in order to determiLne whether or
not sufficient loading was available to produce a lateral
movement sufficiently large to bind the control rods and so
prevent the scram operation. For the worst case of water
hammer produced by valve closure at the end of the primary
coolant lines it was found that the lateral loads produced
were low by a factor of twelve compared to those loads
required to produce rubbing in the control rods and, there-
fore, rod binding should not be possible.

The analysis included three major steps.

1. Determine the required lateral movement.

2. Determine the forces required to produce this
movement.

3. Determine the maximum credible loading to compare
with 2.
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A discussion of each follows:

1. In order for the static equilibrium of the core
support to be disturbed, the external loading
applied would be a maximum if water hammer action
were to be applied to the inner reactor tank and
transmitted to the grid plate. To accomplish
this a relative motion of grid plate with respect
to control rod of at least 0.045 inch would be
required. This value is conservative since only
rubbing would occur and not actual binding. The
inner reactor tank at its lowest point has a
minimum radial clearance of 0.020 inch with
respect to the grid plate, and so must move
through a total distance of 0.065 inch. Also,
the grid plate can move no more than 0.020 inch
radially before it encounters the thermal shield
support which is attached to the vessel wall.
Thus the wall and support combination will have
to be deflected a distance of 0.025 inch.

2. In order to evaluate the effect of the loads,
the forces required to produce the various
motions were determined. The inner reactor tank
was considered to be rigid and the deflection
determined as a function of applied load. This
is conservative since the tank will act as a
shell as well as a beam. In addition, the
deflection of the tank at the upper control rod
support was also neglected, which is conservative.
At the bottom of the tank a deflection of 0.0015
inch per 1000 pounds applied load will occur.

The grid plate structure and support were con-
sidered to be an equivalent beam subjected to an
axial load (vertical core loading of 168,310
pounds) and a lateral load, and which, for small
displacements, maintains the grid plate in a
horizontal plane. The displacement as a function
of applied force is 0.033 inch per 1000 pounds.

The thermal shield support and vessel wall
resistance were determined according to the
methods presented by Roark and Bijlaard. The
deflection as a function of radial force applied
at reactor operating conditions was found to be
0.003 inch per 1000 pounds. Based on a moment
arm ratio of 2 between point of load application
and point of deflection of the bottom of the
inner reactor tank the required load to produce
rubbing is determined from
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F : (lo00#)(.065) / (2000) (.05) , 2000(.025)
70075 .033.o

L F . 62700 pounds

3. The maximum applied load is determined from water
hammer effects. The minimum time for closure of
the most rapidly closing valve in the system is
four seconds. The pressure rise because of hammer
increases with length so a valve was assumed to
exist at the end of the primary coolant outlet
line, a distance of 120 feet from the tank. The
pressure rise was determined from the relation

4 p: pounds per square foot (psf)

where g

P weight density of fluid f 61.8'/ft3

L a length of wave travels: 120 ft

4 coolant deceleration 3.h ft/sec 2

(Based on V = 13.6 slowing to 0 in
4 seconds)

g : gravity acceleration constant a 32.2 ft/sec2

The pressure rise is found to be 780 psf or 54
psi. When propagated to the tank walls, the pressure
acts acr ss an area equal to the primary line area
(1020 in). The force produced is

F : A p A : (5.4 psi) (1020 in2 )

a (5,500) pounds

This force is approximately one-twelfth that
required to produce rod rubbing and therefore rod
rubbing should not be possible.

5.5.10 Fuel Element Failure

a) General

A fuel element failure may be caused by excessive
hydraulic forces or excessive fuel temperatures. In
the first case tolerances, plate spacings, and fuel
element spacings can produce lateral pressure differ-
entials which affect the structural stability of the
fuel plates. In the second case relatively poor heat
transfer conditions resulting from lower velocities
or steam blanketing of the fuel plates can lead to
rupture of the fuel plates.
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b) Failure by Hydraulic Forces

Calculations have been performed to determine the
effect of variation of fuel plate spacing on flow
velocity and longitudinal pressure distribution along
the fuel elements. For a nominal spacing of 0.108
inch and a design flow velocity of 35 ft/sec the pressure
drop across the fuel element plates (inlet to plenum
above grid plate) is 36.8 psi. For the same total
pressure drop, and various plate spacings, the pressure
values along length can be computed. Figure 5.8 gives
the values obtained for plate spacings of 0.060, 0.080,
0.100, 0.108, 0.120, 0.140, 0.160, 0.180, and 0.200 inch.
For plate spacings varying between 0.060 and 0.10 inch
the maximum lateral pressure differential across the
fuel plate will vary from 1.4 to 1.8 psi. The above
values show that it is possible to specify fuel element
dimensions and tolerances to avoid structural damage
to the fuel plates. Also, examination of the curves
in Figure 5.8 reveals that the pressures at the top of
the fuel plates, i.e., core inlet, are always attempting
to restore the channel to its nominal size.

c) Failure from Excessive Temperatures

The worst conditions result when the fuel plates
are completely insulated, a condition attained from
one of three sources:

(a) excessive power transient producing steam
blanketing of the fuel plates,

(b) sufficient flow restriction to produce
steam blanketing,

(c) reversal in flow direction accompanied by
rising temperatures during the time of
reversal.

In all three cases the heat transfer coefficient is
practically zero and the consequences are dependent
upon the heat flux at the time of the accident. Figure
5.9 gives the rate of temperature rise of the fuel
plate in terms of reactor heat flux. These values
obtained from IBM-650 calculations show that the rate
of rise of plate temperature, i.e., danger of melting
fuel plates, is directly proportional to the power at
the time of the accident. The seriousness of the three
accidents listed above is, therefore, in the order
shown.
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1) Excessive Power 'transients

With all the scram provisions included
in the control system it is not possible to
attain fluxes producing steam blanketing of
the fuel element. The highest attained power
level is expected to be the value reached during
a startup accident. The mechanism and con-
sequences of this accident are discussed
later. It is, however, worth repeating here
that, while burnout heat transfer data are
not available for the specific ETR conditions,
extrapolation of data for similar conditions
give a burnout flux of L,700,000 Btu/hr ft?,
a condition out of reach.

2) Flow Restriction

Flow restriction in a fuel element
flow channel becomes important when sufficient
blocking of that channel considerably
inhibits the heat transfer from the fuel
plate. Such restriction may come about from
one or an accumulation of the following
factors:

fuel element fabrication with
reduced spacings,

distortion of plates produced by
pressure,

fatigue failure,

foreign material in coolant or core
restricting flow passages.

The magnitude of the flow restriction
which can be tolerated is not only dependent
upon the power level and coolant flow, but
also on the criterion utilized to avoid
steam blanketing conditions. Four cases are
considered here. Based upon the values given
in Figure 5.3 the allowable flow restriction
was computed for

120% of reactor power to reach saturation
temperature at the hot spot,

100% reactor power and saturation temper-
ature at the hot spot,
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100% reactor power and start of
nucleate boiling at the hot spot,

100% reactor power and 100% steam
quality at hottest channel exit.

The results are plotted in Figure 5.10
and cover steady state conditions (zero time)
and conditions during loss of power accident.
The maximum flow restriction which can be
permitted at all times is seen to be 32%, but
the allowable restriction increases rapidly
after the first L00 milliseconds. The reason
for the sharp increase can be traced to the
fact that during a power failure the flow
begins to decay before the reactor scrams.
However, upon scramming, the reactor power
drops rapidly and the allowable flow
restriction increases quickly. It may be
noted, also, that the 32% value quoted above
is based upon 120% power and saturation
temperature. A more logical value is
obtained from Case 3 of Figure 5.10 which
shows that a flow restriction of 62% is
required prior to start of nucleate boiling
(based upon data reported by McAdams et al.
in the September 1949 issue of Industrial and
Engineering Chemistry). The probability of
exceeding 60% flow restriction is remote
for the following reasons: rigid inspection
of fuel elements will hold channel variation
to 10%; the demineralizing system will
prevent build-up of foreign material in the
primary coolant system; fatigue failure of
fuel elements has never been reported in
operating reactors.

3) Flow Reversal

The coolant normally flows downward
through the reactor core. However, if flow
reversal can occur in certain channels, the
process is accompanied by a rise in fuel
plate temperature. The natural circulation
characteristics of the system, described
previously in Section 5.5.5, show that
adequate driving head is available to main-
tain the original flow direction and thus
practically eliminate the possibility of
flow reversal.
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Additional calculations have been made to de-
termine the steam quality required in a channel to
stop the downward flow completely. It should be
understood that no such conditions can develop over
the entire cross section of the core but only in
certain channels where severe flow restrictions have
taken place without being noticed. The steam quali-
ty required to stop flow in a channel can be deter-
mined by equating the pressure difference existing
across the core at a given flow rate to the pressure
across the hottest channel with zero flow. Equat-
ing the buoyant forces to the downward pressure
forces there results for no steam slip

AP= L 1 1

Vf (1-x) Vf + xV

where

A P = friction loss in an average channel, lbs/
ft2

L = height of the channel, ft

X = quality of steam in hottest channel

Vf, V = specific volume of saturated water and
vapor, ft 3/lb

The above equation was solved for the required
steam quality in terms of flow in the reactor. The
results are shown in Figure 5.11 where points of
intersection of coolant flow rate and steam quali-
ties above the curve show that flow is continued in
its original direction. It is important to note
that no reversal would be possible above a total
flow rate of 7000 gpm through the reactor which
corresponds to an elapsed time of 8 seconds in case
of loss of power (Figure 5.3). By then the reactor
power is low enough that the possibility of serious
consequences has been eliminated. Further, the
flow restriction required to attain the steam qual-
ities given in Figure 5.11 have been computed from
the data in Figure 5.3 and are plotted in Figure
5.12. Examination of Figure 5.10 shows that the
most probable time for reversing the flow direction
is 50 seconds after reactor shutdown at which time
the flow is always above 1700 gpm. Less than 0.1%
steam quality would be required to change the flow
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direction. To obtain such a quality, however,
requires 68% flow restriction according to Figure
5.12 and as discussed in the previous section the
probability for such a condition is quite remote.

One final argument against the possibility of
flow reversal is obtained by determining the time
involved in the reversal process. An upper limit
for this time is computed by estimating the seconds
required to evaporate the total weight of water in
the hottest channel. Referring to the most probable
condition for flow reversal, namely 50 seconds after
loss of power, the time involved in vaporizing the
water is found to be 8.9 seconds. The actual time
will be considerably smaller since at the low flows
considered a slight increase in steam quality beyond
the zero flow value would produce rapid reversal.
For a reasonably assumed time of 1 to 2 seconds
Figure 5.9 indicates that excessive temperatures
will not occur at fluxes below 120,000 Btu/hr-ft2

(10% of normal reactor power).

5.5.11 Loss of Pressure Accident

a. Effect

The effect of a pressure loss is to decrease the satura-
tion temperature. This may lead to boiling and possibly steam
blanketing of the fuel element.

b. Causes

The following causes can lead to losses of pressure:

1. inlet pipe break
2. outlet pipe break
3. break in reactor vessel above core

h. break in reactor vessel below core
5. experimental facility break above core
6. experimental facility break below core
7. failure of back pressure valve to close

c. Description of Breaks

1. Inlet Pipe Break

In this accident the pressure is lost together with
the flow.

2. Outlet Pipe Break

This is not nearly as serious as the inlet line break.
Although the pressure would drop, flow would continue into
the reactor as long as water supply was available on the
pump suction pipe.
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3. Break in Reactor Vessel Above Core

The effects of this accident are proportional to the
size of the break. In addition to loss of pressure, there
will be a continuous loss of coolant. If this rate of coolant
loss is greater than the pressurizer system capacity, the
pressure will drop rapidly. The surge tank will reduce the
pressure loss to a value which is not critical for a period
sufficient for remedial measures.

4. Break in Reactor Vessel Below Core

A break in the reactor vessel wall below the core will
not leak as much coolant from the system or cause as great
a pressure loss as an equal size break above the core.
There is, however, the possibility of uncovering the core.

5. Facility Break Above Core

The problem here is not primarily a pressure loss or a
coolant loss but an increase in reactivity due to possible
displacement of a poor moderator (air) by a good moderator
(water). The rate at which this reactivity change occurs
may be critical.

6. Facility Break Below Core

No reactivity change problems are produced by this
break. Changes in the system pressure can occur
together with coolant losses.

d. Analyses of Loss of Pressure Accidents

1. Inlet Pipe Break

The complete shearing and displacement of the 36" inlet
pipe is not considered credible. The size of the crack or
break assumed in this analysis is a 36 sq.in. opening.

The pressure loss in the system, due to a 36 sq.in.
opening in the inlet line, will be the same as that for the
break in the reactor vessel above the core (sub-section
5.5.ll(d)3). The only difference between the two accidents
is that one might conceive that with the break in the inlet
pipe, the primary coolant pumps would draw the water level
in the vessel below core level.

An analysis of the situation has shown that the pumps
will maintain flow through the system during the time the
pressure is dropping and for a limited time after atmos-
pheric pressure has been reached. Calculations show that
flow will continue for at least 9 seconds after rupture.
However, when the water level in the vessel has dropped
sufficiently, the primary pumps will cavitate, and the flow
will stop. After the flow has stopped, the water level in
the vessel will be approximately 3.4 ft. above the top of
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the core. Natural circulation will then establish itself
to cool the fuel elements (see sub-section 5.5.12). The
fire main connection can be used to maintain or increase
the water level in the vessel during natural circulation
even though there is a partial break of the inlet line.
A supply of 60 gpm is all that is necessary to maintain
the water level since this is the quantity of water that
is vaporized in the core to remove the decay heat during
natural circulation.

2. Outlet Pipe Break

This analysis is based upon a complete break in the
coolant outlet line directly at the reactor. As for the
case above (Inlet Pipe Break), this accident is not
considered credible. However, as will be shown, no
damage to gore will result, and hence the consequences of
a partial break will be even less severe than for the
postulated complete break.

The pressure at the reactor core midpoint Pm is:

Pm: atmospheric pressure L pressure drop from core
outlet to its midpoint / pressure drop across
thermal shields

and

Pm - 50.5 psia and the corresponding saturation
temperature is 281.60F.

The maximum temperature of the fuel element surface
at design conditions is 2770F. and no boiling will occur
as long as normal coolant flow is provided.

Normal coolant flow is available for 12.h seconds
during which time the reactor power must be reduced.

The period available for power reduction was
calculated on the following basis:

(a) The coolant pumps will deliver full flow as long as
water is available at the suction line at a pressure
sufficient to prevent cavitation.

(b) The pump manufacturer recommends a maximum suction
head of 20 feet at 80 F. When corrected for the
actual pump inlet water temperature of 110 F., the
maximum suction head is 17 feet or, in terms of
absolute pressure, 34-17 - 17 feet absolute. The
cavitation limit specified by the manufacturer was
5 feet less than the specified maximum suction head,
or 17-5 . 12 feet absolute.
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(c) Since the vapor pressure at 110F. is equivalent to 3
feet head, a minimum of 9 ft. of hydrostatic head is
required.

(d) As designed, only one heat exchanger per bank is 9 ft.
or more above the pump inlet line. The volume of water

in these four exchangers is 1/3 of total volume of
exchangers and interconnecting piping, and is equal to
1/3 (25,190) : 8,400 gallons.

(e) Full flow will last 8400/44,370 = 0.19 minute = 11.4
seconds.

(f) The kinetic energy of the flow in the reactor outlet
line will deliver another 775 gallons, which lasts

775/44,370 :.0175 minute = 1.05 seconds.

After the period of normal coolant flow, the pumps will
cavitate and the water above the core will flow out by
gravity. The total time of flow by gravity is equal to:

Time to empty vessel to inlet
line elevation - 60.2 sec.

Time to empty inlet line = 46.0 sec.

Time to empty vessel to three
feet above core = 16.0 sec.

122.2 sec.

The following assumptions were made in the analysis:

(a) The dominant flow resistance is the reactor core.

(b) No water flowed through the pumps other than from the
top row of heat exchangers and by virtue of the kinetic
energy of the water in the outlet line.

(c) The pressure above the water was assumed to be
atmospheric.

The above analysis shows that two minutes are avail-
able for the flow to decay before natural convection must
handle the decay heat. Further, in the initial stages of
the accident full flow can be maintained for :L2.4 seconds
during which time the reactor power level can be reduced
to decay values. These two values are large enough to
prevent damage to the reactor core.

3. Break in Reactor Vessel Above Core

For loss rates less than 300 gpm the pressurizer pump
will maintain the system pressure by delivering water to
the reactor from the degassing tank for a time in excess
of 8 minutes. For loss rates greater than 300 gpm, the
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system pressure cannot be maintained and the loss rate
would depend on the size of the break. For normal operation,

the fuel element maximum surface temperature is 277 0F., and
the corresponding saturation pressure is 32 psig. Based on
normal pressure drop through the reactor core, the corre-
sponding reactor inlet pressure must be at least 50 psig.
A 6" x 6" hole in the vessel was assumed and a finite
difference pressure calculation performed which included
the response of the surge tank. The pressure of the coolant
at the core hot spot was determined as a function of time.
The results are shown in Figure 5.13 which indicates that,
for the ETR primary coolant system, the pressure at the hot
spot is always greater than saturation value and therefore
boiling cannot occur in the core as a result of a 6" x 6"
break.

h. Break in Reactor Vessel Below Core

Since the rate of water loss from any break below the
core is less than the rate from an equal size break above
the core, any system capable of handling the case discussed
in the previous section is adequate for the present one.
This is true from the point of view of burnout or boiling
shortly after the break. However, in the long term phase,
it is possible to uncover the core when the break occurs
below the core. But, by this time, water will be delivered
from external sources and, thus, prevent the core being
uncovered. The time required to uncover the core for a
6" x 6" break in the vessel below the core was determined.
The various assumptions used in the investigations include
the conditions that the pumps continue to rotate after the
break occurs, the surge tank air continues to pressurize
the system with a pressure that varies with time and that
the coolant outlet flow through the break depends on the
coolant pressure within the vessel.

The results of the investigations indicate that 6.8
minutes must elapse before the core can be uncovered. The
present fire main protection can deliver water to the
vessel within 5 minutes and therefore the core will not be
drained.

5. Experimental Facility Break Above Core.

This accident is discussed in Section 5.7.

6. Experimental Facility Break Below Core

This accident is discussed in Section 5.7.

7. Failure of Back Pressure Valve to Close

The back pressure valve will normalJy pass 300 gpm when
fully open. With the 300 gpm loss of water made up by flow
from the surge tank, the pressure drop between the surge tank
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and the primary coolant inlet line is less than 1 psi.
For a water flow of 300 gpm the surge tank will be empty in
one minute. During this period, the pressure in the surge
tank will have dropped from normal pressure of 200 psia to
113 psia. Since boiling in the core cannot take place
unless this pressure drops below 66 psia, ample time and
pressure margins are available.

5.5.12 Core Natural Circulation

Several accidents involving loss of pressure cause coolant flow
reduction or complete flow stoppage in addition to the reduction of
coolant saturation temperature. In all cases however, the level of
the water in the reactor remains above the core. Since approximately
5 minutes will elapse before water from the fire main is available
to cool the core, the original reactor primary coolant must provide
adequate cooling for the core components by means 'of natural
convection circulation.

The circulation pattern was determined on the basis of equating
the thermal driving heads and the friction pressure drops according
to the relations

-P L ,1 Head
A P Fuel F Accel, Friction

L$ , Head

APBe Be Accel, Friction

-' L - Head
A PAl ~AlL Accel, Friction

Where: . ? Fuel, Q RPBe and A P Al are the pressure drops across
the fuel region, beryllium and aluminum reflector, respectively

F, Be and - Al are the average water densities in the fuel
region, berylliI and aluminum reflector, respectively. (This
takes into account the vapor fraction in these regions when
natural circulation bulk boiling is occurring). L = length of
flow channels = 3 ft.

The flow pattern is basically upward flow through the fuel and
beryllium core sections and downward flow through the aluminum
sections. All heat generation values of the components were chosen
from conservative decay rates. For any accident, the maximum time
required to establish the flow pattern is approximately 9 seconds
following coolant flow stoppage. During a small portion of this time
interval, the highest temperature of the hottest fuel element is less
than 36 0F. Boiling will occur in this interval but the fuel elements
will not be damaged.

As the decay heat of the core is absorbed by the coolant, the
temperature of the coolant rises until the saturation value is reached.
During this time interval, the temperatures of the various core
components first decrease and then rise to a quasi-steady maximum
when saturation is reached. As this natural circulation bulk boiling
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flow continues, the heat decay effect then causes the component
temperatures to decrease. The highest temperatures of the core
components during natural circulation bulk boiling flow are:

Hottest fuel element 235 F

Average fuel element 2300F

Beryllium hot spot !160F

It is seen that none of these values are severe, since the fuel
element temperatures are below those for normal operation and the
beryllium temperature is much below that which would cause any
trouble from thermal stresses.

The time required for the coolant temperature to rise to its
saturation value following an outlet line break is approximately
7 minutes, and following an inlet line break, approximately 13
minutes. Since coolant from the fire main will be available within
5 minutes, the temperatures stated above are higher than will
actually occur. Therefore natural convection circulation is adequate
to protect the core components from excessive heating effects as a
result of any credible accident.

5.5.13 Water Hammer

Water hammer occurs.when rapid changes in flow are produced.
Water hammer effects are likely to occur when line closures occur
in times of the order of 2 L/a, where L is the line length and a
is the velocity of propagation of a pressure wave. For steel pipe
lines a is approximately 4000. In the present system, the total
line length is approximately 400 feet maximum. The line closure
times would have to be less than 2 x 400 - 0.200 second.

4000

The back pressure valve can be closed in h seconds and the bypass
valve in 7 seconds. The main throttle valve cannot be completely
closed but may be only partially closed in about 30 seconds. Since
these operating times are 20 times greater than those causing water
hammer, water hammer will not occur.

Pressure increases or decreases will be experienced due to
acceleration or deceleration. The maximum pressure change for the
ETR values was computed to be 1.6 psi which is negligible.
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5.6 ACCIDENTS OF OPERATING TYPE

5.6.1 Startup Accident

In the Engineering Test Reactor, the rate of withdrawal
of the control elements was chosen to insure safe reactor
startup. In starting ark reactor, if the control rods are
withdrawn at their maximum possible rate, the reactor may go
prompt critical and the reactor flux would then rise on a
very short period at very low power. In this case, the
control rods would continue to be withdrawn until the safety
controls on the power meters became effective; during the
time required for signal delay and magnet release, the
reactor power would continue to rise until the control rods
are inserted in the reactor core. A very short period may
result in a rather large "overshoot" of power beyond the
power safety levels, and the fuel surface and internal
temperatures may become excessive. The maximum withdrawal
rate of control rods, therefore, must be chosen to insure
a fuel temperature rise compatible with fuel element and
reactor design. In most power reactors the solution
simply consists of fixing the control element withdrawal
rate at a low enough value to achieve just such a condition.
In the ETR the problem is complicated further by xenon
poisoning. The flux level in the ETR is such that unless
the reactor is started again within a short time, not enough
excess reactivity can be built into the reactor to override
the effects of xenon poisoning. The ability to start the
reactor again within this short time interval is essentially
dependent upon the withdrawal rate of the control rods. The
final choice of rod withdrawal rate is thus seen to depend
upon three major factors:

Power level rise in terms of maximum withdrawal rate

Resulting fuel temperature increases

Available time for xenon override.

In the ETR, safe operation is derived by fixing the
maximum rate of removal of control rods at 16 inches per
minute for ganged withdrawal of the four black rods or the
twelve gray rods. Also, the startup safety level (low-
level trip) of the reactor was set at one tenth of full
power operation (0.lN). This level can be raised by the
operator to 1.4 times full power (high-level trip) only
after the reactor power has reached ten megawatts (0.057N).
If the reactor power falls below ten megawatts with the
high level trip in effect, the trip level will automatically
be changed to the O.lN point.

Based upon the conservative calculation method developed
by Newson*, the reactor power transient with the low-level
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trip in effect is not excessive even though the reactor
period is 27 milliseconds. The maximum power attained,
because of overshoot, is 0.28 times full reactor power;
the corresponding maximum surface temperature in the hottest
reactor channel is 16301., well within the safe region.

For the region of reactor power where the higher-level
trip is in effect, the power transient curves are shown in
Figure 5.lh. The values presented were obtained by Newson's
method and are based on the conservative assumptions of a
25-millisecond delay time (however, the expected value is
only 1-millisecond electronic delay and 10-millisecpnd magnet
release time), a prompt neutron lifetime of 5 x 10- sec.,
the rods being at their maximum reactivity location during
withdrawal, and the period meter not responding. The
corresponding maximum surface and central temperatures in
the hottest fuel element are given in Figures 5.15 and 5.16
for three high-level trip settings: 1.2, 1.3, and 1.4N.
These values were obtained by means of a finite difference
method. Small time increments of 0.0025 sec. were chosen
and heat balances were written for three sections of the
fuel element from center line to the outer cladding.

Examination of Figure 5.15 reveals that for the 1.hN
setting the maximum surface temperature is h500F. and the
corresponding heat flux is 2,180,000 Btu/hr-ft2. At this
flux the surface temperature corresponding to boiling is
computed from

q-C' (Tw - Tsat) 3.86

where
C' = 0.07 for dissolved gas concentration of

0.06 m/liter
Tw = surface temperature

Tsat' saturation temperature at hottest point,
367*F.

= heat flux, Btu/hr-ft2

The above equation proposed by McAdams and co-workers*
requires a surface temperature of 451*F. for boiling to
start. The above calculation does not make any allowance
for flow distribution, tolerances, and other uncertainties.
It is felt, however, that there are enough safety factors
incorporated in the power transient curves to handle the
additional margin required. First, the period derived by
Newson is the minimum attainable value. Second, the prompt
neutron lifetime and rod position have been chosen as
conservatively as possible. Third, the surface temperature
of the fuel element is above 140 0F. for only an extremely
short time of the order of 100 milliseconds. Finally, it
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was assumed that the period meter did not respond; while
this may be true in a startup accident from source power to
0.lN, it is very improbable when the startup accident occurs
above 0.lN.

5.6.2 Normal Operation

The running cycle of the ETR is expected to be approxi-
mately 20 days and to result in approximately 35% average
burnup of fuel. The control to be provided during the cycle
is approximately as follows

Xenon 3.5% , k/k
Samarium 0.5
Temperature coefficient 1.5
Poison mismatch 5.0

It should be pointed out here that all of the effects
are not additive. At the start of the cycle a drop in
reactivity due to xenon and samarium buildup occurs, but
as the cycle progresses the reactivity increases because
of poison mismatch.. Also, since the gray rods have
approximately 12% Aok/k they provide sufficient control for
the operation of the reactor and small adjustments required
by the experiments. Figure 5.17 shows the excess reactivity
available versus time. Examination of the figure shows
that at least 4% Ak/k is available in the.gray rods during
the first 18 days of operation. In addition to this 4%
there exists 1h% Ak/k in the black rods. The reactor can
therefore be effectively shut down if 3 gray rods and 3
black rods are inoperative. The possibility of so many
rods not being available is not a practical one since the
control rods have been designed to operate independently of
one another.

5.6.3 Transient Operation

a) General

The performance of the ETR and its cooling system
under transient conditions has been evaluated by analog
simulation of the reactor and flow circuit. The analog
was built to determine temperature and flow values
under various operating and emergency conditions.

The computer (shown in Figure 5.18) was designed
to solve the equations governing the primary and
secondary system and the time behavior of the reactor.
Transport delays in the piping, as well as reactivity
effects of moderator and fuel element temperature are
accounted for. Furthermore, provision has been made
to study coolant flow decay due to loss of power. A
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detailed description of the simulator and its funda-
mentals is given in Appendix C.

The simulator as described is capable of deter-
mining the reactor power output, fuel element, primary
coolant, and secondary coolant temperatures for the
following cases:

1. Changes in reactor power level due to step in-
creases in reactivity.

2. Accidents in facilities affecting reactivity.

3. Loss of primary or secondary coolant flow with
or without subsequent reactor scram.

4. Changes in any of the parameters of the primary
or secondary system.

To date the operation of the simulator has been limited
to the first three cases.

b) Step Increases in Reactivity

The analog simulator was operated with the follow-
ing step increases in reactivity , k a 0.00182, 0.00146,
0.0011, and 0.00073. The results are shown in Figures
5.19, 5.20, and 5.21 assuming that no corrective measures
such as rundown, or scram have been taken. For step
increases in reactivity, the reactor power (Figure 5.19),
the hot-spot surface temperature (Figure 5.20), and the
fuel element average surface temperature (Figure 5.21)
are shown to level off. Examination of Figure 5.20
reveals that approximately 0.1% reactivity step can be
added to the reactor without any need for scram.

c) Accidents in Experimental Facilities Affecting Reactivity

A failure in an experiment could produce a reactivity
increase in the ETR core, but its effects could not be
corrected for instantaneously. To investigate the net
effects of such accidents a series of reactivity steps
were considered with scram being initiated such that
the power did not exceed 200% of normal. Results for
reactor power, hot spot surface temperature, and average
fuel surface temperature are presented in Figures 5.22,
5.23, and 5.24. Examination of Figure 5.23 shows that
in all three cases considered (t k = 0.00292, 0.00219,
0.00182) no boiling takes place. In other words, the
reactor can handle a step increase in reactivity of at
least 0.3% without damage if scram is accomplished 1.5
seconds (reactor power has reached 200% of normal) after
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the step is applied to the reactor; this is well within
the range of the ETR control system. This reactivity
change covers most accidents in experimental facilities
including loss of coolant, pressure transients, and
others since any change in the experiment affects the
reactor on a much smaller scale.

d) Loss Of Electric Power To Primary System

In this case the analog simulator was used to study
the effects of loss of power. This accident is dis-
cussed in Section 5.5.2 but the results discussed below
account for reactivity changes resulting from changes
in fuel and moderator temperatures. Reactor power,
hot spot surface temperature, average bulk temperature,
and primary coolant flow are plotted in Figures 5.25,
5.26, and 5.27. Figure 5.25 gives all the above para-
meters if the reactor is not scrammed, while Figures
5.26 and 5.27 give similar results for the reactor
scrammed with 2.5 and 2 seconds delay respectively.
To avoid reaching saturation temperature at the hot
spot, the reactor must be scrammed within two seconds
after loss of power; to avoid boiling, the reactor
must be scrammed within 3 seconds after loss of power.
The pressure and flow signals are fast enough to pro-
duce scrams before two seconds have elapsed and it is
seen that the reactor again remains undamaged.
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5.7 ACCIDENTS OF EXPERIMENTAL TYPE

5.7.1 Failure of Gas-Cooled Experiment

In the event of a facility break in a gas-cooled experi-
ment, the water in the reactor and primary system will first
be pressurized or depressurized depending upon the absolute
pressure of the gaseous coolant. In both cases the surge tank
incorporated in the design will delay the rate of pressure
change sufficiently to eliminate reactor damage. A more serious
consequence of such an accident would be the replacement of the
gaseous coolant by water with a resulting increase in reactor
reactivity. Possible accidents and their consequences relating
to failures in the loop were investigated. The most probable

accident is a local failure at some point in the pipe due to
operation at severe conditions. The accident involving shear-
ing the pipe at both ends simultaneously with lateral pipe
displacement is not considered credible.

However, a break involving an opening of at least 10
square inches is postulated as the maximum credible accident
and its effects are considered in the following paragraphs.
For such a break, the air and water systems form a small cir-
culation loop so that the air will pass into the reactor at
the top of the break and water will pass into the pipe at the
bottan of the break. The system will become pressurized and
for the first planned set of experiments the reactor pressure
rises to a maximum of 350 psi. The pressure vessel will be
able to withstand the increased pressure since it is designed
according to ASME Code and will be tested at 400 psi hydro-
statically. The reactivity change produced by this accident
was not investigated in detail since two simultaneous breaks
spaced widely apart in the line provide a greater circulating
force. This case is treated next.

The worst condition occurs when the breaks are located
above the core and when the breaks are separated as far as
possible, i.e. 20.5 ft in the present system.

Not including circulation leakage, the pressure differ-

ential forcing water into the lower break in the loop is:

Pb -~P2

where Pb = Pressure of water outside loop

P2 = Pressure of air inside the loop

The relations for these pressures are:

PbPa OLZL - APf, m, L
P2 L PL+ /aa P-Af,m,a
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where Pa= Pressure of air outside loop

PL= Pressure of water inside loop

fa= Density of air

PL= Density of liquid

Za= Height of air

Z = Height of liquid

Pf a Pressure loss of air because of friction and
''~ momentum

Pf,mL= Pressure loss of liquid because of friction and
momentum

If the water velocity outside the top leak is neglected
and if the pressure drop in the pipe is computed for the worst
case of the experiment located above the core, the following
pressure values are obtained:

P1 - P2 = 5.14 psi

Pb-~P 2 = 14.12 psi

For a 10 sq. in. break, the corresponding water flow into
the loop is 118 lbs/sec which yields a water-air mixture den-
sity of 8.75 lbs/ft3 . The net change in reactivity is 0.50%
based upon a 3.5% reactivity addition when air is replaced
completely by water.

A review of the data presented in Section 5.6.3 shows
that 0.5% of reactivity can be added to the reactor without
nucleate boiling of the moderator if the control rods are
scranmed 500 milliseconds after the water has replaced the
gas in the facility piping. Such a scram signal can be made
an essential part of the gas-cooled experiment, and its re-
sponse to loss of pressure in the loop must be thoroughly
tested prior to installation.

5.7.2 Failure of Sodium-Cooled Experiment

The basic premise of any sodium experiment design is that
the water and sodium never come into contact. This result is
achieved by means of a double-wall pipe with leak detection of
sodium or water in the intermediate space causing immediate
scram of the reactor. The above precautions eliminate the pos-
sibility of sodium reaction with water to form sodium hydroxide
and hydrogen. The biggest danger in the sodium--water reaction
is the production of shock waves strong enough to rupture the
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reactor pressure vessel. For instance, one gallon of sodium
would generate 19,000 BTU by its chemical reaction with water.
This heat, when absorbed in the 110,000 lbs. of water avail-
able in the reactor vessel, increases the water pressure by
100 psi neglecting any surge tank effect. With a nominal
operating pressure of 200 psia, this would result in a short-
term pressure of 300 psia. As the tank is designed according
to ASME Code for 250 psi it is capable of sustaining pressures
greater than 300 psi without any difficulty. On the other
hand, if all the sodium reacts instantaneously with water, the
resulting shock wave (based upon data reported in the Liquid

Metals Handbook) would produce a 9000 psi pressure wave at
the vessel. Since a double-wall pipe separates the sodium
and water, as discussed above, the reaction of all the sodium
with water is not considered a credible accident.

5.7.3 Failure of High Pressure Experimental Loop

The major problems in this instance are pressurizing the
reactor system and burnout of the fuel element in the high
pressure loop because of reduced pressure. Both problems can
be handled effectively by proper design. A large pressurizer
in the experimental loop would maintain the pressure in it
long enough to scram the reactor even if the break were large.
The pressure increase in the reactor system can be minimized
by the surge tank provided and by reducing the water content
in the high pressure loop.

5.8 MAXIMUM CREDIBLE ACCIDENT

A review of all the above accidents shows that several lead
to release of fission products in the water or reactor building but not
in large enough quantity to produce a major hazard. The worst pos-
sible condition is one resulting from steam blanketing of the fuel
element. Two accidents may lead to steam blanketing. They ae (1)
the startup accident where heat fluxes of 2,180,000 BTU/hr-ft may
occur, or (2) an accidental failure in the gas-cooled loop which
also gives heat fluxes above the nominal design value. Since in
the second case a scram signal of 500 milliseconds can be designed
into the experimental loop, this eliminates the possibility of boil-
ing. Therefore, it appears that the maximum credible accident is
the startup accident.

As pointed out in Section 5.6.1 dealing with the start-up ac-
cident there is very little reason to believe that boiling can take
place. The reasons given are:

1. It was assumed that all controls and instruments have
failed except for the power meters. With the 0.lN power
setting during startup, it is expected that the period
meter will be effective and the reactor shut down before
excessive heat rates are attained.
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2. The neutron lifetime, the rod worth, and the calculation
method used were chosen as conservatively as possible.

3. If boiling did take place, there is no reason to believe
that burnout would occur simultaneously. Extrapolation
of available data indicates that steam blanketing will
not occur.

h. The element remains in this region of high temperature
and high heat rates for an extremely short time.

All of these reasons indicate that even for the maximum pos-
tulated credible accident the probability for serious damage to the
reactor and surroundings is extremely small. Burnout of fuel plates,
should it occur, would release fission products to the coolant system.
It is a serious problem only if the aluminum reaches melting tempera-
ture at which time an aluminum-water reaction is possible. Yet, such
a reaction does not occur every time water and molten aluminum are
brought into contact and this new improbability factor added to those
already listed makes a practical certainty that no aluminum.-water
reaction can take place in the ETR. The net effects of steam-blanket-
ing fuel elements will, therefore, be release of fission. products in
the water; the resulting hazards are presented in Section 6.
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PRIMARY COOLANT SYSTEM HEAD
VERSUS FLOW CHARACTERISTICS
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PRESSURE RISE AND DRIVING HEAD
VERSUS TEMPERATURE DIFFERENCE

FOR THE REGION OF 6-3% OF FULL POWER
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PRIMARY COOLANT FLOW DELAY AFTER POWER FAILURE
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FAILURE OF FREQUENCY DEVICE DURING LOSS OF POWER ACCIDENT
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PRESSURE DROP VERSUS PLATE LENGTH

FUEL PLATE SPACING VARIED FROM ---
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RATE OF TEMPERATURE RISE FOR AN INSULATED FUEL PLATE AT

VARIOUS REACTOR POWER LEVELS
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PERMISSIBLE REDUCTION IN FLOOD AREA
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FLOW RATE VS. STEAM QUALITY REQUIRED TO MAINTAIN
ZERO FLOW IN HOT SPOT CHANNEL

./___ /4 /1/o p

FIG. 5.11

W

K

/D QGc



STEAM QUALITY
RESULTING FROM A GIVEN FLOW RATE
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POWER TRANSIENT DURING START-UP ACCIDENT
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FUEL ELEMENT SURFACE TEMPERATURE
DURING START-UP ACCIDENT
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FUEL ELEMENT CENTRAL TEMPERATURE DURING STAR-UP ACCIDENT
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EXCESS REACTIVITY VERSUS TIME FOR NORMAL OPERATION
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6GO--FUEL ELEMENT HOT SPOT SURFACE TEMPERATURE VS.TIME
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AVERAGE FUEL ELEMENT SURFACE TEMPERATURE VS.TIME
FOLLOWING VARIOUS POSITIVE STEP CHANGES OF REACTIVITY
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REACTOR POWER VS.TIME FOLLOWING
VARIOUS POSITIVE STEPS OF REACTIVITY
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FUEL ELEMENT HOT SPOT SURFACE TEMPERATURE VS.TIME
FOLLOWING VARIOUS STEP CHANGES OF REACTIVITY

(REACTOR SCRAM AT = 200 % POWER)
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AVERAGE FUEL ELEMENT SURFACE TEMPERATURE VS. TIME FOLLOWING
VARIOUS POSITIVE STEPS OF REACTIVITY (REACTOR SCRAM AT=200 % POWER
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RUN I, EFFECTS OF PRIMARY COOLANT FLOW DECAY
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RUN 2, EFFECTS OF PRIMARY COOLANT FLOW DECAY
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RUN 3, EFFECTS OF PRIMARY COOLANT FLOW DECAY
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SECTION 6

HAZARDS EVALUATION

6.o INTRODUCTION

Because reactors accumulate a large amount of fission products,
there always exists the possibility of releasing some of.these radio-
active materials inside or outside the reactor building. In the
previous section various accidents and failures within the proposed
systems were examined in detail and in a few instances release of
fission products would be expected. Essentially, there are two pos-
sible sources of contamination: (1) the reactor fuel elements or
coolant and (2) the experimental fuel elements or coolant.

This section attempts to evaluate the consequences resulting
from such releases of fission products. It deals with dose calcula-
tions in the reactor building or its surroundings. In each case the
model used in the computations is described first. Provisions taken
to limit the hazards are discussed next, followed by dose values at
the more critical locations.

6.1 HAZARDS WITHIN REACTOR BUILDING

Contamination of the reactor building happens if a fuel element
failure occurs in the core coupled with small leakage from the pri-
mary system to the building. Or again, it may be caused by accidental
rupture of the element after it has been transferred to the canal.
Other possible contamination sources are leakage from the primary
system, and from a high pressure water or gas loop before or after
failure of the element undergoing test.

6.1.1 Hydraulic Failure of Fuel Element in Core

In this instance rupture of the fuel element cladding is
caused by excessive hydraulic forces. MTR operating experi-
ence indicates that such rupture is limited to two plates at
the most and is usually in the form of pinholes at the cladding
surface. The release of fission products is, therefore, re-
duced considerably as indicated by test results presented in
WAPD-CP-1537 and reproduced in the following tabulation.

Fraction of Production Rate

Rare gases: Half life greater
than 3 hrs 0.10

Half life less
than 3 hrs 0.01

Halogens: Br, I 0.02
-259-



Fraction of Production Rate

Alkali Metals: Cs, Rb 0.10

Alkaline Earths: Ba, Sr 5 x 10-5

Rare Earths: La, Ce, Pr, Nb, Pm,
Sm, Eu, Gd, Y 2 x l0-5

Tetravalents: Ru, Rh, Zr, Nb 2 x l0-5

These fission products will first contaminate the primary
water, and air contamination will result only in the event of
leakage of the primary coolant., The primary system is designed
so that in-leakage. rather than outleakage is present at the
bottom head and pump seals. The top head neoprene 0-ring, the
top head cover sheathed asbestos gasket, and valve packing will
prevent any other leakage. If leakage becomes significant,
maybe more than a few drops per hour, it would go to the warm
or hot drains until the seals are replaced. Also, the air
spaces surrounding the primary coolant system in the biologi-
cal shield are all held at slight negative pressure so that
there will be a slight in-leakage of air into these spaces.
This air in turn will be drawn down and out by the cubicle
exhaust fans.

Contamination of the reactor building from this source,
therefore, is possible only if power is lost to the pumps
applying pressure at the seals. Even then, the maximum out-
leakage of 1500 cc/hr at the bottom head will last for only
10-1/2 seconds since the pumps are connected to the emergency
power supply. Note also that the simultaneous occurrence of
fuel element rupture and leakage in the primary system is
remote because a fuel element failure is detected by monitor-
ing the primary water and the reactor is shut down immediately
thereafter.

The dose calculations presented here are, therefore, con-
servative. They postulate a continuous primry leak rate of
1000 cc/hr and assume -gnat two fuel plates have failed and that
equilibrium conditions have been attained in the primary system
and reactor building. The calculations were carried out ac-
cording to the method described in WAPD-TN-522, "Distribution
of Fission Product Gases in PWR Type Reactor Systems".

The concentration of isotope i (Ni atoms per cm3 of air)

is obtained from

for the first chain member, and

-260-



for the second member, with

Vg = reactor building volume, cm3

VW = water volume, cm3

(- fraction of equilibrium production rate released
to coolant for isotope i

- effective chain yield of isotope i

k = fissioning rate, fissions/sec involved in rupture

- decay constant, sec-1

= purification system rate constant, sec'-

6 - air dilution rate, sec 1

L = coolant leak rate, cm3 /sec

The corresponding air activities inpc/ml of, air are

(6.3)3

The chain yields and decay constants were taken to be

Isotope Means of Removal Chain Yield Decay Constant, sec 1

Demineral izer
Demineralizer
Demineral izer
Demineralizer
Demineralizer
Degassing
Degassing
Demineralizer
Demineralizer
Degassing
Degassing
Degassing
Demineralizer
Demineralizer
Demineralizer
Demineral izer
Demineralizer

.031
.o4
.071
.080
.0685
.0711
.0685
.00505
.00942
.00967
.0268
.0314

2.5 x 10-7
.0314
.0478
.o47 8
. 4o2

9.85 x 10-7
8.0 x 10-5
9.26 x 106
2.20 x 1..
2.88 x 10-5
1.52 x 10"6
2.11 x 10-5

8.26 x 10-5
3.85 x 104
2.03 x 10-9
l.h8 x l0
6.95 x 10-5
4.30 x 10-7
6.52 x l0-4
7.7 x 10-
.59 x l0-7

7.92 x 1010
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I 132
I 133
I 134
I 135

Xe 133
Xe 135

Br 83
Br 84
Kr 85

Kr 87
Kr 88
Rb 86
Rb 88
Rb 89
Sr 89
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Isotope Means of Removal

Demineralizer
Demineralizer
Demineralizer
Demineralizer
Demineralizer
Demineralizer
Demineralizer

Chain Yield

.0535

.0402

.0525

5.7 x l0-5

.0633

.o64
.0623

Air activities for a leak rate of 1000
6.1 together with tolerance values given in
ards Handbook 52.

Decay Constant, sec'

1.98 x l0-5

3.0 x lo-6
5.35 x 10-5
5.85 x 10-7
8.26 x 1o-l0
1.36 x lO
6.27 x 10'7

cc/hr are show in Table
National Bureau of Stand-

All results are based upon:

Vg =2. 2 8 x 1010cc

VW 2.12 x10 8 cc

k = 1.73 x 1015 fissions/sec (hottest point in reactor)

two air changes per hour, a demineralizer bypass of 100 gpm and a 300
gpm flow to the degassing tank. Examination of Table 6.1 reveals that
a leakage of 3,900 cc/hr will maintain tolerance, a s obtained by sum-
ming the fractional contributions of each isotope and comparing the
total with unity. As previously discussed, a leak of this order of
magnitude is only a very remote possibility, and the reactor building
air that comes in contact with any primary coolant leakage will be
drawing out through the exhaust fan before it can spread throughout
the building.

Table 6.1 - Air Activity for Hydraulic Failure of Fuel Element

Air Activity
Ac c/ml

8.9 x 101l
2.1 x l0
1.5 x l09
5.3 x 10 9
3.0 x 4W9

5.5 x 10~-10
8.9 x 1010
3.0 x o10-1
4.8 x 1010
3.1 x 10-13
6.1 x 1010
5.7 x 10-10
1.7 x l015
5.9 x 10-10

Hdbk 52 Tolerance
Ac/ml

3 x 10 9 _
1.3 X l0
1.4 x l08
1.4 x 10 7

5.7 x 10-84.o0 x 10.~
2.0 x 10~6
3.3 x 10-5
3.7 x 106
4.7 x 10~
9.2 x 1047
4.3 x 10-6
4.o x l0-7
8.6 x 10-5

Fraction of
Tolerance

2.9 x 10"2
1.6 x 1o2
1.1 x 101
3.8 x 102
5.3 x 10-2
1.4 x lo-
4.5 x 10-x

9.1 x 106
1.3 x l0~
6.6 x 10-8
6.6 x 10-4
1.3 x 10-4
4.3 x 10"9

6.9 x 10-6
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Y
Y

Cs
Cs
Ba
Ba

91
90
92
136
137
139
140

Isotope

I 131
I132
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Xe 133
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Br 84
Kr 85
Kr 87
Kr 88
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Rb 88



Air Activity Hdbk 52 Tolerance Fraction of
Isotope Ac/ml >Lc/ml Tolerance

Rb 89 8.9 x 10- 1.1 x 10 8.1 x 105
Sr 89 1.2 x 10-10 2.0 x 1010 6.0 x 103
Sr 90 2.5 x 10-12 2.0 x 10-6 1.3 x 106
Sr 91 14.8 x 10 2.3 x 106 2.1 x 106
Y 90 2.4 x 10-17 5.5 x 10 7  h.h x1061

Y 92 7.1 x 12 5.3 x10 6  1.3 x 10-6
Cs 136 5.1 x 10-13  2.3 x 10- 6  2.2 x 10 7

Cs 137 8.2 x 10-13 2.0 x 107 4.1 x 10-6
Ba 139 2.0 x 10-8 1.5 x 10- 1.3 x 10-3
Ba 140 3.0 x 1013 6.0 x c~8 o5.o x 10-6

TOTAL 2.55 x 101

6.1.2 Steam Blanketing Failure of Fuel Element in Core

In this case it is assumed that "burnout" can take place
and that the fuel element ruptures after it reaches the high
temperatures resulting from steam blanketing. The failure is
no longer in the form of pinholes. It involves, instead,
large portions of fuel plates. Here again, however, contamin-
ation of the reactor building is practically impossible since
the primary system is designed with no leakage to the air in
the building. Release of fission products is, therefore,
possible only if the steam blanketing can produce a rupture
of the primary system. This case is discussed in Section
6.1.4, the present results being limited once again to a
maximum leak rate from the primary system of 1000 cc/hr. It
is also assumed that 10% of the hottest fuel element is ex-
posed in the rupture.

The calculations proceed as in the previous section. A
reasonable estimate of the fraction of fission products re-
leased to the water is obtained by adjusting the values of
WAPD-CP-1537 to yield 100% for the rare gases while preserving
the proportions reported in WAPD-CP-1537. This case is 10
times more severe than that assumed for pinhole failure.

Fraction of Production Rate

Rare gases: Half life greater
than 3 hrs 1.0

Half life less
than 3 hrs 0.10

Halogens: Br, I 0.20

Alkali Metals: Cs, Rb 1.0
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Alkali Earths: Ba, Sr

Rare Earths: La, Ce, Pr, Nb, Pm,
Sm, Eu, Gd, Y

Fraction of Production Rate

5 x 10-4

2 x lO

Tetravalents: Ru, Rh, Zr, Nb

Air Activities are shown in Table
tolerance values given in Handbook 52.
not exceed tolerance if the leakage ra
per hour.

Table 6.2 - Air Activity for Steam Blanketin

6.2 together with
The dose rate will

e is held below 400cc

ig Failure of Fuel Element

Air Activity
A-c/ml

8.5 x 1010
2.0 x 10"8
1.4 x 10-8
5.1 x 10-8
2.8 x 10-8
5.x 10-9
8.5 x 10-9
2.8 x 10-9
4.6 x 10-9
2.9 x 10-12
5.8 x 10'9
5.4 x 10-9
1.6 x 10-14
5.6 x o109
8.5 x 10-8
1.1 x 10-9
2.4 x 10-13
4.6 x 10-11
2.3.x 10l6
6.8 x 10-11
4.8 x 10-12
7.8 x 1l-12
1.9 x l0-7
2.8 x 10-12

Hdbk 52 Tolerance
Mc c/rnl

3x
1.3
1.4
1.4
5.7

4.o
2.0
3.3
3.7
4.7
9.2
4.3
4.0
8.6
1.1
2.0
2.0
2.3
5.5

5.3
2.3
2.0
1.5
6.o

10"9
x 10 7
x 1o0
x 10-7
x 10-8

x 10-"6

x 10-6

x 10-5

x 10-5

x 10-6

x 10-7

x 10-6

x 10-7

x 10-5

x 10-4

x 10-8
x 10-10

x 10-6

x 10-7

x 10-6

x 10'6

x 10~7

x 10-5
x 1068

TOTAL

Fraction of
Tolerance

2.7 x 10-1
1.5 x 10~1
1.0 x l0-0
3.6 x 10-1
5.1 x lol
1.3 x 10-3
4.3 x 10-3
8.7 x 10-5
1.2 x 10-4
6.3 x l0-
6.3 x 10-3
1.2 x 10-3
4.1 x 10"8
6.6 x 10-5
7.7 x104
5.7 x 10-2
1.2 x 10-3
2.0 x l05
4.2 x 1010
1.2 x 10-
2.1 x 10"
3.9 C 10-
1.2 x 10-2

4.8 x l05

2.4

6.1.3 Fuel Element Failure in C anal

In this case the fuel element rupture is caused by over

pressure of handling tools, accidental dropping of the fuel,
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Isotope

I 131
I 132
I 133
1 134
I 135

Xe 133
Le 135
Br 83
Br 84
Kr 85
Kr 87
Kr 88
Rb 86
Rb 88
Rb 89
Sr 89
Sr 90
Sr 91
Y 90
Y 92

Cs 136
Cs 137
Ba 139
Ba 140
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or erroneous sawing operation of the fuel end pieces. The
area covered by the failure is , therefore, not extensive and
the release rates used in Section 6.1.1 can be utilized again
as maximum values. The gravity of the failure, however, is
dependent upon the time elapsed between its occurrence and the
reactor shutdown. Since the first fuel element is transferred
to the canal several hours after shutdown the fissioning rate
is at most 1.5% of the value used in Section 6.1.1. On the
other hand, since water can be evaporated directly from the
canal surface to the building the leakage rate is greater
than in Section 6.1.1. According to the Mechanical Engineers
Handbook by L. S. Marks, the evaporation rate from pool to
air is equal to

L = 0.093 x 936 (t-t') x 0.454 (6.h)
95

where

t wet bulb temperature of air
t = temperature of the air

With canal water at 85 F, air within the building at 95*F
and 25% relative humidity, the maximum value of L does not ex-
ceed 11,000 cc/hr. Air activities for such a leakage are given
in Table 6.3 together with tolerance values shown in Handbook
52. The computations assume that fission products are released
to the building atmosphere only by evaporation from the canal
surface. They, also, utilize constants given in Section 6.2.1
with the exception of

V = 5.3x 108 cc

9 1.2 x10- sec-'

k = 2.6 x 1013 fissions/sec

The values in Table 6.3 are based upon the conservative
estimate that 10% of the fuel element is ruptured. Yet, the
resulting hazards are not serious, the total dose being below
3% of tolerance level.
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Table 6.3 - Air Activity for Fuel Element Failure in Canal

Air Activity
fcc/nlIsotope

I 131
I 132
I 133
I 134
I 135

Xe 133
Xe 135
Br 83
Br 84
Kr 85
Kr 87
Kr 88
Rb 86
Rb 88
Rb 89
Sr 89
Sr 90
Sr 91

Y 90
Y 92

Cs 136
Cs 137
Ba 139
Ba 140

1.3
4.1
1.7
3.8
2.7
2.0
3.4
2.2
3.1
2.8
6.1
8.2
2.5
8.5
5.8
1.9
3.9
4.7
8.0
5.6
5.0
8.2
8.8
2.9

x

x

x

x

x

x

x

x

x

x

x

x

x

x
x

x

x

x
x

x

x

x

x

x

10-11
10-11
10-10
10-10
10~10
10- 9

10-10
10'11
10'11
10-10

0 10 1

10-10
10-16
10-11

10-10

10-11
10 17

10-13

10'1
i0-

1 3

1r13
10-13
10"9
10-13

Hdbk 52 Tolerance
7 c/ml

3 x l0~
13x l0

1.3 x 10-7

1.4 x 10-8
1.4 x 10-7

5.7 x 10~ 8

4.0 x 10- 6

2.0 x 10-6
3.3 x 10-5
3.7 x 10-5
4.7 x 10-6
9.2 x 10~ 7

4.3 x 10-6
4.0 x 10-7
8.6 x 10-5
1.1 x 10-4
2.0 x 10-8
2.0 x 1010
2.3 x 10-6
5.5 x 10~7

5.3 x 10- 6

2.3 x 10-7
2.0 x 10 8

1.5 x 10-6
6.o x i0~ 9

6.1.4 Rupture of Primary Coolant System

In this case it is assumedthat a rupture of the primary
system piping or pressure vessel walls and closures will spread
activated water within the building. It may be mentioned, a
priori, that all primary coolant lines are embedded in concrete
to reduce radiation hazards and if a leak should develop, the
ETR personnel will not be exposed directly to the activated
water. Also, in the absence of fuel element failure, the water
contains only products with short half-lives, and the resulting
doses are not excessive.

Calculations were carried out for the extreme case of
spreading the primary water over the building floor and assum-
ing that the disintegration rate is equal to the value in the
core during normal operation. For the most active element N16
(half-life 7.3 seconds), 't was found that the total integrated
dose is 105 mr for 3 x 10 disintegrations/sec-cc. Other ele-
ments contribute negligible doses by comparison and it is ap-
parent that this accident presents no serious health hazards
to the operating personnel.
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Fraction of
Tolerance

4.4 x 10"
3.1 x 10- 4

1.2 x 10- 2

2.7 x 10-3
4.7 x 103
5.2 x 10- 4

1.7 x 10-4
6.6 x 10-7
8.5 x 10 7

6.o x 10-5
6.6 x 10-5
1.9 x 10-4
7.8 x 10-10

9.9 x 10-7
5.3 x 10-6
9.4 x 10~O
2.0 x 10-7
2.0 x 10~7
1.5 x 10~11

1.1 c10- 7

3.4 x 10- 8

6.4 x 10x 7

8.9 x 10-5
7.5 x 10~7

2.6 x io-2



6.1.5 Fuel Element Failure in High Pressure Loop

The case considered here is similar to the one discussed in
Section 6.1.1 except that a fuel element within the pressurized
water loop fails. Here again, contamination of the reactor
building is possible only if the fuel element failure is accom-
panied by leakage from the loop coolant system. All high-pressure
loops are designed to be leak tight before insertion in the ETR
and the operating personnel are not exposed to any hazard unless
the fuel element failure is violent enough to produce some
leakage from the loop.

Two sets of calculations have been carried out. In the
first one it is assumed that pinholes occur along the element
and the release rates are those reported in WAPD-CP-1537. In
the second set of computations the release rates used in Section
6.1.2 were substituted. The calculations proceed as in Section
6.1.1 with the following changes:

Vw = 5.95 x 105 cc

k = 2.74 x 1014 fissions/sec/element

Air activities for a leak rate of 1000 cc/hr. and failure
of one fuel element are presented in Table 6.4 together with
tolerance values obtained from Handbook 52.

Table 6.4 - Failure

Pinhole Failure
Air Activity./.c/ml

1.2xl0

3.7x10-8
1.6x10-7
3.4x10-7
2.4x10-7
1. 9xl0-6
3.1x10-7
2.0x10-8
2.8x10-8
2.5x10-6
5.5x10-8
7.3x10-7
2.3x10- 1 3

7.6x10-8
5.2x10-7
1.6x10- 8

3.5x10'14
4.2x10-10
7.2x10- 1 5

5.1x10- 1 0

7.0x10- 1 1

1.1x10- 1 0

1.2x10- 6

4.1x10- 1 1

of Fuel Element in High Pressure Loop

Blanketing Failure
Air Activity .c/ml

1. 2x10-5

3.7x10-7
1.6x10-6
3.4x10-6
2.4x10- 6

1.9x10-5
3.lxl0-6
2.0x10"7

2.8x10-7
2.5x10-5
5.5x10- 7

7.3x10-6
2.3x10- 1 2

7.6x10-7
5.2x10-6
1.6x10-7
3.5x10- 13

4.2x10-9
7.2x10'4
5.1x10-9
7.0x1010
1.1x10- 9

1.2x10-5
4.1x101 0

Tolerance

A2/ml =.

3.0x10-9
1.3x10- 7

1.4x10-8
1.4x10- 7

5.7x108
4.0x10-6
2.0x10-6
3.3x10-5
3.7x10-5
4.7x10- 6

9.2x10-7
4.3x10 6

4.0x10-7
8.6x10-5
1.1x10-4
2.0xl0-
2.Ox1O'10
2.3x10-6
5.5x10-7
5.3x10O
2.3x10O
2.0x10"7
1.5x10- 5

6.0x10-8
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Isotope

I 131
I 132
1 133
1 134
I 135
Xe 133
Xe 135
Br 83
Br 84
Kr 85
Kt 87
Kr 88
Rb 86
Rb 88
Rb 89
Sr 89
Sr 90
Sr 91
Y 90
Y 92
Cs 136
Cs 137
Ba 139
Ba 140
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Examination of Table 6.4 reveals that a leak rate of 1000 cc/hr.
yields values 420 and 4200 times larger than tolerance for a pinhole
and blanketing failure of the element, respectively. In other words
to maintain tolerance level within the reactor building the experi-
mental loop (outside the vessel) leak rate must be maintained below
2 cc/hr for a pinhole failure and 0.2 cc/hr for a larger type of
failure. The above results show that the best defense for this type
of an accident is a leak tight loop coupled with effective shutdown
of the reactor core in the event of a fuel element rupture in the
high pressure loop. Even under the most extreme conditions des-
cribed in Table 6.4 (leak rate of 1000 cc/hr.), it is possible to
evacuate the reactor building while demineralizing the high pressure
loop and ventilating the reactor building. The resulting effects
upon the surrounding region are described in section 6.1.1.

6.1.6 Fuel Element Failure in Gas-Cooled Experiment

A rupture of an experimental fuel element cooled by a gas can
contaminate the reactor building if the test loop leaks to the
building. It can also affect the surroundings of the MTR in case
the loop is a once-through type of loop. The first case is dealt
with here while the latter one is deferred to the section dealing
with stack evaluation.

As in all previous instances a fuel element failure within the
reactor building is hazardous only if it occurs simultaneously with
a leak in the system containing it. Since the gas-cooled loop is
designed to allow no leakage, the contamination cannot be as severe
as shown by the following calculations for a leak rate of 1000
cc/hr. The computations assume that approximately 10% of the fuel
in the gas-cooled loop is ruptured and that

Vw = 5.66x107 cc

air dilution rate, 6 = 0

purification system rate = 0.32 sec-1

k = 1.1x1014 fissions/sec

Note that the value of Swas assumed zero to allow for stop-
ping the ventilation in the building to avoid contamination of
the surroundings under extreme inversion weather conditions.

Air activities for a leak rate of 1000 cc/hr. are shown in
Table 6.5 for a pinhole type of failure together with tolerance
values taken from Handbook 52. The results show that a leakage
rate of $60,000 cc/hr. will not exceed tolerance activities within
the building. If the rupture involves large areas of fuel element

a reasonable estimate of air activities is obtained by multiplying
the values in Table 6.5 by a factor of 10. The permissible
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leakage not to exceed tolerance level in the building would then
be 86,000 cc/hr.

Table 6.5 - Fuel Element Rutture in Gaseous Type of Experiment

Isotope Air Activity,Ac/ml

1.2x10-12
1.7x10-12
1.6x10- 1 2

3.2x10-12

2.7x10- 1 2

l.4x10- 11

5.4x10- 1 3

2.0x10-13
3.7x10-13
1.9x10-12
5.3x10-13
6.2x10-13

4.9x10- 17

6.2x10-13
9.4x10-1 2

9.4x10'12
3.9x10-15
5.3x10- 1 5

4.0x10-1 5

5.2x10-15
1.1x10- 14

1.2x10- 1 1

1.3x10-11
6.1x10-15

Hdbk 52 Tolerance

3.0x10~9
1.3x10-7
1.4x10-8
1.4x10'7
5.7x10- 1 0

4.0x10 4

2.0x106
3.3x10-5
3.7x10-5
4.7x10 4

9.2x10-7
4.3x10-6
4.0x10-7
8.6x10-5

1.1x10-4
2.0x10-8
2.0x10- 0

2.3x10-6
5.5x10-7
5.3x10 4

2.3x10-6
2.0x10-7
1.5x10-5

6.ox10- 8

Fraction of
Tolerance

4.Ox10-4

1.3x10-5
1. 1x10-4
2.3x10-5
4.7x10-5
3.5x10 4

2.7x10-7
6.1x10-9
1.x.0-8
4.0x10"7

5.8x10"7

1.4x10-7
1.2x10- 1 0

7.2x10-9
8.5x10-8

4.7x10-4
2.0x10-5

2.3x10-9
7.2x10-9
9.8x10-10

4.8x10-9
6.0x10-5
8.7x10-7
1. 0x10-7

1.15x10-3
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6.2 HAZARDS TO SURROUNDINGS

6.2.1 General

Hazards to the immediate surroundings of the ETR-MTR
site as well as to other occupied areas would occur from air
contamination arising as a consequence of the following
situations:

a) Accidental release of fission products within the reactor
building and outleakage of the building air to the
surroundings.

b) Failure of a fuel element in the gas-cooled experiment
with consequent emission of fission products through
the stack into the atmosphere.

c) Continuous release from the stack of argon-hl produced
during normal operation of the gas-cooled experiment.

d) Emission of fission products from the cooling tower as
a consequence of a fuel element failure and leakage of
primary water to the secondary coolant loop.

The problem of air contamination resulting from an
incident is related to the weather conditions existing at
that time. The release of radioactivity into the air
constitutes a hazard to occupied areas only when these areas
are downwind from the point of emission. Therefore the stack
location has been selected so that prevailing winds carry any
released activity over unoccupied areas. However, experience
over the last five years indicates that the wind will blow
from the stack to the ETR-MTR sites approximately 6.7% of the
time. Similarly, there will be other infrequent times during
which the wind will blow in any other given direction, i.e.,
over other occupied areas. In addition to wind direction and
velocity, the dispersive properties of the air, affecting the
behavior of stack effluents, must be considered.* (The same
applies to the cooling tower cells, which are essentially
stacks, as well as emission from the reactor building.) The
effluent plumes from stacks are regulated largely by the
vertical gradient of air density (as measured by the vertical
gradient of air temperature) in the neighborhood of the stack.
The following four major types of plume behavior have been
considered:

* "Meteorology and Atomic Energy," prepared by the U.S. Dept.
of Commerce Weather Bureau for the U.S. Atomic Energy
Commission, July 1955.
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Strong Lapse: A large vertical temperature gradient in
the air. This condition causes "looping" of the plume.
Gases diffuse rapidly, but sporadic puffs having strong
concentrations are occasionally brought to the ground
near the base of the stack. A condition similar to
"looping" would probably result when the wind blows from
a relatively smooth terrain over a built-up area leading
to considerable mechanical turbulence.

Weak Lapse: A small vertical temperature gradient in
the air. This condition causes "coning" of the plume,
i.e., the plume is shaped like a cone with the axis
horizontal. The distance from the stack at which the
effluent first comes to the ground is greater than with
looping conditions because thermal turbulence, and hence
vertical motion, is less.

Inversion: Temperature inversion in the air. This
condition causes "fanning" of the plume, i.e., the
plume is very smooth with almost laminar flow. The
stack effluent diffuses practically not at all in the
vertical and may travel for many miles with very little
dilution.

Lapse Below Inversion Aloft: Temperature inversion
present just above the top of the stack and acting as a
lid, while convective eddies mix the effluent plume
within the shallow lapse layer near the ground. This
condition causes "fumigation" of the plume whereby large
concentrations are brought to the ground along the
entire effluent stream. Strong effluent concentrations
can also be brought to the ground, at least briefly,
at great distances from the stack. Fumigation also
gives stronger sustained ground concentrations in the
neighborhood of the stack than the other conditions.
For this reason fumigation constitutes the greatest
hazard to the surrounding area.

6.2.2 Fission Product Leakage from Reactor Building

a) General

The probability of fission products spreading through-
out the reactor building is remote since it involves a
double failure, i.e., failure of a fuel element affecting
the integrity of the reactor vessel or primary loop. As
indicated in Section 1, the reactor building is essentially
a gas tight structure and as such it would minimize the
contamination of the surroundings or supporting facilities.
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The magnitude of the hazard to the surroundings from a
fuel element failure releasing fission products into the reactor
building, followed by leakage of contaminated air at its maximum
rate (10% of the building volume per day), is analyzed below.

The model used assumes that a total of 1% of all the fission
products contained in the core escapes into the reactor building.
The corresponding doses external to the building are next
evaluated for several meteorological conditions for 45 minutes
exposure (the estimated time to evacuate personnel), and the
hypothetical case of an 8-hour exposure.

The computation method is based upon Sutton's formula and
utilizes equations and curves given in the handbook "Meteorology
and Atomic Energy." Calculations were first carried out to
obtain the concentration X in curies per cubic meter for an
emission rate of Q curies per second from the building. The
values of X were obtained from

X: 2 e h2  (6.5)

0 2ux(2-n) 
2x(2-n)

Where:
X : concentration, curies/cubic meter, for an

emission of 1 curie/second

C * generalized diffusion coefficient, (meters)n/2

u : mean wind speed, meters per second

x * downwind distance from the point beneath the
source, meters.

h * height of source, meters.

n * non-dimensional parameter associated with
stability.

The values of the parameters C and n were chosen from the
handbook "Meteorology and Atomic Energy," and they are in
agreement with values reported in IDO-10020, "The Climatology
of Stack Gas Diffusion at the National Reactor Testing Station."

-272



These are

Large Lapse n = 0.2 C2 = 0.043

Weak Lapse n = 0.25 C2 = 0.014

Moderate Inversion n = 0.333 C 2 = 0.006

The source height, h, was taken as one half the building
elevation, or 10 meters. Concentrations (X) were computed for
various wind velocities and downwind distances.

b) Dose to Critical Organs

The values of (X) computed by equation (6.5) were
utilized to obtain thR activity, A, in millicuries, deposited
in the critical organs (thyroid & bones) per second, by the
following equation:

A,_()LJFo 106 (6.6)

where

A = activity deposited in organ, millicuries per second

Q'= activity within building, megacuries

L = leak rate, cubic meter/sec per cubic meter of
building volume = Sec -1

J = inhalation rate, 17/60 liters per second

F0 = inhaled fraction of activity retained in critical

organ

Values of F0 for 1-131 and Sr-89 are respectively 0.15 and
0.22. The ratios A/Q' are summarized in Table 6.6

The total number of 1-131 and Sr-89 curies stored
within the core are 3.7x106 and 1.8x10 6 respectively as
computed from the relation,

I = 8.435 x 105 y (1-e'o) e-At (6.7)

where

I = activity in curies/megawatt
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y = fractional yield per fission

t = decay time in seconds

to = operating time in seconds

-= decay constant in reciprocal seconds

If we assume that 10% of the fuel elements are completely
disintegrated, it can be reasonably estimated that 10 per-
cent of the released fission products will leak into the
building and the corresponding Q' values become

1-131: Q' = 3.7x10-2 megacurie

Sr-89: Q' = 1.8x10-2 megacurie

The corresponding initial internal dose rate for a person
standing 8 hours in the fission products stream can then
be computed from the expression

D= (-,)Q' x3600x8x62_E (6.8)
W

where

D = initial internal dose rate, rep/day

E = energy absorbed in Mev per disintegration, 0.5

W = weight of the critical organ in kg

The total integrated dose from a radioisotope is related
to the initial dose rate by the following equation.

TID = D-x 1.44T (6.9)

where

TID = total integrated dose, reps

T = effective half life, days

For I-131, T = 7.7 days, TID = 11 D

For Sr-89, T = 52 days, TID = 75 D

Using for 1-131 the thyroid weight of 0.020 kg and for Sr-89
the bone weight of 7 kg, the dose rates for a person 100
meters downwind from the reactor building are shown in
Table 6.7
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TABIE 6,6

ACTIVITY DEPOSITED IN CRITICAL ORGAN (mc/sec)PER MGACURIE IN REACTOR
BUILDING (A/Q) AS A FUNCTION OF ATMOSPHERIC CONDITIONS

Wind Velocity (u). Meters/Second

1 2 4

I-131 Activity Deposited
me /sec

Wind Velocity (u), Meters/Second

1 2 4

Sr-89 Activity Deposited

4.6x10- 5

1.1x10- 4

1.0x10' 4

1.4x10-5
5.4x10-6
3.0x10- 6

4.6x10 8

1.9x10"5

7.4x10- 5

5.2x10"5

2.2x10-5

2,.2x.0-5

3.8x10-&1 8

3.6x10-9
1.1xl10 6

1.1xlo-4
7.0x10-5
4.4x10-5

2.2x10-5
5.8x10- 5

5.2 a.0-5

7.2x10'-6
2.8x.0-
1.4x10- 6

2 -8
2.4x1% 6E
9.8x10-6
3.8x10- 5

2.6x10- 5

1.0x10- 5

6.0x10-'6

1.9x10- 1 8

1.8x10-9

5.2x10" 7

5.6x10-5
3.6x10- 5

2.2x10-5

1 .2x105

2.8x10"5
2.6x10-5

3.6x106
14x10-6
0.8i0=6

1.2x10- 8

4.8x10- 6

1.8x10-5
1.2x10-5
5.0x10-6

3.Ox10- 6

9 .4X10
9.0x10-1 0

2.6x10" 7

2.8x10- 5

1.8x10-5
1.2x10-5

Large Lapse

Weak Lax e

Inversion

60.5

6.6x10
.7x10-4

1.5x.0-4

2.2x10- 5

8.0X10-6
4.2x10' 6

6.8x108'
2.8x10-5
1.1.0.04

7.6x10-5

1.8x10-5

5.6x10 1

5.2x10-9
1.5x10 4

1.6x10"4

1.0x10-4
6.4x10"5

2.4x10-5
8.4x10-5
7.6x10- 5

1.0x10-5

4.OxO-6

2,2x10-6

3.4x10-.
1.4x10 5

1 x610 5
5.4r-5

3.8x10-5
1.61.0-5

8.8x10-6

2.8x10 1

2.6x10"9

7.8x10"
8.2x10-5
5.2x10-5
3.2x10- 5

1.2x10 5

4.2x10"5

3.8x10- 5

0.6x10-5

2.0x10-6
1.0x11-6

1.8x10 8

0.8x10- 5

1.8x10-= 5

0.8x10- 5

4.4x0' 6

-18
1.4x1.0
1.4x1.09
3.8x10"7

4.0x10-5
2.6x10- 5

1.6x10"5

Downwind
Distance
Meters

40
70

100
400
700

1000

40
70

100
400
700

1000

a

V1

40
70

100
400
700

1000



TABLE 6.7

TOTAL INTEGRATED DOSE (REP) FROM AN 8 HOUR EXPOSURE

100 METERS DOWNWIND FROM REACTOR BUILDING

Wind Velocit Wind Velocit
Meters/Second Meters/Sec ond

1 2 4 1 2 4

Atmospheric Thyroid Dose Bone Dose
Conditions (From I-131) (From Sr-89)

rep rep

Large Lapse: 2200 1100 550 30 15 7.5

Weak Lapse: 1650 770 440 22.5 15 2.25

Inversion: 22 11 5.5 0.3 0.15 0.075

The applicable values for maximum permissible exposures are:

(1) Threshold of detectable effects to thyroid from
radioiodine: 16,000 rep ("Thyroid Dose from Radio-
iodine in Fallout" Nucleonics, 14, p. 41, Feb. 56,
G. M. Dunning, AEC Division of Biology and Medicine)

(2) For "once in a lifetime" exposure: 25 rep (Rule V-A,
Handbook 59, NBS)

(3) For continuous occupational exposure: 3.9 rep/13 weeks

Comparison of the total integrated doses from an S hour ex-
posure with the maximum permissible exposures shows that the
maximum bone dose from Sr-89 (30 rep) slightly exceeds the 25
rep for the "once in a lifetime" value, while the maximum thy-
roid dose from 1-131 (2200 rep) greatly exceeds the "once in a
lifetime" value. However, the severity of this danger is con-
siderably mitigated by the following considerations:

The entire incident is postulated upon the unlikely com-
bination of the double failure occurring at a time of unfavor-
able wind direction and adverse meteorological conditions.
Secondly, it is most improbable that any individual
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would indeed be exposed 8 hours. Thirdly, comparison of
the threshold effect upon the thyroid (16,000 rep) with
the permissible exposure (25 rep-) leads to the belief that
the latter value has a very large "safety margin". There-
fore it is concluded that, although these unlikely hypo-
thetical conditions would lead to a "technical overexposure"
(see Section 7.4, Handbook 59, IBS) of personnel, no real
injuries would result.

c ) Whole Body Gamma Dose

The corresponding gamma dosage at the same point was
obtained from the nomogram by J. Z. Holland shown on
Page 108 of the handbook "Meteor ology and At omic Energy"
(using method "3.2 (c)" on p. 109 with no allowance for
radioactive decay after the fission products enter the
building). The total gamma activity within the core is 109
curies ten seconds after shutdown and the leak rate from
the building (based upon 10% leakage of building volume per
24 hr. period) is 40 kilocuries per hour if 1% of the total
activity is released into the building atmosphere. The in-
tegrated gamma dose in roentgens at x = 100 meters is shown
in Table 6.8

TABLE 6.8

TUTAL INTEGRATE) WHOLE BODY GAMMA DOSE (REP) FROM

AN 8 HOUR EXPOSURE 100 METERS DOWNWIND FROM REACTOR BUILDING

Wind Volocit Meters/Second
1 2 4

Whole Body Gamma Dose. rep

Atmospheric Conditions

Large Lapse 1.7 1.0 0.6

Weak Lapse 1.8 1.0 0.6

Inversion 1.4 0.8 0.5
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Fran a caparison of the maximum exposure value of 1.8 rep
with the permissible value of 25 rep it can be concluded that
no overexposure would result.

d) Exposure for 45 Minutes

Another approach is to consider the maximum dose which
would be received during the estimated minimum evacuation
time of 45 minutes. In this case the doses are one tenth
the maxima listed in Table 6.8 for the eight hour exposure,
i.e. the following values:

Whole Body Gamma Dose: 0.18 rep

Thyroid Dose from 1-131: 220 rep

Bone Dose from &--89: 3 rep

Both the bone and whole body gamma doses are less than the
3.9 rep allowed for a 13 week period. The thyroid dose
from radioiodine however, although above the 25 rep "once
in a lifetime" exposure is substantially below the 16,000
rep value for threshold effects to the thyroid.



6.2.3 Fission Product Emission From The Stack

A failure of a fuel element is a gas-cooled experiment
can present a hazard to the surroundings since the released
activity would be discharged to the atmosphere from the ETR
stack. The basic technique for minimizing this hazard is
that of "operational control". Under this technique, when-
ever the calculated potential dose to occupied areas (should
a fuel element in a gas-cooled experiment fail) exceeds
0.3 R, the reactor operator would impose additional safety
measures:

(1) At the minimum, there would be an alert of the operat-
ing and health physics crews.

(2) At the maximum, there would be a shutdown of the
experiment or of the reactor.

The choice between these two extremes will be determined
by a combination of the amount by which the calculated
potential dose exceeds 0.3 R and the probability of a fuel
element failure at that particular time.

The exhaust gas from the gas-cooled experiments is
discharged from the top of a 250-foot high stack, the base
of which is located approximately 500 feet due east of the
nearest occupied area. The exhaust gas, moreover, will be
passed through a filter with high-efficiency collection of
sub-micron particulate matter. Based on the particulate
size distribution which was experienced when a gas-cooled
fuel element failed under similar conditions on another
project at the NRTS*, it has been calculated that less than
0.004% of the activity contained in particulates will be
discharged through the ETR stack.

On the basis of the stack location and height and the
filter efficiency mentioned above, the potential dose to
the personnel on the MTR-ETR site was computed during various
atmospheric conditions. The results of these calculations
are shown in Table 6.9. Some of the key assumptions made
in computing these doses are:

(a) Gas-cooled experiment has been operating at 6.5 mw for
21 days at time of failure.

(b) 1% of activity contained in the experiment is released.

(c) L10% of activity is present as gaseous products (Xe,

Br, Kr, and I).

Communication from G. V. Beard, Director, Health & Safety Division,
Idaho Operations Office, USAEC.
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(d) Filter reduces activity in particulates by a factor of
3 x 10.

(e) Atmospheric dilution computed using Sutton's equation
and its modifications as proposed by J. Z. Holland
(see ORO-99).

The following constants were used:

(1) Effective stack height = 81 meters (allows for
5 meters of plume rise).

(2) Nearest occupied area on site is 500 feet;
furthest, 1,500 feet from stack.

(3) Diffusion Parameters:

Lapse Below,
Inversion Aloft Strong Lapse Weak Lapse

Parameter (Fumigation) (Looping) (Coning)

n 0.60 0.15 0.25
C2  0.010 0.075 0.0L4

Where:
n = non-dimensional parameter associated with

stability
C = generalized diffusion coefficient, (meter)n/2

(f) The whole body gamma dose was computed from the fission
product concentration in the air by assuming an infinite
slab of the same composition.

Because of the location of the stack due east of the
MTR-ETR site only winds from the ENE, E, ESE, SE will lead
to a radiation hazard on the site. The weather bureau
estimates that the winds from this quadrant occur approxi-
mately 6.7% of the time. However, even when the wind carries
activity from the stack over the site, a significant radia-
tion hazard will exist only during periods of looping or
during fumigation. As indicated in Table 6.9, these condi-
tions coincide with winds from the ENE to SE 2.5% of the
time. It can be seen that the high-efficiency filter reduces
the potential lung dose from particulates to an acceptably
low level during almost any atmospheric conditions. However,
the potential whole body gamma dose (from volatile fission
products) and thyroid dose (from 1-131) will be significantly
above 0.3 R during adverse atmospheric conditions. There
is conflicting data whether 1-131 would be absorbed in the
particulates (and thus collected by the filters), or would
pass as a volatile through the filter with the noble gases.
Therefore, the thyroid dose was computed assuming both 1%
and 100% volatility of iodine.
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It can be seen from Table 6.9 that atmospheric condi-
tions which lead to a calculated potential whole body gamma
dose of 0.7 R or greater (looping and fumigation) occur 2.5%
of the time. i the other hand the next worst atmospheric
condition (coning), occurs an additional 1.2% of the time
which gives a calculated potential whole body gamma dose of
less than 0.003 R. This leads to the conclusion that atmos-
pheric conditions which could result in a potential whole
body gamma dose of 0.3 R or greater occur approximately 3%
of the time. Since in one day's operation of the gas-cooled
experiment the fission product activity builds up to over 70%
of the total amount present after 21 days operation, it is
concluded that "operational control" will be necessary approx-
mately 3% of the time that the gas cooled experiment is oper-
ating at powers above 1 mw.

The potential dose to other sites at the NRTS was also
considered. The nearest such site (which in turn leads to
the highest potential dose) to the ETR stack is the Chemical
Processing Plant which is 2427 meters away. For distances
greater than 1500 meters, the looping phenomenon is not sig-
nificant due to dilution at that distance therefore, the only
cases which need be considered are fumigation and coning.
Coning results in a calculated potential dose of approximately
0.2 R which is less than tha, criterion for "operational con-
trol" while fumigation results in a calculated potential whole
body gamma dose of approximately 1 R at the Chemical Process-
ing Plant. The likelihood is very small, however, that fumi-
gation will occur at the precise moment that the "cloud" re-
sulting from a release of activity from the ETR is over the
Chemical Processing Plant, moreover, it would take several
minutes for the cloud to reach that site. Therefore, on the
basis that the potential hazard to the nearest site is not
appreciable, it is concluded that no significant hazard exists'
to any of the other areas as a result of a failure of a fuel
element in the gas-cooled experiment.



(A hazard to the

TABLE 689

VARIATION OF CAIDULATED DOSE AT M2'R-ETR SITE FROM

FUEL ELEMENT RUPTURE IN A GAS-COOIED E'PRIMENT

AS A FUNCTION OF ATMOSPHERIC CONDITIONS

MTR-ETR site will occur only when wind is from the ENE, E, ESE, SE)

Atmospheric
Conditions

"Fumigation"

"Looping"

"Coning"

Wind Velocity
Meters/Sec

5

5

5

Occurrence
Percent of

Time

0.5%

2.5%*

3.7%*

Potential
Whole Body
Gamma Dose, R

4 - 11

0.7 - 5

0 - 0.003

Potential
Thyroid Dose from 1-131

100% volatile 1% volatile

25 - 50 R 0.25 -0.5R

4 - 22 R 0.04 - 0.22R

0 - 0.015 R 0- 0.00015 R

Potential lung
Dose from
Particulates

0.02 - 0.04 R

0.003 - 0.02 R

0- 0.000001 R

* The 2.5% occurrence for "looping" includes the 0.5% occurrence for "fumigation" since the latter
leads to higher doses. Similarly the 3.7% listed for "coning " includes the 2.5% for "looping".

NTE: The above results are based upon 1% of the fission-product activity being released from the
gas-cooled experiment after 21 days' operation at 6.5 mw.
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Argon - l missionn from the Stack

During normal steady state operation of air cooled ex-
periments, considerable quantities of radioactive A4 1 are
produced as a result of neutron bombardment of the naturally
occurring argon in the air coolant. This radioactive A41
will be dispersed into the atmosphere fram the ETR stack.
The total air volume under irradiation in the region below
the core, in the core and above the core is 8.6 x 104 cm3 .
With a flux of 2 x 1014 n/cm2 /sec, there will be 2.4 x 1013
ato s of A41 formed per second; this is equivalent to 6.9 x
10 curie/sec.

The ground level concentrations were computed from the
Sutton equation, and its modifications proposed by Holland,
using the constants listed in Section 6.2.3. -'The results
are shown in Table 6.10

TABLE 6.10

GROUND LEVEL CONCENTRATIONS OF ARGON - 41

AT THE ETR-MTR SITE WHEN DOWNWIND FRCM THE STACK

Atmospheric Wind Velocity % A-41 CONCENTRATION
Conditions Meters/Second Occurr.ence ( p/mle

1500 Meters

500 Meters Downwin, Downwind

Fumigation 5 0.5 20 x 10-6 9 x 10-6

Looping 5 2.5* 8 x 10-6 1.5 x 10'6

Coning 5 3.7* .0 6 x 10-10

* The 2.5% for looping includes the 0.5% for fumigation. The 3.7% for
coning includes the 2.5% for looping.

The maximum allowable c oncentratiop f ar c ontinuous
occupational exposure is 1.5 x 10~wc/m.. (Handbook 52, NBS).
Thus it can be seen that, during fumigation conditions when
the ETR-MTR site is downwind of the stack, the A41 concen-
tration will be up to 12 times the maximum allowable concen-
tration and during looping conditions, the maximum concentra-
tion will be up to 5 times the maximum allowable concentration.
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However, as can be seen from the above table conditions
as bad as fumigation and looping conditions (with the ETR-MTR
site downwind of the stack) will occur very infrequently.
Moreover, high powered air-cooled experiments will probably
not be operated more than approximately 25% of the time. As
a result, it is concluded that the average dose due to A41
released from the stack to personnel on the ETR-MTR site will
be considerably less than the 0.3 R per week allowable. In
a manner similar to that used in Section 6.2.3 it can be
shown that the dose due to A4 1 at the other sites (e.g. CPP,
STR, etc.) at the NRTS will be considerably less than those
to the EIR-MTR site.

6.2.5 Leakage to the Secondary Loop

The model used here assumes that fission products are
released in the primary water and the contaminated primary
water leaks in turn to the secondary system. At the cooling
tower, part of the secondary water is lost by evaporation
and its contamination thus leads to possible health hazards
in the neighborhood of the cooling tower.

Leakage from primary system to the secondary system is
not likely under normal conditions since double tube sheets
are used in the heat exchangers. Considerable leakage into
the secondary system will occur if a tube ruptures; however,
the radiation monitoring in the secondary coolant lines will
quickly detect this by detecting N-16 activity. The reactor
can therefore be shut down before excessive leakage results,
and thus the simultaneous occurrence of a fission break and
appreciable heat exchanger leakage is very remote.

The possibility of stress corrosion cracking occurring
in the stainless steel tubes of the heat exchangers was
investigated. This investigation consisted of a review of
the literature and consultations with several experts on
stress corrosion cracking. It is recognized that stress
corrosion cracking in the austenitic stainless steels is a
real problem in certain environments, although there does
not appear to be any exact lower limit of temperature and
chloride concentration where these failures could occur in
these steels. However, under the EIR secondary water condi-
tions of chloride ion concentration 50 - 90 ppm, total



impurities a maximum of 1750 ppm, ptH of 6.0 - 8.5, and a
maximum temperature of 1200 F, Type 304 stainless steel
would be satisfactory, since adequate design criteria and
proper fabrication techniques were established.

Calculations have been performed for the case described
in Section 6.1.2 where two fuel plates were assumed to
become steam blanketed. The computations are based upon a
leak rate of 1 liter per hour from the primary to the secon-
dary system and the following constants:

Secondary system volume:vg = 2.4 x 109 cc

Primary system volume: \w = 2.1 x 108 cc

Fissioning rate (portion
involved in rupture): k = 1.73 x 1015 fissions/sec

Dilution rate constant: c = 0

Purification system rate
constant: P= 2.97 x l0-5

The rate of water loss to the atmosphere at the cooling tower
is 90,000 gallons per hour or 94,500 ml per second, includ-
ing both evaporation and drift.

The resulting emission rates at the cooling tower are
shown in Table 6.11. The values for this case are very
much less than the emission rates in Section 6.2.2. For
example, the emission rate of 1-131 from the building dis-
cussed in Section 6.2.2 (based on 3.7 x 104 curies in the
building and a leak rate of 10% in a 24 hour period) is 4.2
x 104 -c/sec as compared to 4.7 x 10-2 /sec given in
Table 6.11. The comparable values for Sr-89 are 2.1 x 104/,c/sec (based on 1.8 x 104 curies in the building in
Section 6.2.2) and 3.9 x 10-l/c/sec in Table 6.11. Since
the emission rates are very much lower than those obtained
for leakage from the building, detailed calculations of dose
rates were not made. However, by comparing emission rates,
it was determined that a leak rate of approximately 130
liters per hour from the primary into the secondary systems
would not exceed permissible doses.



FUEL ELEMENT RUPTURE WITH LEAKAGE FROM PRIMARY TO SECONDARY COOLANT

SYSTEM

Secondary System
Isotope Water Activity, c/ml

5.0x10-7
8.5x10-7

9.3x10~ 7

2.6x10-7
2.2x10-7

2.0x10'

7.9x10- 7

2.3x10-8
1.2x10'

8.3x10-8
2.9x10-9
5.1x10-9
2. 1x10 11

5.5x10

1.5x10-7

4.1x10O

1.7x10-9
1.4x10-9
1.7x10-9
3.1x1010
4.8x10-9
5.5x10-6
9.9x10~ 7

2.6x10-9

&nission Rate
T ower M se c

4.7x10 2

8. ox1O-2
8.8x10-2

2.4x10-2

2.1x10 2

1.9x10'1

7.5x10-2

2.2x10-3

1.1x10-3
7.8x10-3

2.7x10" 4

4. x10 4

2.0x10-6

5.2x10- 3

1.4x10-2

3.9x10'1
1.6x10~ 4

1.3x10- 4

1.6x10' 4

7.7x10-5
4.5x1O-4

5.2x101
9.4x10-2

2.5x10'4

at Cooling

I 131
I 132

I 133
I 134
I 135

Xe 133
Xe 135
Br 83
Br 84
Kr 85
Kr 87
Kr 88

Rb 86
Rb 88

Rb 89
Sr 89

Sr 90
Sr 91
Y 90
Y 92
Cs 136
Cs 137
Ba 139
Ba 140
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APPENDIX A

HYDRAULIC LOOP TESTS

1.0 SUMMARY

The Engineering Test Reactor Hydraulic Flow Loop, described herein,
was designed to investigate experimentally the magnitude and effect of
the various flow parameters within the reactor vessel.

Of primary concern are the coolant pressure and velocity distribu-
tions within the core and the demonstration of the structural integrity
of the flat plate fuel element design. Other evaluations include the
flow distributor and the requirement for an upper grid structure.

The test loop consists essentially of the vessel which contains the
test components, a pump to provide circulation of the coolant, a globe
valve to throttle the flow, the connecting piping and the test instrumenta-
tion. Five dummy 2S Al ETR type fuel elements, two simulated facility
elements and two simulated control elements comprise the test core. These
are mounted on a full size stainless steel model grid plate and Al diffuser
support structure. With the exception of heat produced by the fissioning fuel
elements, all reactor coolant flow operating conditions can be reproduced
in the test loop core.

The loop was first placed satisfactorily in operation on February 25,
1956 and testing is expected to be completed before June 1956. A summary
of the most important results will be presented to the Advisory Committee
on Reactor Safeguards on June 5, 1956.

2.0 OBJECT AND SCOPE

The object of the Hydraulic Loop is to provide experimental data on
the flow configurations present.in the ETR. Pressure drops, vibrations,
and structural strength of the fuel elements are being investigated with
special emphasis upon the following novel design features incorporated in
the ETR:

1) Use of flat plates in the ETR fuel elements.

2) Use of higher cooling water velocity (35 ft/sec) and greater
active length in the fuel elements which results in larger
pressure drops.

3) In pile facilities which may cause distorted flow patterns.
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4) Absence of upper grid plate.

The scope of the tests consists of obtaining the following
information:

1) Flow distribution of the fluid entering the core.

2) Flow distribution of the fluid leaving the core.

3) Flow and pressure distribution through the grid plate and
diffuser.

U) Longitudinal pressure distribution within a fuel element.

5) Pressure loss variations in the fuel element due to spacing
variations, between the adjacent elements.

6) Vibration and deflection in fuel elements caused by high
velocity flow and pressure differentials.

7) Force required to pull out the fuel elements from the core
after being forced down by pressure loads.

8) Ease of core assembly with present clearances.

9) Deformation of fuel plates due to pressure loads.

3.0 DESCRIPTION OF THE HYDRAULIC LOOP

The Hydraulic Loop has been designed to simulate actual flow con-
ditions existing in the ETR core. A typical core array consisting of
5 full size fuel elements, dummy control elements, and 2 dummy facility
elements arranged according to actual core configurations, will be used.

The loop consists mainly of:

Loop Structure and Components
Test Structure and Components
Instrumentation

3.1 LOOP STRUCTURE AND COMPONENTS

a) Pressure Vessel

The pressure vessel wall is constructed from a 13 ft. long 30"
diameter carbon steel pipe. The vessel is closed on top by a flanged
elliptical dished cover which.is held in place by means of bolts. A
similar cover is welded to the bottom of the vessel. A nozzle is pro-
vided at the top of the closure for bleeding air into the vessel when
being drained and bleeding air out of the vessel when being filled.
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The vessel is sectioned at about 1/3 from its top in order to facilitate
the handling of the core elements during test runs. In addition, it is
provided with inlet and outlet nozzles of 8 in.nominal diameter. An
inner reactor tank is bolted into the pressure vessel and consists of
an 18 in. diameter pipe 56 in. long. Two viewing ports are located on
the upper part of the pressure vessel, above the inner reactor tank.
They consist of two 5 in. pipes welded to the outer surface of the pressure
vessel 600 with the horizontal and 1i50 apart.

b) Flow Distributor

The flow distributor is designed to direct the flow of water in
the vessel so that turbulence at the core inlet is minimized. At the
vessel inlet the incoming water is divided into halves by two vanes and
is directed around the inside wall in a channel of rectangular cross
section. In the region of 180 on either side of the inlet approximately
1/3 of the water is directed upward and discharged through two openings
in the channel and 102.50 from the inlet the remaining part of the water
is similarly discharged upward. The flow distributor is made of stain-
less steel and is section welded to the inner wall of the pressure vessel.

C) Pump

The water flow in the Hydraulic Loop is provided by a Wheeler
Economy Pump, type MAB, rated to deliver 6000 GPM at 160 ft. head at
a shaft speed of 1170 RPM.

d) Pump Motor

The pump is driven by a GE 300 HP, 550 volt, 60 cycle, 1200 RPM,
3 phase synchronous motor. The motor and pump are mounted on a frame
furnished by the pump manufacturer. Control of the motor is accomplished
by an "On" and "Off" current limiting controller.

e) Pressure Regulator

A pressure regulator valve is provided to maintain a 10 psig back
pressure at the pump inlet so as to reduce the possibility of cavitation
in the pump.

f) Vent Valve

A hand operated vent valve is located on top of the. pressure vessel.
This valve is opened when the vessel is being filled to allow air to
excape from the vessel and when being drained to allow air to enter the
vessel. It is also opened periodically during test runs to allow the
escape of trapped gases within the vessel.

g) Globe Valve

A 12 in., 300 psig globe valve is used to control (throttle) and
set the amount of flow for each test run.
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h) Flow Drain

A flow drain is used to drain a certain amount of water from the
loop so as to maintain its temperature constant. Temperature equilib-
rium is obtained by replacing the drained water with fresh water from
the mains.

3.2 TEST COMPONENTS

A square array of 9 elements has been chosen for the hydraulic loop
tests. This array is arranged according to actual configurations within
the ETR core. The array consists of 5 full size fuel elements, 2 dummy
control elements and 2 dummy facility elements. These are mounted on the
grid plate in addition to four aluminum filler plates.

a) Fuel Elements

The fuel elements used for loop tests are the same as those planned
for use in the reactor except that they are made entirely of aluminum.
Each fuel element includes 19 2S Al fuel plates .050 in. thick and 37 in.
long. The fuel plates are brazed into grooved 2S aluminum side plates
to form a 3 x 3 in. assembly. The side plates are welded to a cylindrical
outlet connector, made of 6061-T6 aluminum, which supports and positions
the fuel element in the grid plate. A dowel pin is provided in the out-
let connector to align the fuel element and to prevent rotation around
the axis of the element. One of the five fuel elements is provided with
10 pressure taps on each end of the fuel plate assembly in order to de-
termine the pressure drop due to friction along 10 of the 18 flow channels
within the fuel element.

For tests of a single fuel element a flow fixture has been used.
The fixture was designed to encase the fuel element and form around it
an annulus of the same magnitude as the one resulting when the element
is mounted in the actual core. The clearance between the outer fuel
plate and one inside wall of the fixture can be varied by the use of
shims. This allows study of the effects of tolerance build up on fuel
element spacing, pressure drop, velocity and flow within the fuel plate
channels. The fixture consists of 4 carbon steel plates bolted together
to form a square tube of 3.080 x 3.080 in. (inside dimensions) 40 in.
long. The assembly is bolted to a 174" dia. x 3/h" thick base plate.
The plate supports the fixture and also covers the openings in the grid
plate. The fixture is positioned on the grid plate by means of two
dowel pins.

b) Control Elements

Dummy control elements are used in the Hydraulic Loop tests be-

cause tests on the control elements will be performed during the Con-

trol Rod Drive tests. Duplication of these is, therefore, unwarranted.
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The control elements used in the Hydraulic Loop consist of a 3 x 3 in.
square aluminum tube 6 ft. 4-1/8 in. long. The element is open on top
and sealed at the bottom. It is provided with two sets of slots 4x 4
in. and one slot 11/16 x 1-1/2 in. on each side, thus allowing cross
flow. There will be no flow from the control element through the grid
plate. The control element is positioned on the grid plate by means of
two dowel pins and is held on top by means of a bar attached across the
pressure vessel above the inner reactor tank.

c) Experimental Facility Elements

Experimental facility elements are simulated by the use of 3 x 3
in. aluminum square tubes h'5 11/16" long. Each element is provided
with a cylindrical adapter which aligns and supports the element in
the grid plate. No flow is allowed through the facility elements.

d) Reflector Elements

The Be reflector sections are simulated by aluminum filler plates,
9.910 x 1.969 in. in section and 39-7/8 in. long. The plates are se-
cured on the grid plate by means of dowel pins.

e) Grid Plate

The grid plate serves to support and position the core elements.
the hydraulic loop design is a full-size model of the ETR grid plate.
It is made from 37 stainless steel 92 in. thick and 14- 3/4 in.
diameter. Provisions are made for the attachment of pressure taps on
the upper and lower surfaces as well as within the grid plate. The
plate is supported by a support ring which is located in the inner
reactor tank.

f) Diffuser

The diffuser is designed to recover some of the velocity head
loss of the flow through the grid plate; the hydraulic loop design is
a full-size model of the ETR diffuser. The diffuser is bolted to
the lower surface of the grid plate and is made of aluminum, 13-5/6
in. in diameter and 4 in. thick.

3.3 INSTRUMENTATION

The following instruments are used to obtain the necessary measure-
ments.

An 11.375 in. flange x 8 in. inside diameter Venturi type flow
nozzle.
A 100-200 F. thermometer
A 0.005-0.035 in., 28 leave feeler gage
Strain strips and brush type strain recorder



Four (4) pressure gages, Bourdon type.
Three (3) are from zero to 30 psig and one (1) from zero to 400 psig.

Four differential manometers with the following ranges:
0-100 in. Hg, 0-30 in. Hg, 0-6o in. H20, 0-30 in. Hg.

h.o DESCRIPTION OF TESTS

The tests consist of:

Flow distributor performance
Flow characteristics across the grid plate and diffuser
Fuel element fixture flow characteristics
Flow and vibration tests for a single fuel element
Flow and vibration tests for different core configurations.

4.1 FLOW DISTRIBUTOR PERFORMANCE

For flow rates ranging from 500 GPM to 6,000 GPM the following measure-
ments are taken with no test components in the pressure vessel: temperature
of water, pressure at pump outlet, pressure at inlet nozzle, dynamic and
static head below flow distributor, dynamic and static heads in the lower
region of the pressure vessel and pressure at the vessel outlet.

4.2 FLOW CHARACTERISTICS OF GRID PLATE AND DIFFUSER ASSEMBLY

For flow rates ranging from 500 GPM to 7,000 GPM the following data
are recorded with the grid plate and diffuser assembly secured in the
inner tank: temperature of the water, pump outlet pressure, inlet nozzle
pressure, static and dynamic heads below the distributor, pressure drop
across the top of grid plate and center of fuel element locating hole,
pressure drop across center of fuel element locating hole and bottom sur-
face of grid plate, static and dynamic head below the diffuser, and vessel
outlet pressure.

4,3 FUEL ELEMENT FLOW FIXTURE FLOW CHARACTERISTICS

With the fuel element flow fixture secured on top of the grid plate
the tests of Section 4.2 are repeated.

4.4 FLOW AND VIBRATION TESTS FOR A SINGLE FUEL ELEMENT

In this case a fuel element and flow fixture are mounted on the grid
plate, the spacing between inner surface of flow fixture and outer sur-
face of fuel plate being varied from 0.060 in. to 0.160 in. For flows
within the fuel element of 250-700 GPM the following measurements are taken:

pressure drops in the fuel element flow channels and flow fixture, and
structural deformation readings.
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4.5 FLOW AND VIBRATION TESTS FOR DIFFERENT CORE CONFIGURATION

The configurations used in this case consist of 2 control elements,
2 facility elements, 4 filler pieces, and 5 fuel elements mounted on the
grid plate. Four variations shown in Figure A-1 are to be tested for
flows ranging from 1250 to 35OO GPM. The measurements in each case con-
sist of: water temperature, pump outlet pressure, inlet pressure, static
and dynamic head below the flow distributor, pressure drop from region of
Pitot tubes to fuel element, pressure drop across the fuel elements, pres-
sure drop from fuel element to top of grid plate, pressure drop from top
of grid plate to center of annulus around the fuel element connector, pres-
sure drop from annulus to lower surface of grid plate, static and dynamic
head below the diffuser, and outlet nozzle pressure. In addition, re-
cordings of vibration of the fuel plates and inspection of the core through
the glass viewing ports are to be included.
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APPENDIX B

THE CONTROL DRIVE TEST

1.0 SUMMARY

The ETR Control Drive Test, described herein, attempts to simulate
as closely as possible the actual mechanical drive of a control element
and its flow characteristics through and around the control element.

Of primary concern are the mechanical performance of the control
rod and drive, its pressure distribution, scram and response times,
and abnormal operating conditions. In addition, leakage, maintenance,
and installation tests are included.

The tests are performed in a loop consisting essentially of test
section containing the test element, a closed loop system to provide
circulation of the coolant through the test element, and the required
test instrumentation. The test element and control drive mechanism
are exact duplicates of the ETR design so that all the most important
reactor operating conditions can be repeated.

The control drive test was started on April 1, 1956 and testing
is expected to be completed before the end of June 1956. Prelimin-
ary results will be presented to the Advisory Committee on Reactor
Safeguards on June 5, 1956 and will be followed by a complete report
in early July.

2.0 PURPOSE AND SCOPE

The purpose of the control drive test is to:

1) Evaluate the mechanical performance of the ETR control rod
and drive as currently designed.

2) Check the effect of reactor coolant flow on the operation
of the ETR control rod.

3) Determine the response time and general effectiveness of
the control rod instrumentation and control system.

h) Examine handling and maintenance problems.

5) Obtain the control rod pressure drop characteristics.
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The scope of the test covers the following:

1) Performance of the control drive mechanism.

2) Operation during scram:

a. Shock loadings
b. General operation

3) Vibrations:

a. Scram induced
b. Flow induced
c. Natural frequency of the system

h) Response time of control rod to control system at
various flow rates:

a. Time from receipt of signal until rod
starts to move.

b. Time required for control rod to enter
the core.

5) Pressure drop with 100, 200, 300, 100, and 500 gpm flow at
different control rod positions, and in the empty guide tube.

6) Maintenance:

a. Evaluation of overall assembly and disassembly
problems.

7) Effect of guide tube deflection on motion of rod:

a. Evaluation of maximum guide tube deflection
before rod seizure.

3.0 DESCRIPTION OF APPARATUS

The testing apparatus can be divided into 5 main sections - the
hydraulic loop, the test section, the controldrive mechanism, the
test element, and the instrumentation.

3.1 THE HYDRAULIC LOOP

a) The Tank

The tank is of an all welded construction made of carbon
steel with an internal plating of nickel and has a capacity of
1000 gallons. Suitable means of heating and cooling the deminer-
alized water in the tank are provided to control water temperature.
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A. flow distributor, located just below the re-entrant pipe line of
the system disperses the flow of water as it is returned to the tank.
This provides good circulation of the water within the tank and
keeps the temperature of the water nearly equal at all points
throughout the tank. Test section pressure level simulating ETR
reactor system pressure is obtained by gas pressurizing the test

loop tank.

b) The Pump

The pump used to circulate the water through the system is a
multistage pump #Cx-61 (Economy Pump Co.). It is rated at 600 gpm
with a head of 450 feet.

c) The Pump Motor

The pump is coupled to, and driven by, a 100 hp, 3450 rpm,

3 phase, 60 cycle, 220/h0V motor.

d) Valves and Piping

Suitable piping and valves are located in such a manner that,
by regulating the gate valves in the system, the flow through the
test section can be adjusted to any desirable rate. The test
section can be isolated from the loop by opening the valve on the
by-pass line and closing off the gate valves on inlet and discharge
side of the test section. All piping is made of 304 stainless steel.

The valve bodies are of carbon steel, internally plated with
nickel.

3.2 THE TEST SECTION

The test section is a vertical, 8 inch diameter, type 304 stainless
steel pipe surrounding the test element. The purpose of the approximately
19 foot section is to support the test element and simulate, as closely
as possible, the flow.conditions through and around the control element
of the ETR.

After entering the test section, the demineralized water passes
through a flow straightener. The flow straightener is a i-inch thick
disk of 61S-T6 aluminum. The disk lies in a plane perpendicular to the
flow of water, and 103 equally spaced, circular holes in the disk, whose
axes are parallel to the path of flow, permit the passage of water
through the flow straightener and, at the same time, reduce the turbu-
lence of the water. After flowing through the flow straightener, the

water flows through the test element and discharges, through suitable

piping, back into the tank.

An adjustable force exerter is located in the test section. The
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purpose of this device is to gradually increase the deflection of the
guide tube and determine that which is necessary to prevent movement
of the test element in the guide tube.

An air vent, located on top of the test section, is opened to
permit purging the system of air while the tank, loop, and test section
are being filled with water. A hand-hole is built into the test sec-
tion for access to the test element during maintenance and assembly.

3.3 CONTROL DRIVE MECHANISM

a) General Description

The mechanical drive section of the test apparatus is
essentially the same as that of the ETR. The mechanism consists
of a single-speed, 4 hp, 1725 rpm, 220/hhOV, 60 cycle motor, gear
train, rotating nut, lead screw, magnet release, drive tube, and
guide tube. During normal control operation the motor-driven ro-
tating nut drives a lead screw. The rotating nut is mounted on
ball bearings fixed to the frame of the mechanism. The lead screw
moves vertically through the nut without rotating. The magnet re-
lease and drive tube are coupled to, and move with, the lead screw.
The control element is positioned on the top of the drive tube.
Position of the actuator unit is indicated by a selsyn system,
while end travel is checked by limit switches.

Scram is initiated by releasing the spring-actuated magnetic
release. Gravity and differential pressure force the control
element extension downward into the guide tube and around the
drive tube. Scram is arrested inside a hydraulic shock absorber
inside the guide tube.

b) Physical Arrangement

The hydraulic shock absorber and guide tube are mounted to a
plate simulating the ETR bottom head. The drive mechanism and the
single-speed drive motor are attached to a plate simulating the ETR
mounting plate. The motor is coupled to a wormgear reduction unit

which drives the lead screw. The drive tube, which moves axially
within a seal, is attached to the upper end of the lead screw. The
scram magnet, mounted to the lower end of the lead screw, obtains
electrical power required for its actuation through a spring-like
helical lead.

A flexible coupling is used to attach the motor to the drive
mechanism.

c) Motor Drive and Sliding Seal

The gear reduction consists of a horizontal-axis wormgear that

is driven at motor speed and mates an output gear mounted on the
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control rod axis. This output gear, internally threaded, drives
the lead screw which is kept from rotating by a sliding key.

A spring-loaded double sliding seal packing is provided to
prevent reactor water leakage while permitting axial movement of
the control rod mechanism drive tube.

d) Scram Release Mechanism

Operation of the scram magnet results from interruption of
electrical power to the scram magnet.

A ball-type coupling attached the control rod to the drive
tube during normal operation. Uncoupling of the control rod re-
sults from the radially inward motion of the coupling balls
located on the upper end of the drive tube.

While the control rod is coupled to the drive tube, the
coupling balls are held in position by a cam which moves axially
within the drive tube. The scram magnet exerts an upward force
sufficient to hold the cam in an upward or coupled position. This
magnetic force is opposed by the scram actuating spring, such that
the cam moves axially downward when power to the electromagnet is
interrupted. This downward cam motion allows coupling balls to
move radially inward to uncouple the control rod and drive tube.
A metal bellows, which is provided as a seal, permits uninhibited
axial motion of the scram magnet mechanism.

Resetting the scram release mechanism is accomplished by the
motor driving the lead screw to the limit of its travel downward.
This action causes reset pins in the release mechanism to strike the

reset stop,compressing the release spring and causing the scram
magnet and its armature to close. Since at this time the control
element is also in its lowermost position as a result of scramming,
the coupling balls engage the control rod properly when resetting
occurs.

e) Shock Absorber

When, as a result of scramming, the control rod is released
from the control rod mechanism drive tube, it falls toward the re-
actor bottom under the action of gravity and reactor system pressure
differential. A hydraulic shock absorber is provided to bring the
control rod to a stop at the lower limit of its travel. The lower
tubular portion of the control rod enters the shock absorber and
displaces a portion of the water in the shock absorber. The water
flows between the tubular section and the shock absorber. This re-
sistance to hydraulic flow creates a decelerating force which
greatly reduces control rod velocity. A belleville spring stack
serves as a lower limit stop and brings the control element to re-
set at its fully scrammed position.
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f) Supports

The control drive mechanism is supported within the lower
support structure. The simulated reactor bottom head, at the
bottom of the test section, rests on the upper plate of the
support structure.

The lower support structure is prepared to receive the con-
trol drive mechanism by unbolting and removing the angle braces
from one side of the lower support structure (i.e., the side which
is not fitted with grating and can, therefore, be opened complete-
ly). The simulated mounting plate is then unbolted and removed.

3.L THE TEST ELEMENT

a) General Description

The test element has the same dimensions and construction
as the ETR control rod except that:

1) The poison section is made of stainless steel in the
test element.

2) The uranium in the fuel section of the ETR control rod
is replaced by aluminum in the test element.

3) The configuration of the upper support is that of a
former ETR design, but provides a similar function to
that of the present ETR design.

h) The latch mechanism operates in a similar manner but
without the cam arrangement now being instituted in the
final ETR design.

The completed rod consists of the poison, fuel, and shock

sections attached end to end and inserted in the guide tube. The
lower end of the shock section (the shock tube) mates with the
control rod drive.

The guide tube is an aluminum alloy drawn tube 3 inches
square on the outside, 2 19/32 inches square on the inside, by
some 15 feet long. It is located within the test section and is
supported at three points along its length. The support points
simulate, in position, the lower surface of the grid plate, the
bottom head, and the special support at the upper end of the guide
tube. Cooling water enters the upper end of the guide tube iaich

is open and is allowed to escape at a point some three feet below

the support simulating the grid plate through a series of slots.

The shock section is the lowest part of the moving rod assembly.
It consists of a high-strength aluminum alloy drawn tube 2.5 inches
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square on the outside, 2 inches square on the inside, and about 6

feet long. Slots are cut in the upper portion, to match the slots
in the outer guide tube, and allow cooling water to escape. A stain-
less steel hollow cylindrical tube is fastened to the bottom of the
square tube and serves to arrest the motion of the control rod in
the shock absorber during scram. The shock section rides on two
spring-loaded roller bearing groups which are mounted at the top
and near the bottom of the shock section. To allow for flexibility
two rollers are fixed and two are mounted with springs. One roller
is mounted in each of the four faces. The design of the lower
bearing group is unique because the lack of space at this point is
acute. Allowance must be made so that the control rod drive may be
swallowed by the control rod during scram. All bearing parts are
well streamlined, thus the flow of water is impeded as little as
possible.

The fourteen plate assembly, which is about three feet long
and simulates the fuel section of an ETR control rod, rests on
top of the shock section. The fuel section is attached to the shock
section by a special latch mechanism. A simple pull on the upper
part of the latch mechanism will release the two parts. An aluminum
plate runs down through the fuel section to operate the latch at
the bottom. Release of the latch during normal operation is pre-
vented by a force exerted on the fuel section latch plate by the
latch rod located in the poison section above. No bearing groups
are mounted in the fuel section.

The poison section rests on top of the fuel section and is
attached by a latch mechanism similar to the one attaching the fuel
section to the shock section. The latch is operated through a tie
rod by a lifting bar at the top of the section. Springs are pro-
vided to prevent the release of the latch during normal operation.
The latch is released by pulling upon the lifting bar. Two bearing
groups are mounted in the poison section. Both of these groups are
identical to the bearing group mounted at the top of the shock
section.

b) Theory of Operation

The control rod is moved through its vertical travel by the
control rod drive mechanism. The force of gravity and the pressure
drop across the test section maintain a downward thrust on the con-
trol rod at all times. These forces also provide rapid movement of
the control rod during scram operation when the control rod is re-
leased from the drive rod.

Rubbing between the guide tube and the control rod is prevented
by the roller bearing groups described earlier. The rollers are
mounted in the control rod itself and translate with it. Limited
freedom of motion in two planes is afforded by the spring-mounted
rollers which are located in two adjacent faces of the control
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group. This freedom of motion is a necessary feature of a four-
bearing guide system. It allows irregularities and misalignment
in the guide tube to be accommodated and minor quantities of
foreign material to be tolerated.

The motion of the control rod during scram is arrested in the
shock absorber. Velocities in the order of 30 feet per second are
expected prior to terminating deceleration. Restriction of motion
in the shock absorber is accomplished by fluid friction. The
rapidly moving shock tube in entering the shock absorber traps a
volume of water which is allowed to escape slowly through a gradu-
ally decreasing orifice. The resulting water pressure produces
the necessary retarding force. The rod is finally brought to rest
by a stack of belleville springs at the bottom of the shock
absorber.

3.5 INSTRUMENTATION

The following instruments are used to obtain the necessary measure-

ments:

A temperature, pressure, and level indicating gauge, a thermo and

pressure cut-off switch attached to the hydraulic tank.

A pressure and temperature gauge located on the test section.

4.0 DESCRIPTION OF TESTS

4.1 Calibration of Drive Mechanism

a) Calibration of Scram and Reset Springs

Load versus deflection curves are to be obtained for the reset

pin spring and the scram spring. The testor shall comprise flat

non-rotating parallel plates, arranged to permit loading the spring
while measuring this load and resultant deflection.

b) Calibration of Scram Magnet

Break-away force versus magnet current shall be determined.

c) Calibration of Drive Motor

Certified torque versus speed curves shall be obtained for the

drive motor operating at slow and fast speeds with voltages of 90%,
100% and 110% of rated voltage.

d) Calibration of Drive Train

After mounting the control rod drive mechanism with sliding
packing removed, measure force exerted upward and downward by
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control rod as a function of torque manually applied at the input

shaft.

4.2 DETAILED PERFORMANCE EVALUATION

a) Static Leak Check

With the control rod drive in position and the control loop
filled and pressurized to 200 psig for 6 hours, the control rod
mechanism is examined to detect any evidence of leakage. Scram
magnet temperature is determined by measuring the change in coil
resistance after 6 hours.

b) Normal Speed Operation

The unit will be cycled at normal speed (7 inches control
rod travel per minute) through full mechanism travel. One hundred
operating cycles will be run at each of the following flows:
0, 100, 200, 300, 400, and 500 gpm. Automatic cycling may be
utilized, with the control rod limit switches used to reverse the
motor drive.

Control rod position and motor current and voltage will be
recorded versus time at the first, 20th, 40th, 60th, 80th, and 100th
cycle of each 100 operating cycles. In addition, the control drive
mechanism will be examined for any visible evidence of leakage or
other malfunction.

c) Scram Operation

The unit will be cycled upward, the scram mechanism tripped,
the mechanism run down, and the scram magnet reset. One hundred
operating cycles will be run at each of the following flows:
0, 100, 200, 300, 00, and 500 gpm. At each flow, the first 50
cycles will be scrammed from full insertion position, while the
last 50 cycles will be scrammed from 50% insertion position.

Control rod position, motor and scram magnet current and
voltage, limit switch actuation and hydraulic scram position
indicator will be recorded versus time at the 1st, 20th, 40th,
60th, 80th, and 100th cycle. Photographic techniques will be
employed to determine control rod position during scram. Accurate
magnet release periods and control rod motion periods will be
determined electronically. Throughout the test the control rod
and-drive mechanism will be examined for any evidence of leakage
or other malfunction.
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4.3 PRESSURE DROP TESTS

Pressure measurements will be made at the inlet and outlet water
lines at the following flows: 100, 200, 300, 400, and 500 gpm.

Pressure measurements will be made with the control rod in the
following positions: "Full-out", 5% "in", 14% "in", 20% "in",25% "in",20%
"in", 50% "in", and 100% "in".

These measurements will be made at each of the above flows. At
least three runs are to be made on each setting of the control rod at
each flow.

4.4 LIFE TEST

The unit will be cycled fully upward. The scram mechanism
tripped, the mechanism run down, and the scram magnet reset. Loop
flow rate is maintained at approximately 400 gpm. Automatic cycling
may be utilized. A total of 2500 cycles will be run.

At the end of the life test, cycling test procedures outlined in
Section 4.2 will be repeated.

4.5 ABNORMAL OPERATION TEST

a) Guide Tube Deflection Tests

The test element guide tube is to be deflected using the de-
vice provided until it fails to function under scram conditions.
The magnitude of this deflection is to be determined for various
flows.

b) Vibration Tests

Vibration measurements are to be taken on the guide tube
during the tests to determine the natural frequency of the system
and the effects of scram loads and flow.

c) Scram System Variations

The scram magnet and sring adjustment will be changed to the
following values, to evaluate the effect of these settings on scram
system operation. At least 5 full scram operating cycles shall be
performed at each setting:
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Scram Magnet Force

pounds

180
140

100
80

180
140
100

75

50

Scram Spring Force
pounds

47
47
47
47

100
100
2 G
2 5

2 5

d) Hydrostatic Test

With control loop test settion isolation valves closed, a
hydrostatic pressure test is run on the control mechanism to fail-
ure or until 1000 psig is reached.

e) Overtravel Test

With the loop drained (hydraulic integrity optional) and over-
travel limit switches inactivated the mechanism is run downward
against the mechanical snubber, stalling the motor. An examination
is made of visible damage, after which an attempt is made to drive
the mechanism upward against upper stops.

Following these tests the entire control rod and drive is to
be disassembled completely for inspection.
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APPENDIX C

ANALOGUE SIMULATION OF THE ETR

1.0 HEAT TRANSFER CHARACTERISTICS OF SYSTEM

The equations governing the heat transfer in the system, as set up
and solved on the analog computer, are as follows:

K2 d ~. 3 Pr - UA (T -Tb) (1)

dt

This equation states that the difference between the heat produced in
the fuel elements and that transferred to the primary coolant goes to
increase the fuel element temperature. That part of the reactor out-
put generated within the fuel elements, 0.93 Pr, is a function of time
determined by the reactor kinetics. In cases of varying coolant flow,
the heat transfer coefficient U1 is also a function of time because it
varies as the 0.8 power of the flow. (The variation of U1 with temper-
ature for rapid transients is assumed to be negligible compared with
other effects.)

UlAl (Tw - Tac)7 .07 Pr - wl Cp (T 2c - Tc) (2)

which states that the heat being transferred into the primary coolant

stream and that generated in the coolant-moderator itself is balanced
by the heat picked up by the stream as it passes through the core.

Kl a - w cp (T2x - Tj ) -U 2 A2 (Tax - 8) (3)

Equation (3) specifies that the difference in heat carried into the
heat exchangers by the primary coolant and that transferred to the
secondary side of the exchanger goes to increase the average primary
coolant temperature. The log mean temperature difference in primary
and secondary coolants was approximated by the average temperature
differences because of limitations of available computer equipment.
Note that the subscripts x for the exchanger and c for the reactor
core refer to quantities differing from each other due to the transit
time in the pipes. K1, however, is the heat capacity of all of the
primary coolant water in the system because the average bulk temperature
of the entire system will change only after all of the coolant within
the system has completed a closed flow cycle.
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The relationship between Tb in equation (1) and Tac in equation (2)

is obtained as follows:

Tb : Tlcr $(Tac- Tic)9

where the fraction 19/1 relates average core conditions to those in the

average channel.

Also,

b =Tlc 7 93 Pr
20w

in which the term .93 Pr/2Cw is
one-half of the average coolant temperature rise and w is the flow
through the channels.

Combining these equations, and using the result obtained in ETR

Study #29 that at 100% power Tb - Tac : 5*F to establish the value
of w, results in the expression

Tb = Tac 177 Pr

w1

An expression similar to equation (2) may be written for the

secondary side of the heat exchanger.

U2 A2 Tax -):w 2 C (eh Ac) (4)

Finally, an equation analogous to equation (3) is written at the

cooling tower, the primed quantities differing from unprimed ones by
a fixed time lag.

K3 dQ' w c (9G- ) - F (Q,G6'twb, w2/) (5)
h chwc, b, /wg

The last expression in the above equation describes the absorbing
ability of the cooling tower as a function of the quantities indicated.
The details of this function will be described in another report.

Once the equations are set up, the analog computer provides the means
for their solution. In the computer, the physical quantities of the

system are simulated by the voltages at various points in the computer
electrical circuit. The computer circuit performs the same mathematical
operations on the simulating voltages as the system equations indicate
are to be performed on the physical quantities.
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For example, consider equation (1):

2-d a. 93 P aUA (T - T2 -. r 11 w b
(1)

The manner in which the computer operates necessitates rewriting
equation (1) as follows:

T w P dt-

K
U1A1 (Ts - Tb) dt

In the computer, voltages representing Pr and U1 A (T -Tb) are multi-
plied by the appropriate constants, integrated, and subtracted to obtain
Tw as follows:

COMpTEtC

RF r-EPICE

The triangle above labeled "operational amplifier" is a high gain,
stabilized, direct-coupled amplifier, and is the basic computing
element. It is shown in the theory of such devices that the input and
output voltages for the above circuit bear the following relationship:

-bout - 1

in1i

dt/ 1
g E'n2 dt

If the input voltages are proportional to the quantities Pr
-U1 A1 (TW - Tb), then equation (7) becomes:

outR P dt - 1 U1 A1 (Tw - Tb) dt

(6)

(7)

and

(8)
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Now if

1 - .93
K2

and -
2 K2

then T
w out

and equation (1) is solved.

Voltages proportional to P and U1A (T T) to feed into this
circuit are obtained from similar circuits expre singcother relations
involving these quantities. If the set of equations is solvable, it will
be possible to connect amplifier circuits together such that all unknown
quantities will be determined.

Some additional computer operations required to perform the mathe-
matical operations involved in solving a set of equations are described
in the following paragraphs.

The operational amplifier circuit below gives the following relation-
ship between input and output voltages:

l2.
0 _ &

R

Kru

(all voltages with
respect to the
computer ground
reference)

in, R
'2

in.
233

. Rf

n

in.
n

In some instances it is necessary to
equal to the product of two time-varying
this computer representation through the
multipliers, which are briefly described

obtain a quantity which is
quantities; this is done in
use of devices called servo
as follows:
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The input voltage, X (measured with respect to ground, as are all
voltages herein) is applied to a position servomechanism which moves
the input wiper arm across the potentiometer until the voltage picked
off between arm and ground becomes equal to X. Because all the wiper
arms are mechanically tied together, the arms on the output potentio-
meters move to positions that are X/100 of the distance from the ground
end to the top of the output pots. (The 100 in denominator comes from
the 10OV. reference applied to the top of the input pot.)

Thus, if a variable voltage y or z is applied to the output pots,
X/100 of that voltage is picked off by the wipers and appears between
the wiper terminal and ground. The device thus multiplies two
variables together, and incidentally divides by 100 in the process.

In an analogous manner it may be shown that the following
circuit performs division of two variables:

IkMeUr ?6T"-HtOOV

1WwPEPAp.
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Certain circumstances require generation of voltage8 that are some
algebraic or empirical function of the input, such as X * in one case
and say the cooling tower performance factor as a function of water to
air flow ratio in the other. This is accomplished with an operational
amplifier and a number of diode tubes, by approximating the desired
curves with a number of straight line segments. Each segment is formed
by biased diode tubes which can be made to conduct for such input
voltages as are required to generate the function. The diodes

effectively change the voltage multiplication factor of the amplifier
as a function of input voltage.

2.0 REACTOR KINETICS SIMULATOR

It is shown in references 1 and 2 that the time behavior of a thermal
reactor may be simulated in a computer representation through the use of
the computer operational amplifiers and a servo multiplier of the type
described previously. The reactor simulator generates a voltage that
is proportional to the neutron flux density, which is in turn taken to
be directly proportional to the reactor power output.

The representation is subject to the following assumptions:((see ref. 2)

a. All neutrons are at the thermal energy level.

b. The Fermi age approximation is used for the source term in
the diffusion equation.

c. There is no coupling between the space and time variables.

d. The delayed neutrons are represented by five specific groups,
with constants as recorded in Glasstone & Edlund (ref. 3) from
the Hughes report.

e. The fast fission effect is neglected.

By combining and manipulating the diffusion equation and the equation
describing time behavior of delayed neutron formation, the following
expression may be arrived at:

P
1 (10)

4 k pTst
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d
where S is the operator y and the other quantities are defined in the
nomenclature.

A computer circuit of the following form will be shown to be
analogous to equation (10):

a r' Ph;

P j ,ZI.C1

pi - ,) o

Aft9

4kj

1MLI

The center of the output pot is at ground potential because its
ends are connected to equal and opposite voltages, as is also the
center of the input pot. Thus the wiper arm of the output pot may be
at either a positive or negative voltage, depending on the sign of the
voltage representing 1Ak/k. The amplifier, being essentially an
integrator modified by the time constants of the delay groups,
produces an increasing or decreasing output voltage for positive or
negative signs of the input.

It may be shown that the ratio of output and input voltages for
an operational circuit of the form used above is as shown in
equation (11).

LRI 1

L

(11)

c"
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The electrical impedances are made proportional to the constants
of the delay groups, and in this manner the circuit may be seen to
simulate the reactor time behavior.

It should be noted that then k/k fed into the circuit represents
the cumulative effect of control rods and temperature coefficients.

3.0 COOLING TOWER

An analysis based on the work of various authors (ref. ) shows that
the cooling capacity of a mechanical draft cooling tower may be
approximately expressed by the follow. ng relationship:

BTU's/ absorbed by tower w2 K(
sT p ( (h) ,' f(9Gc)

w 2C ,
(h- c)s- 2iwb

g

This expression is substituted for the quantity F(91h' etc wb, w2/w )
in equation (5) and is the final link tying the system '
together, basing it all ultimately on the wet bulb temperature of the
ambient air.

4.0 TIME DELAYS

In order to simulate the transport time of the coolant flowing between
core and heat exchanger and between heat exchanger and cooling tower,
time delay circuits must be interposed at the proper places in the
computer representation circuit.

Circuits have been developed (ref. 4) that cause the
to be a reproduction of the input, but T seconds later.
will function for slowly-varying inputs is as follows:

output voltage

A circuit that

Q(o r
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Graphs of ~ and are of this nature:
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Nomenclature
0

TW fuel element surface temperature, F.

Twhs fuel element hot spot surface temperature, F.

T average temperature of primary coolant, OF _T1  T2  . T at core,
T at heat exchanger. 2
ax

Tb average bulk water temperature in average channel, F.

C heat capacity of fuel element/unit length, BTU/cF ft.

Cs heat capacity of fluid/unit length, BTU/ F ft.

C specific heat of water, BTU/ F lb.

1 length, feet

U heat transfer coefficient in core, BTU 1

1 x - 2x

A heat transfer area of core, ft. 2

U2 heat transfer coefficient in exchanger

A2 heat transfer area in exchanger

P density of water, lbs/cu. ft.

V volume of coolant in primary circuit, ft.3
c

V volume of fuel element assemblye

P density of fuel element assembly
e

Ce specific heat of fuel element assembly

K1  V PC, BTU/ 0F heat capacity of primary coolant

K2 Ve Pe CBTU/ F heat capacity of fuel elements

t eper

Gh chot temperature of secondary coolant, OF

S vrcold temperature of secondary coolant, OF
Q average temperature of secondary coolant, 0F

Vc2 volume of all secondary coolant, ft3

w flow through reactor core channels, lbs/sec.

wl flow in primary, lbs/sec.

C-10--



w
2

AIT

.AG9

Pr

T2

T1

Kff

Ak

Ak/k

s

t.
1

w
g

wb

flow in secondary, lbs/sec.

T2 -Ti

8h ec

reactor power, BTU/sec.

temperature of water leaving core,

temperature of water entering core,

effective multiplication factor

excess reactivity, Keff - 1

reactivity, or Keff - 1/Keff

mean lifetime of a thermal neutron

operator d/dt

fraction that delayed neutrons are

mean life of each delay group

air flow through cooling tower, lbs

wet bulb temperature of ambient air

/sec.

, OF.

c-u

(5.5 10-5sec, in the ETR)

of the total fission neutrons (0.0073)
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