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SECTION VIII. POWER DISTRIBUTION SYSTEM

1. • Function

The power distribution system provides electrical power at the

proper voltages and currents to operate all PBF electrical equipment.

The system also provides an automatic emergency power source and

switching to ensure a continuous, uninterrupted supply. of power to

selected circuitry and systems in the PBF if commercial power

fails.

2. Design Bases 

2.1 General. The system must be capable of operating continuously

at or below rated capacity for normal plant operation, and the

equipment must be capable of operating unattended over sustained period

of time.

The PBF facility has been designed such that a total power failure

can be sustained under normal conditions without damage to equipment,

or reactor fuel, and without hazard to personnel. However, it is

desirable to maintain power to certain loads if commercial power fails

to affect a more orderly shutdown and monitoring of the facility.

In addition, certain postulated accident conditions require evacuation

of people, and emergency power must be provided to the red mike system

to assure personnel can be notified to evacuate.

2.2 Load Requirements. Motors and other loads over N. 75 kW

must be supplied 2,400-volt power; loads between N. 375 watts and 75

kW require 480-volt power; and loads of leas than N. 375 watts require

either 120/208-volt, three-phase or 120/240-volt, single-phase power,

as stipulated by IDM 0500-1, Annex P. The low level of many

instrumentation signals requires that instrumentation at both the

control and reactor buildings be supplied from a filtered 120/208-volt

three-phase or 120/240-volg, single-phase power source. Power

requirements calculated for•the various distribution legs are shown

in Tables 8-I and 8-II.
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TABLE 8-1 

CONTROL BUILDING LOAD REQUIREMENTS

Service Voltage Load .
1

Transient instruients 120/240 V (filtered) 20 kVA

(Experimental, opera-
tional, and surveillance
instrumentation)

Heating, ventilating; 480 V, 30. 104.8 kVA

and power receptacles

Pans, console power, 120/240 V, 10  24.8 kVA

process and loop
instruments

Lighting 120/208 V, 30  32.9 kVA

TABLE 8-II. .1

REACTOR BUILDING LOAD REQUIREMENTS

Service Voltage 

Loop and reactor coolant 2,400 V, 30
pumps and control rod . ,
cooling air compressor

Cooling tower fan motors, 480 V, 30
waste gas fan motors,
reactor control power,
induction motors, recepta-
cles, and heaters

Induction motors, light-
ing panels, miscellaneous
instrumentation, alarms,
and HP instrumentation

Transient instrumentation
(Includes experimental,
operational, and surveil-
lance instrumentation and
reactor protective system)

120/208 V, 30

120/240 V, 10
(filtered)

Load

1.919 kVA

432.4 kVA
plus 69.6
kVA inter-
mittent

123.02 kVA
plus 2 kVA
intermit-
tent

20 kVA.
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2.3 Emergency Power and Automatic Switchover Requirements. If

commercial power fails, emergency power must be provided automatically

to the following PBF systems:

(a) Control rod and transient rod drives

(b) Neutron detection instrumentation

(c) Experimental fuel element instrumentation

(d) Waste gas exhaust fans

(e) Health physics equipment and evacuation alarms

(f) Emergency poison injection system

The emergency power is required for an orderly shutdown of the plant

in the event commercial power fails. The plant can sustain a total

power failure under normal conditions without damage to equipment or

hazard to personnel.

If both commercial power and primary emergency power fail, backup

emergency power must be provided to the health physics equipment,

the evacuation alarm, and the poison injection system.

The primary emergency power system must have a minimum load rating

of 61.2 kVA, and must be capable of supplying uninterrupted power to the

selected loads upon loss of commercial power. The backup emergency

power system must have an automatic start capability and a minimum

load rating of 15 kVA. The loads must automatically transfer to the

emergency systems upon loss of commercial power and automatically

retransfer to the commercial power system upon restoration of commercial

power. Battery power backup is required for emergency reactor shutdown

under abnormal conditions via the poison injection system. Battery power

backup is also required for the neutron monitoring system for monitoring

of the facility and for the evacuation system to ensure safe egress of

personnel should an accident occur resulting in loss of commercial power.

2.4 Overload Protection. Circuit breakers and fuses must be

capable of operating practically instantneously on short circuits,

but with a time lag on smaller overloads. Circuit breaker equipment

in switching facilities is justified because of the severe service

and operating requirements, and is required where currents exceeding 600

amperes are to be interrupted.
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2.5 Fault Isolation. Fault isolation is required to protect

personnel and equipment and to minimize interruption of service becnnse

of.faults. The circuit protective devices and switching facilities

must withstand the magnetic stresses caused by fault currents. Circuit

breakers and fusei satisfy both of these requirements.'

2.6 Grounding. All metallic devices and structures must be

grounded to prevent buildup of electric potentials caused by lightning,

electrical insulation failure, static charges, or induced voltages.

2.7 Environmental Conditions. The power distribution system must

operate under the following general environmental conditions (also see

Section IIv Site):

Elevation .4,900 feet above sea level

Outdoor temperature -40 to 104'F

Indoor temperature +50 to +110"F

-Relative humidity To 952

3. Description 

Commercial power is furnished to the PBF through the NRTS power

-system, and emergency power is supplied by generators located in an

emergency generator building adjacent to the PBF reactor building.. The

system includes the incoming transmission line from pole No. 11 in the

SPERT area, all-associated devices, including final distribution panel

circuit breakers, and two emergency generators with equipment and con-

trols. .The system distributes commercial power from the existing NRTS.

system to the PBF at satisfactory voltage and current levels; protects

against overloads; isolates faulted feeder lines; generates, distributes,

and automatically controls emergency power; and grounds metallic struc-

tures for personnel protection.

3.1 PBF Transmission Line. Power is supplied to the PBF from

either or both 5,000-kVA SPERT substation transformers by a 13.8-kV'

overhead line, an extension of the existing SPERT I line. The control

and reactor building power systems are connected in parallel to the

transmission line, and all load transformers are protected by fused

disconnect switches in the main feeder lines.
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3.2 Control Building Power. Control building power, distributed

through three separate transformers fed from the 13.8 kV line described

above, supplies the control building loads as illustrated in Figure 8-1.

Figure 8-2 is a detailed one-line diagram of the control building

power distribution system. Supply voltages of 120/240-volt, single-

phase, 480-volt, three-phase, and 120/208-volt, three-phase power are

supplied through stepdown transformers. Each feeder line is protected

by an air-operated circuit breaker, and the transformers are sized to

meet all maximum anticipated load requirements. All wiring, components,

and equipment are design size or the next larger commercially

available size, and meet the requirements of the National Electrical

Code.

3.3 Reactor Building Power. The reactor building system'is

arranged as shown in Figure 8-3. Figures 8-4 and 8-5 are one-line '

diagrams of the system. A 2.4-kV transformer provides power directly

to the loop- and coolant-pump motors and control rod cooling air com-

pressor motor. Power is supplied to the remaining loads through

120/240-volt, single-phase and 480-volt, three-phase transformers. Out-

put from the'120/240-volt transformer is filtered for distribution to

the transient instrumentation, and the circuit is protected by an air-

operated circuit breaker. Output from the 480-volt transformer supplies

480-volt loads through an air circuit breaker.and is reduced to

126/208-volts, three-phase where required. The circuitry is arranged to

allow the critical safety circuits to be transferred to emergency power

if commercial power fails. Details of the emergency generator and

switchover.circuitry are provided in Paragraph 3.4. All equipment is

sized to meet the design load requirements, is of design size or the_

next larger commercially available size, and meets the requirements of

the National Electrical Code (NEC), with the exception of cable tray

vertical spacing.

The cable tray vertical spacing in tiers was reduced from the 12"

minimum required by the NEC to 9" and 10" due to space limitatiOns.

The required overhead clearance for tray access has been maintained as

required by the NEC. To minimize heating in the tier, the power trays

were moved to the top, with instrument and control trays beneath. Each

tier contains a maximum of two power trays, and many have only one. The
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placement of power cables at the top of the tier should reduce the

possibility of damage to other cables in the unlikely event that a fire

should occur in a power cable tray. Also, combustion product detectors

of the Pyr-A-Larm fire detection system (see Subsection IX-L) have

been located to provide early detection of cable breakdown due to over-

heating. Cable tray loading and cable ampere capacity are within the

NEC recommendations. The reduced tray spacing should not present

significant problems from either cable heating or tray access standpoints.

3.4 Emergency Power. Two emergency generators supply power as

required during commercial power outages. The primary emergency power

source is a gasoline-powered, 480-volt generator that operates continuously

during reactor operation. The generator, rates at 100.5 kVA, provides

sufficient power to meet the total 61.2-kVA load required by the six

critical circuits (see Paragraph 2) during commercial power outages. Loss

of commercial power or primary emergency power during reactor operations

scrams the reactor. The HP emergency generator, also gasoline-powered, is

rated at 18.75 kVA and supplies 120/208-volt power to the alarm and

health physics circuits if both commercial power and primary emergency

power are lost. The HP emergency generator does not run during normal

operation, but starts automatically if primary emergency power fails or

if commercial power is lost when the primary generator is not operating.

The loads on the HP emergency generator are shown in Figure 8-9.

The generators are switched onto the line by similar automatic

transfer switches. The switches monitor line voltage and, if the voltage

drops below a predetermined level, automatically transfer the loads to

emergency generators. The primary emergency power transfer switch

transfers power within 0.5 second after loss of commercial power. The

0.5 second delay is designed to override momentary power outages. The

secondary transfer switch has a built-in time delay of 10 seconds following

engine startup to allow the HP generator to come up to 90% of line voltage

before transferring power to avoid damaging sensitive radiation

monitoring devices or overloading the circuit. Both switches automatically

transfer the loads back to the primary power source following return of

adequate power. Battery power backup is provided for the poison injection

system to permit emergency reactor shutdown under abnormal conditions

when commercial power is lost. (See Figure 8-6.) Battery power backup is

8-7



power backup is provided for the evacuation system and red mlkr

communications to permit notification for evacuation in the event an

accident should occur resulting in a loss of commercial power and

generator backup power (see Figure 8-7). Under such conditions, plant

safety becomes secondary to personnel safety. Battery power backup to

the neutron monitoring system provides for facility monitoring on loss

of commercial power (see Figure 8-8).

Battery-powered emergency lighting is provided for the control and

reactor buildings for use during loss of commercial power.

3.5 Switching Equipment. Switchgear for the 2.4-kV and 480-volt

buses consists of electrically operated air circuit breakers. These

circuit breakers provide motor starting, overload protection, and short-

circuit current protection.

Switchgear for small motors and other loads that operate at 480

and 120 volts consist of combinations of manually operated air

circuit breakers and electrically operated magnetic contactors.

The breakers provide short-circuit current protection, and the

contactors provide equipment starting and overload protection, where

required. .

Manually operated air circuit breakers are provided for lighting

and other small loads that require short-circuit current protection.

A:6 Conduit, Cable Trays, and Conductors. Conductors from trans-

formers to the appropriate switchgear are selected for the voltage and

current requirement and type of application. The conductors are routed

-through conduits or cable trays.

• 3.7 Ground Protection. Metallic devices and structures are con-

nected to a grounding network that prevents the buildup of electric

potentials caused by lightning, electric insulation failure, static

charges, or induced voltages. The grounding network consists of ground

rods interconnected by copper cables to which all metallic structures

are electrically connected. Separate grounding networks are provided

for the reactor and control buildings, but they are connected through

a bare copper, cable via the control cable trench.
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3.8 Instruments, Controls, Alarms, and Protective Devices 

3.8.1 Instruments. Voltmeters, ammeters, and frequency

meters are standard commercial components and meet the design require-

ments of the PBF.

3.8.2 Controls. Controls used in the power distribution

system are standard switchgear components that meet the design re-

quirements of the PBF.

3.8.3 Alarms. Improper operation or failure of the power

distribution system causes reactor scram, generatipg the associated

alarm signals. For details of the alarm system refer to Section VII

3.8.4 Protective Devices. Protective devices are basically
standard electrical protective components.

. _ . . . .
4. Testing, Reliability, Operation, and Maintenance 

4.1 Testing. Since the emergency generators are intended for

intermittent operation, test switches are provided on the load transfer

switch panels to test the generators and load transfer switches for

proper operation. Actuation of test switches simulates loss of normal

power, and load transfer verifies satisfactory unit operation.

The emergency generators are started periodically in accordance

with the vendor's 'recommendations to ensure their operability. This
keeps oil distributed on engine parts, maintains the fuel system full,
and thereby promotes easier starting. Such operations are usually

performed without loads on the generators.

Because of the sensitive nature of many of the loads, the loads
will not normally be transferred onto the generators for testing pur-
poses. However, if any abnormal performance of transfer switches is
observed during a power outage, they may be tested by either of two methods:

,(1)by opening the normal supply breaker, thus simulating a loss of nor-
mal power, or (2) by actuation of the "test transfer" switch on the
generator control panels to cause load transfer after the generator
is in operation.

Testing of the.commercial power system is not required except for
component tests during maintenance.
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4.2 Reliability. Reliability is ensured through design, component
. selection, and installation in accordance with applicable codes and
standards.

4.3 Maintenance. Maintenance requirements are primarily concerned
with routine engine maintenance. Periodic maintenance is performed
in accordance with INC maintenance procedures and vendor data.
5. Appendix 

Plant modifications for power cooling mismatch and loss-of-coolant
accident testing will probably necessitate changes to the power
distribution system, dependent upon the final test program and support
facility requirements. Since the modifications have not been finalized,
the exact nature of their effect on the power distribution system has
not yet been determined, but will be described in an appendix when
available.
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SECTION IX. AUXILIARY AND EMERGENCY SYSTEMS

A. Secondary Coolant System

1. Function 

The function of the secondary coolant (SC) system is to transfer

heat generated by the reactor to the atmosphere and to regulate_the

temperature of the reactor primary coolant in response to primary

system temperature instrument signals. In addition, the secondary

coolant system furnishes cooling water to the control rod cooling

air compressor and aftercooler, transient rod drive cooler, plant

and instrument air (PIA) compressor and aftercooler, air treatment

unit (air conditioner), air handling unite and high pressure air

compressor and aftercooler.

2. Design Bases 

2.1 Heat Transfer Requirements. The secondary coolant system

must remove heat at a maximum rate of about 150 x 10
6 

Btu/hr from the

various PBF cooling systems. (See Table 9A-I for heat loads.)

TABLE 9A-I 

HEAT SOURCES AND MAXIMUM HEAT LOADS

Source 

Reactor primary coolant system
(PCSR). heat exchangers

High pressure demineralized water
(HDW) system heat exchanger

Utility cooling water (UCW)
subsystem cooling units la]

Secondary coolant pump

Total

Maximum Heat Load 

138 x 10
6 

Btu/hr

8.5 x 106 Btu/hr

1.4 x 10
6 

Btu/hr

1.7 x 10
6 

Btu/hr 

149.6 x 10
6 

Btu/hr

The flow rates shown in Table 9A-II are required to effect the desired

heat transfer in the heat exchangers and interfacing systems.

Cakes Subsection IX-J, Paragraph 2.2.1.
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TABLE 9A -II 

SECONDARY COOLING SYSTEM FLOW RATES

Item Flow Rate 

PCSR heat exchangers 14,000 gpm (7,000 gpm each)

HOW heat exchangers 935 gpm

UCW systemla)  250 Rpm 

Total 15,185 gpm

[a]
The UCW system is an interior loop with its own pump.

2.2 Equipment Requirements. Equipment design and component

selection were based on the heat removal criteria and resultant water

volume requirements specified in Tables 9A-I and 9A-II, local weather

conditions (see Paragraph 2.5), the chemical properties of the local

water supply, and scale and corrosion control requirements.

2.3 Operation and Control Requirements. To'ensure that the pre-

scribed heat removal requirements can be met under varying operating

conditions, and to control the flow through equipment with minimum flow

rate specifications, appropriate bypass lines and suitable manual and

automatic control valves are required.

2.4 Water Treatment Considerations. Because a pH of 6.8 is

considered optimum to inhibit scale formation in the secondary coolant

system, the raw water supplied to the PBF is treated for pH. Additional

treatment is specified to inhibit corrosion and allow use of carbon steel

lines and components rather than stainless steel.

Galvanic activity in the piping between the reactor building and

cooling tower is controlled by a cathodic protection system.

2.5 Geophysical Considerations. The NRTS is classified as a

seismic Zone 3 per U. S. Uniform Building Code Map of Seismic Probability

of 1970. (For analysis, see Section XIII.) All components in tae reactor

O

O
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building are designed with a horizontal ground acceleration force

component of 0.134 g. The cooling tower is designed to withstand a

maximum horizontal force equal to 0.067 times the total• dead load

(computed as the wet operating weight of all tower equipment and water

uniformly distributed over the height of the structure).

All secondary coolant system components, with the exception of the

cooling tower and associated pipes and valves, are located in the sec-

ond basement of the reactor building. Reactor building components must

operate in the ambient conditions shown in Table 9A-III; the cooling

tower and associated components must operate in the ambient condition

shown in Table 9A-IV.

TABLE 9A -III 

AMBIENT CONDITIONS WITHIN THE REACTOR BUILDING

Elevation 4,900 ft above sea level (atmospheric
pressure of 12.2 psia)

Temperature range 60 to 110°F

Relative humidity To 1002

TABLE 9A -IV

AMBIENT OPERATING CONDITIONS FOR COOLING TOWER

Average dailyAT in July, Aug 38°F

Average dailyAT in Dec 22°F

Maximum anticipated summer 102°F
temperature

Minimum anticipated winter -40°F
temperature•

Wet bulb temperature in summer 49°F
(average)

Prevailing wind direction, daytime From southwest

Prevailing wind direction, From north-northeast
nighttime

9A-3



2.6 Protective Considerations. Because of the wood construction of

the cooling tower, a lightning protection system and fire protection

system are required.

2.7 Interfaces. The secondary coolant system interfaces with

10 other PBF systems. The coolant system provides cooling water in

the appropriate volumes and at the appropriate temperatures to six of

these systems, and receives support from the remaining four.

2.7.1 Supported Systems. The following are systems supported

by the secondary coolant system:

(a) Reactor primary coolant system

(b) High pressure demineralized water system

(c) High pressure air system

(d) Low pressure air system

(e) Plant and instrument air system

(f) Heating, ventilating, and waste gas system.

2.7.2 Supporting Systems. The secondary coolant system must

receive support from the following systems:

(a) Power distribution system

(b) Water supply system

(c) Liquid waste system

(d) Reactor process and auxiliary services instrumentation

system.

3. Description 

3.1 General. The secondary coolant system, includes a secondary

coolant pump, utility cooling water (UCW) pump, cooling tower, and

miscellaneous system piping and valves as shown in Figure 9A-2. The SC

pump nas a capacity of 1.15,000 gpm at 160 ft total dynamic head (TDH), and

the UCW pump has a capacity of 250 gpm at 110 ft TDH. (The UCW system is an

"interior loop" in the SC system.) The cooling tower is sized to accept

the total 1J,000 gpm flow, dissipate a design heat load of 80.36 x 100

Btu/hr, and return water to the system at 65°F when the wet bulb

temperature is < 55°F and the cooling range is 11°F. However, by

increasing the water temperature approach to 14°F and the cooling

range to 21°F the cooling tower will dissipate the required heat load
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of 150 x 106 Btu/hr. The cooling tower consists of two cooling units,

or cells, constructed of treated redwood and glass-reinforced plastic.

Except for some stainless steel components, such as orifice plates,

most of the system piping and valves are constructed of carbon steel.

3.2 Flow. There are three normal operating modes of the SC

system, depending upon how much of the system is to be operated. In

the first mode, the entire system is operated, including both the UCW

and SC pumps; this is the normal mode of operation prior to, during,

and after reactor operation. In the second mode, only the UCW portion

of the system is operated. This mode provides cooling water to the air

cooling units in several parts of the reactor building without

necessitating the operation of the large secondary coolant pump. In

the third mode, only one part of the UCW system is operated. in this

mode of operation, neither system pump is on; raw cooling water (from

the RW system) is supplied to only the air conditioning unit in the

experiment instrumentation room and/or to the air compressors and

aftercoolers of the compressed air systems.

During the primary mode of operation, the main flow of coolant, up

to 14,000 gpm, is through the shell sides of the two reactor primary

coolant system heat exchangers (see Subsection IV-A), with a

secondary flow of up to 935 gpm through the HDW heat exchanger. The

utility cooling water pump, which takes suction upstream of the

secondary coolant pump, supplies up to 250 gpm to utility equipment in

the PBF. All coolant joins downstream of the heat exchangers and

cooling equipment and flows to the cooling tower.

Several alternate flow paths through the heat exchangers and cooling

tower can be used during normal operation, depending on the heat loads

and prevailing weather conditions. During summer operation, when

operating at a high steady-state power level, or during a power burst,

all coolant will pass through the heat exchangers and over the cooling

tower. However, during winter operation and/or during low power level

operation, it may become necessary to restrict flow through the heat
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exchangers and/or partially bypass the copling tower to maintain the

secondary coolant cold water temperature at a desirable level. Flow

through the heat exchangers is usually controlled automatically by

temperature-controlled, pneumatically operated valves, whose control

signals originate from primary system temperature instruments. Manually

operated valYes are also available in the lines if additional control is

required or if one heat exchanger must be bypassed. Water to the cooling

tower can be diverted directly to the cooling tower basin if icing of

the tower becomes a problem or if the reactor is being operated at low

power levels.

The system is supplied with shutoff, isolation, vent, drain, check,

and safety-relief valves. In addition, automatic temperature control

valves and flow orifices regulate the coolant through the heat

exchangers, and remotely controlled, manually operated control valve

allows the operator to vary the secondary coolant flow through the

shell sides of the heat exchanger units without altering the total

flow to the cooling tower.

When the UCW system is operated separately to provide cooling for

the reactor building and process equipment after a high temperature.•

test or when ambient building temperatures are excessive, the temperature

control valves-in the SC system piping are closed, isolating the primary

coolant system heat exchansers. The UCW system is then operated indepen-

4d,ntly, 'tains; the cooling tower to reject the heat as required.

3.3 Components 

3.3.1 Cooling Tower. The cooling'tower (Building No. 720)

rests on a concrete basin and is constructed primarily of redwood and

glass-reinforced plastic. A cutaway elevation of the tower is shown in

Figure 9A-1• The fan deck is about 35 feet above grade level, and the

velocity recovery cylinder atop the fan deck is 14 feet high. The tower

contains two portions or cells, each of which has a 22-foot-diameter

fan and a velocity recovery cylinder. The concrete basin measures 57

feet by 55.5 feet (inside dimensions) and is 4 feet '9 inches deep.

The tower is designed to withstand wind loading of 30 lb/ft2 On all

exposed surfaces, and sheathing on the leeward side is designed to

withstand 20 lb/ft2 negative loading.
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The two cells are separated by a 1/2-hour-rated fire partition.

This allows the cells to be independently operated in case of fire,

and a fire in one cell will actuate the fire protection system in that

one cell only.

The fire protection system consists of an automatic open head

deluge system that protects the tower with an average water flow of

0.5 gpm per square foot over the fill areas and 0.33 gpm per square

foot on the fan deck. In addition to complete coverage under the fan

deck, spray nozzles are provided around the bottom of each fan stack

and above each fan motor. Two deluge valves, located in the cooling

tower auxiliary building, are actuated by the release of nitrogen

through a pilot line head. The lead-coated detection heads (175°F)

are located under the fan deck over the tower fill, around the base

of each fan stack, and above the fan motor. An extension of the fire

protection system covers the cooling tower auxiliary building. The

sprinkler heads in the auxiliary building are 212°F closed heads so

that the equipment will not get soaked• when the cooling tower fire water

'system is rested.

. .•
The cooling tower was designed to maintain effluent water • temp-

erature near 65°F under all anticipated weather conditions. Variable-

pitch fan blades, two-speed motors, reversible-direction fans, use of

either or both cells, and the capability to bypass all or part of •

the inlet water directly to the cooling tower basin are incorporated

in the design of the tower.

Operation of the tower in extremely low outside temperature is

difficult because of ice formation on the tower fill line and fan

blades. For most types of winter operation, the flow can be bypassed

until the coolant gains enough heat to require cooling. Then the

flow can be routed over the tower until the desired temperature is

attained. The fans can be run in reverse to defrost the tower if

necessary. If nuclear operation is to be terminated(ie, no heat

load) at night when there is danger of tower freeze-up, the pumps

will be operated around the clock. The pumps may be operated
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around the clock from the reactor building when radioactivity levels nrc

low enough to safely permit. When radioactivity levels are high, the

pumps will be operated from the control center.

In order to preclude undesirable vibrations and loading, resulting

from the formation of ice on the fan blades, a vibration limit switch

is provided to trip the motor circuit when vibrations

reach a predetermined level. Excessive ice loading of the tower

structure is avoided by the•fan reversal and bypass capabilities

described above.

The cooling tower is constructed in accordance with Cooling Tower

Institute Standard CTI-103. The fire protection system is constructed

in accordance with NFPA No. 214, Water Cooling Tower, Uniform Building

Codes, National Fire Protection Association Guides, and National Board

of Fire Underwriters Pamphlets No. 13, 14, and 214.

3.3.2 Secondary Coolant Pump. The secondary coolant pump is

a constant-speed, vertical, deepwell, turbine-barrel pump powered by

an 800-hp, 2,300-volt, 3-phase, 60-Hz motor. The pump has a rising head

characteristic from design flow rate (15,000 gpm) to shutoff. The

shutoff head is a maximum of 127 percent of the design operation head.

The total dynamic head is 160 feet, measured at a flow of 15,000 gpm•
The pump meets the requirements of ASA Standard 858.1 and ASME Power

Test Code PTC 8.1 and is constructed in accordance with ASME Boiler

and Pressure Vessel Codes, Sections VIII and IX.

3.3.3 Utility Cooling Water Pump. The UCW pump is a horizontal,

centrifugal pump driven by a squirrel cage induction motor rated at

15 hp. The pump has a TDH of 110 feet at the flow capacity of 250 gpm.

The pump meets the requirements of ASHE Power Test Code PTC 8.1 and the

Standards of the Hydraulic Institute, Centrifugal Pumps Section.

3.3.4 Piping and Valves. The piping and valves are constructed
of carbon steel because of the low pressure and temperature of the coolant.

Corrosion is inhibited by controlling the chemistry of the coolant, as

described in Paragraph 3.4. Cathodic protection is provided for buried
portions of the piping between the reactor building and cooling tower.
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3.4 Water Treatment. The secondary coolant chemistry is controlled

by an automatic chemical feed system which continuously samples the

coolant and adds corrosion inhibitor, sulphuric acid and controls blow-

down in response to coolant pH, conductivity and corrosivity.

. The corrosion inhibitor is applied to the system surfaces by 
circulation

of an initial high concentration of inhibitor in the 
coolant. The

concentration of inhibitor is decreased by blowdown after startup

to a level which will maintain the surface film.

Scale is controlled by (1) the addition of a dispersant

with the inhibitor to break up scale-forming molecules, (2) the

addition of sulphuric acid to maintain the coolant slightly 
acidic

to keep solids dissolved, and (3) intermittent 
blowdown in response

to a rise in conductivity, thus controlling the level of 
total dissolves

solids. Biological activity is controlled by the manual addition of a

toxicant.to the system. The frequency of toxicant addition is based

on observed biological activity in the secondary 
coolant. A sulfonator

is available to reduce toxic chromate ions in order to 
prevent pollution'

of the lithosphere should a chromate bate inhibitor 
be selected for

operation.

3.5 Instruments, Controls, Alarms and Protective Devices 

3.5.1 Flow. Three flow measurements are provided for the

SC system.

(a) Cooling tower make-up water

(b) .Secondary coolant out of the primary heat exchanger

(c) Secondary coolant out of the HDW heat exchanger.

These flow signals are discussed in Subsection VII E.

Low flow alarms provide sufficient advance warning to 
secure

equipment before extensive damage can occur to the SC and 
UCW pumps.

3.5.2 Temperature. The SC temperature is measured at the

outlet of the HDW heat exchanger and the inlet and outlet headers of

the primary heat exchangers. Dial-type thermometers are used locally

to measure the UCW pump discharge temperature and exit temperatures

from the plant and instrument air compressor and aftercooler, control

rod cooling air aftercooler, air handling units, and high pressure air

compressor and aftercooler.

s
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3.5.3 Pressure. Locally mounted pressure gauges are used

to measure the SC and UCW pump discharge pressures. The SC pump dis-

charge pressure is also monitored by a pressure switch that activates

a low pressure alarm at the control center and reactor building process

panels if the pressure falls below a predetermined setpoint.

3.5.4 Liquid Level. Liquid water level in the cooling tower

basin is controlled by a liquid level transmitter. The level

transmitter originates a signal to a recorder/controller, which

records the water level and transmits a control signal to a level

control valve that controls SC water flow the cooling tower basin.

4. Testing, Reliability, and Maintenance 

4.1 Tenting. The system is tested following installation in

accordance with the applicable specification requirements. Unless

operating experience indicates otherwise, additional testing of the

system or components will not be performed.

O 4.2 Reliability. The reliability requirements of this system

are achieved through basic system design and careful component selection.

Total failure of the major system components is unlikely because of

anticipatory alarm systems and designed-in safety features.

4.3 Maintenance. All operating components will be maintained

according to applicable vendor instructions and INC maintenance

procedures. The cooling tower requires periodic application of a

biological deterioration retardant and will be wetted down periodically

to prevent drying out.

5. Evaluation 

The influence the SC system has on reactor behavior is quite slow;

therefore, failures in this system do not represent a nuclear hazard.

Conditions in the system that, to a degree, do affect reactor operation,

are loss of secondary coolant flow or loss of flow control.

Loss of secondary coolant pump discharge pressure indicates loss

of flow, so the conditions and consequences for loss of flow also apply

to the loss-of-pressure situation.
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High or low liquid level in the cooling tower basin could occur

if the level control valve (LCV-2-1) malfunctions, if ice or debris

buildup in the cooling tower basin blocks the flow to the pump suction,

or if a•rupture of the PCSR or HDW heat exchanger tubes occurs. Rupture

of the heat exchanger tubes would allow the primary and secondary

coolants to mix; flow into the system of lowest pressure would raise .

or lower the cooling tower basin water level and also raise or lower

the reactor vessel level. High liquid level, if not detected or corrected

would eventually overflow the cooling tower basin. Low liquid level ,

could lead to the eventual lose of secondary coolant pump suction, resulting

in almost immediate damage to the secondary pump. A rise in primary

cooiant level due to heat exchanger rupture will overflow the reactor

vessel at the scum drain. A drop in reactor vessel liquid level due to

heat exchanger rupture would eventually cause the coolant to boil in

the core if not detected; howeverI the volume of the vessel is quite

large and a drop in the reactor vessel would be slow enough to allow

shutdown before damage could occur. The high and low liquid level

alarms for the water in the cooling tower alert the operator in time

to take appropriate corrective measures.

Loss of secondary coolant flow can occur because of loss of elec- .

trical power, rupture in the SC system piping, or low liquid level in'

the cooling tower basin. Although there are no power reduction circuits

interlocked with the SC system, there are alarms on both annunciator

panels (in the reactor building and the control building) to indicate

low secondary coolant flow, low secondary coolant pump discharge pres-

sure, low liquid level in the cooling tower basin, or high liquid level

in the cooling tower basin. Upon loss of secondary coolant flow, there

is a low-flow alarm and a low-pressure alarm on both annunciator panels

to warn the operator. However,.should these alarms fail and the reactor

operation continue with no secondary coolant flow, the primary coolant

temperatures will increase. Using the maximuii allowable fuel rod

temperatures, the time required to boil the primary coolant, without

secondary coolant flow, and with the reactor power at the maximum 40 MW,

is calculated to be about 8 minutes. Thie gives the operator ample .

time to detect the existence of the system failure by other indicators

and begin a controlled emergency shutdown.'
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The primary coolant is kept free from radioactive contaminants

by the reactor and canal cleanup system so that if the primary coolant

system heat exchanger tubes rupture and the primary and secondary coolants

mix, there will be essentially no contamination released to the atmosphere

by the cooling tower. The only other possible source of radioactive

contamination to the SC system is from the loop-coolant system. Contamina-

tion would necessitate a double failure of the HDW heat exchanger tubes

and the loop-coolant system heat exchanger tubes. The probability of this

occurring is small and is not realistically considered to be a potential

radiation hazard.

The UCW pump supplies coolant to the transient rod drive, high

pressure air compressor, plant and instrument air system air compressor.

and control rod cooling air compressor. Failure of water supply to any

of these units could lead to mechanical damage if operation is continued.
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O B. Reactor and Canal Cleanup System 

0

1. Function

The reactor and canal cleanup system (RCCS) decontaminates the

reactor primary coolant water and canal shielding water and provides

an underwater "vacuum cleaner" for removing sediment from the canal.

2. Design Bases 

The radioactive ions contained in the reactor primary coolant and

reactor canal shielding water must be removed periodically to maintain

the radiation level in the reactor bay within acceptable limits.

The reactor coolant contamination must be reduced by a factor of

10 within about 12 hours, allowing decontamination operation-, to be

completed during the off shift, to meet the programmed PBF operating

schedule. A somewhat longer decontamination period is acceptable for

the canal shielding water because the canal is isolated from the reactor

and can be decontaminated at any time.

Because radioactive particles can accumulate in the bottom

of the canal, a means of removing these particles is required.

The cleanup system must be compatible with demineralized water

having a pH range of 5.5 to 7.0 and a temperature of 120°F (maximum

temperature of reactor coolant at which the RCCS will be used, to

prevent resin melting).

3. Description 

3.1 General. The RCCS, shown in Figure 9B-1, comprises a resin

column, pump, and flow control system. The RCCS is arranged so that

reactor coolant water can be circulated through the resin column system

either by the RCCS pump or by the two primary coolant pumps. The canal

shielding water can be circulated only by the cleanup system pump.

3.2 Flow. The RCCS operates in four modes: (a) reactor coolant

cleanup using the primary coolant pumps, (b) reactor coolant cleanup

using the canal cleanup pump, (c) canal water cleanup, and (d) canal

vacuum. Figure 9B-1 shows the flow sequence for each of the four

modes of operation.
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3.3 Decontamination Rates. The activity of the reactor primary

coolant will normally be no greater than a few mR (at 1/2 inch) on a

100-m1 sample. For comparison, a ruptured fuel rod in SPERT IV resulted

in activity of less than 10 mR on a similar sample. Somewhat higher

activity levels are likely in the canal, because of experiment handling.

Use of the RCCS will prevent activity accumulating to the point of

being a personnel hazard.

Resin column performance is calculated as follows:

Let: M
o 
• Initial number of ions in system

H • Ions remaining in system

R • Fraction of ions removed in one pass through the
resin column

F • Flow rate through resin column (gal/min)

V - System volume (gal)

T • Time at H
0 0

T • Elapsed time

o
RFT

Then: M
o 
- •

V

after M
o 
(minutes)

which can be reduced to
H
H
0

e

- RFT
V

when the resin column face velocity is about 20 gpm/ft
2
 or less, the

column height is about two feet or more, the resin is not near satura-

tion, and the activity is in the tens of mR for a 100-m1 sample at 1/2

inch.

is:

For practical purposes R - 1, and the system decontamination factor

FT
o V

The RCCS is designed so that a flow rate of 150 gpm, provided in

mode (a), will reduce the contamination level in the reactor coolant

by a factor of 10 in about 11 hours; and a flow rate of 50 gpm, pro-

vided in mode (b), will reduce the contamination level in the.canal

by a factor of 10 in 19 hours.
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3.4 Components. The system and all components are designed for

a maximum operating temperature of 200°F (140°F is the approximate melting

temperature of the resin) and a maximum pressure of 150 psig. The

maximum temperature and pressure likely to be encountered in the system

are 120°F and 75 psi (the RCCS is not operated with the reactor at

power). Because the resin column will contain radioactive material,

the column is located in the shielded hot- and warn-waste room. The

resin addition tank and eductor valve are located outside the hot-waste

room, and all valves within the room have extension handles so that

personnel need not enter the room to operate the system.

3.4.1 Resin Column. The resin column vessel is a vertical

cylinder 24 inches in diameter and 9 feet 3 inches high. The column

contains a total of 13.9 cubic feet of resin consisting of 9.3 cubic feet

of Rohm & Haas IR-200 resin plus 4.6 cubic feet of Rohm & Haas IRS-400C resin.

The column will handle a flow of 150 gpm with a pressure drop of less

than 42 psi. Connections to the resin column are provided for backwash,

resin sluicing, vent, and drain. The column is designed in accordance

with the ASME Boiler and Pressure Vessel Code, Section VIII, and is con-

structed from carbon steel lined with natural rubber. Internal dis-

tributors are stainless steel.

The resin will not be regenerated. Spent resins from the resin

column are sluiced into a disposable tank at the resin loading station.

The tank has a filter bed to retain the resin particles, the effluent

from the tank being routed back to the hot waste tank. The RCCS

interfaces with the radioactive waste system as shown on Figure 9B-2.

Resins are added to the resin column by sluicing the new resin

from the resin addition tank through an eductor valve. The deminera-

lized water pump in the water supply system provides the driving head

for the sluicing operation, and the effluent is routed to the radioactive

waste system after leaving the resin column.
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3.4.2 Cleanup Pump. The cleanup pump is a centrifugal, canned

rotor type having a capacity of 50 gpm with a 76-foot head. Pump com-

ponents in contact with the water are constructed from stainless steel.

3.4.3 Canal Vacuum. :The vacuum consists of a flexible hose

connected to the suction side of the canal cleanup pump. The flexible

hose is manually positioned by an operator standing at the top of the

canal. Large particles picked up by the vacuum are trapped in a strainer

in the pump suction line to protect the pump from damage. If radioactive

particles are to be vacuumed from the canal, temporary shielding will

be placed around the strainer, to facilitate later removal and cleaning.

The strainer radiation level will be monitored during the vacuum

operation to avoid exceeding tolerable radioactivity levels.

3.5 Instruments, Controls, and Alarms 

3.5.1 Instruments and Alarms. See Subsection VII E, Non-

nuclear Process Instrumentation.

3.5.2 Controls. Start-stop buttons on the reactor building

control panel control the canal cleanup pump. In addition, a local

(near the pump) stop lockout button prevents pump operation during

maintenance on the pump. Indicators on the control building and

reactor building control panels show when the pumps are operating.

A manual loader on the reactor building process control panel is used

to position the flow control valve.

4. Testing, Operation, and Maintenance 

The RCCS is a relatively simple, noncritical system; extensive

tests and inspections are not required. The performance of the system

(flow rate and cleanup rate) will be monitored to detect depletion of

the resin capacity or malfunction of the components. Weekly visual

inspection of the system will be performed to detect leakage from

joints and valve packings. Routine maintenance will be performed in

accordance with the manufacturer's recommendations.



5. Evaluation 

5.1 General. The RCCS does not reduce the release of radioactive

contamination to the reactor canal water or reactor primary coolant.

It does reduce the contamination level following an operation that

introduces contamination. Therefore, failure of the system to perform

satisfactorily does not create a short-term hazard to personnel.

5.2 Reactor Safety. The RCCS will be isolated from the reactor

coolant system when the reactor is being operated. Therefore, the RCCS

has no direct effect on the safety of the reactor.

5.3 Resin Release. A -release of potentially radioactive resin

to the hot-waste room could occur if the resin column should fail.

Failure of the resin column is unlikely when considering the large

design margins and the lack of means for generating excessive tempera-

tures and pressures. However, assuming a failure, the consequences

would be restricted to the hot-waste room, where cleanup of the resins

would be necessary:

O
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0 C. High Pressure Demineralized Water System 

1. Function 

The high pressure demineralized water (HDW) system is an inter-

' mediate heat transfer system between the loop coolant (LC) system and

0

the secondary coolant (SC) system. The HDW system transfers heat

from the LC system to the SC system and prevents the release of

radioactive contamination to the atmosphere if the LC system heat

exchangers, pump, or cleanup system cooler leaks. The HDW system

also allows control of the coolant chemistry on the shell side of the

loop heat exchangers and reduces the fouling and scaling of the tubes

that may result if direct transfer to the secondary coolant system

were made.

2. Design Bases 

The HDW system must remove a maximum heat load of 3.18 x 10
6

Btu/hrial from the sources listed in Table 9C-I.

TABLE 9C -I.

HEAT REMOVAL REQUIREMENT

Heat Load
Equipment (Btu/hr) 

LC system pump (300 kW) 1.02 x 106

Loop heaters (120 kW) 0.41 x 10
6

Experiment (500 kW)
[a]

1.70 x 106

HDW circulating pump (15 kW) 0.05 x 10
6

Total 3.18 x 10
6

The system must supply a total flow of 270 gpm to satisfy the

following demands:

LC system pump cooling jacket 35 gpm

Loop cleanup system cooler 25 gpm

Loop heat exchangers 210 gpm
(10M-7A, -7B, and -7C)

[a]
Experiment power has been increased to 1.8 MW (Power Burst Facility

Test Program Plan, IN-1434.) This additional requirement, and
the necessary HDW modifications to provide this capability, are
discussed in Appendix A/IX-C.
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The HDW system must maintain the temperature of the HDW coolant

to the LC system primary pump and cleanup system cooler at or below

95°F. It must include provisions for adding corrosion inhibitor to

the coolant and must provide system overpressure protection. The

system must also provide a means of sampling the coolant.

3. Description

The HDW system is a closed, demineralized water, flaw loop

illustrated schematically in Figure 9C-1. The main flow loop piping is

3-1/2 inch, schedule 40 carbon steel. A maximum flow of 270 gpm is

produced by a centrifugal pump. After leaving the pump, the coolant

flows through three parallel-connected loop coolant heat exchangers,

the cooling jacket of the loop coolant pump, and the loop cleanup

system cooler. The flow rate is regulated through each of these com-

ponents by a manually operated globe valve and measured by a rotameter.

A 3-inch line bypassing all of the components contains an automatic

differential-pressure control valve that maintains a constant pressure

drop across the parallel-connected lines so the flow rate can be

adjusted to any one of the components without changing the flow rate

to the others.

After leaving the above components, the flow is directed to the

HDW heat exchanger, which transfers the heat to the secondary coolant

system. The flow rate of the secondary coolant through the shell side

of the HDW heat exchanger is regulated to maintain the outlet tempera-

ture of the HDW coolant at 95°F. This flow regulation is controlled

automatically by a temperature control valve positioned by instrumenta-

tion downstream of the HDW pump. After leaving the HDW heat exchanger,

the HDW coolant returns to the circulating pump and is recirculated

through the system.

Of the 270 gpm flow, a maximum of 210 gpm is supplied to the loop

coolant system heat exchangers, 35 gpm to the loop coolant pump cooling

jacket, and 25 gpm to the loop cleanup and decontamination system cooler.

The 210-gpm flow to the loop heat exchangers is divided to supply 77

gpm each to exchangers 10H-7B and 10H-7C and 57*gpm to exchanger

10H-7A. These flows can be reduced, depending on the amount of heat to

be dissipated, by adjusting globe valves in each inlet line.

0

O
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The HDW system is preisdrized by allitrogew-gas dome in the surge

tank to prevent localized boiling•in the shell sides of the loop heat

exchangers when the loop is operating at high temperatures. The gas

dome also provides an expansion volume for the HDW system as the coolant

is heated. During expansion, pressure in the tank will vary between

80 and 100 psig. A level control valve, actuated by a level controller

on the surge tank, provides makeup water for the system from the water

supply (WS) system demineralized water storage tank and pump. Backflow

from the HDW system to the WS system. is prevented by two check valves

in the makeup line.

The HDW system chemical addition bomb is used to adjust the coolant

chemistry. The bomb is connected in parallel with the circulating

pump. Quick-disconnect fittings permit removal of the bomb for filling

or sampling.

To control the corrosion rate in the HDW system, coolant is main-

tained at a pH value of about 9 by addition of sodium chromate to a

minimum concentration of 600 ppm.

Protection againit system overpressure is provided by three pres-

sure relief valves and five rupture disks. The relief valves are

located: (1) in the nitrogen gas manifold upstream from the check

valve, set at 150 psig; (2) on the surge tank, set at 150 psig; and

(3) in discharge piping from the circulating pump, set at 200 psig.

Exit piping from the valves is routed to the warm-waste system.

The rupture disks are located on the shell side of each loop heat

exchanger, the shell side of the cleanup system cooler, and the cooling

jacket of the loop pump. Effluent from the disks is routed to the

vent, drain, and pressure suppression system. The rupture disks protect

the components from overpressure in the event of rupture of a heat

exchanger tube or pump jacket, which would allow loop coolant to enter

the HDW system. The rupture preisure of the disks is 330 psig. Be-

cause the rupture pressure is 130'psi above the set pressure of the

circulating pump discharge relief valve, moderate, short-duration

pressure surges can be handled by the relief valve without rupturing

a disk. The rupture disks are an integral part of the LC system com-

ponents and are discussed in detail in Subsection VI-B, Loop Coolant System.
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The HDW system interfaces with the following systems:

Loop Coolant System. The HDW system connects to the LC heat

exchangers, the cooling jacket of the LC primary pump, and

the LC cleanup system cooler.

Water Supply System. This system supplies demineralized

water for the HOW system.

Liquid Waste System. Equipment drains and relief valves

connect to the warm waste system.

Secondary Coolant System. The shell side of the HDW heat

exchanger connects to this system.

Power Distribution System. This system provides 440-volt

power to HDW circulating pump motor. .

Loop Process Instrumentation System. Flow, temperature, and

pressure instruments are elements of this system.

3.1 System Components.

3.1.1 HDW Circulating Pump. The HDW circulating pump is a

horizontal, centrifugal, single-stage pump with a delivery rate of

270 gpm at a dynamic head of 125 feet. The pump has a continuous rising

head to shut off with a TDH (total dynamic head) of 175 feet at 0 gpm.

The pump casing is fabricated from cast steel; the impeller is bronze.

The suction and discharge connections are 3-inch-diameter, 300-pound

flanges. The pump• is driven by a 20 hp, 440-volt, three-phase, squirrel-

cage induction motor operating at 1,760 rpm through a flexible coupling.

3.1.2 HDW Heat Exchanger. The HDW heat exchanger is a hori-

zontal, counterflow, fixed-tube exchanger, 20 feet long and 12 inches .

in diameter. It is fabricated entirely of carbon steel except for the

tubes and tube sheets, which are Type 316 stainless steel. The exchanger

contains 126 3/4-inch-OD tubes with a total design duty of 4 x 106 Btu/hr

when operating at the following conditions.

• ,.
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Tube side:

Flow rate 270 gpm

Design pressure 300 psig

Operating pressure range 85 to 100 psig

Design temperature 400°F

Inlet temperature 124.6°F

Outlet temperature 95°F

Pressure drop 1.5 psi

Fluid Treated demineralized water

Shell side:

Flow rate 935 gpm

Design pressure 150 psig

Operating pressure 60 psig

Design temperature 150°F

Inlet temperature 65°F

Outlet temperature 73.6°F

Pressure drop 4.0 psig

Fluid Treated cooling tower water

The heat exchanger is designed, fabricated, tested, and inspected

in accordance with ASME Boiler and Pressure Vessel Code; Section VIII,

Material Specification; Section II, Unfired Pressure Vessels; and Sec-

tion IX, Welder Qualification. It is also designed in accordance with

the Tubular Exchanger Manufacturers Association Class R Standards.

3.1.3 HDW Surge Tank. The HDW surge tank is a vertical.

cylindrical tank 20 inches high and 18 inches in diameter with a 2:1

elliptical head on each end. The tank is fabricated from carbon steel

in accordance with Section VIII of the ASME Boiler and Pressure Vessel

Code. Specific design conditions for the tank are:

Design pressure 300 psig

Design temperature 400°F

The tank is equipped with a gauge glass giving level visibility over

the full height. A level controller is also installed to maintain

the tank level within a 2-inch range approximately 13 inches below the

top of the tank. The level controller activates the level control

valve in the demineralized water system to maintain the surge-tank
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water level. A minimum 85-psig nitrogen-gas dome is maintained in the

tank by an Airco simplex manifold connected to six nitrogen cylinders.

The manifold contains two pressure regulators set at 85 psig, a pressure

relief valve set at 150 psig, and a check valve downstream from the

regulator and relief valve. A relief valve set at 150 psig is also

installed on ,the surge tank.

3.1.4 Chemical Addition Bomb. The chemical addition bomb is

a capped, carbon steel cylinder mounted in a'vertical position, with a

capacity of 1/2 gallon. It is of all-welded construction and is designed

and fabricated in accordance with Section VIII of the ASHE Boiler and

Pressure Vessel Code. The bomb has a 1/2-inch pipe section socket

welded on each end containing a shutoff gate valve and a quick-disconnect

fitting. This allows the bomb to be removed from the system and filled

with chemicals or filled with coolant and removed for sample analysis.

The bomb connects in parallel with the circulating pump.

3.1.5 Valves and Piping. Figure 9C-1 shows the size and

arrangement of HDW system piping and valves. Piping is designed and

constructed in accordance with ASA B31.1, Code for Pressure Piping.

3:2 Instrumentation and Controls. (Refer also to Subsection

Nonnuclear Process Instrumentation.)

3.2.1 Temperature. Temperature sensing elements are located

at the outlet lines from each loop heat exchanger, the loop pump, and

cleanup cooler. In addition, a sensing element is installed downstream .

from the HDW circulating pump. Temperatures are recorded on the reactor

building process panel and, except for the cleanup cooler, activate

alarms at both the reactor building and control building process instru-

ment panels when temperatures rise above normal. The temperature element

downstream from the circulating pump also provides a signal to the

temperature controller, which regulates the secondary coolant flow to

the shell side of the HDW heat exchanger.

3.2.2 Pressure. Two pressure switches are installed down-

stream from the HDW circulating pump. One actuates if the operating

pressure drops below normal, and the other. actuates when the oeprating

pressure rises above normal: Both switches actuate alarms at.the reactor
. • •
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building and control building process instrument panels. In addition

to the two witches, a local-readout pressure gauge is installed down-

stream from the circulating pump.

3.2.3 Plow. Rotameters are installed in the inlet

lines to the shell side of each LC system heat exchanger, to the LC

system pump, and to the cleanup system cooler. The rotameter in the

line to the LC system pump actuates an alarm at the control building and

reactor building process instrument panels and provides a control

signal to the reactor control and protective systems if flow drops

below normal. The ranges for these rotameters are summarized in the

following table:

Tag No. Equipment Range (gpm) 

FI-10-2 Heat exchanger 10M-7A 7.5 to 75

FI-10-3 Loop pump 5 to 50

FI-10-4 Cleanup system cooler 5 to 50

FI-10-5 Heat exchanger loM-78 10 to 100

FI-10-6 Neat exchanger 10M-7C 10 to 100

4. Water Sampling and Maintenance Requirements 

To maintain the water chemistry requirements, the HDW coolant

will be sampled once each shift during operation. In addition, the

coolant will be checked for radioactive contamination anytime contamina-

tion is released in the loop coolant. This will ensure that leakage

from the LC system has not occurred.

PeriOdic visual inspection and tightening of valve packing and

flanges will reduce minor leakage from the system.
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APPENDIX A/IXC

MODIFICATIONS TO THE HIGH PRESSURE DEMINERALIZED WATER

SYSTEM FOR INCREASED EXPERIMENT POWER

I. Function 

The primary function of the high pressure'demineralized water

(IIDW) system is to transfer heat from the loop coolant (LC) system

to the secondary coolant (SC) system. As an intermediate heat

exchange system, the HDW system prevents release of radioactive

contamination to the atmosphere via the SC system in the event of

tube leaks in the LC heat exchangers, the cleanup system cooler and

the LC pump. As a secondary function, the HDW system provides

cooling water to the LC pump and the cleanup system cooler which cools

the loop water to the cleanup ion exchangers. Increasing the power

generated in the experiment within the inpile tube (IPT) places a

corresponding increase in the heat removal requirements of the HOW

system. To meet these increased requirements and still provide

protection of the LC pump and the resins in the ion exchangers,

modifications must be made to the HIM system.

2. Basis for. HDW Modifications 

The required experiment power capability of the PBF has been

established as '. 1.8 4W for PCi1 testing, as 'compared to the as-built

heat rejection capability of ti 0.9 11W. To this 1.8 141 requirement must

be added any heat from pumps and other auxiliary equipment. In the

case of BWit experiments, heat additions by steam generators must be

accounted for. The total heat rejection criterion for the IOW system

has been established at 2.8 MW, with an LC temperature of 550°F

(see paragraph 4.1). The heat removal requirements for the LC, lam

and SC systems are thus increased since the heat is rejected from one

system to the other. These three systems, therefore, must be considered

when determining the total heat removal capability, and the type of

modifications necessary to increase that capability.

One of the most economical methods of increasing heat removal

capability is to increase the log-mean temperature difference (LMTD)

at the HDW heat exchanger. Tp accomplish this will require either

decreasing the SC system temperature or increasing the HDW temperature.

Decreasing the SC system temperature is not feasible because of cooling
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tower design and because of additional heat removal requirements

placed on the SC'system by the reactor primary coolant system (PCSR),

which results from the 40 tB4 reactor operation. The requirements for

greater heat removal from the PCSR have raised the secondary coolant

inlet temperature to the HDW heat exchanger from 65°F to 77°F.

(Refer to Subsection IX-A.) Increasing the LMTD of the HDW heat

exchanger, therefore, requires increasing the operating temperature

of the HDW system, which in turn.'reduces the LMTD of the loop heat

exchangers. With a LC temperature of 550°F, however, the LMTD

for -the LC. heat exchangers remains large enough for all PBF program

needs.

3.' Description of HDW Modifications 

Part of the function of the 103W system is to provide cooling

water to the LC pump and to the cleanup system cooler with a maximum

temperature of 95°F. The required increase in HDW system temperature,
. .

however, results in temperatures up to 130°F at the outlet of the

HOW heat exchanger. It is necessary, therefore, to further.reduce

the temperature of the '1, 67 gpm coolant to the LC pump and cleanup

cooler. To accomplish this, the HDW system will be modified as

illustrated in the flow diagram of Figure A-1. The major modification

is the addition of an auxiliary heat exchanger. This heat exchangei

reduces the temperature of the coolant to the LC pump and cleanup

cooler when it becomes necessary to operate the HDW system with

temperatures greater than 95°F out of the 103W heat exchanger.

Proportioning of the flow through the pump cooling coils and the

cleinup cooler is accomplished by existing flow elements and control

valves.

A temperature element is located near the outlet of the new

heat exchanger to assure that the, coolant is being provided at the

proper temperature. The temperature will be recorded at the

reactor building with high temperature alarms at both the reactor and

the control building.

Up to 225 gpm of raw water at 60°F will be provided to the shell

of the auxiliary heat exchanger. (Refer to Subsection IX-A.) Control

, of the temperature of the HDW (tube side) water (to LC pump and cleanup
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cooler) is accomplished by control of the flow rate through the shell
side of the auxiliary heat exchanger.

One other minor modification to the HDW system will be required.
Increasing the operating temperature of the HDW system will result in
a 2.4 ft

3 
of thermal expansion of the coolant during heatup, assuming

a 140'F temperature rise (from 60 to 200'F). The design and operating
philosophy for the present surge tank system was to size the tank to
contain the thermal swell in conjunction with a low-level control
which opens a valve to add makeup water. The modified system would
include a high-level control which would drain the thermal swell volume to
the sulfonator for treatment prior to disposal in the corrosive
waste well. A new, high-pressure control will be used in conjunction
with the present low-pressure control for complete and automatic
pressure control. The high pressure control will be accomplished
by venting nitrogen. The present surge tank and nitrogen pressurizing
system will be retained. (Refer to Subsection VII-E for description of
HDW coolant-level and pressure control.)

4. Design Requirements of the HDW Modifications 

4.1 General. Results of analysis to determine the heat removal

capability of the MDW system and the associated loop and secondary
coolant systems are shown in Figure A-2. As indicated by the two
curves, the LCS heat exchangers were analyzed separately from the
MDW heat exchanger. The maximum HDW temperature scale on Figure
A-2 refers to temperatures within the HDW system and is, therefore,
the temperature at the outlet of the LCS, heat exchangers or inlet to
the lOW heat exchanger. The point where the two curves intersect defines
the maximum heat removal capability (I, 5.6 MW) for an lOW temperature
of 315.P. The assumed temperatures and flow rates for the LCS systems
were 550°F, 320 gpm (through the LCS heat exchangers) and 77°F, and
935' gpm respectively, at the heat exchanger inlets. The HDW flow rate
was 270 gpm. which is the sum of the design flow rates through the three'
LCS heat exchangers (203 gpm) and through the LCS pump and cleanup
cooler (67 gpm).

The estimated maximum experiment power (1.8 MW) is not the total
heat removal requirement. Other heat sources, besides the experiment,
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includes the pumps and LC heaters. The total additional requirement for
PWR testing is approximately 0.44 MW. (Refer to Table 9C-I.) The total
heat removal requirement is therefore 2.24 MW. To provide capability
for preheat steam generation associated with BWR experiments generating
up to 1.2 MW of nuclear heat as well as pump heat, the design criterion
for heat rejection via the HDW system has been set at 2.8 MW. A HDW
temperature of 200°F is necessary to transfer 2.8 MW of heat at both the
LC and HDW heat exchangers, as indicated by Figure A-2. With 200°F
as the maximum operating temperature, the operating pressure will be
35 psig. This pressure will supress boiling (saturation temperature at
47 psia is 277°F) and allow direct makeup without an additional makeup
pump. The HDW design temperature and pressure.are 400°F and 300 psig.

4.2 Auxiliary Heat Exchanger. This heat exchanger will be
cannibalized from existing NRTS facilities and qualified prior to use.
This heat exchanger will have a minimum duty of• 1.275 x 10

6 
Btu/hr

under the design criteria given in Table A-I.

TABLE:A-I

DESIGN CRITERIA FOR THE AUXILIARY HDW HEAT EXCHANGER

Fluid

Flow Rate

Design Pressure

Design Temperature

Inlet Temperature

Outlet Temperature

Allowable Pressure Drop

Overall Fouling Factor - 0.001

Tube Side 

HDW Water

67 gpm

300 psig

400°F

130°F

90'F

10 psi

Shell Side 

'Utility Coolant Water

• 225 gpm maximum

150 psig

150°F

60°F

By Vendor

10 psi

5. .Boiling Water Reactor (BWR) Modifications 
Although modifications for BWR type tests are not currently planned,

the type of modifications that would be required are discussed briefly

O
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here. The maximum experiment power estimated for any proposed BWR test

is 1.25 NW. Although this is less than the 1.8 MW experiment power

specified previously, additional loop heaters (approximately 0.73 MW),

and the addition of a steam generator (approximately 0.75 MW) brings the

total heat removal requirement to approximately 3.17 MW (including the

0.44 MW added for pumps and existing LC heaters). Since the design

requirement for .the planned BWR modification is 2.8 MW for the HDW

heat exchanger plus 0.37 MW for the auxiliary heat exchanger, no

additional modification to the HDW system would be required for BWR

testa.

••••=•••



O

D. Vent, Drain and Pressure Suppression System

1. Function 

The vent, drain, and pressure suppression (VDPS) system processes

fluids discharged from the loop coolant system, HDW system, and loop

cleanup and decontamination system. The fluids are: (1) low temperature

gases that usually are vented before startup, (2) low temperature

liquids released as a result of draining from the loop coolant system,

and (3) high temperature fluids discharged during operation of relief

valves or level control valves. A separate subsystem processes each

of these classes of fluids.

2. Design Bases 

2.1 Functional Requirements. The vent subsystem must remove low

temperature gases from the loop coolant system and loop cleanup and

decontamination system while these systems are being filled with water.

The drain subsystem must remove low temperature liquids from low points

in the loop coolant, loop cleanup and decontamination, and HDW systems.

The pressure suppression subsystem must remove high temperature, high

pressure fluids from the loop coolant and HDW systems. The vent and

drain subsystems operate only during initial venting and draining and

are not required during power operation of the reactor. The pressure

suppression subsystem must function during operation of the loop

coolant and HDW systems.

2.2 Functional Characteristics. The system must operate at an

elevation of 4,900 feet above sea level in ambient temperatures from

60 to 110°F and relative humidity to 100%.

2.2.1 Vent. The vent subsystem must handle fluids (air and

water) seldom exceeding a temperature of 100°F at pressures to about

100 psig. During operation of the loop coolant system, however, some

vent line sections may be subjected to 650°F and pressure surges to

2500 psig. Though radioactivity levels of vented fluids usually will

be low, the subSystem must be capable of handling occasional small amounts

of radioactive gas and contaminated water. In addition to the systems

it supports, the subsystem museinterface with the heating, ventilating,
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and waste gas system to.expel vented gases, and must interface with
the liquid waste system to discharge vented liquids to the warm-waste
sump or hot-waste tank.

. 2.2.2 Drain. The drain subsystem must handle demineralized
water and decontamination solutions drained from the loop coolant,
loop cleanup and decontamination, and OW systems. Fluid temperatures
will be less than 150°F, and the pressure in the header will be about 0
psig. Subsystem valves in loop cubicle 10 must have extension stems
to permit operation from outside the cubicle during draining operations
that may be conducted while high radiation fields exist in the cubicle.
The drain subsystem must interface with the liquid waste system to
discharge drain liquids to the warm-waste sump or hot-waste tank and
with the heating, ventilating, and waste gas system to vent gases to
the atmosphere.

2.2.3 Pressure Suppression. The pressure suppression
subsystem must handle fluids (liquids and gases) initially released at
temperatures to 650°F and pressures to 2,500 psig. At 650°F, the maximum
enthalpy of saturated steam is. 1,204.6.Btu/lb and of saturated water,
695.7 Btu/lb. Because the fluids expand as they pass through the
relief devices, the piping is designed for 500°F and 150 psig. Maximum
expected temperature in the subsystem piping is approximately 360°F,
assuming a pressure of 80 psig. Fluid discharge volume could total 66
cubic feet of water and 16 cubic feet of.steam, the volume of the loop
coolant system. The subsystem must operate passively, unattended
except for remote monitoring, to retain and cool high temperature
discharge fluids.

Some of the fluids will contain radioactive contamination,
including fission gases. Therefore, the knockout drum (Figure 9D-3)
must be placed in a shielded cubicle, and manual valves for filling,
draining, and decontaminating the subsystem must have extension stems
to permit actuation from outside the cubicle. The knockout drum must
contain sufficient cooling water to•cool the entire contents of the
loop coolant system and provide a vapor space to hold the addition of
the loop coolant volume without a large increase in pressure. Means.
must also be provided to readily add decontamination solution to the
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knockout drum and to sample the liquid and gas in the drum. In addltion
- .

to the systems it supports, the subsystem must interface with the

following systems:

(a) Liquid waste system, to discharge knockout drum liquids to

the hot-waste tank or warm-waste sump, as appropriate

(Subsection IX-A).

(b) Heating, ventilating, and waste gas system, to vent knockout

drum gases and air to the exhaust stack (Subsection IX-J).

(c) Water supply system, to receive cooling water during knockout

drum filling (Subsection IX-I).

(d) Power distribution system, for electrical power to operate

the decontaminating circulating pump (Section VIII).

(e) Knockout drum instruments.

3. Description 

3.1 Vent Subsystem. Vents at various points in the loop coolant

and the loop cleanup and decontamination systems vent gases (primarily

air) from these systems while they are being filled with water. Vented

gas and vapor pass through a root valve and are piped to a drain

collection trough just outside loop cubicle 10. The drain collection

trough is a long, shalloW trough with a transparent plexiglass cover

where the effluent can be observed to determine when all gases have

been vented. Each vent line has a valve near the drain collection

trough so the operator can observe and control the venting from a single

position. From the drain collection trough, liquids drain to either the

warm-waste sump or hot-waste tank (both are part of the liquid waste

system), depending on the level or radioactivity in the liquid. Gases

vent from the drain collection trough directly to the waste gas blower

and exhaust stack. Figure 9D-1 is a flow diagram of the subsystem.

No high temperature fluid will be vented to the drain collection

trough. Because parts of the vent lines will be subjected to temperatures

approaching 650°F during loop coolant system operation, vent lines are

designed for 670°F and 2,500 psig.
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Venting operations will be conducted ouninntly by, permonnel In
the vicinity of loop cubicle 10. Because venting will be performed
with the loop coolant system shut down, no high radiation oe high
temperature fluids will be vented.

3.2 Drain Subsystem. Low points in the loop coolant system,
loop cleanup and decontamination system, and HDW system are equipped
with drains so that coolant can be drained from the systems. The
drain subsystem consists of a header that connects the drain points to
the liquid waste system. Effluent from the drain header can be routed
to either the hot-waste tank or warm-waste sump. (Figure 9D-2 is a flow
diagram of the subsystem.) •High pressure valves between the loop
coolant system and the drain header are described in Subsection.IV-B,
Loop Coolant System.

The design temperature for the subsystem'is 250°F. The design
pressure for the drain header is 150• psig, though operating pressure
will be about 0 psig. The header is protected by a relief valve set
at 140 psig.

3.3 Pressure Suppression Subsystem. This subsystem handles all
high temperature, high pressure fluids discharged by the loop coolant
and HDW systems. The subsystem conducts the fluids to a knockout drum
(see Figure 9D-3) for cooling and temporary storage before release to
the liquid waste system. The knockout drum is a large tank, partially
filled with cool water. High temperature fluids are released in the
knockout drum below the surface of the cool water and are cooled and
condensed by direct contact with the cool water. Sparger nozzles are
used to assure mixing of the hot and cool fluids.. (Figure'9D-3 is a
flow diagram of the subsystem.). •

The.loop coolant system discharges fluid through relief valves,
level control valves, or the pressurizer vent. The HDW system discharges
fluid through rupture disks located on the HDW side of the loop coolant
system equipment. The rupture disks are designed to relieve pressure
in the HDW system that might be caused by rupture of the barrier between
-the loop coolant system and HDW system. •

In normal use, a relatively small volume of loop coolant will
be discharged to the knockout (KO) drum as the loop is brought up. to
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test temperature. The volume involved is that due to thermal expansion
of loop coolant. This will occur prior to the nuclear power test,
and therefore will introduce little radioactive contamination into the
KO drum.

The KO drum is sized for the off-normal condition in which a loop
relief valve is assumed stuck open. The resultant end condition is
described in Paragraph 3.4.2. If the KO drum functions properly there
will be no uncontrolled fission product release due to loop relief
valve discharge. The KO drum will function properly, if initially the
water level is between the high and low setpoints, water temperature is
below the setpoint, pressure is below the setpoint, and if valve
GB-A-252 (Figure 9D-3) is closed. Alarms are provided for the setpoints
and the valve line-up is verified by the operator prior to loop startup.

Venting and draining of the KO drum as described below applies to
either the normal or off-normal situation. In normal usage, the
regular plant radiation surveys are adequate since contamination of
the KO drum will be comparable to Several other systems. A special
survey will be made if conditions are such that part of a fueled
loop, experiment assembly might have been discharged to the KO drum.

The fluids discharged into the knockout drum may contain fission
products and other radioactive contamination. If the water contains
excessive radioactive waste, it will be drained to the hot-waste tank.
Waste with. low radioactive level is drained to the warm-waste sump.
Warm waste allowable concentration fluids comply with AEC-IDM 0510

It is expected that at least 902 of fission gases, except noble
gases, will normally be retained in the water. However, circulation of
the water through a spray system in the knockout drum vapor space will
cause retention of about 99% of the fission gases in the water. The
remaining small quantity of gas in the vapor space (including noble
gases) will be vented manually to the waste gas blower and exhaust
stack. Samples of both the gases and the liquids can be obtained
through sample lines running to the loop cleanup and decontamination
system sample box.

-. • :. .
Decontamination of the interior surfaces of the knockout drum may

be required.' Decontamination will be performed when required so that
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the radiation field in the knockout drum area is reduced, allowing

maintenance In and around the drum. Additional demeription iii the

decontamination motutionm and equipment are given In Sulmectloo IX-E,

Loop Cleanup and Decontamination System. quick disconnect fittings

are provided so that decontamination solutions can be added to the

knockout drum. Solutions will be mixed and heated in the portable

ATR decontamination cart. A pump is provided to circulate decontamination

solutions within the knockout drum. The pump draws the solution from

the bottom of the drum and sprays it back into the drum through spray

nozzles in the top. After circulation, the solutions are drained to

either the hot-waste tank or warm-waste sump.

Because the pressure suppression subsystem, including the knockout

drum, may contain fluids that create high radiation fields, shielding

is provided so that normal operations can continue without excessive

personnel exposure. The knockout drum and the decontamination

circulating pump are located in a small cubicle with concrete shield

walls. Piping is located in either loop cubicle 10 or the knockout

drum cubicle.

Pressure suppression subsystem piping is constructed of'stainless

steel.

3.4 System .ComEohents 

3.4.1 Drain Collection Trough. The trough, the major

component in the vent subsystem, is a long, shallow vessel constructed

from 11-gauge, Type 304 stainless steel. The top .is 1/8-inch plexiglass

so that effluent from the vent lines can be observed. The trough is

vented to the waste gas blower so vented gases exhaust directly to the

exhaust stack. Liquids drain from the trough to the liquid. waste system.

3.4.2 Knockout Drum. The knockout drum cools, condenses,

and contains any high temperature fluid released from the loop coolant

system. The drum is an all-welded, stainless steel, horizontally

mounted vessel kept half filled with cool water. High temperature

fluids enter the drum through a vapor distribution header in the bottom

of the vessel, cooling the high temperature fluids and entraining

radioactive contamination in the water. A spray header in the top of

the vessel is used to decontaminate the vessel. Characteristics of the

knockout drum are as follows:

9D-8



0

Size 5-fCaiameter, 15 ft 9 in. long

Total volume 2,190 gallons

Normal operating water 1,095 gallons
volume

Construction Welded

Design temperature 350°F

Design pressure 100 psig

High temperature (vapor)
distribution header

Single 6-in. inlet to two 4-in. header
pipes with a total of 26 sparger nozzles

Decontamination spray Fabricated from 2-in. pipe, with a total
header of 20 nozzles

Design code ASME Pressure Vessel Code, Section VIII

Manhole 18-in. diameter

Materials:

Shell SA-240, Type 304

Heads SA-240, Type 304

Forgings SA-182, Grade F304

Plate SA-240, Type 304

Pipe SA-312, Grade TP 304, seamless
.SA-376, Grade TP 304

The temperature of the cooling water will range from 60 to 100°F

If the entire loop coolant system at maximum temperature were dumped

into the drum, the final temperature would be approximately 205°F

and the maximum pressure would be approximately 17 psig.

3.4.3 Decontamination Circulating Pump. The pump is a

centrifugal, canned-rotor type with a capacity of 120 gpm at a 190-

foot head. The rotor and impeller are mounted on a single shaft. A

small fraction of the flow (2 to 4 gpm) is taken from the discharge

of the pump through a filter and circulated through the motor to cool

the motor and lubricate the bearings and is returned to the pump suction.

The axial thrust of the pump is balanced by hydraulic pressure on the

side of the impeller, so no thrust bearings are needed. The pump and

motor are protected by a thermal overload switch and a recirculation

flow switch. The thermal overload switch, located in the stator

assembly, protects the motor from excessive temperature. The flow

switch shuts down the pump when recirculation flow is low. Characteristics

of the pump are as follows:
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(a) Characteristics:

Flow 120 gpm

Head 190 feet

Speed 3,450 rpm

NPSH:

Required , 9 feet

Available 25 feet

Design pressure 150 psig

Design temperature 250.F

MotOr type 2 pole, induction

Motor size 27 kW-full load • 30.8 KVA

Voltage 440 volt, 3 phase

Amps 40.5

(b) Material standards:

Impeller j ASTM A351 CF8M

Pump casing ASTM A351 CF8M

Bearing housings ASTM A351 CF8M )

Bearings Alox (aluminum oxide)

Rotor assembly. ASTM A240, Type 316 .
ASTM A276, Type 316

Stator assembly ASTH A240, Type 316

Filter assembly Type 316 stainless steel
•

3.5 Codes and Standards. Pipe, valves, and fittings are designed

and constructed in accordance with ASA B31.1 (1955), Code for Pressure

Piping, and ASA 831.1 (1955), Nuclear Code Cases.

The knockout drum is an all-welded vessel designed and constructed

in accordance with ASME Pressure Vessel Code, Section VIII. It

is constructed primarily from Type 304 stainless steel to facilitate

cleanup.

3.6 Instruments, Alarms, and Controls.

3.6.1 Instruments and Alarms. Refer to Subsection VII-E,

Nonnuclear Process Instrumentation. •
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3.6.2 Controls. The decontamination circulating pump is

controlled by start-stop buttons on the reactor building loop control

panel. A local stop lockout button near the pump is used during pump

maintenance. Running lights are provided on both the control building

and the reactor building loop control panels. Interlocks in the

control circuit shut down the pump on high motor winding temperature,

low recirculation flow, or high fluid temperature to pump suction.

4. Tests, Inspection, and ttaintenance 

The interior of the knockout drum will be visually inspected

annually to detect failures in the high temperature distribution

header and to determine the general condition of the vessel. Relief

valves will be removed from the system annually and bench-tested for

set pressure and leakage. The system will be inspected weekly for

leakage and visible defects. Routine maintenance will be performed in

accordance with equipment manufacturers' recommendations.
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E. Loop Cleanup and Decontamination System

1. Function

The loop cleanup and decontamination system provides a facility

for cleanup of the loop coolant, decontamination of the loop coolant

system components, adjustment of the loop coolant chemistry, and sampling

the contents of the knockout drum.

2. Design Bases 

2.1 Loop Coolant Radioactivity and Chemistry. The ion exchange

columns in the loop cleanup and decontamination system must provide

for removal of radioactive materials from the loop at a rate that is

consistent with requirements for personnel entry - and normal work

activities. When an unirradiated test sample is used, the reentry

time desired is % 1 hour. For preirradiated test samples, a reentry

time 24 hours after completion of the test had been specified.

The primary work areas are those immediately adjacent to the

loop tunnel area and the loop cubicle. The "decontamination factor"

(reduction in radioactivity intensity in a given time interval)

provided by the ion exchange resins must assure that dose rates in

critical work areas do not exceed the limits established in IDM-0524.

(Details of the anticipated source intensities and resultant doses

are given in Subsection X-B.) The ion exchange columns must also be

capable of maintaining the loop coolant chemistry within desirable limits.

2.2 Loop Coolant Cooling Considerations. Because of the high

temperatures generated in the loop coolant system, the coolant temperature

must be reduced to a level that is compatible with the ion exchange

resins. Two cooling devices, one a regenerative cooler and the

other a heat exchanger, were selected as the most efficient means

to achieve the temperature reductions required by the system.

2.3 Loop Coolant System Decontamination Requirements. Decontamination

of the loop coolant system equipment requires that the system be

designed to permit an appropriate interface with decontaminating equipment

and to provide adequate interfaces with the liquid waste system to

dispose of the decontamination fluid.



2.4 Loop Coolant Sampling Considerations. A device capable of

taking samples from the loop coolant system•and•knockout drum is

required so that analyses can be performed on the contents of the

system and drum. The equipment has to be in-line and able to withstand

the operating temperatures and pressures, but capable of being valved

out during operation and decontamination.

2.5 Safety Considerations. The possible high radioactivity of

the system requires that all valves and other control devices be

shielded to avoid exposing personnel to excessive radiation. The

loop coolant system design temperatures and pressures (670°F and 2,500

psig) and corrosive decontamination fluids used in the system, require

that the loop cleanup and decontamination system and all components

be fabricated from stabilized stainless steel.

3. Description

3.1 General. The loop cleanup and decontamination system, shown

in Figure 9E-1, consists of an interchanger, cooler, two ion exchangers,

sample box•and sample bomb, and decontamination cart, plus appropriate

valves,•relief devices, and monitoring instruments.

The input to the loop cleanup and decontamination system connects

to the output of the loop pump, and the output of the system connects

to the suction side of the loop pump. Flow through the system varies,

depending on the specific function to be performed: chemistry control,

cleanup, loop coolant sampling, decontamination, or knockout drum sampling.

3.1.1 Coolant Chemistry Control. Loop coolant chemical

control is accomplished by routing the coolant through either of the

ion exchangers (see Paragraph 3.2.3), and/or the sample bomb. Current

loop coolant chemistry limits are listed below:

Coolant pH 5.7 to 10.2 at 25°C

Electrical conductivity 1.4-48 pmhokin

Chlorides < 0.15 ppm, max

Dissolved oxygen 0.1 ppm, max

Suspended solids 1.0 ppm, max.
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Minor changes to pH can be accomplished by the proper selection of

the ion exchanger to be used since the ion exchangers contain different

resins. A significant lowering of pH must be done by the addition of

nitric acid using the sample bomb. The ion exchangers also control the

concentration.of chlorides and suspended solids which directly affects

electrical conductivity. Dissolved oxygen can be controlled by the

addition of a chemical such as hydrazine using the sample bomb.

'3.1.2 Loop Coolant Cleanup. The ion exchangers are used to

remove radioactive impurities from the coolant with the sample bomb

and a means of securing periodic samples to determine the level of

contamination.

3.1.3 'Loop Coolant Sampling. The loop coolant is sampled by

routing the coolant directly to the sample bomb.

3.1.4 Decontamination Flow. 'During decontamination, the

decontaMination cart connects into the loop coolant system by a quick-

disconnect fitting at strainer 10H-26. (See Subsection TV-B, Loop Coolant

System.) The decontamination cart pumps the decontaminating fluids

into the loop coolant system, and the fluid is circulated for a

specified period of time by the loop pump. Flow during decontamination

is usually restricted to the loop coolant system; however, by appropriate

valving, the loop cleanup and decontamination system can be included

in the flow. Expended decontamination fluid is analyzed and disposed

of in accordance'tith IDO-12044, IDIM-0524, and IDH-0510. Details of

the types.of decontamination fluids used and the method of decontamination.

are described in Paragraph 3.2.5.

3.1.5 Knockout Drum Sampling. The sample bomb is valved out. .

of the loop cleanup and decontamination system and into the knockout

drum system to sample the drum contents.

3.2 Components 

3.2.1 Interchanges. The interchanger is a regenerative heat

exchanger that works in conjunction with the cooler (Paragraph 3.2.2),

to reduce the loop coolant temperature to a level compatible with resins

in the cleanup system ion exchangers by using the water returning to

the loop to cool incoming water. The interchanger provides a 300.F

temperature drop with an inlet temperature of 650.F.

•

...•••••
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The interchanger is designed, tested, and inspected in accordance

with ASHE Code, Section III, Nuclear Vessels, Paragraph N-133, Class C

Vessels. The interchanger is in accordance with the Standards of

Tubular Exchanger. Manufactuer's Association Class R Standards, 1959

edition.

3.2.2 Cooler. The cooler is downstream from, and in series

with, the interchanger. The cooler reduces loop coolant temperature

from 350 to 120°F, the required temperature for circulation through

the ion exchangers. High pressure demineralized water cooled by an

intermediate heat exchanger to 90°F flows through the shell side of the

cleanup cooler to remove heat from the loop coolant.

The cooler is designed, tested, and inspected in accordance with
ASME Code, Section III, Nuclear Vessels, Paragraph N-133, Class C

Vessels.

3.2.3 Ion Exchangers. Two mixed-bed ion exchangers are used
for flexible control of coolant purity, pH, and conductivity. One
unit contains a mixed-bed resin charge of Amberlite XE-150 with cationic
resin in the hydrogen form and anionic resin in the hydroxyl form.
The other unit contains a mixed bed resin charge of Amberlite XE-154 with
cationic resin in the lithium form and anionic resin in the hydroxyl form.

The ion exchangers are designed to reduce the level of radioactivity
in the loop coolant system to allow entry of personnel into the loop
cubicle in a reasonable length of time following a nuclear test. A

decontamination factor of 350 in 15 hours is accomplished with a flow
rate of 3 gpm through the ion exchangers. This decontamination factor
is considered adequate in time and effectiveness to facilitate entry
into the cubicle and for maintenance and routine operating functions
to be carried out.

The coolant pH is reduced by increasing the portion of cleanup
system flow through the ion exchanger containing the XE-150 resin.
This mixed-bed resin removes lithium hydroxide ions from the coolant
and replaces them with water. The XE-150 resin cannot lower the fluid
below a pH of 7 at room temperature. Adjusting the pH to a value
less than 7, requires manual addition of nitric acid to the loop coolant
through the sample system.

9E-5



The coolant pH is elevated by increasing the portion of cleanup

system flow through the ion exchanger containing the XE-154 resin.

This mixed bed resin exchanges lithium hydroxide ions for other soluble

ions in the coolant. If a higher pH.is desired than is obtainable by

use of the ion exchanger, lithium hydroxide is added manually through

the sample system.

The ion exchangers are designed, tested, and inspected in accordance

with ASME Section II, Material Specification; Section III, Nuclear

Vessels; and Section IX, Welding Qualifications.

3.2.4 Sample Box and Sample Bomb. The sample system is

used to take periodic samples for analysis to determine pH and electric

conductivity of the loop coolant or to sample the effluent from the

ion exchangers. The sample system is also used to manually adjust the

coolant chemistry to within acceptable limits by adding chemicals such

as hydrazine or nitric acid.

The sample system is located in the sample area outside the east

wall of loop cubicle 10, and consists of a sample box, sample bomb,

piping, and valves. The sample box is 36 by 26 by 31 inches and is

constructed-of Type 304 stainless steel. The front face contains a

12- by 24-inch window of radiation-attenuating glass. A tray located

4 inches under the box and protruding 4 inches beyond the periphery

of the box is provided so that lead blocks can be stacked around and

under the box for additional shielding, as required. Glove ports in

the •window afford access to the sample bomb. The sample bomb is

contained in the sample box (glove box) to prevent local contamination

of the sample area when taking samples. The sample bomb, with a capaciity

of 100 cc, is used to either take samples or inject chemicals into

the cleanup and decontamination system. The sample bomb is made of

Type 316 stainless steel, and has a 2,500 psig and 670°F design rating.

The unit is hydrostatically tested to the ASME Code, Section VIII.

By appropriate valving, the sample bomb can be connected either in

parallel or in series with the ion exchangers. A bypass is installed

around the bomb to permit flushing the sample lines.

The sample bomb is designed, tested, and inspected in accordance

with ASME Section III, Nuclear Vessels, Paragraph N-133, Class C Vessels.

O
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3.2.5 Decontamination Cart. The decontamination cart is :in

existing piece of equipment 'available ar:the NRTS for temporary use

in mixing, heating, and transferring decontamination'eolutions. The

cart consists of a mixing tank, heater, and pump. The decontamination

solution is mixed, heated, and pumped into the loop coolant system.

The first solution is a mixture of sodium hydroxide and potassium

permanganate, and the second solution is diamonium citrate. Certain

cases require a stronger solution containing nitric acid. After

circulation, the solution is drained to the liquid waste system and

the loop coolant system is rinsed with demineralized water, which is

also drained to the liquid waste system. This same procedure is followed

for the second solution.

3.2.6 Piping and Valves. The piping in the loop cleanup

and decontamination system is seamless. Type 321 stainless steel pipe

of all welded construction. The pipe has a design pressure rating of

2500 psig at 670'F. All welds are fully radiographed and dye-penetrant

tested. Valves are globe, gate and check valves designed for 2500 psig

at 670°F. Field erection of the piping and valves is per applicable

ASA and ASHE Standards.

3.3 Provisions for Handling Radioactive Fluids and Resins. Expended

resins are not regenerated, and since they are highly radioactive,

they are sluiced into a shielded cask and transported to the NRTS

burial grounds for disposal. Radioactive fluids are disposed of through

the warm- and hot-waste subsystems, which are part of the liquid waste

disposal system. (See Subsection X-A, Radioactive Waste System.)

3.4 Instruments, Controls, Alarms, and Protective Devices 

3.4.1 Instruments, Alarms, and Protective Devices. Refer to

Subsection VII-E, Nonnuclear Process Instrumentation.

3.4.2 Controls. Host of the loop cleanup system is located

in loop cubicle 10, which has a possibly-high level of radioactivity,

as well as high temperature and pressure in the loop equipment. Thus,

all control valve hand wheels are located outside the cubicle.

3.5 Interfaces. The loop cleanup and decontamination system

interfaces with the vents and drains of the liquid waste system at the

following places:
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(a) Interchanger vent and drain

(b) Ion exchanger vent and drain

(c) Sample bomb discharge

(d) Piping drain from ion exchanger

(e) Vapor collection system at sample bomb inlet.

The system interfaces with other P8F systems as listed below:

(a) Heating and ventilating system at sample box

)

(c

High pressure demineralized water system at cleanup cooler

Demineralized water system at the inlet to the resin flush
lines.

(d) Radiation shielding syst66 isolates the system at the first
basement.

4. Testing, Reliability, Operation, and Maintenance

4.1 Testing. The loop cleanup and decontamination was hydrostatically

tested to 3750 psig following construction. Additional leak testing of

the system will follow disassembly of any component. The system can

be leak tested concurrently with the loop.

Visual inspection of the loop cleanup and decontamination system

can be done' with the system at pressure, temperature, and flow, provided

entry into the loop cubicle is under the supervision of health physics

and safety personnel. No entry shall be made during nuclear operation.

4.2 Reliability. Periodic samples of the loop coolant are taken

and analyzed for pH, conductivity, and level of radioactivity, which

are controlled by .the resins,in the ion exchangers and by manual

injection of chemicals through the sample bomb.

Resins are replaced when the analysis of samples indicates loss of

decontamination capability.

4.3 Operation. Operation of the loop coolant system requires that

the system be as leaktight As possible. A leak teat must be.performed

if components have been removed and replaced. Since the coolant temperature

through the ion exchangers is not to exceed 140.F, the high pressure

demineralized water system and secondary coolant system must be in

•

a
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operation before flow of coolant above 140°F is admitted to the loop

(:) 
cleanup and decontamination system.

Personnel entrance to loop cubicle 10 ( which contains loop cleanup

and decontamination system components) is permitted only during non-

operation or plant shutdown and then only under Health Physics and

Safety personnel supervision.

4.4 Maintenance. The only moving parts in the loop cleanup and

decontamination system are the valves. An inventory of spare valves

is available to assure minimal down time due to maintenance and repair.

The cleanup ion exchangers have removable cartridge type screens

that require periodic replacement. The ion exchanger resins are

replaced as necessary.

5. Evaluation

5.1 Failure Analysis. The cleanup and decontamination system is

valved out of the loop coolant system while the coolant system is

operating and is unlikely to contribute to failure of the loop coolant

system in most credible failure modes. Failure of the cleanup and

decontamination system cooler tubes or failure of interfacing valves

could cause loss of coolant to the loop or mixing of the HDW coolant

and loop coolant.

Since the cleanup and decontamination system is designed to allow

samples to be taken from the loop coolant system during non-nuclear

operation, the system and sample bomb may be subjected to pressures

as great as 2,500 psig. Failure of the cleanup and decontamination

system under these conditions would result in loss of loop coolant,

but would present little radiation or other hazards to personnel

because most of the system is contained within loop cubicle 10 and

will never be operated during nuclear operation of the reactor. If

the sample bomb failed, however, personnel could be exposed to radiation

hazards. The system and sample bomb are designed and tested to withstand

pressures greater than those likely to be encountered, and the sample

box is adequately shielded to protect personnel from radiation hazards.

5.2 Personnel Hazards and Precautions. Host of the piping and

components associated with the system are enclosed in loop cublicle 10,

9 E-9



and personnel are rarely required to enter except for maintenance. All

valves have extended stems to allow control from outside the cubicle.

During periods when personnel must work with a pressurized system, all

precautions relating to operation with high pressure hydrostatic systems
will be observed.

Personnel hazards associated with the loop cleanup and decontamination
system are therefore minimal, even though the system uses toxic or caustic
cleaning fluids, may operate under high pressures, and may present significant
radiation hazards.

O
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F. Poison Injection System 

Refer to Subsection VI-C, Engineered Safety Systems.

0
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C. Hitt Pressure Air System 

1. Function 

The high pressure air system is the driving force that operates

the control rod drive pistons and latches.

2. Design Bases 

The high pressure air system must provide a continuous supply of

constant pressure air that is adequate in pressure and volume to operate

the control rod drives. The air must be free of oil, entrained liquid

or solid particulate, in the temperature range of 60°F to 110°F and

relative humidity range of 0% to 100% (see Subsection VII-C). The control

rod drive latch and pistons require air at 175 psig and 80 psig, respectively.

Air is stored in the receiver at 500 psig (see Section VII, Appendix 8/VII).

The pressure is reduced from 500 psig to the 175 psig and 80 psig operating

pressures by pressure regulators.

3. Description 

The high pressure air system is made up of an air compressor,

intercooler, aftercooler, moisture separator, intake filter/silencer,

and associated piping, valves and controls. (See Figure 96-1

Atmospheric air drawn through the filter/silencer is compressed

to 512 psis with the temperature increasing from ambient to 475°F.

The air is then cooled to 100°F at 511 psis and routed through the

moisture separator to the receiver for use by the control rod drives.

3.1 Air Intake Filter-Silencer. The intake air to the compressor

is filtered by the air-intake filter-silencer, which is 98% efficient

in removal of particulates down to 3 microns, 99% efficient in removal

of particulates down to 5 microns, and 1002 efficient in removal of

particulates 10 microns and greater. The filter-silencer is a dry

type and has a capacity of 140 scfm.

3.2 Compressor. The compressor is a two-stage, belt-driven,

reciprocating unit with a 59scfm capacity and is fabricated to ASME Code

Section IX. The compressor uses Teflon piston rings requiring no



oil for lubrication in the air cylinders. Although oil does lubricate

the crankshaft, all the oil is contained within the compressor frame

and does not contact the air being compressed. The compressor is

protected from overpressure in the second stage cylinder by a relief

valve set at 600 psig. Cooling for the compressor is supplied by the

utility cooling water system (Subsection IX-A) at'5 gpm and 60 psig

maximum.

3.3 Intercooler. The intercooler cools the discharge air from

the first stage of the compressor prior to compression by the second

stage. The intercooler is a tube and shell type built to ASME .

(1968) Code, Division I for air and water. The shell of the intercooler

is built for a maximum working pressure of 100 psig. The tube side has

cast heads which limit the. maximum allowable working pressure of the

fooling water to 75 psig maximum with 60 psig maximum recommended.

The compressed air enters the shell side of the intercooler at

450°F and 77 psiawhereit is cooled to 100°F at 76 psis with 5 gpm •

cooling water which enters the tube side at 90°F and leaves at 105'F.

Cooling duty is 20,100 Btu/hr. The intercooler is protected from

overpressure on the tube side by a pressure control valve in the cooling

water inlet and.on the she11• side by a pressure relief valve set at

110 psig. •

3.4 Aftercooler. The aftercooler cools the air from the second

stage of the compressor prior to moisture separation and storage in

the receiver. The aftercooler is built to ASME (1968) Code, Division

I, for air and water, and is constructed for a maximum allowable working.

pressure of 550 psig at 450°F on the tube side and 150 psig at 450°F

on the tube side and 150 psig on the shell side. Air entering the

tube side of the aftercooler at 475°F and 512 psia is cooled to 100°F

at 511 psis with 5 gpm cooling water entering at 80°F and leaving at •

90°F. Cooling duty of the aftercooler is 21,500 Btu/hr. The cooling

water in the shell is regulated to not exceed 60 psig and the tubes

are protected by a relief valve set at 600 psig.
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3.5 Moisture Separator: The moisture separator removes 902 of all

entrained moisture and 992 of all entrained moisture of 10 microns or

greater in the high pressure air up to a rate of 400 scfm.

The moisture separator is constructed from cast steel ASME SA 216

and designed for 1000 psig at 650°F.

3.6 High Pressure Air Receiver. The air receiver stores high

pressure air for distribution to the control rod drives. The vessel

is designed, constructed and tested in accordance with ASME Code Section

VIII and bears a Section VIII code stamp. The receiver is designed

for 550 psig at 450°F and has a capacity of 34.4 cubic feet. Over-

pressure protection is provided by a relief valve set at 600 psig.

3.7 Piping and Valves. The piping is seamless, carbon steel,

Schedule 40. The valves are carbon steel gate, globe, check, needle,

and safety relief. The piping and valves are fabricated in accordance

with ASA Codes B31.1, 81.1, B2.1, B16.5, B16.21, B18.2 and have a design

rating of 550 psig at 500°F.

3.8 Codes and Standards. The high pressure air system conforms

to the following codes and standards, as a minimum:

(a) ASME Boiler and Pressure Vessel Code, Section II, Material

Specifications.

(b) ASME Boiler and Pressure Vessel Code, Section VIII, Unfired

Pressure Vessles.

(c) ASmE Boiler and Pressure Vessel Code, Section IX, Welding

Qualifications.

(d) ASA Standard B16.5, Steel Pipe Flanges and Flanged Fittings.

(e) ASA Standard B16.11, Steel Socket Weld Fittings.

(f) ASA Standard B31.1, Code for Pressure Piping.

(8) Ebasco Specification M-17, High Pressure Air Compressor,

Receiver, and Accessories.



3.9 System Interfaces. The high pressure air system interfaces

with the following systems:

Utility Cooling Water System. The utility cooling water system

supplies cooling water for the high pressure air system. The

utility cooling water system is part of the secondary coolant

system.

Radioactive Waste System. Equipment drains, relief valves and

cooling water connect to the liquid waste system.

Power Distribution System. Electric power for the compressor

motor is supplied by the power distribution system.

Reactor Process and Auxiliary Services Instrumentation System.

Process instruments, except for those instruments furnished

as part of the equipment, are part of the reactor process and

auxiliary services instrumentation system.

Reactor Control and Protective Systems. The high pressure air

piping joints the control rod drives of the reactor control

and protective systems.

3.10 Instruments, Alarms, Controls, and Protective Systems. 

3.10.1 Instruments, Alarms, and  Protective Devices. The

compressor has a level switch and two pressure switches as protective

devices. The level switch stops the compressor on low lube oil level

an( the two pressure switches are connected In parallel to stop the

compressor on high pressure. One pressure switch is set slightly higher

than the other and serves as a backup (see Subsection VII-E, Nonnuclear

Process Instrumentation).

3.10.2 Controls. Pressure switches on the air receiver

cause the air compressor to maintain the air receiver pressure

between 490 psig and 500 psig. The high pressure air compressor

is operated in either of two modes depending on the air demand. In

one mode the compressor operates continuously and is loaded and

unloaded in response to pressure limits in the range of 490 psig to 500

psig. In the second mode, the compressor operates intermittently in the

range of 490 psig to 500 psig. The first mode is selected,when the

•

s
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frequency of starts due to high pressure air demand becomes excessive

enough to cause undue wear to the compressor components. The second

mode is selected when the high pressure air demand is low with infrequent

starts of the compressor.

4. Testing, Reliability, Operation, and Maintenance. The high pressure

air system was initially pressure tested following construction. The

piping and components (except gauges) from the compressor to, and including,

the air receiver were hydrostatically tested to 825 psig. The piping

and valves from the receiver to the control rod drive pressure regulators

were pneumatically tested to 688 psig.

The high pressure air system is visually inspected during operation

and leak tested annually. The safety relief valves will be tested

annually for set pressure.

Operation and maintenance requirement are specified in the PBF

Plant Operating Manual and Chicago Penumatic Instruction Book 728-A.

5. Evaluation 

The high pressure air system fails to a safe condition since a

reduction of air pressure to the latch to 76 psig (see Section VII,

Appendix B/VII) results in immediate reactor power reduction. Loss of

pressure to the latch allows the control rod drive piston to be driven

down by the remaining air in the scram air tanks which inserts the

control rods into the core.
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H.' Plant and Instrument Air System 

1. Function 

The plant and instrument air (PIA) system supplies oil-

free, dry, filtered instrument air to: (1) pneumatic instruments,

operators, and valves, (2) the sulphuric acid storage tank for pres-

surization, and (3) service outlets for a source of supply air for

instrument calibration. The system also supplies oil-free

plant air to: (1) inflatable door and gate seals for pressurization,

(2) resin columns for air-mixing of resins, (3) the inpile tube (IPT)

system for purging the IPT connecting lines before disconnecting from

loop piping, (4) the canal for purging the IPT following experiment

removal and water flush, and (5) service outlets for connection to

pneumatic tools.

2. Design Bases 

(1) Pressure - The system must supply compressed air at a
•
pressure of 88-100 psig to the service outlets for

operation of pneumatic tools and for instrument calibra-

tion. The pressure will be reduced locally as required

at the door seals, instruments, control valves, etc.

(2) Volume - The size of the PIA system will be based on

the following maximum requirement during remote, total-

plant operation:

Reactor and loop process instrumentation,
and control valves or operators in plant
and loop systems.

58 scfm

Inflatable door and gate seals (leakage negligible
minimal)

Air dryer purge flow to reactivate the
standby dessicant column

8 scfm[a]

Future allowance 10 scfm

(a)

Total 76 scfm

(90 cfm free air at 4900 ft
elevation and 70'F)

The actual air dryer requires 11 scfm, which reduces the future
allowance.
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The additional air usages noted in Paragraph 1 are not additive to the

maximum requirement, since these usages will not occur during remote

total-plant operation.. Also, the additional usages will not occur

simultaneously during in-plant operation and consequently, will not

impose any additional air -volume requirement. .

Await: receiver is used to store sufficient volume of compressed

air to permit an orderly shutdown of the plant should the compressor

fail. A 150 cu ft receiver will store sufficient air at 85 psig

to supply air -to instruments, control valves, etc, for approximately

5 to 10 minutes before the receiver pressure drops below 40 psig.

(The operator will be notified by a process alarm when the receiver

pressure drops to 85 psig, and 40 psig is the maximum air pressure.

required at the locally mounted pressure regulators at the instruments,.

controls valves, and operators.)

3. Description 

3.1. General. The PIAsyitem cOnaipts of an air compressor capable

of compressing 90 cfm free air. (at 4,900 ft .elevation and 70°F) to

100 psig; an aftercooler with moisture separator, a 150 cu ft air

receiver, an instrument air dryer with prefilter and afterfilter, and

associated plant and instrument air distribution piping and valves.

A schematic diagram of the system is shown in Figure 9H-1. The system

interfaces are summarized in Table 9H-I.

3.1.1 Compressor. The compressor is a horizontally mounted,

single-stage, double acting unit with a non-lubricated cylinder, assuring

oil-free delivery of compressed air. The compressor can be operated

in either of two normal modes, manual or automatic. In the manual mode,

the compressor runs continuously and is loaded or unloaded in response

to receiver.pressure. Loading occurs at 88 psig and unloading at •

100 psig. In the automatic mode, the compressor drive-motor is started

and stopped at the same time the loading and unloading of the compressor

occurs. The compressor is normally operated in the automatic mode

unless the air demand is such that the compressor starts and stops

more than 10 times per hour. When this occurs, the compressor is

switched to the manual mode to improve the pressure recovery time and

reduce cycling of the drive-motor.

•
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TABLE 9H-I 

PIA SYSTEM INTERFACES

System

Plant Air 

Inpile tube system

Reactor vessel system

Water supply system

Reactor and canal cleanup
system

Building and structural
system

Instrument Air 

All plant and loop systems
where applicable

Water supply system

Reactor process and auxiliary
services instrumentation
system

Loop process instrumentation
system

Compressor 

Power distribution system

(a)

Interface

Loop tunnel piping for purging
IPT connecting lines before
disconnecting from loop piping

Canal gate seal for inflation

Canal piping for purging IPT
following experiment removal
and water flush

Resin column piping for resin
mixing

Subpile room.and vertical lift
door seals for inflation

Pneumatic flow control valves
and pneumatic operators

Sulphuric acid storage tank for
pressurizationfnd demineralizers
for resin mix(11.1

Pneumatic instruments

Pneumatic instruments

Electrical distribution panel
breaker

This resin mix function would normally be provided by plant air,
but is connected to the instrument air piping because of location
convenience.



3.1.2 Plant Air Piping. Plant air flows through a 1-inch

header branching from the air receiver outlet pipe, and through a 1-inch

backpressure control valve and plant air piping to the plant air dis-

tribution points. The valve automatically closes if the receiver pres-

sure drops to 85 psig, which insures that all the air remaining in the

receiver is available to the instrument air piping. The plant air •

distribution system has 31 service outlets with 3/4-inch hose connec-

tions distributed throughout the reactor building, as shown in

Figure 9N-1.

3.1.3 Instrument Alt Piping. Air for the pneumatic instru-

ments flows from the receiver through a prefilter into a heatless,

dual-chamber dryer, in which. the air is dried to a dew point of -40'F.

The dry air passes through the afterfilter, into the 1-1/2 inch instru-.

ment air header, and is distributed throughout the reactor building

to service outlets, instruments, control valves, operators, etc. The

afterfilter removes all particles 0.9 micron and larger.

3.2 Codes and Standards. ASME and ASA codes formulate established

and accpeted criteria for the design, fabrication, and operation.of

components of pressure systems. The PIA system is designed and fabri-

cated to meet the following, as a minimum:

a. ASME Unfired Pressure Vessel Code, Section VIII.

b. National.Board of-Fire Underwriters, NBFU -70.

c. National Electrical Code.

d. Ebasco Specification T-1, Instrument Air•Dryer, and T-2,

Instrument Air Compressor and Accessories.

e. ASA Standard 816.5, Steel Pipe Flanges and Flanged Fittings.

3.3 Instruments and Alarms. See Subsection VII-E, Nonnuclear

Process Instrumentation.

4. Testing, Reliability, and Maintenance 

To maintain the reliability and ensure the safety of the PIA system,

preoperational and periodic tests and inspections will be performed as

delineated in INC and equipment manufacturers' internal documents.

O
••••••..
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5. Evaluation 

The PIA system does not directly interface with the primary or

reactor systems; therefore, failure of the system creates no plant or

reactor safety hazard. (Refer to Section XIII.) Secondary system

malfunction or damage may result from loss of all instrument air to

some systems (ie, heat exchanger cooling water flow). These are,

however, long-term casualty conditions and are unlikely to occur, be-

cause air pressure alarms notify the operator of failure in sufficient

time to prevent equipment damage. No personnel hazard are involved

in any credible failure mode of the system; however, the normal safety

precautions observed when operating pressurized gas systems apply.

9H-5/9H-6
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1. Water Supply System 

1. Function

The water supply system is the source of all water to the PBF.

The system provides a continuous supply of water to the PBF, treats

(chlorinates) the raw water, and distributes raw and demineralized

water to the various PBF systems as required to meet their needs.

2. Design Bases 

The system must supply a maximum of 640 gpm to the PBF under

normal operating conditions, and must be capable of supplying up to

2000 gpm under emergency conditions, such as fire fighting or emergency

filling of the reactor vessel.

The system must deliver up to 75 gpm of demineralized water

meeting the requirements for reactor-grade water.

The system must operate continuously and reliably because fire

protection is required at all times, and demineralized water is needed

during all operations of the PBF systems. Supply capabilities for

fire fighting or emergency filling of the reactor vessel must be

retained during periods of loss of commercial electrical power.

The system must operate at an elevation of 4,900 feet above

sea level, ambient temperature of -40 to 110°F, and a moisture content
to saturation.

3. Description 

3.1 Ceneral. The water supply system (Figure 91-1) consists

functionally of two demineralized water subsystems and a raw water

subsystem.

The water originates from the SPERT wells, and is distributed to
the PBF through the raw water subsystem. The water is treated as it
is pumped from the SPERT wells to the storage tanks, and is satisfactory
for domestic consumption as received. Chemical analysis of the raw
water indicates impurities as follows:

91-1



Total hardness 150 ppm

Calcium (as CaCO3) • 94 ppm

Magnesium (as MgCO3) .56 ppm

Alkalinity 142 ppm

Sulfate (as SO4) 17 ppm

Chloride (as Cl) . 20 ppm

Silica (as Si02) 25 ppm

pH 8.2

Conductance 300 micromhos

Sodium 8.9 ppm

Total dissolved solids 270 ppm

The water supply system interfaces with the following systems:

power distribution system,

'reactor primary coolant system,

reactor secondary coolant system,

loop primary coolant system,

utility cooling water system,

high pressure demineralized water system,

high pressure'air system,

low pressure air system,

plant and instrument air system,

heating and ventilating systems,

liquid waste systems, and

canal cleanup system.

3.2 Raw Water Subsystem. The raw water subsystem is a standard

water system that pumps water from the SPERT wells and distributes it

to the locations listed in Table 91-1. A chlorinating plant between

the wells and storage tanks chlorinates the water, making it suitable

for domestic consumption without further treatment at the PBF.

Raw water is provided to the PBF Site through 8- and 4-inch

water mains. The SPERT water supply system has the pumping capacity

as follows:

No. 1 well pump

No. 2 well pump

400 gpm at 235 psig

550 gpm at 235 psig
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No. 1 booster pump

No. 2 booster pump

No. 1 fire pump

No. 2 fire pump

Notes:

400 gpm at 70 psig

400 gpm at 70 psig

750 gpm at 110 psig

2000 gpm (diesel operated) at 125 psig

1. The No. 1 booster pump shuts down automatically if the fire pump

is started. The No. 2 pump must be shutdown manually if running

when the fire pump is started since neither booster pump can

discharge against the fire pump head.

2. When No. 2 fire pump is running all of the other pumps must be

shut down since they cannot discharge against the fire pump

head. Usually, however, operator action is not required since

the diesel fire pump is started upon loss of commercial power.

TABLE 91-I 

RAW WATER SYSTEM DISTRIBUTION

Design Flow Rate

(81m) Location

50 Fire hose stations, both buildings

45 Utility cooling water system

100 Mixed bed demineralizers

50 Domestic water, control building

40 Domestic water, reactor building

10 Air treatment units, control building

100 Cooling tower basin air handling units and
transient rod drive hydraulic oil cooler

1,000 Cooling tower sprinkler system (each cell)

200/750 Fire hydrants

900 Reactor vessel emergency fill
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Flow volume can be supplemented in an emergency by a fire truck

that takes suction from the storage tanks and discharges directly

into the supply main header. Normal pressure on the SPERT supply

main header is approximately 70 psig with one booster pump in operation.

The fire pump increases the pressure to approximately 110 psig. With

the aid of a fire truck pumper, the pressure can be increased to the

175 psig design pressure of the hydrants (or to the head pressure

rating of the fire truck pumper).

Raw water portions of the system use carbon steel piping and

valves designed for 125 psig at 100°F and hydrostatically tested to

188 psig. Material for this piping is killed and deoxidized black,

seamless or welded steel, per ASTM A53, Crade B.

The raw water and fire water portions of .thm system are designed

to the requirement of IDO-12044, Health and Safety Design Criteria

Manual for the National Reactor Testing Station by Idaho Operations

'Office, USAEC, as amended by waivers authorized by AEC letter.. '

All cold or hot domestic water systems use zinc coated (galvanized)

steel pipe of standard weight in accordance with ASTH A120. Piping is

hydrostatically tested to 187 psig after installation.

3.3 Demineralized Water Subsystem. The demineralized water

subsystem consists of two mixed bed demineralizers, a demineralized

water storage tank, demineralized water pump, caustic mixing tank,

acid mixing tank,. piping, and valves. Raw water is received at 100

gpm from.the raw water system, and processed to reactor-grade water

meeting the following chemical requirements:

Chlorides 0.15 pp; max.

SiO
2 

1.0 ppm ,max.

pH 5.5 - 7.0 at 25°C

Conductivity . 2 umhos/cm , max.

3.3.1 Mixed Bed Demineralizers. The two mixed bed

demineralizers are Elgin water softeners with vertical shells 36 inches

in diameter and 96 inches high, carbon steel, all-welded construction

with 3/16-inch natural rubber lining. They contain 12.4 cubic feet

of Rohm and Haas IR-120 cation resin and 19 cubic feet of Rohm and •
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Haas IRA-402 anion resin.,.They are designed to PBF Specification M-12

and ASME boiler and Pressure Code, Section VIII.

3.3.2 Demineralized Water Storage Tank. The demineralized

water storage tank is an ASME Code Section VIII vessel, 6 feet 6 inches

in diameter by 15 feet 3 inches high and has a capacity of 3,000 gallons.

The tank is of carbon steel, all-welded construction and has a maximum

allowable working pressure of 150 psi at 100°F. The tank is lined

with 3/32-inch white Amerplate polyvinyl chloride. Appurtenances

include an inspection manhole, liquid level gauges, inlet and outlet

fittings, overflow and vent drains, level switch, nameplate, and support

legs.

3.3.3 Demineralized Water Pump. The demineralized water

pump is a horizontal, centrifugal pump constructed of Type 316 stainless

steel. Pump capacity is 75 gpm at a 230-foot head. The drive motor

is rated at• 15 hp, 3,470 rpm, 460 volt, 3 phase, 60 Hz.

3.3.4 Caustic Mixing Tank. The caustic mixing tank is

fabricated of carbon steel per ASTM A283, Grade C or D, and is lined

with 3/16-inch-thick vulcanized rubber. The vessel has an open top

and a capacity of 55 gallons. The tank is fitted to receive a portable

mixer.

3.3.5 Acid Mixing Tank. The acid mixing tank is identical

to the caustic mixing tank, except it is provided with a removable

cover.

3.3.6 Piping and Valves. Demineralized water portions of

the system use stainless steel pipe and valves designed for 150 psig

at 100°F and hydrotested to 225 psig. Material is per ASA B31.1, Code

for Pressure Piping.

Transition connections between the mixed bed demineralizers and

other service lines connected to the demineralizers are rubber-lined

carbon steel and PVC pipe designed for 150 psig at 100°F and hydro-

statically tested to 225 psig. Material is per ASTM A53, Grade B.

Piping from the caustic mixing tank and acid mixing tank to the

mixed bed demineralizers uses Carpenter 20 pipe designed for 150 psig

at 200°F and hydrostatically tested to 225 psig.
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3.4 Loop Demineralized Water Subsystem. The loop demineralized

water subsystem consists of a deoxygenator, mixed bed demineralizer,

and makeup water storage tank. Demineralized water is received at 8.5

gpm from the demineralized water system, passes through the deoxygenator

for removal of oxygen, through an additional demineralizer, and is

stored in the makeup water storage tank. The storage tank provides a

reservoir for the makeup water supply. The demineralizer and deoxygenator

in this subsystem maintain the• loop water within the chemistry limits

listed below:

pH 5.5 to 7.0

Conductivity 1.4 to 48 walhoicm

Dissolved solids < 1.0 ppm

Oxygen < 0.1 ppm

Chlorides < 0.15 ppm

3.4.1 Loop Makeup Deoxygenator. The loop makeup deoxygenator

is fabricated of Type 304 stainless steel, SA-240, per ASME Code,

Section VIII. The vessel is 16 inches in diameter by 6 feet 3 inches

high and has a capacity of 190 gallons. It is designed for 10 psig at

100°F and hydrostatically tested to 15 psig. Appurtenances include

inlet and outlet pipe connections, gauge glasses, gauge valves, level

controller and valve, relief valve, vent valve, and nitrogen connection.

3.4.2 Loop Makeup Demineralizer. The loop makeup

demineralizer is constructed to the same specifications as the loop

makeup deoxygenator. The vessel contains 6 cubic feet of resin for

demineralizing water, of which 3 cubic feet is Rohm b Haas Amberlite

XE-150. and 3 cubic feet is Amberlite XE-154.

3.4.3 Loop Makeup Water Storage Tank. The loop makeup water

storage tank is fabricated of Type 304 stainless steel, SA-240, per ASME

Code, Section VIII. The vessel is 30 inches in diameter by 95 inches

high and has a capacity of 190 gallons. It is designed for 10 psig at

100°F and hydrostatically tested to 15 psig. Appurtenances include

inlet and outlet pipe connections, gauge glasses, gauge valves, level

controller and valve, relief valve, vent valve, and nitrogen connection.
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3.5 Instruments, Alarms, Controls, and Protective Devices. The

water supply system incorporates more than 50 Instruments, alnrms.

controls, and protective devices. The devices described in the followtnn

paragraphs sound warning alarms indicating abnormal behavior in pH or

regulatory systems; none of the alarms has a control function.

Descriptions of these instruments are provided in Subsection VII-E,

Nonnuclear Process Instrumentation System. The instruments not

described are standard, local-indicating devices.

Alarms sound warnings at the process control panels for the

following functions: low cooling tower basin water level, low demineralized

water storage tank liquid level, and low demineralized water pump

discharge pressures.

High level alarms sound warnings at the process control panels for

the cooling tower basin water level.

A local temperature indicator and switch on the caustic eductor

discharge line initiate a high temperature alarm at the demineralizer

control panel.

A pH sensing element in the demineralizer effluent line to the

demineralized water storage tank initiates signals to a recorder and

two pH alarms at the demineralizer control panel.

The demineralizers have conductivity elements in the effluent

line that initiate signals to conductivity transmitters and high

conductivity alarms at the demineralizer control panel. The transmitter

also initiates signals to alarms on the process control panels.

3.6 Fire Alarm System. The PBF fire alarm system is as specified

in Chapter IV, Sections B, C, and D of ID0-12044, Health and Safety

Design Criteria Manual, NRTS, Idaho Operations Office, USAEC. The

system is described in Subsection IX-L, Communication System.

4. Testing, Reliability, Operation, and Maintenance Requirements 

4.1 Testing. The water supply system is initially tested by

construction components tests to determine that all equipment is

installed per PBF specifications and drawings. System operating

tests will be performed in conjunction with or subsequent to construction

component tests. This testing will verify satisfactory operation and

design adequacy of the system.
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4.2 Reliability and Availability. Reliability is achieved through

design and construction adherence to industrial standards and codes

and NRTS standards for material and equipment. Availability is enhanced

by component redundancy: two demineralizers (both are depleted and

regenerated for one filling of the reactor vessel and reactor primary

coolant system), the duplication of well and booster pumps, the

duplication of storage tanks, and the 8-inch and 4-inch supply leaders

to the PBF site.

Check valves are provided in the system at all points of interface

with radioactive or potentially radioactive systems to prevent backflow

and subsequent contamination of the water supply system.

4.3 Maintenance. Maintenance requirements are carried out as

specified in INC documents and applicable manufacturers' literature.

5. Evaluation 

Malfunctions, component failure or system rupture present no

undue hazards to the facility or personnel.

In the event of loss of the fire pump, the NRTS fire department can be

alerted and the fire-truck pump ready for operation within 10 minutes at

the control center to pump water for fire protection. Rupture of main

distribution lines would of course deactivate the fire protection

system and reliance on portable extinguishers would have to be made

during the repair period.

Failure or malfunction of components in the system would leave

no immediate damaging effect on the process equipment. Loss of the raw

water subsystem would require shutdown of the demineralizers and process

equipment using raw water for cooling. (See UCW system, Subsection IX-A,

for interfaces.) Adequate demineralized water storage is available for

orderly shutdown in this case.

Loss of the demineralized water pump would require immediate reactor

scram and shutdown of the primary pumps. This accident has been

analyzed in Section XIII under loss of coolant flow.
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O J. Heating, Ventilating, and Waste Gas System

O

1. Function 

1.1 Reactor Building System. The reactor building system maintains

efficient working temperatures for personnel and 
equipment, and simul-

taneously controls the release of airborne 
contamination during normal

reactor operation. The system also limits the spread of building 
fires,

and provides a means for controlled purging of the 
building atmosphere

during abnormal plant operations.

1.2 Control Building System. The control building system operates

continuously and automatically to maintain efficient working 
tempera-

tures for personnel and equipment. Fire dampers are provided to prevent

the spread of a building fire.

2. Design Bases 

2.1 General. The heating, ventilating, and waste gas system

must operate at an elevation of 4,900 feet above sea level. 
Outside

design conditions for the NRTS area are 91°F (dry bulb) and 5 °F 
(wet

bulb) during summer and -20°F during winter. A temperature of -40°F

is the lowest recorded at the NRTS.

The system must operate continuously and automatically and must

control the release to the atmosphere of any airborne radioactive

material from within the reactor building during normal reactor

operations. Constant air monitors (CAMe) must be interlocked with

the system to ensure confinement of radioactive materials if the 
radio-

activity exceeds a preset level.

The heating, ventilating and waste gas system will cope with the

most probable accidents expected from normal operations. Examples

of this are the exhaust ductwork from the sample area including

the sample box and transmitter panel and the exhaust duct from the hot

waste room (which includes the exhaust from the warm waste sump and the

hot waste tank). These are areas where spills or contamination releases

are most likely to occur, and the waste gas ductwork is designed to

collect all such airborne activity. The exhaust gases from these
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areas are ducted to the waste gas plenum and exhausted out of the

stack after passing through the roughing filters and the high efficiency

particulate filters.

All components of the heating, ventilating and waste gas system

are designed to, and will be in operation before, during and after

all modes of normal reactor operation. All of the equipment is started

from the heating and ventilating equipment room in the reactor building

and continues in operation throughout reactor operation. There are no

controls at the control building for individual components of the

system. The operator does, however, have the ability to open the

dampers and start the intake and exhaust fans after a radiation

shutdown of the equipment, in order to purge the building prior to

personnel re-entry or to shutdown all intake and exhaust equipment

to prevent intake of contamination by operating the single key switch

at the control building process instrument panel. The reactor building

is an exclusion area for personnel when the reactor is critical.

A radiation shutdown of all supply and exhaust equipment will

occur if two of the three constant air monitors detect air activity

in excess of the predetermined setpoint level. Precise operating

principles, procedures and instructions for the heating, ventilating

and waste gas equipment are provided in the PBF Operating Manual.

All of the air exhausted from the building does not pass through

the high efficiency particulate air (HEPA) filters and up the stack.

There is 1000 cfm of air discharged from the heating and ventilating

room (summer and winter). This air, however, only circulates through

the equipment room which is isolated from the main part of the reactor

building. There is 8000 cfm of air discharged through the roof

ventilator during summer operation in order to maintain the reactor bay

area temperature within the required operating range (ie, <110°F).

This air does not pass through the HEPA filters but exhausts from the

reactor bay area directly to the outside. One thousand CFM of

control rod cooling air is discharged directly to the exhaust stack,

by passing the HEPA filters.
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The building is maintained at a'neutral pressure differential

by the balanced intake and exhaust system. Local negative pressures

of approximately 0.025 inch of water gauge are maintained in local

area by exhaust fans in these areas. Areas having negative pressures

are the hot waste room, specifically the warm waste sump and hot waste

tank, the sample box, the drain collecting through and the hot waste

header.

2.2 Reactor Building System

2.2.1 Heatinj and Cooling Criteria. Mean air temperatures

of 72 and 74°F in the reactor building offices, 70°F in the reactor

room, and 80°F in the change room arc required for efficient operation

of equipment and personnel. Worst-case winter operation (ie, minimum

anticipated outside temperature) indicates that heating equipment

capable of supplying 785,000Btu/hr to the reactor building is required

to maintain design temperatures. Worst-case summer operation indicates

that simple ventilation will maintain temperatures within design limits,

O except in localized, high-heat-load areas (ie, first and second base-

ments and experiment instrument room). These areas must be provided

with local cooling units. First and second basements have air handling

units (spot coolers). The experimental instrument room and electronic

work area in the reactor building, because they contain critical,

temperature-sensitive instrumentation, must be carefully temperature

controlled, requiring the use of a separate heating and cooling air

treatment unit. The design criteria for the cooling capacity of

this unit are listed below:

O

(a) Electrical load 5.0 kilowatts

(b) Design temperatures

Inside 78°F (dry bulb)

30% relative humidity

Outside 95°F (dry bulb)

(c) Heat transfer coefficients (U)

Outside walls (12-inch
pumice block)

Inside partitions
(2-1/4-inch laminated U a 0.43
gypsum board)

9j-3
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Roof (metal deck with
insulation)

(d) Lighting electrical load
(100 foot-candles)

(e) Personnel. loading

(f) Ventilating loading
(outside air)

de.

U • 0.14

4.5 kilowatts

3 persons (assumed)

800 cfm

The temperature of water supplied to the unit for condensing

purposes must be approximately 60°F. Minimum water pressure is

55 psig.

2.2.2 Ventilating Criteria. Table 9J-I lists the air

changes per hour required in each reactor building work area, as

established by the Standards of the Air Moving and Conditioning Associa-

tion and the estimated cooling requirements, and the calculated flow

rate required to meet the specified changes per hour. Ventilating

criteria are based on the use of 1002 outside air during summer and

approximately 462 outside air during winter.

2.2.3 Waste Gas Control Criteria: The design objective

is to establish a waste gas flow rate that prevents excessive discharge

of radioactive gas. Exhausted air discharged through the waste gas

stack must•be properly controlled to keep the radioactive effluent within

specified health limits, and must maintain a minimum exit velocity of .

3,000 fpm to ensure that the plume is carried away by prevailing winds.

With the waste gas system and stack designed to discharge 5,000 cfm

of ventilating air, the vent gas discharge rates and percentages of

total stack discharge are as follows:

(a) Flow of 50 cfm from the canal 3-inch-diameter vent which

is one percent of the stack discharge.

(b) Flow of 50 cfm from the sample box and transmitter panel

which is one percent of the stack discharge.

(c) Flow of 450 cfm from the hot-waste room which is nine

percent of the stack discharge.

9J-4

a

s

O



O

0

O

TABLE 9J-I 

REACTOR BUILDING VENTILATION REQUIREMENTS

Area Air Changes/Hour

East Wing

Experimental instrument room 10

Electronic work area 10

Mechanical work area 10

Test loop control room 10

Reactor Room 4

West Wing

Flow Rate 

2,350 cfm

650 cfm

1,200 cfm

1,200 cfm

(a)

Change room 10-12 850 cfm

Furnace and equipment room 10-12 1,000 cfm

Office 10-12• 900 cfm

Process control room 10-12 1,100 cfm

First Basement 2.5 (a)

Cubicles . 10 2,500 cfm

Subpile Room 8 300 cfm

Lower Loop Tunnels • 4 400 cfm

Hot-Waste Room 10-12 450 cfm

Second Basement 10 1,300 cfm

(a) The 5,000 cfm of ventilating air exhausted through the waste gas

stack will be drawn through these areas, providing adequate

ventilation.
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These factors comprise a total waste gas discharge volume, which

is approximately 10 percent of the total stack volume. Total stack

discharge is diluted by the prevailing winds at a ratio proportional to

the diameter of the plume and the square of the distance from the stack.

Usually, there are• no vent gases from the knockout drum or the

vent drains gas and pressure suppression system. When a manual opera-

tion is performed and the knockout drum is vented, radiation discharge

must be controlled by the alarm setpoint limits of a stack monitor.

The maximum controlled venting from the knockout drum would be

approximately 225 cfm, which is approximately 4-1/2-percent of •

the stack discharge volume. If the knockout drum and the other vent

gas areas discharged. to the stack simuitaneously,.the total vent gas

volume comprises approximate1y 15 percent of the total stack discharge

volume. •

2.3 Control Building System

2:3.1 Heating and Cooling Criteria. The control building

must be heated to maintain a winter temperature of 72 to 74°F in offices

and 65°F in the shop. Because of temperature-sensitive control and

measuring equipment in the process control room and the tape, instrument,

and electronic room, the temperature must be carefully controlled,

requiring the use of electric heating units for winter operation.

Becauie'nuiterous electronic'units generate heat in the control

building during operation, the heat load cannot be dissipated by.

simple ventilation. Therefore, self-contained heating and-air -

conditioning unite must be used in high-heat-lead areas. Design

criteria.for the cooling capacities of these units are as follows:

.(a) Control panel electrical loads

Process control room 4.5 kilowatts

Tape, instrument, and
electronic room

(b) Design temperatures

Inside•

9.1-6

4.0 kilowatts

78°F (dry bulb)

302 relative
humidity



1.:4,4%cr•e•Az'r

Outside 95"F (dry bulb)

55
o
F (wet bulb)

(c) Heat transfer coefficients (U)

Outside walls (12-inch
pumic block)

Inside partitions
(2-1/4-inch laminated
gypsum board)

Roof (metal deck with
insulation)

(d) Lighting electrical loads (based
on maintaining a uniform
illumination of 100 foot-candles
in the various areas)

(e)

Process control room

Tape, instrument, and
electronic room

U -0.18

U - 0.43

U - 0.14

5.0 kilowatts

2.5 kilowatts

Personnel loading

Process control room 3 persons (assumed)

Tape, instrument, and
electronic room

(f) Ventilation loading (outside air)

Process control room
(20% of unit supply)

Tape, instrument, and
electronic room

4 persons (assumed)

300 cfm

300 cfm

The temperature of water supplied to air treatment units for

condensing purposes must be approximately 60°F. Minimum water pressure

is 55 psig.

2.3.2 Ventilating Criteria. Fifteen air changes per hour

are required in laboratoriee,sikto ten per hour in offices, and six

per hour in the shop. The ventilating criteria, based on the use of

100% outside air during summer and approximately 50% in winter, require

a total fresh-air intake of approximately 6,000 cfm during the summer

and 3,000 cfm during the winter for the control building as a whole.
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3, Description . •
The PBF heating, ventilating, and waste gas system is physically

divided into three separate systems: the reactor building heating and

ventilating system, the reactor building waste gas system, and the control

building heating and ventilating system.

3.1 Reactor Building Heating and Ventilating System. The reactor

building system, shown schematically in Figure 9J-1, comprises two

independent subsystems: the main subsystem for the east and west.

wings, general areas, and first and second basements; and a small,

separate subsystem for the experimental instrument room and electronic

work area.

3.1.1 Main Subsystem. The major components of the main

subsystem include two centrifugal supply fans; one axial-flow exhaust

fan; two exhause fans; a roof ventilator; a packaged heating boiler;

two steam heating coils, six air handling units; system ductwork;

equipment housing-casings and plenums; outside air intake fixed

louvers and motor-operated dampers; volume, fire, butterfly, isolation,

and gravity splitter dampers; grilles; registers; and diffusers. The

components are standard industrial equipment and are installed and

operated in accordance with standard practices.

Fresh air is drawn into the building through a plenum by the two

supply fans. Supply fan No. 1, with a capacity of 8,000 cfm, discharges

into the reactor bay area through 10 registers spaced around the perimeter

of the area. Supply fan No. 2, with a capacity of 6,250 cfm, discharges

into the east and west wings through six grilles, one in each of the

main rooms. Air from each of the rooms is exhausted into the reactor

bay area, with the exception of the change and equipment rooms, which

exhaust outside the building through exhaust fans. Table 9J-II shows

the planned airflow balance in the reactor building.

From the main floor of the reactor room, air either vents through

the roof vent of flows into the first basement through registers, ducts,

grilles, and one supplementary exhaust fan. Air passes from the first

basement into the second basement through floor grilles, a pipe tunnel,

stairwell, and two exhaust fans.
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TABLE93iI 

REACTOR BUILDING AIR BALANCE

Supply fan No. 1

Supply Fan No. 2

Experimental Instru-
ment room air
conditioner

Sumpter Operation 

8,000 cfm

6,250 cfm

600 cfm

Total fresh air supply 14,850 cfm

Supply fan No. 2

Experimental instru-
ment room air
conditioner

Exhaust through reactor
bay roof vent

Exhaust from equipment
room

Exhaust from change
room

Discharge from waste
gas stack

Total exhaust

Winter Operation(s)

6,250 cfm

600 cfm

Total fresh air supply 6,850 cfm

Steam boiler stack
discharge

Exhaust from change
room

Discharge form waste
gas stack

Total exhaust

8,000 cfm

1,000 cfm

850 cfm

5.000 cfm

14,850 cfm

1000 cfm

850 cfm

5.000 cfm

(a) During winter operation, 8,000 cfm is recirculated to and from the
reactor bay area by supply fan No. 1.

6,850 cfm
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Air temperature in the reactor building is controlled automatically.

Thermostats control either heating and cooling equipment or motor-

operated equipment, such as dampers. For example, when outside air is

cold, the outside thermostats permit automatic position control for

motor-operated dampers that proportion the flow of air through the

heating coils or recirculates air within the building.

The system ventilates and cools the building in the summer and'

ventilates and heats it in the winter. The•two main supply fans are

capable of providing 14,250 cfm of outside air to the main floor areas

in summer. An automatic damper closes off the fresh air intake to

the higher capacity fan (8,000 cfm) in winter, and opens a recirculation

duct from the reactor bay area to the intake of this fan. The lower

capacity supply fan.(6,250 cfm) discharges its fresh air intake to.

the east and vest wing areas during summer and winter. Both supply fans

have heating coils on their intake sides for heating air in winter.

Steam is supplied to the heating coils by a steam boiler located in

the same room as the fans. Additional local cooling is provided to

the basement areas.by air handling units (water-cooled heat exchangers)

to handle the heat load generated by operating systems and equipment

in these areal.

3.1.2 Experimental Instrument Room and Electronic Work Area.

These two rooms are isolated from the main heating and ventilating system

and are supplied by a single air treatment unit located in the experi-

mental instrument room. Outside air is drawn through a fresh air

intake louver. into the air treatment unit, which precisely controls

the air temperature, and is distributed to the experimental instrument

room and electronic work area through overhead ducts and grilles. The

special air handling is required because of the temperature-sensitive

instruments in these areas. The instrumentation located in the experi-

mental instrument room requires a constant ambient temperature for

accurate recording of reactor and plant operations and reactor control.

3.2 Reactor Building Waste Gas System. Although the heating and

ventilating system is not considered a part of the waste gas system,

the arrangement of equipment and the flow path causes air to flow from
O .



nrcdpi with the least probability of contamination to ureas with higher

probabilities of contamination, from whence the air is exhausted
through the waste gas stack. This design and functional interface
eneures a constant supply of fresh air to all areas, and minimizes
the possibility of contaminating the entire building as a result of

radiation release in basement areas.

The major components of the waste gas system, shown schematically
in Figure 9J-I, are located in the first and second basements of the
reactor building, except for the waste gas stack, which is located

outside at the north end of the reactorbay and the portable waste gas
head used during experiment handling operations. The components include
a main exhaust unit, three supplementary axial-flow exhaust fans, a vent
exhaust fan, and the waste gas stack. The main exhaust unit, located
in the waste gas exhaust room comprises two plenums, a throwaway filter
(six units), and absolute filter

[aj 
(six units), and two axial-flow

exhaust fans with a capacity of 5,000 cfm each. One fan is supplied

from the commercial power system, and the other, which is usually
on standby, is supplied from the primary emergency power line to
guarantee continued operation of the waste gas system if commercial
power fails.

The waste gas hood is a floating hood designed for use in the
reactor vessel and the canal to collect any gases released during inpile
tube or experiment handling operations. The hood is designed to
exhaust 50 cfm of air to the waste gas system via a flexible three
inch duct. This duct attaches to the waste gas system at the south
end of the canal on the reactor by room. When in use, the hood floats
on the surface of the water, above the component being worked on,
and collects any gases that escape from the component, thereby

(a), The absolute filter is a high efficiency filter manufactured to the
specification of AEC Health and Safety Information Issue No. 212,June 25, 1965, "Minimal Specification for the Fire-Resistant, High
Efficiency Filter Unit." IDO-12045, "Criteria for High EfficiencyFilter Installations at the National Reactor Testing Station,"
provides detailed criteria for high efficiency filters and related
equipment.
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materially reducing the possibility of personnel to overexposure

to radioactivity.

3.2.1 System Fla,. The waste gas system induces airflow

from areas with the least probability of contamination. By using

supplementary exhaust fans, the system maintains a slightly negative

pressure on areas with a relatively high probability of contamination

to prevent the escape of radioactive matter from these areas. The

system also contains and collects vent gases from the warm-waste

sump, hot-waste tank, and the loop coolant system. All waste gases

flow into the waste gas exhaust room plenum and are discharged

to atmosphere through the waste gas stack.

Loop cubicles 10 and 13 are maintained at a negative pressure by

two 1,250-cfm axial-flow fans, one each in the two ducts to these

rooms. The hot-waste room and second basement main floor areas are

maintained at a slightly negative pressure by one 1,750-cfm axial-flow

fan in the ductwork from these areas. A 700-cfm fan maintains the

lower loop tunnel and subpile room at a slightly negative pressure.

With all fans operating, air provided by the heating and ventilating

system is drawn through the main floor grilles, ventilates each of

the rooms or areas mentioned above, and is drawn into the main

exhaust plenum in the waste gas exhaust room. This arrangement of

equipment induces a flow path that ensures proper ventilation of all

reactor building areas and minimizes the possibility of contaminating

the entire building because of a nuclear incident in one of the basement

areas. •

All exhaust air drawn into the main exhaust room plenum passes

through the throwaway filters that prevent large particulate matter

from reaching the, absolute filters, through the absolute filters, into

the exhaust fan plenum, and to the waste gas stack through an 18-inch

concrete pipe. The waste gas stack is circular, 80 feet high and

18 inches in.diameter, and maintains an exit velocity of 3,000 fpm

to ensure adequate plume carryoff by prevailing winds without fallout

on the PBF structure and immediate area. A drain line with built

in trap is provided from the base of the stack to the hot waste system

to remove moisture accumulation in the stack.
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• 3.2.2 Instruments, Controls, Alarms, and Protective Devices.

Four monitoring devices are used with the waste gas system as protective

devices. These include three constant air monitors (CAMs) and an

analytical stack gas monitor. For a detailed description of these

monitors refer to Subsection X-C, Radiation Monitoring System.

(1) Constant Air Monitors (CAMS). The three CAMs are located

in the reactor bay, first basement and second basement areas to detect

airborne contamination. All three are equipped with manually set

alarm lights, and their outputs are recorded continuously at the

CAM and at the control center. A radiation level sufficiently high

to trip two of the three CAM. causes a radiation monitoring system

(RMS) shutdown of all heating and ventilating equipment in the reactor

building except the air treatment unit located in the experimental

instrument room and the air handling units in the basements. These

units are recirculation units that have no discharge pack outside

of the building except through the stack.

Table 9J-III lists the equipment that is shutdown by a high

radiation. RMS trip by the CAMs and operated in the purge condition.

The purge operation releases air to the waste gas stack under controlled

conditions following a high radiation trip, and is performed manually

by operating personnel.

If a radiation shutdown occurs, the secondary supply fan

(6,250 cfm), one exhaust fan, and five supplementary exhaust fans
may be actuated manually. These fans force supply air through the
building wings into the reactor bay area, down through the first

basement into the second basement, and out the waste gas stack.

Radiation level in the stack is monitored by the stack radiation

monitor.

(2) Analytical Stack Gas Monitor. This monitor is located in
the H6V equipment room (boiler room). Samples are taken from the
waste gas stack and sensing elements monitor gross particulate

matter, gaseous radiation, and alpha particulate activity. Alarm
lights are located in the reactor building, and the monitor outputs
are recorded at the control center.
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Equipment 

HVS-1

HVS-2

HVA-1

HVE-1A
or 1B

HVE-2

HVE-3

HVE-4

HVE-5

HVE-6

HVE-7.

HVE-8

HVR-1

Butterfly
Dampers

HVS-1
discharge

HVS-1
return

HVS-2
discharge

HVS-2
discharge

HVE-lA
and 1B

HVE-7

HVR-1

Relays

KR1

KR2

TABLE 9J -III 

RMS AND KEY SWITCH INTERLOCKS

RMS Safe RMS High
and Key and Key

Key Switch Key Switch Switch in Switch in
in off in Purge Normal Normal

Position Position Position Position 

X
(a)

X

X

X

X

X

X

X

X

X

X

X

X

X

X

(a) X indicates equipment running and butterfly damper open or relay
energized. This tabulation represents the operation of the RMS
Interlock and key switch with all controls in their normal operating
position.
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The waste gas stack radiation monitor has, no direct control

over operation of the heating and ventilating equipment. If stack

discharge exceeds the monitor setpoint, an alarm sounds on the process

control panel in the control center building. If an alarm occurs

during operation of the PBF, administrative decisions will be made

concerning changes in the reactor building system operating mode.

Operator action is required to make any change. Control setpoints

for the monitor will be determined based on operating experience

and background data. There are no provisions for isolating the

control building heating and ventilating system automatically from

radiation detector signals. The control building is located

approximately one-half mile from the reactor building and personnel

are alerted by the building evacuation signal if a radiation

potential exists. Refer to Subsection VI-D for additional

information.

Fire dampers located in the supply air ducts, the recirculation

duct from the reactor bay, the exhaust duct between the first

and second basement, and the supply duct to the east and west wings

automatically shut off the supply of air to these areas in case

of fire. The fire dampers close when the fusible link device melts.

3.3 Control Building Heating and Ventilating System. The
control building system (Figure 9J-2) comprises three independent
heating and ventilating subsystems: the main system for offices,
shops, and utility room and the tape, instrument, and electronic
room.

3.3.1 Offices, Shops, and Utility Areas. The control center
building offices, shops, and utility areas are heated and ventilated
by two heater-fan assemblies located in the heating and ventilation
equipment room at the west end of the building. Airflow from the
fans is directed by ducts and registers to the central, north,
and south areas of the building. Air is exhausted from the heating
and ventilating equipment room, conference room, lavatories, and
shop through vent fans. •
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The system provides cooling in summer and heating in winter.

Proportioning dampers on the main supply fan intakes reetrcit fresh-

air intake and reciruclate air back to heating units in winter.

Heating elements are located in the supply fan housings. Approximately

490,400 Btu per hour is supplied to heat the air, and 6,430 cfm of

fresh air is supplied to and exhausted from the building for ventila-

tion in summer. Air supply and exhaust is balanced in summer and -

winter as shown in Table 9J-IV.

3.3.2 Process Control Room. The control center building

process control room heating and ventilation are provided by a self-

contained air treatment unit because the temperature-sensitive instru-

mentation in this room requires a controlled, even temperature. The

air treatment unit dissipates the instrumentation heat load in

summer. In winter, the air treatment unit adds heat if the room

is not heated sufficiently by instrument heat. It provides 2,000

cfm of electrically heated air in winter or 2,000 cfm of regrigerated

air in summer by taking in 400 cfm of outside air and mixing it

with 1,600 cfm of recirculated air. To protect instrumentation

from dust and dirt, all air supplied to the room is filtered, and

electrical heating coils warm the air.

3.3.3 Tape, Instrument, and Electronic Room. The control

center building tape, instrument, and electronic room also has a

self-contained air treatment unit. The unit cools the air during

summer and contains electrical heating coils to warm the air during

winter. Air from the unit is distributed through ductwork and is

discharged through diffusers. Return air is collected in a plenum

behind the air treatment unit. Fresh air is supplied to the unit

continusously at a rate equal to 202 of the recirculation rate.

Excess air is released to the corridor as return air for other

equipment units.

•

•



TABLE 9J -IV 

CONTROL BUILDING .AIR BALANCE

Summer Operation 

Supply fan No. 1 1,700 cfm

Supply fan No. 2 3,930 cfm

Air treatment unit No. 1 400 cfm

Air treatment unit No. 2 400 cfm

Total fresh air supply

Supply fan No. 1

Exhaust fan No. 1

Exhaust fan No. 2

Exhaust fan No. 3

Roof. vent

6,430 cfm .Total exhaust

Winter Operation

825 cfm Exhaust fan No. 1

Supply fan No. 2 1,700 cfm

Air treatment unit No. 1 400 cfm

Air treatment unit No. 2  400 cfm

Total fresh air supply

Exhaust fan No. 2

Exhaust fan No. 3

Roof vent

3,325 cfm Total exhaust

3,105 cfm

480 cfm

870 cfm

1,975 cfm

6,430 cfm

(does not
run)

480 cfm

870 cfm

1,975 cfm

3,325 cfm

3.4 Codes and Standards. The following codes and standards

are applicable to the heating, ventilating, waste gas system.

(a) ASME Boiler and Pressure Vessel Code, Section IV, Low-

Pressure Heating Boilers

(b) ASME Boiler and Pressure Vessel Code, Section VIII, Unfired

Pressure Vessels

(c) Standards of the Air Moving and Conditioning Association, Inc.

(d) Standards of the American Standard Association

(e) Guide of the American Society of Heating, Refrigeration,
and Air Conditioning Engineers

ASTM Specification A93

(g) National Electrical Code

(h) Standards of the Underwriters Laboratories



The condenser of the self-contained air treatment unit and the

air treatment coils are in accordance with the ASME Boiler and Pressure

Vessel Code, Section VIII, Unfired Pressure Vessels. The pressurized

part of the boiler is in accordance with the ASME Boiler and Pressure

Vessel Code, Section IV, Low-Pressure Heating Boilers, since the

operating pressure is relatively low, approximately 10 prig.

4. Teats and Maintenance 

Little maintenance is required on the heating, ventilating,

and waste gas equipment. Clogged filters are detected by visual

inspection and by observation of the pressure-measuring instrumenta-

tion. Disposable filters are replaced at regular intervals. Absolute

filters are replaced when the operating differential pressure and

flow dictate. Sheaves and pulleys are checked and aligned at regular

intervals and replaced as required. Since all fans have moving .

parts, fan motors arc lubricated to prevent overheating and excessive

wear. Boiler tubes are cleaned regularly to ensure high heat

transfer.

Testing includes checking of the standby main exhaust fan and
the operation' of the radiation monitors related to the main exhaust
fans and supply fans. Circuitry for the automatic shutdown of fans when
a condition of excessive radioactivity exists is checked at intervals
established by PBF Maintenances Procedures. All instrumentation in
the system is examined regularly to ascertain that it is operable and
accurate.
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1. Function 

The experiment and fuel handling system provides the necessary.

facilities and uses policies and procedures that assure effective,

convenient, and safe handling and storage of reactor and experiment

components at the PBF reactor building.

2. Design Bases 

A canal and associated apparatus are provided in conjunction with

the PBF reactor for experiment and fuel handling. The design bases

for the system are:

(a) Handling facilities must exist for receiving, unloading,

loading, and temporarily storing radioactive experimental

material, both irradiated and nonirradiated.

(b) Irradiated-fuel-containing activities generated by steady-

state operation, with 50 MW-sec bursts superimposed on

them must be handled. Irradiation levels will be as

much as 40,000 megawatt days per metric ton of uranium

(MWd/MTU) for light water reactor fuels and 50,000

MWOMTU for LMFBR fuels.

(c) Radioactive fuel rods within various assemblies must be

removed and replaced.

(d) An entire core loading for the reactor must be storable

for short periods without risk of criticality.

(e) Fuel, control rods, and experiments must be transferred

into and out of the reactor and inserted or removed

from the core, or inpile tube, all with minimum practicable

radiation exposure to personnel and very low possibility

of handling failure which could breach cladding or containment

and thereby release radioactivity to the environment.

9R-1



(f) Absolute nuclear safety must exist to preclude critical

assemblies outside the core or premature criticality within

the core.

3. Summary Description 

3.1 Canal. The primary component of the experiment'and fuel

handling system is the canal which adjoins the reactor on the south. •

Plan and section views of the facility are shown in Figures 9K-1 and

9K-2. The canal is 8 feet wide, 16 feet long and 20 feet deep, except

for a special 6-1/2 x 6-1/2 x 37-foot deep pit provided for storage

and loading-unloading operations on the inpile tube. The canal is

sized to provide temporary storage space for a full PBF core and

limited space for experiment handling. No permanent storage space

is provided for experiments. ' Expended core materials will be trans-

ferred to the Idaho Chemical Processing Plant ,(ICPP) for reprocessing,

and completed experiments will be shipped on-site, sponsor-designated

hot cells for analysis or otherwise.disposed of.

The bottom of the main canal, up to 83.67 elevation, and the deep

pit are lined with Type 304 stainless steel. Bottom liners are 11

gage and wall liners are 14 gage. The remainder of the walls are •

faced with 1/4-inch carbon steel sheets coated with epoxy-base paint,

a coating system of the Devoe Paint Division of the Celanese Coating•

Company.

To protect the stainless steel bottom liner, and the concrete

on which it rests, from excessive compressive loads which might

penetrate the liner or damage the concrete, all equipment which will

be supported by the canal bottom, is designed with "feet" or other

support area which will spread its weight over enough area that the

imposed compressive stress does not exceed 750 pounds per square inch.

Demineralized water in the canal is maintained 1 foot below

the canal parapet by a scum-drain - overflow-system and provides biological

shielding for radioactive storage and handling operations. This

water will mix with reactor coolant water duiing transfer operations

and must, therefore, be of the same purity standards as that.within

the primary system: 9K-2
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3.2 Special Equipment 

3.2.1 Bridge and Working Platform. A movable bridge,

spanning the canal, provides operators

(See Figure 9K-3) The bridge travels

can be rolled the length of the canal parapet, 
driven by a handcranked

Brakes are mounted on both sides to permitgear reduction system.

locking the bridge in position.

off the end of the canal.

A special working platform is provided for use 
above the reactor

vessel during handling operations. The platform is composed of aluminum

deck plate assembled on ten frame sections which are 
designed to permit

any one section to be removed at one time for convenient 
and safe

access to tank areas. A kick plate and handrail are provided for

personnel safety and to prevent accidental loss of 
materials into

the reactor vessel.

3.2.2 Gate. A 6-foot wide x 10-foot deep gate is provided

between the reactor vessel and the canal to permit passage of 
radio-

active materials. (See Figure 9K-4) Its stainless steel frame, bracing and

skin (one side only) are designed to permit full depth pressure from 
either

side. Its outer rim, which fits into tank aperture slots, is 
equipped

with an inflatable rubber seal designed to limit leakage to less

than 1 gph with either side drained. A gate storage hanger is provided

at the end of the canal

full access to the canal.

on rubber-tired wheels and

Stops are provided to prevent travel

3.2.3 Fuel Storage Rack. Temporary and permanent fuel storage

racks are provided in the canal for safe storage of reactor fuel. During

use they will be bolted in place to avoid the possibility of physical

damage to the fuel or establishing an accidental critical mass in

the canal from a tipped over fuel rack. The temporary fuel storage

racks (Figure 9K-5) sit on the canal bottom and are designed to 
hold

the full contents of a PBF core in a criticality-safe configuration

with the fuel rods left in the same assemblies in which they were

installed in the reactor core. Special feet on two diagonal corners

of each of the temporary storage racks fit on mounting pads welded to

the canal bottom. Bosses an the pads position the racks and

9K-5
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hold-down devices are bolted to the bosses to prevent the racks from
being tipped over. The permanent storage racks are of similar design
but are smaller and are permanently bolted to the canal wall
(see Figure 9K-1). The storage racks are lined with cadmium plates,
riveted in place, and are open at the top to•accept and hold the fuel
assemblies in an upright position. A 2-inch water gap is included
in the design which ensures a K

eff 
of < 0.80 in the loaded, moderated

condition.

3.2.4 Turnover Fixture. The fuel turnover fixture (Figure
9K-6) is used to manipulate a PBF fuel assembly canister during
individual rod installation or removal. The• canister carrier rides on
vertical rails, attached to the canal wall and can be positioned by
a manually operated winch. The working depth will be determined primarily
by radiation considerations and secondarily by working tool. convenience.
The cradle rotates to, place the canister in an inverted position
while fuel rod retaining bolts are loosened and/or tightened.

'The rotating cradle is so designed and counter-weighted that it
cannot accidently invert.

3.2.5 Tools. A full assortment of specialized and general
tools are provided. They have been designed for safety handling of
fuel elements, control rods, the inpile tube and its component parts,
experiments, canisters and all other foreseeable general handling-
loosening-tightening operations. .

3.3 Interfaces. The experiment and fuel handling system interfaces
with six other systems and specialities, as follows:

3.3.1 Demineralized Water System. Demineralized water,
controlled to a pH between 5.5 and 7.0 is introduced to the canal
through valve GB-A-7-3 (Subsettion IX I, Water Supply System).

s
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3.3.2 Reactor  Vessel System. Via the canal sate (Subsection III-A,

Reactor Vessel System).

3.3.3 Drain and Cleanup System. By way of scrum drains,

floor drains and wall inlet-outlet fittings operable with special tools

(Subsection X A, Radioactive Waste System). The canal vacuum system

for removal of debris and dirt from the bottom of the canal provides

a necessary internal cleanup method (Subsection IX B, Reactor and

Canal Cleanup System). A filter removes and retains potentially-

radioactive particles with minimal exposure to the operator.

3.3.4 Ventilating System. Interfaces with experiment and

fuel handling via the floating hood designed to catch and exhaust

gas bubbles in either the canal or reactor tank(Subsection IX-J,

Heating, Ventilating and Waste Gas System).

3.4 Crane. Two cranes, mounted on a single bridge and trolley,

are available for handling the inpile tube, fuel elements, shipping

casks and other heavy components. Crane ratings are 15 tons and 5 tons.

The 15-ton crane has dual lifting and lowering speeds of 15 and 3 feet

per minute. The 5-ton crane has lifting and lowering speeds of 25 and

6 feet per minute with "inching" possible by momentary operation of

controls. A load cell (dynamometer) with preset alarm or power cutoff

will be used between the crane hook and the lifting tool to prevent

excessive forces which could cause structural damage to the reactor or

experiment components being lifted.

Calculations show that the 15-ton capacity of the larger crane

is adequate to handle casks with cavities large enough to contain

the largest radioactive components of the reactor or the experiment

program and with adequate 'shielding to ensure conformance of the

shipments to present and proposed AEC and DPT regulatory requirements.

4. Operating Policies and Procedures 

Operating procedures are provided for complex or potentially

hazardous operations. These procedures incorporate applicable parts

of the AEC Manual Chapters 0524, 0530, 0529, 0550, 6301, and 8401

for material handling, inventory and shipping requirements.

9K-11



They also incorporate the fundamentals of safety and effective operation

drawn from Idaho Nuclear Policies and Procedures (INPP's) and

PBF Standard Practices.

4.1 'Fuel

4.1.1 Unloading and Storing New (Unirradiated) Fuel. Fuel

rods arrive from the supplier in geometrically safe shipping containers.

While in these containers, fuel May be stored in any convenient place

in the building.

4.1.2 Assembling and Storing New Fuel. Fuel rods are to be

removed from only one shipping container at a time and loaded at that

time into a fuel canister. When the canister assembly is filled, it is

to be placed in one of the cadmium-lined storage racks. No more than

two filled fuel canisters may be out of the safe storage rack or core

in the reactor building at one time.

• Any fuel rods remaining loose at the end of a work shift must

be placed back into a shipping container, or handled under the. rules

applying to "isolate" temporary. or overnight storage. Fuel left out of

approved storage facilities overnight must be kept in an area which

conforms with NRTS security regulations.

4.1.3 Core Loading and Unloading. The information provided

in this section treats the physical considerations involved in the •

handling of the fuel. The numerical analysis of potential loading or

handling accidents' is given in Subsections XIII B and XIII C. In summary,

the fuel is stored in the specially constructed, reactivity-poisoned

fuel racks described in Paragraph 3.2.3 of this section. A neutron-

sensitive chamber,with audible monitor, will be located adjacent to

the racks at all times. Similarly, calcUlations of the operational

configuration of the fully loaded core shows that the reactor will 'be

at least 8.7$subcritiCal in the shutdown configuration with. the inpile

tube installed (7.6$ with the inpile tube removed).

9K-12
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Since both areas where arrays of.fuil will be stored (ie, the core

and the storage. rack) provide for reactivity control which assures a

subcritical array during all fuel handling operations, the remaining

question concerns the transfer of fuel between the core and the

storage racks. The administrative procedures for fuel handling prohibit

the handling of more than one fuel assembly within the vessel-canal

complex at one time. Calculations indicate that it is impossible

for a single assembly to be critical by itself during handling and

that the approach of an assembly to the reactor core or the storage

rack still results in a system reactivity which is subcritical

in the worst configuration.

All fuel transfer operations will be monitored by the reactor

operations staff and health physics personnel. Radiation considerations

and health physics surveillance requirements are detailed in Subsection

X-B.

4.1.4 'Fuel Reassembly and Storage (Radioactive Material).

When irradiated fuel requires individual rod inspection or changeout,

procedures specify the method of handling the canister in the turnover

fixture. Incorporated in these procedures are safety considerations

of personnel radiation exposure, facility contamination control and

minimal risk of physical damage to the fuel being handled. Criticality

safety of stored irradiated fuel will be assured by the use of storage

racks with criticality-safe design. . Personnel will be protected from

radiation exposure to the stored units by the canal water. Facility

contamination control will be effected by the use of an exhaust

hood to dispose of gases escaping from fuel with cladding faults and

prompt "canning" of failed fuel will contain soluble and particulate

material until it can be shipped to the Idaho Chemical Processing

Plant for reprocessing. Storage will also conform to the policies

and procedures of Idaho Nuclear.

9K-13
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4.1.5 Loading and Shippine,  Fuel cask loadings and

shipping is controlled as outlined in Idaho Nuclear standard practices.

4.2 Control Rods. PBF control rods are given special handling

consideration for two reasons: they affect criticality by their

movement, and they are vulnerable to damage because of their configura-

tion, construction and handling requirements. Administrative limitations

are imposed on their movement and positions in the core when fuel is in

place. Handling procedures outlined in Idaho Nuclear standard practices

detail the requirements for removal, transfer and reinsertion.

4.3 Experiments. Experimental materials will be received,

temporarily stored, loaded, irradiated, and shipped under stringent

handling procedures described in the INPPs and Standard Practices.

4.3.1 Unloading and Storing. Experimental assemblies containing

fuel are received and handled under policies and procedures outlined in

Idaho Nuclear Corporatton'INPft and PBF Operational Standard Practices

Which will• minimize personnel exposure and preclude accidental •

criticality.• Radioactive materials will.be stored in such a manner•

that exposure; potential contamination. and damage are minimized..

•Short term storage of small amounts of unirradiated fuel in the

reactor building•will be controlled by INC administrative procedures.

TABLE 9K-I

STORAGE LIMITS FOR "ISOLATED" AREAS

Isotope Enrichment(a) (2) Mass Limit* (gms)

U-235 5 1200 •

U-235 10 860

U-235 30 640

U-235 93 550.

U-233 All 390

P-239 300

(a) For a combination of materials or enrichments, only one limit shall
apply, and that shall be the lowest limit for the combination being
stored.

9K-14
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4.3.2 Loading of Inpile Tube or In-Core Components.

Experiment loading and related handling are governed by the INPP's

and Standard Practices.

4.3.3 Inserting or Removing_Inpile Tube from Reactor Core.

Standard Practices and PBF detailed operating procedures govern the

handling of this loaded unit. Where radiation is a significant

factor, handling guidance and exposure criteria are given in

Subsection X B. In all cases, handling procedures will provide

instructions for avoiding damage to components and minimizing

exposure to personnel.

4.3.4 Disassembling Inpile Tube and Removing Experimental 

Material. Opening the IPT and removal of a potentially ruptured fuel

rod assembly presents the possibility of facility contamination from

residue particulate matter, soluble fission products and radioactive

gas. Special handling tools and procedures are used to contain

and dispose of these contaminants to prevent their uncontrolled

spread. The IPT is vented prior to removing the head. Gaseous

effluent is vented to the building exhaust system through a floating

hood. soluble fission products are removed from the experimental loos

by the demineralizer or flushed to the hot drain system, and particulate

matter is collected in an underwater vacuum cleaner. The vacuum

cleaner design precludes inadvertent criticality from retrieved

particles.

4.3.5 Irradiated Experiment Storing and Shipping. Irradiated

experiment material will be handled in accordance with standard practices

coupled with approved special procedures.

5. Testing and Maintenance Requirements 

The experiment and fuel handling system is not mechanically complex

and a high degree of reliability will be maintained by periodic

testing, inspection, and maintenance of its operating parts.



5.1 Canal. Canal deteriorntion may tnke the form of pitting or

cracking of the liner, loosening of the liner from the concrete stroetorv,

spalling of the surface coating or a combination of these conditions.

Observation of the liner during routine work will reveal spalling,

pitting or loosening of the liner. Pitting, cracking or anv other

mechanism which breaches the liner material will introduce canal

water into the space between the liner and the concrete. Such

leaks will appear as water coming from the tell-tale drain under the

liner, which is provided to carry off any such Yeakage. Anv deterioration

that developes will be repaired by whatever means are appropriate to the

conditions.

5.2 Canal Gate. Gate failure could occur in its welded construc-

tion or its inflatable rubber seal. Air bubbles and/or unacceptable

leakage will reveal seal failure. Periodic inspection of the gate

structure will assure its physical integrity.

5.3 Fuel Storage Rack. Periodic inspection of the fuel rack will

avoid unacceptable corrosion or other physical deterioration;

5.4 Tools.. Failure of tools could result in damage varying

from insignificant to serious in either the canal or reactor. The

tools have been designed for safe and efficient handling and.will be

maintained in full working condition by a continual inspection and

correction of observed deficiencies.

6. Evaluation '

The experiment and fuel handling system components have been

designed with complete consideration of utility and safety; however,

failures could cause damage or hazard from trivial to serious..

Periodic preventative maintenance and/or inspection reduced the

likelihood of failures to acceptable risk levels.

6.1 Manipulative Failures 

6.1.1 Radioactive Source Too High. It is possible to raise

a radioactive fuel element or experimental material from.the canal or

reactor tank until excessive radiation exposure will result. Whenever

O

9K-16



0

0

such a source must be lifted bya poWeiea'device, such as the building

crane, slings or tools will be employed in the lifting train, between

the lifting device and the radioactive source, and will. be of such length thatthe

source cannot be raised high enough in the water to expose personnel

to excessive radiation levels. In addition, operator training, and

strict administrative controls will be employed to reduce the likelihood

of this type of accident.

6.1.2 Radioactive Leakage from IPT during Handling. If an

irradiated experiment ruptures within the IPT, the internal water will

become highly contaminated. Failure to flush properly, failure to correctly

disconnect, a failure of the disconnect seals, or failure to follow

the unloading procedure could result in release of gas and particulate

contamination into the air, canal or reactor tank. This is normally

prevented by good operator training, detailed operating procedures,

reliable components and adequate supervision. Continuous health

physics surveillance, the constant air monitors, the floating canal

hood (for catching gas bubbles), and the cleanup capabilities of the

reactor and canal cleanup system reduce the hazards of such an accident.

6.2 Mechanical Failures 

6.2.1 Crane Control Failure. There are three potential

crane failures: the controls could cease to function; the controls

could short causing an uncontrolled raising or lowering; and a power

outage could occur during a lift. Methods of handling these

failures are discussed below.

6.2.1.1 Controls Cease to Function. If crane

controls were to fail at the moment a radioactive source was

exposed, unacceptable radiation exposures to personnel could result.

This will be prevented by lifting or lowering any radiation source

by the use of a hand-powered device such as a chain-fall or a come-

along whenever possible. When this is not feasible and the crane

must be used for lifting a radioactive source, slings or tools will be

included in the lifting train between the crane hook and the source.

Ch) These will be selected of such length that the crane will reach the

upper limit of its travel before the source is high enough to create

a dangerously high radiation field.



6.2.1.2 Power Failure. An electrical outage which

stopped crane movement while a radioactive source was exposed would

hold in that position until power was restored and the operator again

uses the controls. The crane has automatic brakes which prevent

uncontrolled rundown. The exposure area could be evacuated temporarily

until power is restored.

6.2.2 Tool Failure. If any of the fuel elements, vital

in-core components or the IPT were to be released prematurely by a

break in a supporting component or other failure of a lifting tool,

damage could result. This type of accident will be avoided by (1)

designing all handling tools with a lifting safety factor of 8 times

design load, (2) testing all tools before use with a dummy load of

the same weight and with the same interface connection as the load to

be lifted, (3) inspecting all tools carefully for proper operation

and repair of any defects found prior to use, and (4) training of all

equipment operators in the use of the tools and the crane.

6.2.3 Cask Drop. Improper slinging or lifting tool failure

could drop a cask (loaded or unloaded) into the canal or on the main

floor with potential damage resulting. A drop onto the canal floor could

puncture the liner and crack the support concrete. On the main floor

the cask lid could possibly come off, resulting in radiation and/or

contamination exposure. In view of the training, instructions, tool

and cable maintenance safety requirements and strength of floor

construction, these events are considered extremely unlikely.

Leakage from the heavily reinforced canal floor would not be expected

to exceed what could be blocked with bentonite, or similar material,

until repairs could be effected. A cask dropped onto the fuel storage

grid cannot form a critical mass because of the high poison-to-fuel

ratio. Activity released into canal water under these circumstances

would be handled by the canal cleanup system.

6.2.4 Canal Gate Failure. The canal gate could fail by

collapse, skin rupture, or seal failure thus allowing unwanted water

into either the canal or the reactor vessel (depending on direction of failure).

If the canal were drained to the main canal floor when the gate

collapsed, water from the reactor vessel would fill the canal to a depth of

O
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10 feet. The canal would be evacuated Via the entry ladder or with

the help of safety ropes. The core would remain shielded with four

feet of water until repairs could be made. Failure from the canal

into the reactor vessel would not be hazardous, as 10-feet of shielding

water would remain in the canal.
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Communication System 

0

1. Function 

The communication system assists normal plant operation and pro-

vides personnel and plant protective warnings. The communication

system provides:

(a) Interbuilding and intrabuilding voice communications.

(b) An audible method of continuously monitoring neutron count

rate in the reactor core and canal.

(c) A means of transmitting emergency directives to all PBF and

SPERT personnel.

(d)' Commercial telephone service.

(e) A fire alarm system.

(f) An alert-evacuate system.

(g) A REACTOR ON warning system.

2. Design Bases 

The need for communications within each building. between the con-

trol and reactor buildings, and between the two buildings and other NRTS

facilities governs the design requirements for the communication system.

The communication system must be automatically provided with backup

power in'the event of a power failure.

All components of the communication system must function satisfac-

torily within their rated capacity indoors or outdoors, at an elevation

of 4,900 feet above sea level, and in ambient air temperatures of 40 to

110.F indoors and -40 to +100.F outdoors. The communication system is

divided into six subsystems, which are described from a design base

standpoint in the following paragraphs.

2.1 Intercommunication Subsystem. The intercommunication subsystem

must provide voice communications within and between the control building

and reactor building as an aid to facility operation. Because of the

interface with the emergency communication subsystem ("Red Mike" sub-

system) and the neutron count-rate circuitry, reliable operation of this

9L-1



subsystem is essential for personnel safety. To assure at

intercommunications, three channels of communication, each

and all-listen capability, are required. This arrangement

intercommunication coverage of the facility if one or even

are inoperative.or in use. The distance between buildings

least limited

with all-call

provides

two channels

is such that

several intercommunication channels are required during setup of the

facility for operation. Typical communication needs are: communication

between the reactor and control building plant process panels, between

the reactor instrumentation room and operational instrumentation control

console, and between the transient instrumentatior room at the reactor

building and the tape data room at the control building.

In accordance with established. procedures and operating safety

criteria, audible monitoring of count-rate signals from the reactor

core and storage canal. is required.

2.2 Eierikency Communication Subsystem: Because of the proximity

of the PBF to the SPERT facility, the PBF emergency communication sub-

system is an extension of the existing SPERT Red Mike emergency

communication system. This subsystem utilizes theAntercommunication

amplifiers and speakers and additional amplifiers and speakers for

coverage at the control center. This provides

areas of the facility are covered by emergency

speakers. To obtain redundancy, more than one

vided at the control building, and the speakers

power amplifiers so that if one power amplifier

speakers provide coverage for those areas.

coverage so that all

communication system .

power amplifier is pro-

are connected to the •

fails, adjoining area

2.3 Telephone Subsystem. Six telephone lines are required at the

PBF control building to handle anticipated telephone communication

traffic. This requirement has been determined from past experience

with similar personnel/area conditions.

. 2.4 Fire Alarm Subsystem. Fire alarm equipment is required at the

PBF to detect and report the presence of fire. The fire alarm system

must meet the requirements of.the 1.110.Manual, Appendix 0500-1, Report

No. IDO-12028, Sections 2.09 and 9.04
w i

• , •

•

•
••••••••

•
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The subsystem must operate as a general alarm system for the faci-

lity affected, where all sounding devices follow the coded signal from

any transmitter. A self-supervisory feature is required to inform

personnel of malfunctions in the system and to condition the equipment

to operate around the malfunctions.

2.5 Evacuation Siren Subsystem. The evacuation siren subsystem

must alert personnel of conditions requiring immediate evacuation of

the area. The evacuation siren subsystem must meet the requirements of

the IDO Manual, Appendix 0500-1, Report No. IDO-12028, Section 2.09

and 9.04, and of USAS-N 2.3, USA Standard, Immediate Evacuate Signal

for Use in Industrial Installations where Radiation Exposure may Occur.

2.6 REACTOR ON Warning Subsystem. This subsystem must alert

personnel in and around the reactor building to impending or actual

operation of the reactor, and for routine evacuation of the area prior

to operation. Building evacuation during reactor operation is required

because of the minimum shielding design of the reactor area.

3. Description

Each of the six communication subsystems is designed to satisfy a

specific requirement: intercommunication, emergency communication,

telephone, fire alarm, evacuation alarm siren, and REACTOR ON warning.

The subsystems are shown diagrammatically in Figures 9L-1 through 9L-6.

Each subsystem is described briefly in the following paragraphs.

3.1 Intercommunication Subsystem. The intercommunication subsystem

(see Figure 9L-10 for schematic diagram) consists of 22 interconnected

microphone and loudspeaker stations, 17 in the reactor building and five

in the control building. Of the 17 stations in the reactor building,

nine are located on th© main floor, five in the first basement, and three

in the second basement. Locations that require directives, but have no

significant need for a microphone, are provided with an extension speaker

from another station. (See Figures 9L-3, 9L-4, and 9L-5 for locations of

stations and extension speakers.) Of the five stations in the control

building, three are in the control room, one is in the transient instru-

mentation room, and one is in the SPERT data room. (See Figure 9L-1

for locations.)
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Provisions fot using headsets in lieu of the normal microphone-

speaker combinations are provided at each intercommunication station.

This feature allows better use of the intercommunication system during

high noise conditions in the building and when lengthy conversations

are lfequired for setup of the plant prior to operation.

The intercommunication subsystem is designed so that three separate

conversations can be carried on simultaneously between any number of the

overall facility stations. These conversations can be carried on

between stations within the buildings or between the two buildings.

Switches at each of the stations connect that station to the desired

channel. An all-call channel permits calling all stations simultaneously

from any one of the stations and overrides all other channels. An

all-listen channel allows audible monitoring of all reactor building

stations from the reactor control console. This channel can be used

for remote audio surveillance of the reactor building during reactor

operation and when the building is unattended.

All amplifiers and mixer-amplifiers for the intercommunication

subsystem are housed in a central location in their respective buildings.

The locations of the intercommunication stations and their interconnec-

tions with the power amplifiers ensure that all levels of the reactor •

building have adequate coverage if one (or even two) of the power

amplifiers fails.

An audible count-rate is provided to 'personnel in both the reactor

area and the control; room to provide an audible indication of the

current status of the reactivity of the reactor core and the storage

canal. Core monitoring is provided by the nuclear monitoring system

(NMS) discussed in Subsection VII-D. The canal is monitored by a con-

ventional neutron pulse counting system. The neutron pulses from both

systems are amplified and fed into discriminator circuits. The output

of the discriminators is fed into a pulse summing amplifier, and then

into a frequency-division circuit. Divisors of 1, 10, 100, or 1000 may

be selected by the operator. The output of the frequency-division circuit

is conditioned and then fed into the all-call channel of the inter-

communication. system.
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Emergency power to the audible countrate system is supplied from

a battery operated inverter system capable of supplying power for a

minimum of four hours. (See Subsection VIII, Figure 8-7.)

An extension of the SPERT Red Mike emergency communication system

to the PBF is made by inserting an input from this system into the PBF

intercommunication subsystem all-call channel. (Refer to Paragraph 3.2

and Figure 9L-10.)

3.2 Emergency Communication Subsystem. The emergency communication

subsystem is an extension of the existing SPERT Red Mike emergency

communication system. (The name Red Mike is from the color of the

microphones used in the system.) This subsystem consists of an addi-

tional Red Mike microphone. three amplifiers, 18 speakers, and an

interface with the PBF intercommunication subsystem. (See Figures

9L-1 and 9L-11 for equipment locations and system schematics, and Figure

9L-10 for the interface with the intercommunication subsystem.) The

Red Mike system provides an instantaneous means for contacting all

personnel in the area if an emergency arises or if it is otherwise

deemed necessary.

The additional microphone is located in the control room of the

PBF control building. This microphone is connected to existing SPERT

circuitry which, in turn, is connected to the PBF Red Mike system. Thus,

emergency communiques or messages originating at any PBF or SPERT Red

Mike station will be broadcast throughout the control buildings and

reactor buildings of both the PBF and SPERT areas. This subsystem is

associated with the PBF engineered safety system. Additional information

on this system can be found in Subsection VI-D.

3.3 Telephone Subsystem. A call-director handles incoming
calls on all telephone lines in the control building, and a dial

intercommunication call system directs the calls. The reactor
building has a single telephone line. Desk- or wall-type telephones
are used, as dictated by the area service requirements. Telephones
are located throughout the control building. The telephone subsystem
is an extension of the NRTS commercial telephone system. (See
Figures 9L-2 and 9L-3.)
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3.4 Fire Alarm Subsystem. The fire alarm subsystem is an extension
of the present SPERT and NRTS fire alarm system and is compatible with

American District Telegraph Company (ADT) equipment.

The subsystem is installed at both the reactor building and control

building. There are three manual reporting stations and one automatic

station at the reactor area. (See Figures 9L-2, 9L-3, 9L-4, and 9L-5

for locations.) The reporting stations are connected into equipment

installed at the reactor building for coding of local alarms and trans-

mission via telephone cables to the NRTS central facilities fire station.

The fire alarm station at the control building is interconnected with

the fire alarm equipment at the SPERT gate house. (See Figure 9L-6

for an interconnection diagram and Figure 9L-12 for system schematics.)

A Pyr-A-Larm fire detection system, installed in both the reactor
- .• • •

and emergency generator buildings, provides automatic detection of

combustion products (smoke), flame. and heat (fixed maximum temperature

and rate of rise) depending upon the style of detector provided in the

various areas. The system is connected to the ADT system to provide

automatic actuation of the ADT alarms in the event a detector is actuated.

Control cabinets for the Pyr-A-Larm system are wall mounted just

inside the reactor building south personnel door. Indication is pro-

vided at that point of system alarm or trouble, and zone indication is

provided to identify the alarming area.

Connection is also made to the ADT system to identify system trouble
in the Pyr-A-Larm equipment.

Power for both the ADT and Pyr-A-Larm systems is obtained from the

emergency power distribution panel 620-E-7, which has generator backup

in the event commercial power to the system is lost.
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-The fire alarm system transmits a‘five-roundi coded:alarm signal to

local- gangs and to the central fire statiohkwilep actuated, and has a

self-supervisory feature that transmits -  one-round alarm if the system

malfunctions. Coded signal information transmitted to the NRTS central

fire station is recorded by existing equipment and sounds audible devices

at the fire station that indicate the approximate location of the fire.

A signal giving the area is telemetered to the AEC Warning Communications

Center in Idaho Falls.

3.5 Evacuation Alarm Siren Subsystem. The PBF evacuation alarm

siren subsystem is compatible with and connected into the NRTS system

and uses existing equipment originally supplied for use at the deactivated

SPERT I facility. It is integrated into the present SPERT evacuation

system; an additional magnetic contactor at the reactor building handles

the siren load. The PBF sirens are actuated by a telephone-type switch

installed in a weatherproof enclosure at the reactor building. Two

additional switches are required at the control building for PBF LOCAL

EVACUATION and SPERT GENERAL SITE EVACUATION. One PBF LOCAL EVACUATION

switch is required in the SPERT gate house. The existing SPERT I switch

is used for this purpose.

In addition to the manual switches, automatic evacuation alarms

arc actuated by a radiation detection system. Three radiation detectors

sense radiation from the control building, and if two out of the three

detect abnormal radiation levels, the evacuation alarms are automatically

actuated. These alarms are both the sirens and the intercom oscillator

signal. Each of the three channels is separate and independent with

its own battery powered power supply backing up the emergency distri-

bution panel 620-E-7 power.

The evacuation alarm subsystem interfaces with the SPERT evacua-

tion siren system and has an ADT-type, self-supervisory circuit that in

interfaces with the fire alarm system to alert the central fire station

and maintenance personnel of malfunctions in the system or of system

actuation. (See Figures 9L-7 and 9L-13 for system schematic diagrams.)

3.6 REACTOR ON Warning Subsystem. The REACTOR ON warning sub-

system consists of four horns, three revolving amber lights, and 11
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revolving red lights located throughout the reactor building and sur-

rounding area, and is used to alert personnel of Impending or actual

reactor operation. (See Figures 9L-4 9L-5, and 9L-6 for locations.)

The subsystem interfaces with the reactor control system so that any

time a control rod is withdrawn from its seat position the warning system

operates the red lights and horns. (Refer to Subsection VII-C4

A time delay in the horn circuit silences the horns after 15 seconds of

operation. The horn circuit is manually operated from the control con-

sole for routine evacuation of the area prior to reactor operation.
The three amber lights indicate when the control rod drive system is
in the drydock position and power is applied to the drive system.
(See Figures 9L-8 and 9L-9 for system schematics.) The horns do not
sound automatically when the control bridge is in the drydock position.

3.7 Communication System Power Interface Relationship. At the
reactor building, the drydock warning lights obtain power from the
120/208-volt ac commercial motor control center (620-E-6), and the
communication system (except for the telephone subsystem) receives
power from the 120/208-volt ac emergency distribution panel (620-E-7).

The emergency distribution panel obtains power from three separate
sources. If the normal commercial power source to the emergency distribu-
tion panel fails, power automatically transfers to one of two emergency
generators. The generator selected is determined by the mode of facility
operation. If the reactor is in operation, transfer is to the plant
emergency generator. If the reactor is not in operation, transfer is
to the health physics (HP) emergency generator. (Refer to Section VIII
for transfer times.) If the generators fail, the intercommunication
subsystem, emergency communication subsystem, and fire alarm subsystem
automatically transfer to rechargeable storage batteries. The inter-

•communication subsystem and emergency communication subsystem batteries
can operate the system for 18 hours. This battery capacity ensures
that if commercial power fails at the end of normal operating hours,
4:30 p.m., the system will operate until 10:30 a.m. the following day.
This allows 2-1/2 hours for restoring power after the start of normal
operating hours.
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The control building communication system, except for the tele-

phone subsystem, receives power from commercial sources. (Refer to

Section VIII.) The intercommunication subsystem and emergency communi

cation subsystem have battery backup systems similar to the battery

backup systems at the reactor building. The fire alarm subsystem obtains

backup power from existing fire alarm system equipment at the SPERT

facility.

At the control building; the communication subsystems obtain power

from commercial power panel 619-E-3.

3.8 Subsystem Characteristics. Characteristics of the communica-

tion subsystems are listed in Table 9L-I. 

3.9 Environmental Conditions. The communication system is designed

to operate satisfactorily when subjected to environmental conditions of

40° to 110°F indoors and -40' to +110°F outdoors and 95 percent relative

humidity.

- 3.10 Codes, Standards, and Regulations. The communication system

satisfies all applicable requirements of the National Electrical Code,

NFPA No. 70. In addition, the following codes and'standards are

applicable to the system:

(a) ASA Specification C7.39, "Copper Conductors for Use in Hookup

Wire for Electronic. Equipment".

'•

(c)  ASA Specification C42.65, "Definition of Electrical Terms,

Communications".

(b) ASA Specification C7.4, "Tinned Soft or Annealed Copper Wire

for Electrical Purposes".

(d) ASA Specification C83.1 through C83.23, "Components for

Electronic Equipment".

(e) ASTN Standard D1350, "Construction of Rubber-Insulated Wire

and Cable".

IPCEA Standard S-56-434, "Standard for Polyethylene-Insulated,

Thermoplastic-Jacketed Communication Cables".

0

•
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TABLE 9L7I 
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(8) IPCEA Standard S-61402, "Thermoplastic-Insulated Wire and Cable

for Transmission and Distribution of Electrical Energy".

(h) NFPA .Pamphlet No. 72, "Remote Station Fire Alarm System".

(i) USAS-N2.3 USA Standard, Immediate Evacuation Signal foi Use

in Industrial Installations Where Radiation Exposure May

Occur.

(j) • E-28, Insulated Power Control, Signal, and Thermocouple Cable-

Revision 1 (Sept. 7, 1966). •

(k) E-31, Dry Dock Warning Light (Aug. 1, 1966).

(1) E-33, Evacuation Alarms (Sept. 30, 1965).

(m) E-33, Evacuation Alarms--Revision 2.

(n) E-34, Fire Alarm System (Sept. 30, 1965).

(o) E-35, Intercommunication Systems and Red Hike Emergency

Communications System (Sept. 7, 1966).

(p) E-35, Intercommunication Systems and Red Mike Emergency

Communications System--Revision 4 (July 15, 1966).

(q) E-37, Commercial Telephone System (Sept, 30, 1965).

(r) E-37, Commercial Telephone System--Revision 3 (Aug. 10, 1966).

4. Testing, Reliability, and Maintenance 

The communication system is a collection of electronic components

used primarily as an operational aid and to inform personnel of the

existence of an abnormal or hazardous condition at the facility and

surrounding areas. Protection is provided by fusing electrical circuits

to minimize the possibility of harm to the, equipment.

Maintenance for equipment comprising the communication system is

specified by the equipment manufacturers' technical manuals or litera-

ture. Preventive maintenance will be performed on the fire alarm sub-

system and the evacuation alarm subsystem by the NRTS radio shop

personnel. Telephone subsystem maintenance will be performed by the

local, telephone company. Maintenance for the remaining subsystems . will

NOTE: Items j through r are Ebasco specifications.

.co
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be performed by PBF operating personnel. Maintenance manuals for the

remaining subsystems are prepared by PBF operating personnel.

5. Evaluation

The communication system does not control nuclear operation of the

reactor; therefore, its failure would not materially affect the severity

of any nuclear accident, nor does equipment failure itself constitute a

personnel hazard. Because of the many different functions performed by

the communication system, however, a malfunction in different areas of

the system can cause a false sense of security. Therefore, other systems

provide a cross check of system operation. If a malfunction occurs in

the portion of the intercommunication subsystem that monitors neutron

count rate in the reactor core, for instance, the radiation monitoring

system (refer to Subsection X-A) serves as a cross check. If the evacuation

subystem fails, backup personnel evacuation warning is provided by the

Red Mike emergency communication subsystem.
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SECTION X. RADIOACTIVE WASTES AND RADIATION PROTECTION

The PBF plant was designed and built to AEC standards relative to

control of radioactive materials. These standards are referenced throughout

this section. Recent revisions in these standards emphasize minimizing

all release of radioactive materials to the biosphere. Implementing

procedures relating to the operation of the systems described in this

section are being reviewed in an effort to further limit releases from

PBF. Other systems related to control of radioactive materials (eg,

building liner, HO systems, fuel handling, etc) are described in Sections

V and IX of this report.

A. Radioactive Waste System

1. Function 

The radioactive waste system, which comprises a liquid waste

system and a waste gas system, collects, transfers, stores, and

provides for disposal of radioactive and corrosive wastes from the

PBF. The waste gas system is described in Subsection IX J.

Heating, Ventilating, and Waste Gas System. The liquid waste system

is discussed in this section. Because of the various levels of

radioactivity encountered in the PBF, the liquid waste system is

designed to:

a. Separate the various levels of radioactive fluids to prevent

personnel exposure hazards.

b. Contain waste so that the off-site dose resulting from

usual plant operation will not exceed the limits specified

in IDO-12044, IDM 0524, and ADM 0510.

c. Retain certain hot wastes for special disposal or to allow

sufficient time for radioactive decay to render the waste

suitable for disposal as warm waste.

2. Design Bases 

The liquid waste system is divided into three major subsystems:

a warm-waste subsystem, hot-waste subsystem, and corrosive-waste sub-

system.

The liquid waste system must accommodate all liquids received

from various waste sources, including the loop-coolant system, cleanup

resin columns, reactor vessel and canal, waste gas stack, knockout



drum, and miscellaneous floor drains throughout the facility. The

liquids may be radioactive, corrosive, or inert; therefore, several

different handling methods must be provided.

2.1 Warm-Waste Subsystem. The warm-waste subsystem must contain

and dispose of all mildly radioactive and noncorrosive wastes generated

in the PBF. The subsystem must include a sump to collect radioactive

and nonradioactive wastes and a pumping system to effectively and reliably

discharge the waste,to a warm-waste well.

2.1.1 "Warm-Waste Sump. Sump capacity must be based on the

discharge rate of facilities that operate simultaneously during normal

plant operation, the acceptable draining time for the reactor vessel

and canal, the operating characteristics of system pumps, and physical

space limitations. The estimated drainage to the sump from simultaneously

operated facilities is listed in Table 10A-I.

TABLE 10A-I 

NORMAL DRAINAGE TO WARN-WASTE SUMP

Source Capacity 

Aggregate pump seal gland leakage 2 gpm

Scum drains.

(Reactor vessel) 15 gpm•

(Canal)  15 gpm

Drainage to the system from the vessel and canal was arbitrarily fixed

.by orificing at 50 gpm each, resulting in drainage times of 22 and 15

hours, respectively. Because the vessel and canal will not be drained

simultaneously, and neither will be drained during PBF operation,

the maximum flow rate to the sump is assumed to be 50 gpm.

A pumping system able to discharge at a minimum rate of•50 gpm

would effectively handle the maximum estimated inflow of waste.

However, to provide a margin of safety in the event of pump failure,

and because it is undesirable to start the pumps more than five times

per hour,'a substantial sump capacity is required. At a flow rate of

3,000 gallons per hour, and assuming the pumps are started when the

sump is half full, a sump capacity larger than 1,200 gallons would

prevent the pumps from starting more than five times per hour and

would provide a half-hour safety factor if the pumps failed.

10A-.2
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Because decontamination fluids (acids) may be present in the

sump for short periodi of time, the Bump must be of an acid-resistant

material.

2.1.2 Pumping Equipment. The pumping equipment must be able
to discharge the maximum estimated inflow of waste (50 gpm) and must
be compatible with the mildly radioactive and corrosive environment.
If the pumping equipment fails, flooding of the second basement is
likely. Therefore, the pumping' equipment must be highly reliable.

2.1.3 Instrumentation. Appropriate control and sensing

instrumentation is required to automatically start the pumps when the
sump level reaches a preset point and to monitor the effluent to ensure
that excessively radioactive materials are not discharged to the warm-
waste disposal well. Refer to Subsection VII-E., Nonnuclear Process

Instrumentation.

2.2 Hot-Waste Subsystem

2.2.1 Hot-Waste Tank. The hot-waste tank must handle
highly radioactive and corrosive wastes from the reactor primary
systems (eg, reactor coolant system, loop coolant system, decontamina-
tion solutions). Shielding is provided as described in Subsection
X-B., Primary and Secondary Shielding. As discussed in Subsection
XIII-L, nuclear criticality in the liquid waste system is
considered incredible.

The volume of the experimental loop, including pressurizer, that
can be directed to the hot-waste tank is approximately 500 gallons.
Some additional capacity is required to accommodate drainage of hot
liquid waste stored in other sources. This additional capacity is
less than 500 gallons under normal operating conditions. Thus, the
capacity of the hot-waste tank must be approximately 1,000 gallons.
To allow loop contents to be drained to the hot-waste tank, the
tank should be located as low as possible so that the system can
be operated using gravity flow. Available space and economics are
factors limiting the maximum capacity of the hot-waste tank.



Since the hot-waste subsystem is at atmospheric pressure and

the use of highly corrosive decontamination fluids is kept to a

minimum. Type 304 stainless steel is satisfactory for the low

pressure portions of the system.

2.2.2 Hot-Waste Tank Pump. A pump capable of emptying the

hot-waste tank in about 40 minutes is required. The pump, pump motor,

and accessories must be designed for remote, unattended, continuous

operation. When the tank contents reach a predetermined level, an

alarm must alert an operator, who will then turn on the pump.

2.2.3 Hot-Waste Shielded Tank Truck. A hot-waste shielded

tank truck is required to haul highly radioactive waste away from the

PBF.

2.2.4 Hot-Waste Valves and Piping. The temperature and

radiation in the hot-waste subsystem valves and piping arc likely to

be high, and waste from the demineralizers is corrosive. For these

reasons, all valves and piping are constructed of Type 304

stainless steel.

2.2.5 Hot-Waste Sampling. The liquid waste drained to the

hot-waste tank or discharged to the wart►-waste disposal well must be

sampled and monitored for radioactivity to keep the radioactive

concentration loads within the boundaries of the limits set forth in

IDM 0510.

2.3 Corrosive-Waste Subsystem 

2.3.1 Corrosive-Waste Disposal. During regeneration of

the loop coolant system demineralizer, flow from the demineralizers

to the disposal well is 50 gpm maximum. The maximum time for this

operation is 4 hours. Since only one demineralizer is regenerated

at any one time, a corrosive-waste disposal well with design capacity

of 300 gpm would accommodate a continuous flow of 50 gpm from the

demineralizers plus 250 gpm from the sulfonator system (Subsection IX-

C).

10A-4
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2.3.2 Corrosive-Waste Valves and Piping. The wastes from

the demineralizers are corrosive; therefore, Type 304 stainless steel,

or equivalent has been used in the construction of all valves and piping

required to handle these wastes.

3. Description

3.1 General. The radioactive waste system includes a gaseous

waste system and a liquid waste system. Although a solid waste system

is usually included, all solid radioactive wastes from this facility

are mixed with the liquid waste and transferred as a slurry. Liquid

waste is separated from the solid waste in the slurry and each is disposed

of separately. The gaseous waste system is described in detail in

Subsection IX-J. This subsection describes the liquid waste system

only.

The liquid waste system interfaces with the following systems:

(a) The water supply system,

(b) The reactor and canal cleanup system,

(c) The secondary coolant system,

(d) The vents, drains, and pressure suppression system,

(e) The experimental loop coolant system,

(f) The radiation monitoring system,

(g) The systems in which the equipment that drains to the

various equipment drains is located,

(h) Power distribution system, which supplies power to pump motor, and

(i) Primary and secondary shielding.

3.2 Warm-Waste Subsystem. The warm-waste subsystem handles

low-level radioactive waste and nonradioactive effluent from the floor

and equipment drains throughout the reactor building. The subsystem

consists of a sump, sump pumps, subpile room sump, eductor, disposal

well, associated valves and piping, and instruments, controls, alarms,

and protective devices.

10A-5
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Most of the waste liquids are only slightly contaminated with

radioactive material. These liquids are collected and directed to

the warm-waste sump from equipment drains located on the main floor,

first and second basements, and in the subpile room sump. When the

warm-waste sump level reaches a preset point, the warm-waste sump

pump starts automatically and pumps the liquid waste to the disposal

well. Provisions are made to sample and monitor the liquids entering

the disposal well. A radiation monitor located near the piping from

the warm-waste sump to the disposal well monitors the radioactivity

level of the liquid waste. The radiation monitor provides a signal

that closes the valve to the disposal well if the level of radioactivity

is above a predetermined point, automatically stopping the flow of

liquids from the warm waste sump. Liquid waste that is radioactive

enough to stop flow from the warm waste sump is transferred under

manual control by the warm waste sump pump to the hot-waste tank for

storage or transfer to the shielded tank truck for disposal.

3.2.1 Warm-Waste Sump. The warm-waste sump is a concrete

pit, located at the lowest point in the reactor building (hot- and

warm-waste room in the second basement) so that liquids will flow to

it by gravity. The sump capacity is 1,500 gallons. The sump is 10-feet

long, 4-3/4-feet wide, and 6-feet deep at the deepest point and is

lined with an acid-resistant coating consisting of one coat of

Americoat 064 primar and three coats of Americoat 066 finish. An 8-

inch perforated-pipe strainer removes particles that might clog

the sump pumps (ie, particles with diameters larger than 3/16-

inch) and reduces the accumulation of particles in the sump. Any

excess gases in the sump are vented through a duct in the top of

the sump to the waste gas system (Subsection IX-J).

3.2.2 Warm-Waste Sump Pumps. The warm-waste sump pumping

system consists of two 50-gpm vertical centrifugal pumps that can be

operated individually or in parallel. If the pump system fails,

flooding of the second basement could result; however, the use of

two pumps in parallel instead of a single pump decreases the possibility

of failure of the pumping system.
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A liquid level switch in the warm-waste sump automatically starts

the pumps, individually at two different levels, when the present

liquid level is reached. A backup atamatic starting system comprising

a differential pressure transducer and pressure switch reduces the

possibility that the warm-waste pumps will not start. The

warm-waste pump motor controls are located in the first basement to

protect operating personnel from radiation in the hot- and warm-

waste room.

Both pumps are capable of continuous operation either singly or

in parallel from 20 to 140% of pump design capacity without cavitation

when the sump level is minimum (ie, 10 inches). Both pumps also have

a continuously rising head characteristic from 140% of design flow to

shutoff. Pump shutoff head is 87 feet of water. The pumps are

designed, fabricated, and tested according to ASME Power Test Code

for centrifugal pumps, PTC 8.1, and the centrifugal pump section of

the Standards of the Hydraulic Institute.

The drive motors are capable of continuously operating the warm-

waste pumps at any point between their shutoff and 140% of design

capacity without overloading. Each pump motor is capable of five

starts per hour without overheating or other damage to the motor.

3.2.3 Warm-Waste Sampling Equipment. The warm-waste

sampling tank is located in the first basement rather than the warm-

waste room to allow easier access and to protect personnel from

radiation fields in the warm-waste room. The waste sampling

tank is. an open tank, constructed of carbon steel, and has a capacity

of 55 gallons.

The waste sampling tank is designed and constructed in accordance

with the ASME Boiler and Pressure Vessel Code, Section VIII, Unfired

Pressure Vessels.

A portable electric agitator attached to the waste sampling tank

homogenizes the tank contents prior to sampling.
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3.2.4 Subpile-Room Sump. The subpile room sump is a concrete

depression in the subpile room floor that collects any liquids present

in this room. The sump is 2 feet square, 1 foot 3 inches deep, and has

a capacity of approximately 37 gallons. The sump is emptied by an

eductor that discharges to the warm-waste sump.

3.2.5 Warm-Waste Disposal Well. The warm-waste disposal

well is a dry well approximately 83 feet south of the reactor building

main entrance door. The well is approximately 110 feet deep and ends

in a natural sump containing rock, gravel, and sand. The well casing

extends to the bottom of the well and is 10 inches in diameter with

perforations extending between the 72-foot and the 105-foot levels.

The well capacity has been tested to accept a gravity flow of 800 gpm

and is designed to accept 5,000 gpm pumped flow. The disposal well,

due to its shallow depth, has radioactivity dumping tolerances equated

to open leaching beds as outlined in IDM 0510..

3.2.6 Warm-Waste Valves and Piping. Carbon steel, the lowest

rated material commercially available for piping and fittings, is used

in the warm-waste system. The pressures encountered in the subsystem

are low (atmospheric), the temperature is essentially ambient,

radiation levels are not high enough to require special materials,

and only very small amounts of decontamination fluid enter the subsystem.

3.2.7 Warm-Waste Subsystem Instruments, Controls, Alarms, 

and Protective Devices. Instrumentation for the warm-waste sump is

shown schematically in Figure 10A-2. A two-stage level switch starts

one warm-waste sump pump when a preset liquid level in the sump is

reached. The second warm-waste sump pump is started by this same

switch, but at a higher level. The setting of switch HLS-7-4 determines

which pump starts first. The backup system for starting the warm-

waste sump pumps is provided by a pneumatic differential pressure

transmitter that pneumatically closes two pressure switches when a

predetermined liquid level is reached, starting the pumps. The liquid

level in the warm-waste sump is monitored by a liquid level indicator

mounted on the reactor building control panel. Two alarm annunciators,

one mounted in the reactor building process control panel and the other

in the control building process control panel, alarm when the liquid

0

•
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rises to a level high enough to activate the backup starting system

for the warm-waste sump pumps. Warm-waste pump discharge pressure is

indicated by pressure gauges.

Instrumentation for the subpile roam sump is shown schematically

in Figure 10A-3. If the liquid in the subpile room sump rises above

a preset level, a liquid level switch activates alarm annunciators in

the reactor control building process control panel and the control

building process control panel.

Additional information relating to the liquid waste system instru-

mentation is provided in Subsection VII-E., Nonnuclear Process

Instrumentation.

3.3 Hot-Waste Subsystem. The hot-waste subsystem handles highly

radioactive and corrosive wastes from the reactor primary systems.

The subsystem consists of the hot-waste tank, pump, piping, and valves

necessary to collect, store, and discharge highly radioactive or

corrosive wastes, and instruments, controls, alarms, and protective

devices.

Areas where highly contaminated liquids may be produced or

deposited drain directly to the hot-waste tank. The liquids are

either stored until radioactivity levels decay enough to be disposed

of in the warm-waste disposal well or are pumped to a shielded tank

truck to be transferred to the Chemical Processing Plant (CPP) for

Disposal. In most cases, areas draining directly to the hot-waste

tank have alternate flow paths to the warm-waste sump and/or to the

disposal well. The hot-waste tank is flushed after each decontamina-

tion to prevent accumulation of decontamination solution in the bottom

of the tank, thus minimizing corrosion. A filter is provided in the

inlet line to the hot-waste tank to filter out particulate waste

and protect the pump and reduce the accumulation of particulate

matter in the bottom of the tank.

Gaseous waste accumulated in the hot-waste tank is vented to

the waste gas stack (see Subsection IX-1, Heating, Ventilating,

and Waste Gas System). Since flow to the hot-waste tank is manually

10A-12
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established, automatic control of the hot-waste tank pump is not

required. When the tank level reaches a predetermined height, however,

an alarm is actuated to alert the operator.

3.3.1 Hot-Waste Tank. The hot-waste tank is totally enclosed

and has a capacity of 1,000 gallons. The tank is fabricated from Type

304 stainless steel. It is 12 feet end-to-end at the centerline of the

elliptical heads and 4 feet in diameter. The hot-waste inlet to the

tank is an 8-inch, Schedule 40S, perforated pipe with a removable

strainer basket that removes particles large enough to clog the hot-

waste pump (ie, particles 3/8-inch diameter or larger). A 15-inch

pump suction well in the bottom of the hot-waste tank allows the hot-

waste pump to lower the liquid level below that obtainable without the

well. The pump discharge line is a 6-inch, Schedule 40S pipe; the vent

line penetration is a 4-inch, Schedule 40S pipe and the level transmitter

penetration is a 3-inch, Schedule 40S pipe.

The hot-waste tank is designed and fabricated in accordance with

Section VIII of the ASHE Boiler and Pressure Vessel Code.

3.3.2 Hot-Waste Tank Pump. The hot-waste pump motor is

located in the first basement to protect personnel from exposure to

radioactivity during maintenance, repair, and operating activities.

The vertical, deepwell, turbine pump takes suction from the closed

system hot-waste tank and normally discharges to a shielded tank

truck located outside the PBF reactor building. The hot-waste

tank is kept at a slight negative pressure (not more than 1 inch of

water) by the ventilation system (refer to Subsection IX-J). Total

flow of the pump can be adjusted from 20 to 120% of the 25-gpm design

flow. The pump, pump motor, and accessories are designed for remote,

unattended, continuous operation. Initial venting and starting are

accomplished with personnel present, but subsequent starting and

shutdown operations are accomplished by remote control. The pump

is capable of lowering the fluid level in the tank to within 16 inches

of the bottom of the tank sump and emptying the tank within 40

minutes.
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3.3.3 Hot-Waste Shielded Tank Truck. The hot-waste shielded

tank truck is used to transport highly radioactive waste away from all

of the nuclear reactor sites at the National Reactor Testing Station.

3.3.4 Hot-Waste Valves. The valves used in the hot-waste

subsystem are constructed of austenitic stainless steel as required

by the high radioactivity in the hot-waste subsystem. The valves are

not affected by the corrosive wastes in the subsystem.

3.3.5 Hot-Waste Piping. Piping is seamless or welded in

accordance with ASA B31.1. Seamless piping is per ASTM A31, Grade

TP 304. Welded piping is per ASTM A358, Grade TP 304, or ASTM A312,

Grade TP 304. Gaskets are fabricated from compressed asbestos. They

are ring type and not graphited, per ASA 816.21.

contents

obtain a

3.3.6 Hot-Waste Sampling Equipment. The hot-waste tank

are homogenized by recirculation with the hot-waste pump to

uniform sample. This sample is used to determine whether

the wastes should be pumped to the warm-waste disposal well or trans-

ported to the CPP for disposal. When sampling from the hot-waste

tank, there

all that is

to the flow

is no continuous discharge flaw from the tank; thus,

required is a uniform sample. Small samples proportional

rate from all flow entering the disposal well are collected

and stored in a 55-gallon drum from which representative, homogeneous

samples are drawn.

3.3.7 Hot-Waste Subsystem Instruments, Controls, Alarms,

and Protective Devices. Additional information on radioactive waste

instrumentation is provided in Subsection VII-E, Nonnuclear Process

Instrumentation.

(1) Radiation Monitoring Instruments. Radiation monitoring

instrumentation consists of a Geiger-Mueller type radiation sensing

device, remote indicator, remote recorder, high-radiation alarms,

solenoid valve, and shutoff valve (see Figure 10A-1). The radiation

sensor monitors the radiation levels of fluids flowing to the disposal

well and provides a control signal to the valves to shut off flow if

radiation levels exceed permissible limits as established in IDM-0524

and -0510. The radiation sensor has a range from 0.1 mR/hr to 100R/hr..

O
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(2) Hot-Waste Tank Instruments. A pneumaticditterential

pressure transmitter causes alarm annunciators mounted in the

reactor control panel and control center control panel to alarm

when a preset liquid level in the hot-waste tank is reached. The

liquid level in the hot-waste tank is monitored on an indicating

gauge mounted in the reactor building process control panel.

Discharge pressure from the hot-waste pump is indicated by a pressure

gauge (refer to Figure 10A-4).

3.4 Corrosive-Waste Subsystem. The corrosive-waste subsystem

consists of corrosive-waste valves and piping and a corrosive-waste

disposal well.

Handling capabilities are provided for liquid corrosive waste

from the demineralizers and the sulfonator. Liquid corrosive waste

is pumped directly from the source to the corrosive-waste disposal

well since facilities for storage of liquid corrosive waste are not

provided.

3.4.1 Corrosive-Waste Disposal Well. The corrosive-

waste disposal well is a dry well located approximately 135 feet south-

east of the reactor building east-west centerline. The casing is

perforated between the 76- and 110-foot levels and has a tested

capacity of 500 gpm with gravity flow.

3.4.2 Corrosive-Waste Valves. The valves used in the

corrosive-waste subsystem are constructed of austenitic stainless steel

for protection from the corrosive-waste material.

3.4.3 Corrosive-Waste Piping,. Hot-waste piping material

specifications apply to corrosive-waste piping (refer to paragraph

3.3.5, Hot-Waste Piping, for this information).

4. Tests and Inspections 

The maintenance performed on the liquid waste system components

requires that special care be taken to protect personnel and the

environment from radioactive exposure and contamination and corrosive

or toxic waste. All maintenance of liquid waste system components

requires health physics surveillance and monitoring.
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Periodic preventive maintenance checks and procedures are conducted

as recommended in the applicable component maintenance manual supplied

by the manufacturer. When preventive maintenance procedures are required

for equipment built locally, the procedures are prepared by PBF maintenance

and operating personnel.

All corrective maintenance and repairs are performed in accordance

with the component manufacturers' instruction manuals, and replacement

parts will be those recommended therein.
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B. Primary and Secondary Shielding 

1. Function 

The radiation shielding system (RSS) protects personnel from

radiation during reactor. operation, handling of radioactive materials,

and maintenance. In addition, the shielding protects sensitive

electronic equipment from high level radiation fields during reactor

operation to prevent spurious radiation-induced response and ensures

that components of other, systems adjacent to the reactor vessel do

not become highly radioactive because of neutron absorption.

2. Design Bases 

Design of the PBF and its component parts considers shielding

required for both the operating reactor and the residual, post-operation

radiation sources. Personnel are prohibited from remaining in the

reactor building and from occupying an exclusion zone encompassing

all areas within 1/2 mile of the reactor building during reactor

operation. A three-strand barbed wire fence has been constructed

around the perimeter of the exclusion zone and radiation warning

signs are posted every 100 yards. Personnel evacuation prior to

reactor operation is achieved in accordance with established operating

practices. Access to the exclusion area during nuclear operation is

prohibited by barricading of the reactor building access road and

excluding all personnel traffic.

The reactor vessel is mounted below grade so that shielding of

the core is provided by a combination of the water in the reactor

vessel, concrete walls, and the intervening earth and separation

distance between the reactor and control buildings. As a comparison,

SPERT IV (with construction similar to PBF) has been operated at

steady-state power levels up to 10 MW with radiation levels at

the SPERT Control Center Area (1/2 mile away) of about 0.3 mR/hr.

2.1 Experiment and Fuel Handling, Cleanup) and Decontamination.

Experiment handling, fuel handling, cleanup, and decontamination

operations require special shielding considerations, operating procedures,
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and surveillance by Health Physics (HP) personnel to control and

limit exposure of personnel to radiation.

2.1.1 Experiment Handling. Experiments will be inserted

and removed with the reactor shut down. Three potential hazards

will be present during experiment handling:

(a) Exposure to direct radiation

(b) Dispersal of radioactive materials (contamination)

(c) Release of fission gases.

Transfer of the inpile tube (IPT) from the reactor vessel to the

canal is the primary operation to be considered. The criterion for

handling is that the total exposure to personnel at the various

working stations during the entire operation must not exceed 60 mR to

any individual in a single day or, with special written approvals,

not to exceed 900 mR in any one day.

The IPT will be removed from the reactor vessel and transferred

to the canal in two distinct operations.

(a) The IPT will first be lifted vertically free of the core

by an overhead crane to a position where the gas jacket

will clear the shrouds. The water depth over the top of .

the experiment in this position will be approximately 55

inches. An operator standing at a working position adjacent

to the reactor vessel would be exposed to dose rates of less

than 130 mR/hr for the most highly radioactive experiment

anticipated in PBF. Further, the estimated time in this

field is < 2 minutes so that total exposure is of the

order of 5 mR or less for this operation. For the vast

majority of experiments, the radiation levels will be. at

least one order of magnitude smaller than this maximum

referent experiment. This dose rate is not excessive and

with HP control, the IPT can be withdrawn to the standby

position without any safety risk.

(b) After it has been determined that no obstruction will hinder

movement of the IPT, the operator will move back from the

immediate. area of the reactor vessel, and the movement
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of the IPT will. subsequently be controlled from a position

adjacent to the south parapet wall of the canal. The length of

the crane control cable is adequate to permit remote operation

of the overhead crane from this position. Clearance is available

so that at least 17 inches of water will always cover the active

poition. of the experiment during this transfer. However,

from the position at the south end of the canal, the crane

operator will always have several feet of water between

himself and the experiment. If the operator at the south end

of the canal were six feet tall, the trunk of his body that

was above the canal parapet would be exposed to a radiation

field of leas than 1.6 mR/hr as a result of direct radiation

from the experiment. There will also be a dose contribution

resulting from scattering from the air and the building

superstructure above the vessel. Since this contribution is

difficult to calculate accurately, measurements of the actual

dose levels in the area will be made during operation with

small'experiments and local shielding will be provided if

required. (It is unlikely that it will be needed.) To preclude

the possibility of the IPT being withdratrn to nositions

nearer the surface of the water than the 17 inches referred

to above, a sized extension cable will be placed between the

lifting hook of. the IPT and the hook of the crane. A limit

switch is provided to prevent lifting the IPT above the

referent poiition, thus assuring adequate water shielding

over the experiment.

2.1.2 Fuel Handlin&. At intervals, it:may be necessary

to remove part or all of the driver-core fuel from the reactor. When

this is necessary, the fuel will be transferred to the canal for

storage. The primary shielding for fuel-handling procedures is provided

by the water in the reactor vessel and in the canal. Handling tools

(refer to Subsection IX-K) are provided to allow positive control of

the fuel assemblies while the assemblies are submerged in water in

depths up to about 15 feet. During fuel transfer from the reactor vessel
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to the canal the fueiassemblten w111 be raised In a manner nImItar
to that de:scribed 1.14 the In this Instance, Ihe minimum Niter
depth above the top of!the fuel will be 6 feet. The assemblies will
be attached to the overhead crane, to complete the transfer. During
this transfer, a sized extension cable will be placed between the
fuel assemblies and the crane to activate the limit switch and assure
that adequate shielding is maintained during, handling (minimum water
depth of 6 feet).

•
After the fuel has been transferred to the canal, it must be

placed in criticality safe storage racks fabricated from neutron-
absorbing materials with cadmium plates between adjacent fuel positions.
When it is necessary to remove fuel from the reactor building for
disposal at another site, shielded shipping casks must be used. Loading
of the fuel into the shipping casks will be performed under water in
the canal.

2.1.3 Cleanup and Decontamination. Radiation levels in
specified areas can be reduced by:

(a) Attenuating the radiation flux by a shield

(b) Removing ,the source of radiation, and/or

(c) Increasing the distance to the radiation source.

Experience has shown that the radioactivity level in the loop coolant
system piping may build up to a level that, in.time, could hamper
maintenance work. Therefore, periodic decontamination will be performed
to remove the radioactive materials that have adhered to the inside of
the pipes (plateout) and internal parts of equipment. With destructive
fuel testing being conducted in the PBF loop, decontamination of the
loop to reduce background radiation in the cubicle may be required
before performing equipment maintenance of modification. Loop piping
is arranged to minimize high and low spots and to.avoid deadlegs
and pockets that could trap particulate matter. Where high and low
portions of the piping could not be avoided, they have been equipped
with either vent or drain lines.

Following a break in the experiment-fuel cladding (fission break), .
the two loop ion exchangers and a loop strainer are used to remove most .
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of the radioactive contaminants. The strainer and ion exchangers must

be locally shielded with lead to reduce 'the shielding requirements of

the cubicle wall and to ensure that high radiation levels do not

hamper personnel activity in the first basement. To meet these

criteria and also to ensure that dose rates inside the cubicle are not

excessive, the local shielding must reduce the dose rates to 200 mR/hr

on the outside wall of the local shield. Shield thicknesses are

based on the source containing the entire loop fission-product inventory

measured 24 hours after the irradiation history given in Appendix A,

Section 2.2. This approach is conservative and presents an upper

limit to the dose rates that can be expected. Only periodic entrance

into the cubicle will be necessary to provide routine maintenance and

placement of the strainer removal cask. The loading and removal of

the cask is accomplished by remote operations. Removal of the radioactive

resin in the loop ion exchangers will be accomplished by remote back-

flushing of the ion exchange columns to a shielding cask for disposal.

(Refer to Subsection IX-E, Loop Cleanup and Decontamination System.)

Resins are to be removed when the dose rates limit occupation of the

cubicle.

Ions and particulate matter must be removed from the reactpr

primary coolant system by means of another cleanup loop. (Refer to

Subsection 1X-B, Reactor and Canal Cleanup System.) This system contains

an ion exchanger that will remove radioactive ions and retain them

until the resin is expended. The radioactive resin is then flushed

from the column into a shielded cask for disposal.

2.2 Assumptions used in Calculating Necessary Shielding. The two

major sources of radiation in the PBF reactor are the core and the

experiment. The decay-gamma source term for the driver core is

computed for the end of useful life to ensure a conservative approach

to the driver-core shielding design. (Refer to Appendix A/X, Paragraph

2.1.) Re-entry into the facility will normally occur one hour after

the reactor has been shut down. Therefore, shielding calculations

asociated with the PBF driver core consider that the maximum gamma-

ray source term has decayed for one hour.



The decay-gamma source terms for a flow loop depend on the size

of the experiment. The experiment used in the calculations was of

the maximum size anticipated for testing in the pressurized-water

loop. This experiment consists of a 45-rod cluster of 3-foot-long

prototype PWR fuel rods. It is postulated that these rods will be

preirradiated to 40,000 MWD/MTU. (Refer to Appendix A, Paragraph 2.2.)

A delay time of 24 hours is expected before any activities associated

with the experimental loop will be undertaken. All shielding calculations

associated with the experiment considered

source term had decayed for 24 hours. If

can be extended and the resin columns can

the maximum gamma-ray

necessary, the delay time

be placed in service to

bring the radiation levels down to workable levels. HP surveillance

is required before re-entry to ensure that the radiation level

in the work areas is within the acceptable limits. Detailed shielding

assumptions and calculations are included in Appendix A/X

3. Descriztion

The RSS includes all radiation-attenuating barriers between a source

of radiation and areas containing one or more sensitive items (personnel,

electronlcs, and equipment sensitive to damage by radiation). Because

most components of the RSS are also components of another system, it

is difficult to define precise physical interfaces between the components

of this system and those of other systems. For example, the pressurized-

water loop piping and its coolant water are components of the loop

co,Jlant system, but they also attenuate radiation sources carried

by the coolant. Although the piping and coolant are also properly

considered components of the RSS, a precise physical interface cannot

be defined to adequately separate the two systems. A functional

interface between the two systems in the above example, however, is

easily defined in terms of fluid contamination versus radiation

attenuation. The specific shielding functions provided by components

in other systems and their associated sources of radiation are summarized

in Table 10B-1. Many radiation-attenuating barriers have shielding

functions only. Examples of these are the local shields placed where

radioactive materials are transferred from the loop piping to disposal

carts and shield casks. The high-density concrete-block walls of the

•
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loop cubicles are also in this category because they do not function

as structural support members.

The physical location of radiation sources and the associated

shielding are indicated in Figures 108-1 through 10B-8. More detailed

information relating to the primary radiation sources is provided in

the sections listed in Table 10B-II.

3.1 Radiation Attenuation. Radiation attenuation is provided by

distance, time, and shielding. Design of the reactor building and the

location of equipment reflect these principles. The building layout

makes use of the shielding properties of the earth and physical

separation to protect personnel from radiation during reactor operation,

operation is remote, from the control building. Further advantage is

taken of the below-grade location of most intense radiation sources

in the reactor building by locating these expected sources in corner

rooms of the basements. Walls and ceilings are of varying composition

and thickness, depending on the location of expected radiation sources

with respect to the expected location of sensitive items.

(:) 
Radiation sources that cannot be located to fully use the building

structure to attenuate radiation are provided with local (sometimes

portable) shielding structures. Usually these are high-density shields
of lead, concrete, or steel.

3.2 Operating Philosophy. PBF operating procedures provide for

remote operation of the reactor and for a nominal shutdown period of
1 hour between nuclear-test operation and reactor building reentry.
All reentries are made under HP surveillance. The nominal 1 hour
waiting period is sufficient to ensure that induced activity in the
coolant-moderator (water) is negligible and that fission-product decay
gammas are the chief source of radiation for which shielding must be

provided. The design criterion for shields in the reactor building
specifies that, in any normal work area, shields must reduce the average
dose rate over an 8 hour working shift to less than 7.5 mR/hr. This
criterion is based on administrative practices used to control personnel
exposure and is within the guidelines of the AEC Manual Chapter 0524.

3.3 System Configuration 

3.3.1 Reactor Building and Equipment Layout. Reactor building
rooms are arranged to minimize the number of shielding walls by locating
the loop cubicles, hot- and warm-waste room, lower loop piping tunnel,



TABLE 10B-I

MAJOR RADIATION SOURCES AND ASSOCIATED SHIELDING

Source

Reactor core, experiment,
and other radioactive
material (in canal)

Reactor core (in vessel)

Contents of loop cleanup and
decontamination system ion
exchangers, loop coolant
system strainer, in vent,

drain, and pressure
suppression system

All radioactive components
of loop cubicle 10

Sample bomb in sampling area
(in first basement)

Contents of reactor and canal
cleanup system resin column

Contents of the loop cool-
ant system piping
(in piping tunnels)

Contents of knockout drum in
vent, drain, and pressure
suppression system

Contents of absolute and
roughing filters in heating,
ventilating, and waste gas
system

Contents of hot-waste tank
and warm-waste sump in
liquid waste system

Pig. No. Shielding Provided 

108-1 Water in canal and concrete
canal wall

10B-2 Water in reactor vessel, steel
walls of vessel, and concrete
support wall

108-6 Individually shielded with lead

108-6 Concrete walls backed by earth
on two sides, two high-density
concrete-block walls, and a
steel door and labyrinth entrance
having same equivalent shielding
thickness as the wall

10B-6 Lead bricks placed on exterior
trays of glove box

10B-8 Earth adjacent to two walls below
ground level, a concrete-block
wall, and the high-density con-
crete wall of the canal pit

10B-7 Water in reactor vessel, lead
between reactor vessel and loop
piping tunnel, concrete within
piping tunnel and cubicle walls,
and lead shadow shield above
and below high-frequency
acoustic filter

108-7 Concrete walls backed by
108-8 earth on two sides and two

concrete walls

10B-8 Concrete wall, concrete-block
wall, and earth and concrete
foundation on two sides

10B-8 Lead plugs to prevent radiation
streaming through hot- and
warm-waste strainer-removal pipes
and a high-density concrete wall

10B-8



TABLE 10B-I  (Continued)

Source 

Reactor core radiation
streaming through poison

rod guide tubes

Radioactive materials during
cleanup and transfer

Fie. No. Shielding Provided 

108-4 Steel plugs inserted in the rod

guide tubes

4•1,11M.• Lead-shielded casks

TAB E 10B-II

SAR SECTION REFERENCES FOR

RADIATION SOURCES IN THE VARIOUS PBF SYSTEMS

Radiation
Source 

Reactor vessel water
Reactor primary coolant
system piping

Canal water
Components of loop cleanup
and decontamination system

Pressurized water loop piping

Loop strainer

Knockout drum

Pressurized water loop
ion exchanger
Cleanup system piping

Reactor vessel

Reactor core
Poison rod guide•tubes

Hot-waste tank

Absolute filter

Reactor building interior
and exterior walls

Experimental fuel and
reactor core fuel

Inpile tube

Low pressure air effluent lines

Applicable PBF
System Subsection

Reactor primary coolant IV-A

'ystem

Reactor and canal
cleanup system

Loop coolant system

IX-B

IV-B

Vent, drain, and pres- IX-D

sure suppression system

Loop cleanup and decon- IX-E

tamination system

Reactor vessel system III-A

Reactor core system III-B

Liquid waste system X-A

Heating, ventilating, IX-J
and waste gas system

Building and structural V
system

Experiment and fuel IX-K
handling system

Inpile tube system III-C

Low pressure air system IV-C
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and waste-Os blower room in the corners of the reactor building, below

ground level, to make the fullest pbssible use of earth as a shield.

(See Figures 10B-7 and 10B-8.) Reactor building equipment is arranged

so that any major component can be installed or removed without removing

adjoining equipment to ensure easy access to equipment for repair and

maintenance. All piping and auxiliary equipment have been placed, insofar

as possible, to keep potential high-radiation sources in the second base-

ment. Areas in which personnel perform normal maintenance are isolated

from portions of the reactor primary coolant system (PCSR) because a

reactor-fuel rupture could spread radioactive contamination throughout

the PCSR.

3.3.2 Reactor Core Shielding. The core shield geometry is

shown in Figures 10B-2 and 10B-3. The building has a two-level substructure

with the lowest floor level 37-1/2 feet below grade. The reactor vessel

is a Type 304 stainless steel right cylinder, 29 feet high, with an inside

diameter of 15 feet and a nominal wall thickness of 1/2 inch. The top of

the vessel extends about 2-1/2 feet above the main floor of the reactor

building.

The core is composed of a 21-inch-thick fuel annulus surrounding

an approximately 8.25-inch-diameter test space. The fuel annulus is

surrounded by a 0.7-inch-thick annulus of stainless steel rods, a 1.0-

inch-thick annulus of aluminum rods, and a 62-inch water reflector

shield.

The depth of water above and below the core is nominally 15 feet

and 10 feet, respectively, which is adequate for shielding purposes.

Radially, a 3-foot, 5-inch access space is provided between the

outside of the reactor vessel and the 2-foot-thick annular reinforced

concrete support wall. The wall and access space provide the final

shield between the reactor and the normal working areas. The support

wall extends from the second basement to the main floor under the

reactor bay. The wall supports the reactor vessel, provides radiation

shielding, and acts as a watertight enclosure around the reactor vessel

from the subpile room to the upper loop piping tunnel.
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Me depth of water above the core and experiment in the reactor

vessel is normally about 15 feet. Fuel or experiment transfer activities

are monitored by HP personnel to prevent personnel exposure to excessive

radiation. Further information on the reactor vessel and the reactor

core is in Subsections 1II-A and III-B, respectively.

3.3.3 Poison Rod Shielding. When the control- and transient-

rod drives are removed, a 15-inch-long stainless steel shield plug can

be inserted in the upper end of each guide tube (Figure 10B-4) to reduce

radiation levels at the working platform.

3.3.4 Subpile Room Shielding. Entry into the watertight

subpile room (Figure 10B-8) requires continuous HP surveillance. Normally,

10 feet of water and the bottom of the reactor vessel shield the room

from the reactor core. This 15-foot 7-inch diameter room also contains

segments of the reactor primary coolant loop piping. The room has a

steel access door that provides shielding equivalent to the subpile

room concrete wall. A 59.5-inch concrete wall between the canal pit

and subpile room also provides shielding

3.3.5 Canal Shielding. The canal, which is approximately

8 feet wide by 16 feet long by 20 feet deep, is located immediately

south of the reactor vessel. (See Figure 108-7.) The canal is connected

to the reactor vessel by a removable gate and is used for experiment

loading and temporary storage of fuel and activated equipment. The

concrete canal walls are 50 inches thick to a height of 84 inches above

the floor of the first basement and taper to a thickness of 18 inches at

the top of the canal. The canal wall above the 84-inch level is sized

on structural considerations only; water in the canal provides all the

shielding needed.

3.3.6 Canal Pit Shielding. The canal pit (Figure 10B-8)

permits transfer of experiments to a lead-shielded cask without excessive

radiation exposure to transfer personnel. Shielding is provided by the

water above the experiment in the canal. The canal pit is 6 feet 6 inches

square and is 17 feet 8 inches deeper than the canal (total depth of

37 feet 8 inches). The east wall of the canal pit faces into back-filled

earth; therefore, the concrete thickness on this side is based on structural

considerations only. the north concrete wall of the canal pit faces into
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the oubpilp room and is 59.5 inches thick. The south wall faces into
the hot- and warm-waste room and is 36 inches thick. The west wall
faces into the second basement process area and is 69 inches thick.

3.3.7 Floor Hatch Shielding. The number of floor hatches
has been kept to the minimum consistent with need for access to equip-
ment and piping. The hatches (Figure 108-5) are located to allow equip-
ment removal. Two hatches are sized to allow the decontamination cart
to be lowered from the main floor to the first basement at a location
accessible to both cubicles. All hatches are stepped to prevent
radiation streaming. The concrete hatch covers over the cubicles and
loop access tunnel are 34 inches thick. The remaining covers are 21
inches thick.

3.3.8 Loop Piping Tunnel Shielding. The upper and lower loop
piping tunnels (Figure 10B-7) shield the loop piping that transports
coolant to and from the inpile experiment. The tunnels are enclosed by
34 inches of concrete. The high frequency acoustic filter (Subsection
TV-B) housed in the upper tunnel will be shadow-shielded by lead slabs
if required to bring radiation levels at the outer surface of the concrete
tunnel down to 7.5 mR/hr averaged over 8 hours. The need for and
appropriate thickness of lead shields will be determined during early
operation with small test samples,and the shields will be fabricated
and installed as required.

The piping in the piping tunnel and pipe corridor is arranged so
pipes are completely accessible for maintenance and leak checking. The
loop piping between the piping tunnel and the reactor vessel is enclosed
in a lead sheath to provide gamma attenuation equivalent to that of the
piping tunnel walls.

3.3.9 Loop Cubicle Shielding. Two loop cubicles, designated
cubicles 10 and 13 (Figure 108-7), house loop equipment. Cubicle 10
houses the pressurized water loop (loop coolant system) and related
equipment. Cubicle 13 is provided for a future loop and will be finished
later as needed in the test program.
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Because operation of the fucliley includes the destructive testing

of fuel specimens, fission products may be carried by the coolant stream

into the loop piping. A steel screen ispprovided near the top of the

IPT to retain particles larger than 300 mils in diameter within the tube.

Smaller particles and dissolved produtts will however move into the

piping. Therefore the loop cubicles and tunnels are provided with

shielding in the form of extra-thick walls, floors, and ceilings to

protect operating personnel in other parts of the building from excessive

radiation.

Loop cubicle 10 is isolated in the northwest corner of the first

basement (Figure 10B-6) and is 17 feet wide by 31.5 feet long by 17 feet

high. A 24-inch-thick, high-density, interlocking concrete block wall

shields the major out-of-pile equipment in the pressurized water loop.

The cubicle has a shielding door large enough to permit installation

and removal of the largest piece of equipment in the cubicle. The

steel door and labyrinth entrance (Figure 10B-7) provide shielding

equivalent to the cubicle wall. The floor, walls, and ceiling of

the cubicle are treated to produce a smooth surface and are painted

to facilitate decontamination in the event of a leak of contaminated

water. The cubicle floor slopes to a floor drain so that no pools of

contaminated water can form on the floor. The floor drain connects

with the liquid waste system described in Subsection X-A.

The loop strainer and ion exchangers in the loop cubicle are

individually shielded with lead to permit maintenance personnel to

enter the cubicles periodically. The loop strainer collects particulate

matter released from the experiment and can be connected to a resin

cask by a quick-disconnect fitting. Demineralizer resins from the

loop cleanup and decontamination system, described in Subsection

IX-E, and from the reactor and canal cleanup system, described in

Subsection IX-B, will probably be too radioactive for routine

disposal. The resins will, therefore, be sluiced into the lead

cask for disposal.

3.3.10 Sample Area Shielding. The loop sample area (Figures

10B-6 and 10B-7), located north of the reactor in the first basement, is

about 15 feet wide by 17 feet long by 8 feet high. The sample bomb
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(described in Subsection IX-E) in the sample area has a capacity of

'AO cc and la used to take loop water samples and to inject chemicals

into the loop coolant system. A glove box is provided to protect

personnel from gaseous and particulate contaminants during sample

taking. The glove box is of single-walled, stainless steel construction

with two glove ports, two rubber gloves, two access doors, and one

viewing window. It has provisions for external lead shielding and is

vented to the waste gas system described in Subsection IX-J.

The sample area is shielded from the loop cubicles by high-density

concrete blocks and from loop piping in the upper and lower piping tunnels

by reinforced concrete.

3.3.11 Hot- and Warm-Waste Room Shielding. The hot- and

warm-waste room, located in the southeast corner of the second basement

(Figure 10B-8), is approximately 13 feet wide by 15-1/2 feet long by

14-1/2 feet high. The ceiling of the room is reinforced concrete.

The southern half of the ceiling is 34 inches thick. The northern

half forms the canal bottom and is 78 inches thick. High-density, inter-

locking concrete block walls shield personnel from radiation sources

in the hot-waste tank, primary coolant system ion exchanger, and warm-

waste sump.basement shielding characteristics.) The labrinth entrance

to this room prevents radiation streaming from reaching the second

basement process area. The piping leading to the hot-waste tank is

shielded by the east concrete support wall in the second basement.

All drains routed to the warm-waste sump can be diverted to the hot-

waste storage tank to prevent the radioactive effluent from being

routed through the second basement process area.

The lead shield plugs for the hot- and warm-waste strainer pipes

are 11.75 inches in diameter and 8.5 inches long. The plugs are

located south of the canal wall in the first basement floor and prevent

radiation from streaming up the pipes from the hot-waste tank and warm-

waste sump. The shield plugs are normally in place In the floor except

when the hot- and warn-waste strainer are being cleaned.

3.3.12 Waste Gas Blower Room Shielding. The waste gas blower

room, located in the northwest corner of the second basement (Figure

10B-8), is about 26 feet long by 12 feet wide by 15 feet high. Six-inch-

10B-14



•

O

thick concrete-block shielding walls and a 34-inch-thick reinfore•ed-

concrete ceiling shield personnel from radioactive particulate matter

in the absolute filter, the roughing filters, and the gas plenum.

3.3.13 Shielding Aspects of Experiment and Fuel Handling and 

Storage Components. After the fuel has been transferred to the canal,

it is stored in a subcritical configuration in special storage racks.

The racks are fabricated of neutron-absorbing materials to maintain

the storage area subcritical for any possible configuration of fuel

in the storage racks.

Fission gases may be released from the experiment within the IPT

for a time following a destructive test. The gases are vented from

the top of the IPT through a flexible hose to the hot-waste tank. The

vent will be in service before opening of the IPT for a length of time

sufficient to assure that accumulated gases have been removed. When

personnel open the IPT or piping joints in the reactor vessel and canal,

an exhaust hood will be positioned above the IPT to collect fission gases

generated subsequent to venting and exhaust them to the hot-waste tank.

Special handling tools described in Subsection IX-K, allow the IPT

and its connecting joints to be opened under water. These tools and

other radioactive parts, such as IPT's and their appurtenances, are

stored in the canal. Extensive storage of parts is not contemplated, and

radioactive parts will be removed from the vessel and canal and disposed

of as soon as they are no longer needed in the test program.

3.3.14 Shielding Material Details. The poured and block concrete,

having a minimum density of 140 lb/ft3, is made with conventional aggregate.

The interlocking high-density concrete block has a nominal minimum density

of 230 lb/ft
3
.

To ensure quality shielding material, the concrete and concrete

blocks are poured and tested to the codes and standards detailed in

Ebasco Specification C-6, Pages II-1 through 11-3.

Lead bricks (commercial grade) are used to shield the box

and other small-volume radioactive sources that may be a hazard to

personnel. Lead shields enclose the loop ion exchanger and loop strainer.
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3.4 Instruments, Controls, Protective Devices, and Alarms. Ten

radiation area monitors (RAM's) are located throughout the building to

warn personnel of high-level gamma radiation fields. Each area monitor

has an individual, variable alarm setpoint and is equipped with a local

alarm light and warning bell. (Refer to Subsection X-C, Radiation Monitoring'

System.)

AEC security guards control ingress and egress of the 1/2-mile-radius

exclusion area surrounding the reactor building. HP personnel control

reentry to the reactor building after operation and are responsible for

determining and marking areas of high radiation and maintaining surveillance

of personnel who request entry to these areas.

4. Tests and Maintenance 

The general maintenance policy is to maintain shield walls and '

shielding equipment in a like-new condition. Maintenance consists of

regular inspection and radiation-monitoring.surveys to detect defects

and promptly correct them. Radiation surveys may also indicate the

need for additions or modifications to existing shielding. Such

changes will be provided by authorized design changes. .

Temporary shielding may be installed at various places or for

specific components, as recommended by HP personnel. However, temporary

shielding is subject to change and will not be considered here as part

of the RSS nor require maintenance as such.

Repairs necessary to maintain the proper condition of the RSS

will be performed in compliance with INC maintenance procedures.

Protective coating repairs of all shielding structures will be in

accordance with Ebasco Specification A-6. Repairs will be made to

shielding walls in accordance with PBF Concrete Specification C-6

or High-Density Concrete Specification A-6. Repairs will be made to

shielding walls in accordance with PBF Concrete Specification C-6 or

High-Density Concrete Specification C-7, whichever is appropriate.

Repairs will be made to elevated floors in accordance with Specification

A-6.

The frequency of inspection of components is listed in Table

10B-III.

10B-16

e



TABLE 10B-III 

PERIODIC MAINTENANCE .

Components 

1. Walls

a. Building
supports

b. Canal
c. Loop cubicle
d. Waste gas

blower room
e. Sample area
f. Subpile room
g. Hot- and warm-

waste room

2. Main floor

3. Loop strainer
cask

4. Filter pipe
shield plugs
and poison rod
guide tube
plugs

Checks and Inspections Period

1. Inspect for damage indicated 1. Quarterly
by leakage of water

2. Inspect for breakage, chipping 2.
or cracking

3. Inspect control points and 3.
masonry gaskets

4. Conduct radiation survey of 4.
work area

1. Inspect for damage indicated 1.
by leakage of water

2. Inspect for breakage,
chipping, or cracking

3. Repair damaged areas 3.
4. Conduct radiation survey 4.

1. Inspect for leakage and
general condition

2. Clean and/or decontaminate
3. Store contents properly
4. Conduct radiation survey

of work area

1. Check for ease of
removal and replacement;
remove any impediment to
easy removal or replacement

2. Conduct radiation survey

1.

2.
3.
4.

1.

2.

Quarterly

Annually

Prior to each
reactor usage

Quarterly

2. Quarterly

As required
Prior to each
reactor usage

Before and
after each use
As required
After usage
Prior to each
reactor usage

At time of
inspection or
replacement of
filters
Before and
during each
removal
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C. Radiation Monitoring System 

1. Function 

The radiation monitoring system (RMS) alerts personnel to the

presence of nucleartradiation in the work areas within the reactor

building where personnel access is permitted. Specific functions of

the system are:

(a) Provide audible and visual warnings to area personnel of

potentially hazardous radiation environments.

(b) Continuously monitor and record radiation levels at selected

points in1the reactor building.

(c) Detect uncontrolled movement of radioactive sources through

the normal reactor building exits.

(d) Detect the presence and indicate the location of any personnel

contamination, with particular emphasis on the hands, shoes,

and clothing.

(e) Provide a control function to systems capable of regulating

the disposal of liquid and gaseous radioactive wastes.

(f) Provide a radiation history of the liquid and gaseous wastes.

2. Design Bases 

The basic system design requirements are to detect radiation,

indicate the radiation level, and provide warning signals to PBF per-

sonnel when established radiation levels are exceeded. Analysis of

the various radiation monitoring requirements are presented in the

following paragraphs. The analysis is divided into five major classes,

each class comprising a specific monitoring requirement.

. 2.1 Remote Area Monitors (RAMS). Because the PBF is a remotely

operated, controlled-access area where radiation levels are subject

to rapid changes because of the operational characteristics of this

type of reactor, a means of continuously monitoring gamma radiation at

selected points in the reactor building must be provided. The system

must meet or exceed

Section F.1.A

the guidelines established in IDO -12044, Chapter XV,



2.1.1 Range and Sensitivity. The RAMs must monitor expected

gamma dose rates in normal working areas where radiation

levels are limited by AEC health and safety standards to 0.25 mR/hr,

based on full-time occupancy. (Refer to IDO-12044, Chapter XV, Section

B.1, Page 97.) A range of from 0.1 mR/hr to 100 R/hr is required to

provide normal monitoring as well as detection in the event of a serious

accident. The RAMs must also be capable of sustaining an alarm when

exposed to radiation fields as high as 30,000 R/hr, a requirement closely

related to the sensitivity requirement stated above.

Because in-place calibration requires handling a radiation source

capable of producing a dose rate up to 100 R/hr at the detector location,

the detector heads must be interchangeable and calibrated at a remote

calibration site. Thus equipment can be calibrated without taking any

channel out of service for an extended period.

Remotely actuated, integral check sources are required at the PBF

RAMs to provide an effective and routine check of the operability of the

gamma monitoring system. Because the reactor building is evacuated

before each test, personnel safety during reentry depends in part on

proper functioning of the radiation monitoring equipment. To ensure

proper response to radiation, the capability to check each detector

remotely must be provided. Without these checks, a malfunctioning

detector could give erroneous indication of the radiation levels.

2.1.2 Location of Detector Heads. The physical locations

of the detector heads were determined by defining the areas of probable

radiation sources. Because the monitors provide a representative indi-

cation of radiation levels in a particular area, the locations were

chosen so that each detector is approximately equidistant from all

radiation-producing systems common to a particular area.

2.1.3 Alarms and Indicators. Adequate audible and visual

alarms must be included as part of the RAMs as specified in IDO-12044,

Chapter XV, Section F.l.b.

2.2 Constant Air Monitors (CAMS). CAMS must be provided for all

facilities where airborne particulate activity is likely to exceed the

0
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natural backKround ItniaePthe meet: or exceed liew guidelines

established in IDO-12044, Chapter XV, Section F.2.

2.2.1 Physical Location of CAMs. Location of the CAMs is

based on consideration of variables such as circulatory air currents

within the reactor building, sources of radioactive airborne particulate

activity, and other operational factors.

2.2.2 Alarms and Indicators. Operational considerations

require that the CAMs be equipped with local recorders, indicators, and

audible and visual alarms. Alarms must meet the requirements of

IDO-12044, Chapter XV, Section F.2.

2.2.3 Interface Relationship. An interlock must be actuated

if the air activity in the heating, ventilating, and waste gas system

causes a full-scale (20,000 cpm) deflection, sustained for a minimum of

15 seconds, on any two CAMs. The interlock between the RMS and heating,

ventilating, and waste gas system must restrict circulation of exces-

sively radioactive air within the reactor building.

Audible and visual alarms must be provided at the duplicate annun-

ciator panels in the control and reactor buildings. These alarms must
• : •

be actuated during periods of higher than normal activity. Acknowledge-

ment of the alarm must precede securing of the audible portion.

2.3 Portal Monitors. Portal monitoring equipment must be provided

in the P&P as a means of limiting contamination spread by personnel and of

detecting radioactive source movement through the main personnel exits. The

portal monitor must be able to compensate for slowly changing background

levels so that it will produce an alarm for abrupt change only, as

would be the case when contaminated personnel or objects pass through

the monitor.

2.3.1 Physical Location. The locations of the portal monitors

must meet the requirements specified in IDO-12044, Chapter XV, Section F.3.

2.3.2 Alarms and Indicators. The portal monitors are

equipped with local indicators and alarm, to alert personnel of

radiation sources passing through the doorway, whether this be on or

transported by them.



2.4 Hand and Foot Monitor. A hand and foot monitor must provide

a fast, efficient means of detecting the presence and general location

of beta-gamma contamination of the hands, shoes, and clothing. Contamina-

tion hazards associated with operations such as the handling of irra-

diated test specimens necessitate a personnel surveillance capability.
The monitor must be equipped with local indicators, audible alarms, and

visual alarms consistent with the installation requirements specified

in IDO-12044, Chapter XV, Section F.4.

2.5 Analytical Stack-Gas Monitor. The analytical stack-gas

monitor must continuously monitor and record particulate and gaseous

activity in the waste stack gas effluent. The mechanical parts of the

analytical stack-gas monitor must ensure that a representative sample
is taken at the stack and transported to the monitor without a signi-

ficant change in the content of the sample. The analytical stack-gas
monitor must meet or exceed the requirements specified in IDO-12044,

Chapter XV, Section E.1.

2.5.1 Physical Location. The analytical stack-gas.monitor

must be located as near as possible to the waste-gas stack where the

sample nozzle is located. To simplify calibration procedures be-

tween the monitor unit and the remote readout unit in the control center,
an intercom station must be located in the same area as the analytical
stack-gas monitor.

2.5.2 Alarms and Indicators. The remote annunciator panels
in the reactor and control buildings each must include four channels

directly associated with the analytical stack-gas monitor. Audible and
visual alarms must be actuated on the following:

(a) High stack-gas particulate activity

(b) High stack gaseous activity

(c) Tape-transport failure

(d) Pumping system failure

A recording unit must be provided at the control building to indi-
,cate any significant trends and to maintain a permanent record of total
atmospheric releases.

10C-4
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2.6 Safeguards Against Loss of Monitoring. The RAMs, CAMs, and

analytical stack-gas monitor are considered vital to the overall function

of the radiation monitoring system, and. precautions must be taken to

ensure prevention of power loss that could result in a discontinuity of

monitoring. An auxiliary emergency power source must be provided as a

backup power source.

2.7 Environmental Conditions. The radiation monitoring system

must operate satisfactorily when subjected to environmental conditions

shown in Table 10C-I.

TABLE IOC -I 

ENVIRONMENTAL CONDITIONS

Temperature

RAM No. 3 .(in. loop cubicle 10) 40 to 158°F

All other units 40 to 110.F

Altitude 4,900 feet above
sea level

Relative humidity •To 952

Radiation (RAM Detectors only) To 31,00o R/hr

3. Description 

Each of the five groups of equipment in the radiation monitoring

system uses basically the same components. (See Figure 10C-1.) The

major components are the radiation sensing element, signal conditioner,

and final output devices. The following paragraphs briefly describe the

different types of radiation sensors, the variation of circuitry used

in the signal conditioning unit, and the five types of output devices,

in that order.

The detector assembly for each RAM is a specially constructed

Geiger-Mueller (CM) tube in that its output at the higher radiation

levels is similar to that expected from a standard ionization chamber.

In practice, at levelt above 1 to 2 R/hr, the detector operates as an

ion chamber. The sensing element used in each of the CAM's is an

10C-5
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end-window GM Labe. The open end face is exposed to the particulate and

charcoal filters. The filter and detector are shielded from external

radiation fields. Both the portal monitor and the hand and foot

monitor use an axial Geiger-Mueller tube design. The analytical stack-

gas monitor uses two identical scintillation detectors, one to measure

particulate activity and the other to measure gaseous activity. Each

detector uses a sodium iodide (thallium activated) crystal to provide

the input to a photomultiplier tube.

The circuitry used in the signal conditioning unit varies somewhat,

depending on the desired operation of any given piece of equipment. The

signal conditioner provides an output signal compatible with the readout

equipment. For example, the portal monitors differentiate between a

personnel alarm and a background alarm through use of time-dependent

statistical logic circuitry. A design of this type will cause actuation

of the personnel alarm to be relatively insensitive to .slowly changing

background levels but very sensitive to an abrupt increase in activity.

Yet, if a high-level "radiation source is sustained for a given length of

time, a separate alarm will be actuated to signal a high background

level.

The alarm light, alarm buzzer, indicator meter, recorder, and con-

trol relay shown .in Figure 10C-1 are used in one form or another through-

out the radiation monitoring system. The remote area monitors and the

constant air monitors use all five devices shown. The portal monitor

and the hand and foot monitor use all except the pen recorder and con-

trol relay. The analytical stack-gee monitor uses all except the

control function relay.

The radiation monitoring system is designed to operate in the

environmental conditions shown in Table 10C-1. Visual and audible

alarms provided to warn.personnel of high radiation levels are listed

in Table 10C-II. Recorders and indicators associated with each type

of monitor are listed in*Table 10C-III.
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TABLE 10C -II 

VISUAL AND AUDIBLE ALARMS

Subsystem 

Remote area monitor

Constant air
monitor

Portal monitor

Hand and foot
monitor

Analytical stack-
gas monitor

(a)

Visual Alarms 

Local Remote

Red Red (at indi-
cator)

White (at
annunciator

[a)
)

Amber Amber and red
(alert) (at recorder)

Red White (at an-
(evacu- nunciator(a))
ate)

Red None

Red None .

Red White (at an-
nunciator(a))

Audible Alarms 

Local Remote

Fast-ring- Annunciator(a)
ing bell

Fast-ring- Annunciator(al

ing bell

Fast-ring- None
ing bell

Buzzer None

None Annunciator-(a)

Annunciators are located in the process control panels in the
reactor and control buildings. Also, a single alarm is located
in the health physics (HP) office in the control building. This
alarm is energized on receipt of any HP alarm.

3.1 Remote Area Monitors. The RAMS are located at 10 strategic

locations throughout the reactor building to inform personnel in the

reactor building and control building of direct gamma radiation levels.

(See Figures 10C-2, 10C-3 and 10C-4.) Radiation level indicators,

audible alarms, and visual alarms are provided locally at each station

and at annunciator panels in the reactor and control buildings. Table

10C-IV lists the RAM detector, indicator, and recorder locations.

A control function, provided at the warm-waste sump liquid discharge

monitor to close the sump discharge valve if a high level effluent

radiation is detected, serves to prevent dumping of highly contaminated

liquids into the waste disposal well.
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TABLE 10C -III 

RADIATION INDICATORS AND RECORDERS

Indicators Recorders 

Subsystem Local ' Remote Local Remote

Remote area monitor Yes Yes No Yes

Constant air monitor Yes No Yes Yes

Portal monitor Yes No No No

Hand and foot monitor Yes No No No

Analytical stack-gas monitor Yes No No Yes

The basic components that make up the 10 RAM channels are the

detector/ratemeter, check source and actuator, local indicator/alarm,

station indicator/alarm and control panel, remote recorder and indica-

tor, interlock, and power supply module. (See Figure 10C-5.)

The integral control and power supply unit for all 10 monitors

is located in the reactor building experimental instrumentation room.

(See Figure 10C-4.)

Each RAM has the following capabilities:

(a) A six-decade range from 0.1 mR/hr to 100 R/hr (loop cubicle

1 mR/hr to 1000 R/hr)

(b) A detector circuit that maintains an alarm in fields up to.

30,000 R/hr

(c) Interchangeable detector heads that can be calibrated over

their entire range at a remote facility

(d) Internal check sources that can be remotely actuated.

The lowest end of. the range (0.1 mR/hr) is used to monitor normal,

uncontrolled-access working areas where radiation levels are limited

by AEC health and safety standards to 0.25 mR/hr, based on full-time

occupancy. At the opposite extreme, the high end of the range is used

to provide detection if a serious accident occurs. The upper range

O
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TABLE 10C -IV

REMOTE AREA MONITOR DETECTOR, INDICATOR, AND RECORDER LOCATIONS

Detector

RAM 1

RAM 2

RAM )

RAM 4

RAM 5

Location
(Reactor Building)

• Indicator/
Alarm Location Remote

Koster
Control

Location of
Remote Recorder

(Control Buildiog)

Southeast well of reactor
bay. outside experimental
instrumentation room

Northwest wall of reactor bay.
outside process control room

Sane as
detector

Some as
detector

Loop cubicle No. 10 East face shield wsll'at •
entrance o.

Loop cubicle No. 13 Same as 7 ••
detector : o.

Waste-gas room. north face Outside door on south
of column in south center
of room

RAM 6 Process equipment area.
southwest wall of reactor
vessel shield wall

RAM 7 Sample area, vest face of
column in southeast
quadrant

Subptle coos. north side
(north northwest)

Process pump area, west
side of canal shield wall

RAM 8

RAM 9

RAM 10 Waste pit on sump discharge
line

wall of room

North
room

Some as
detector

Same as
detector

and outside subpile
door

6 feet north of detector
location

South wall of second
basement, hot- and
warm-waste MOM

A
n
n
u
n
c
i
a
t
o
r
 
•
t
 

O

c
u

A
t
 
H
P
 
m
o
n
i
t
o
r
 

Process control
panel

Process control
pawl

Loop control
panel

Process control
panel

Process control
panel

Process control
panel

Process control
panel

Process
panel

Process
panel

Process
panel

control

control

control-

Remarks

Range is 1 silt/hr to
1.000 R/hr. All others
0.1 mRihr to 100 R/hr.
Limited access

No equipment is presently,
assigned to this area r

Provides control function
to sump dischnr&e valve
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represents levels where personnel access is severely restricted.

and is normally detected using an ion-chamber device.

A standard Q1 tube saturates when exposed to high radiation fields

(above 1 to 2 R/hr), causing a loss of usable signal and, therefore,

no indication of the presence of a high field. On the other hand, an

ionization chamber responds to the higher fields. but is relatively

insensitive to the lower levels. The requirement for continuity of

alarm when the detector is exposed to extremely high radiation fields

is closely related to the six-decade range considerations. Many

sensitive instruments, when exposed to a high radiation field, read

at or near zero and this is a dangerous situation that cannot be

tolerated. A 30,000 R/hr field is the upper limit at which the

detector unit is expected to produce full-scale alarm output. This

figure (30,000 R/hr) is well above the radiation levels anticipated

at any detector head. The detectoi unit selected is capable of

operating as a GM tube at low radioactivity levels (1 R/hr) and as an

ion chamber when exposed to high radiation levels, and is capable of

maintaining required full-scale alarm output in radiation fields up

to 30,000 R/hr.

A remote,shielded facility is provided to efficiently and safely

perform full-range calibration checks of the detectbr heads. Inter-

changeable heads are used to facilitate removal and replacement of

heads at any detector location in the system.

Remotely actuated. integral check sources are provided at the PBF

area monitors to provide an effective and routine check of the opera-

bility of the area gamma-monitoring system.

Fast-ringing bells and red lights are provided as audible and

visual alarms in the RAil system. The audible and visual alarms are

provided locally (at the detector) and remotely at the health physics

monitoring panel and at the reactor and control building process control

room annunciator panels.

Radiation-level indicator meters are provided locally and at four

remote locations. (See Table 10C-IV.)



The health physics panel contains high and low voltage power supplies

and check-source and setpoint controls for each of the 10 RAM channels.

The alarm setpoints on RAKs located in normal working areas will be ad-

justed in accordance with the 3 R/quarter limit of radiation from sources

external to the body per AEC manual 0524, Section 1, Subsection A. The

two exceptions to this setpoint are the monitor in loop cubicle 10 and

the monitor at the sump discharge line.

The monitor in loop cubicle 10 will be set slightly above the

normal background in that area. Its range is 1 mR/hr to 1,000 R/hr;

all others are 0.1 mR/hr to 100 R/hr. The background level in loop

cubicle 10 will be significantly higher than any other area containing

a direct gamma monitor, and the level is likely to increase with the

number and severity of tests performed within the inpile tube.

The monitor at the sump discharge line is primarily intended to

provide a control function rather than personnel warning. Its function

is to signal an increase above the normal activity in the discharge line

and close the discharge valve.

.3.2 Constant Air Monitors. The CAMs are located in three separ-

ate areas of the reactor building (see Figures 10C-2, 10C-3, and

10C-4). They detect airborne particulate and iodine beta-gamma

radiation sources that collect on a replaceable filter in each unit.

'The reactor-bay CAM, located near the east wall at the canal end

of the building, is of primary interest because this area will most

frequently be occupied by operations personnel. The two most probable

sources of particulate radioactivity, the experiment and the reactor

fuel, are also located in this area. The experiment is unloaded while •

immersed in the canal, with a possibility of release of fission products

to the water. Also, accidental rupture of a fuel rod in the reactor

could release fission products to the water.

The CAM in the first basement is in the sample area, which contains

the reactor process loop vents, drains, and water sample points. The

,CAM in the second basement is in the process equipment area, which con-

tains the priaary pumps, heat exchangers, and valves. These items are

potential sources of leakage and may cause contamination. Both CAME' in

0
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the first and second basemiht-act as backup units to the reactor bay

CAM because the main flow of air is downward from the reactor bay into

the first basement area.

The CAMS are equipped with local recorders, indicators, and

audible and visual alarms. An integral strip-chart recorder is supplied

with each CAM to provide a permanent history of particulate activity

levels. An automatic range-change feature provides continuous monitor-

ing ranges of 0 to 2,000 cpm, 0 to 10,000 cpm, and 0 to 20,000 cpm.

Amber and red alarm lights integral with the CAM unit flash when actuated.

The amber light indicates an alert condition and is actuated at the

transition point (2,000 cpm) as the level increases from the lower range

(0 to .2,000 cpm) to the middle range (0 to 10,000 cpm). The red light

indicates an evacuate signal and is actuated at the transition point

(10,000 cpm) as the level increases from the middle range (0 to 10,000 cpm)

to the high range (0 to 20,000 cpm). The fast-ringing alarm bell sounds

for a limited time when the middle range is reached and at continuously

cycled intervals in the high range. A reverse sequence of events occurs

during decreasing livils. In addition, remote slave range alarms and

recorders are provided at the control building. (See Figure 10C-6

for a flow diagram.)

An interlock confines air activity to the reactor building. When

two of the three CAMS reach full-scale on the 20,000-cpm scale and re-

main there for a period of 15 seconds, an interlock is actuated, causing

all heating and ventilating system penetrations to the outside to be

closed, and all inlet, exhaust, and distribution fans to be secured,

including the waste-gas blower that is normally operating. The air

conditioning unit in the transient instrument room is not shut down,

but its supply damper to the outside is closed, and the unit will draw

on the room supply for recirculation only. A portion of the heating,

ventilating, and waste gas system interlock can be bypassed by the

operator to allow a building purge operation. The "purge" mode of

operation actuates one supply fan and the exhaust fan, discharging

all air up the waste gas stack. This will normally be done when the

airborne activity level within the building has decreased to a point

where it is considered safe (as determined by health physics personnel)

for discharge to the outside atmosphere.
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3.3 Portal Monitor's..  Two portal monitors are used. One is

Located at the reactor-hay south etch: notd the other nt the reoccur-1m),

office doorway (Figure 10C-2). Theme locations represent separutloh.

points between clean areas and potentially contaminated areas. The

portal monitors are primarily intended for, but not limited to, personnel

surveillance. Any object emanaang beta-gamma radiation above a certain

level is detected as it passes through the monitor. The alarm setpoints

are manually adjustable, and each unit is equipped with a local alarm and

indicator. Accurate control of the setpoint accomplished by a ratemeter

circuit that automatically compensates for variations in background levels.

Each of the portal monitors consists of 11 detector heads, a central console

cabinet, associated indicators and alarms, power supply, and a portal frame.

The portal monitors are equipped with local indicators and alarms

consistent with operational requirements associated with this type of

radiation-monitoring instrumentation. The unique qualities of the ratemeter

circuit make possible a much closer control over the alarm setpoint. Because

background levels are considered, the differential level above background

required to cause a personnel alarm is small. The personnel alarm will be

adjusted, using maximum sensitivity, at the lowest value that does not

cause a spurious alarm. A second circuit provides an alarm at sustained

high background levels.

3.4 Hand and Foot Monitor. The hand and foot monitor is located in

the reactor-bay area adjacent to the change room doorway to minimize the

spread of contamination by personnel; it is near an area where clothing

can be changed. A portable, hand-held detector is incorporated to provide

a method of scanning any portion of the body or nearby objects.

This monitor system is necessitated by operations such as the

handling of irradiated teat specimens that create a contamination hazard.

The monitor is equipped with local indicators and local audible

and visual alarms consistent with the functional requirements of the

unit. Five separate indicator-control channels are used, one for each

hand and foot and one for the external probe. The individual alarm

setpoints for the hand and foot channels are integral with

10C-19



the indicator display meters. The hand-held external probe, has no

alarm, however, it has an audible count output. All setpoints are

manually adjustable and under administrative control of health physics

personnel. ,The actual alarm point for each channel is set at a minimum

value above background so that a spurious alarm will not occur.

3.5 Analytical Stack-Gas Monitor. The analytical stack-gas

monitor, shown schematically in Figure 10C-7, comprises an isokinetic

sample nozzle and interconnecting tubing, particulate monitor and tape

transport mechanism, gas monitor, charcoal filter, flow rate meter,

and pumping system. The system,in conjunction with a filter system

of the stack (see below),meets or exceeds the requirements for monitoring

gaieous discharges, as specified in IDO-12044, Chapter XV, Section E.1,

and continuously monitors the particulate and gaseous activity of the

waste gas stack effluent. .

The monitoring and pumping equipment •is located in the furnace

and equipment room on the first floor of the reactor building adjacent

to the waste gas stack. The sampling nozzle is mounted in the waste

gas stack and connected to the particulate monitor by a short run of

stainless steel tubing. The monitoring equipment is located to

minimize the inter-connecting tubing length to the sampling nozzle

to reduce the possibility that particulate matter will plate out before

reaching the monitoring equipment, ensuring a representative sample of

the effluent waste gas.

The pumping system draws approximately 10 cfm from the waste

gas effluent. The gas passes through a filter tape on the tape

transport mechanism, into the gas monitor, through the charcoal

filter, flow rate meter, and pump, and is discharged back into the

waste gas stack downstream from the sampling point.

The filter tape moves by an NaI(T1) scintillation detector and

is immediately monitored for gamma radioactivity. The filtered gas

passes into a shielded plenum and is swirled around a second NaI(T1)

scintillation detector that monitors the total gaseous activity carried

by the stream. The gas stream then _passes through the charcoal filter,

which removes and collects radioiodine from the stream. The filter

is replaced periodically and analyzed in a laboratory. Flow rate

0

•
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through the system, as indicated on the flow ratemeter, Is set and controlled
by a manual valve in a bypass line around the pump.

In addition to the stack gas monitor, a filter-gas collection

system at the stack is used to obtain a sample of the gas for analysis
on a routine basis. This system consists of a filter holder, particulate

and charcoal filters, a flow indicator and control valve, a pumping

system and a sample bottle. The flow path is from the stack, through

the filters, through the flowmeter and control valve, and then selectively

discharged to the atmosphere or sample bottle.

3.6 Safeguards Against Loss of Monitorinik. The RAMs, CAMs, portal

monitors, hand and foot monitors, and analytical stack-gas monitor have
a common interface with the power distribution system. Because the RAMs,
CAMs, and analytical stack-gas monitor are considered vital to the over-
all function of the radiation monitoring system, an auxiliary emergency
power source is provided to keep these systems operating in the event
of commercial power failure coincidental with the loss of the 85-kW

emergency generator supply.

The auxiliary emergency power source consists of a 15-kW health
physics emergency generator. _Upon loss of both power sources, the

health physics emergency generator starts and supplies power to the

emergency power distribution bus, which distributes power to selected
loads including the RAMs, CAMs, and analytical stack-gas monitor.
(Refer to Section VIII, Power Distribution System.)

•
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1. Introduction 

Dv -1 -Health Physics ; Equipment 

The PBP health physics monitoring program will be conducted by

the Health and Safety Branch of the Nuclear and Operation: Safety

Division. The kinds and quantities of survey instruments, personnel

dosimeters, protective clothing and protective equipment used for

radiation and contamination control will be consistent with the

procedures presently employed at SPERT and other Idaho Nuclear Corporation-

operated reactors at the NRTS. These procedures are written in the

Idaho Nuclear Health Physics Standard Practice Manuals, which are

internal administrative guides designed to provide radiation protection

in compliance with AEC Manual, Chapter 0524.

2. Radiation and Contamination Control 

During reactor operation, the reactor building will be cleared of

all personnel because of anticipated high radiation fields.

All access to radiation and contamination areas, or to criticality

hazard areas, will require Health Physics monitoring, and will be

governed by written procedures in the form of either an approved

Standard Practice or an individual Safe Work Permit for each job.

Routine inspection, contamination, and radiation surveys will be

conducted regularly in potential radiation areas.

The reactor building change room will serve a dual purpose: as

a personnel decontamination facility and as a radiological clothing

and equipment issue room. This room is designed so that it can be

divided into "hot" and "cold" sides with a walk-through shower between

and separate clothing lotkers on each side. In addition to the shower,

there is a lavatory on each side of the change room, and storage for

decontamination agents and supplies on the "hot" side.

Contaminated solid-wastes will be packaged in cardboard cartons

and stored in special metal dumPeters until they can be transported

to the burial ground for disposal.

10D-1



3. Personnel Dosimetry 

All personnel will be required to wear dosimeter badges. Those

persons whose potential total exposure may be equal to or greater than

500 mRem/year will be issued self-reading pocket dosimeters to be worn

in addition to their dosimeter badges.

4. Bioassay 

Bioassay programs of whole body counting, thyroid counting, and

body waste analysis will be used on a limited basis for routine obser-

vation, and for following elimination rates in cases of known internal

exposures.

5. Protective Equipment 

5.1 Anti-Contamination Clothing. Anti-contamination clothing

will be issued for use in contaminated areas. These items will consist

of cover-ails, shoe, covers, and gloves suitable for the work conditions.

5.2 Respiratory Protection. Respiratory equipment utilizing

either filters or air supplied through face masks will be provided for

work in potentially contaminated atmospheres. The air is obtained from

Scott Air Paks, or from a portable 100-to-15 psi pressure reducing mani-

fold connected to the plant and instrument air system.
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O E. Tests and Inspections 

Health Physics equipment and monitoring system will be tested and

inspected on a regular schedule using methods and procedures described

in the Idaho Nuclear Health Physics Standard Practice Manuals.

o



1. Introduction 

APPENDIX A/X

SHIELDING ;CALCULATIONS-AND RESULTS

The radiation shielding system for the PUP was originally designed
and constructed based upon a periodic steady state reactor operation at
20 MW. The maximum operating level of the reactor is 40 MW. Therefore,

recalculations nave been made for several of the occupied Pb? areas to
determine the effectiveness of the as-built radiation shielding system
at 40 dW. The areas that were reexamined were the north reactor
floor area, south of the reactor canal during removal of the IPT, at
the top of the guide tubes, and the east and west process areas in the
first basement. The dose rates in each of these areas for a 40 MW
reactor power cycle are within the original dose rate criterion given
in Paragraph 4 of this Appendix. The following source strengths
and operating histories are based upon operating the reactor periodically
at 40 FM. The tabulated thickness of each of the shield materials is
based upon the original design. However, recalculations using the new
source strengths have confirmed that the shield thickness(es) are
adequate to meet design basis dose rate limitations with 40 MW operation.

2. Assumptions Used in Calculating Source Strengths

The fission-product gamma-ray source terms used in calculating the
required shielding for the PIO have been obtained from the "curie"
portion of the RSAC computer programEal.

energy release rates for each of nine gamma energy groups and sums the
nine groups to give a total gamma energy release. The source strengths
computed for each of the nine groups are given in Table A-I.

•

This code computes the gamma

CalRSAC - A Radiological' Safety Analysis Computer Program, IDO-171,(May 1966)

A/X-1



TABLE A-I 

SOURCE STRENGTH; USED IN. SHIELDING CALCULATIONS

Gamma
Group

Effective
Energy
(MeV)

Intensity of Various Radiation Sources

Driver Core
Source (MeV/sec)
1 hour after •
shutdown

Preirradiated
Experiment Source
(MeV/sec) 24 hours
After Shutdown

I

II

III

IV

V

VI

VII

VIII

IX

0.1

0.4

0.6

0.8

1.0

1.2

1.5

2.0

2.5

0.25 x 1016

9.9 x 1016

11.2 x 1016

33.3 x 1016

10.0 x 1016
3.6 x 1016 , .
42.2 x 10

16

1.8 x 1016

0.006 x 1016

0.2 x 1015

2.4 x 1015

1.6 x 1015

9.4 x 1015

0.7 x 10
15

1.7 x 1015

0.5 x 10
15

0.003 x 1015

0.004 x 1015

TOTAL x 1018 1.6 x 1016 '
•

Calculation of the source-strength terms was based on conservative

assumptions. The driver-core source terms, for example, were determined

using the assumed operating history of the reactor core at the end of

its useful life as a basis for calculation. The assumed operating

histories of the reactor core and the preirradiated experiment are

given in Paragraphs 2.1 and 2.2.

2.1 Assumed Operating History of the Reactor Core. The shielding

required for the reactor core is determined from the calculated core

source strength. For conservatism, the decay-gamma source term for

the driver core was computed at, the end of its useful life. The

mathematical model was based on the following repetitive four week

operating cycle:•

Repeat for •

3 weeks

Sunday - no reactor operation

Monday - 1 hour at 40 MW

Tuesday - remove previous experiment; prepare for
next experiment

Wednesday 1 hour at 40 MW

Thursday remove previous experiment; prepare for
next experiment

Friday - 1 hour at 40 MW

Saturday - no reactor operation

A/X-2



e-41.41:c•

0

0

Fourth Week

Sunday - no reactor operation

Monday remove previous experiment;
prepare for next experiment

Tuesday - • 48 hours at 40 HW

Wednesday -

Thursday - remove previous experiment

Friday prepare for next experiment

Saturday - no reactor operations

This operating cycle is postulated to occur for a period of 51 cycles

or four years minus four weeks, for building up a long-lived fission

product source. On the fifty-second cycle, the first two weeks will be

the same as for the previous cycles; however, both the third and fourth

weeks will each contain one 48 hour, 40 MW test beginding on Tuesday,

thus simulating an aborted experiment followed by a report. This

operating history represents a conservative upper limit on the fission

product inventory that will ever be present in the PBF core.

Calculations using the driver-core source terms were made in the

area directly above the reactor vessel, in the subpile room, in

the first basement and in the area above the poison rod guide tubes.

2.2 Assumed Operating History of the Preirradiated Experiment. The

largest cluster of light-water-reactor (LWR) fuel rods currently envisioned

for use in the PBF program, is a 45-rod cluster of 3-foot-long prototype

PWR fuel rods. It is postulated that these rods will be preirradiated

to 40,000 MWd/MTU. To achieve this burnup, it is postulated that the

rode are irradiated at a peak linear density of 19 kW/ft and an average

of 13.1 kW/ft for 448 days. Such a cluster would have a steady power

level of 1.77 MW and a total energy release of 987 MWd in 448 days.

In analyzing the fission product inventory a conservative operating

level of 2 MW has been assumed for the 558 day operating cycle for a

total of 1116 MWd.

A further assumption is made that six weeks will elapse between the

time that the preirradiation of the experiment is completed and the

experiment is inserted into the PBF reactor for testing. The six week

time was selected as the minimum practiCal achievable time assuming

priority handling during removal at the irradiation facility, in trans-

portation, and during test sample fabrication at the NRTS hot cells.



• If the 45 rod cluster were installed in the PBF, the maximum power

generation that could be attained with the PBF core at 40 MW would be

approximately 1.5 MW. For the cluster to generate this power, a graded

fuel enrichment would have to be used with a maximum enrichment of 93%

in the central fuel rods of the cluster. In the calculation of fission

product inventories, a test cluster power level of 2 MW has been assumed

during operation in PBF for 48 hours just prior to experiment handling.

A fission-product release from the experiment into the following

components is assumed in calculating the required shielding thicknesses.

The fission products are assumed to be:

(a) Uniformly distributed throughout the loop in the amount of 152 of

the experiment fission-product inventory. (This percentage is

based on past MTR and ETR operating experience.)

(b) Distributed so that the cubicle source term is 14.252 of the fission-

product inventory within the experiment, since 552 of the loop volume

is contained within the cubicle.

(c) Released into the high-frequency acoustic filters and piping in the

amount of 62 of the experiment fission-product inventory, since these

filters.contain•402 of the loop volume.

(d) .Uniformly distributed in the loop ion exchangers in the amount of

1002 of the experiment-total fission-product inventory, because

the. exchangers will not be flushed out after every test. '

(e) Entrapped in the loop strainer in the amount of 502 of the'fission-

product inventory of the experiment since this strainer is not

removed following every test.

Contained in the hot-waste tank in the amount of 1002 of the fission

products, since wastes in this tank are disposed of periodically.

Contained in the knockout drum in the amount of 1002 of the fission

products, since the drum is not drained after every test.

Shielding Equations 

The basic equations used in the original calculation of the required

.shielding thickness are taken from Rockwell's shielding manual(al.

la]
Rockwell, Reactor Shielding Manual, TID-7004, pp 347-368.

O
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••All recalculav ins, except-gimma streiming.(see Paragraph 6) to reflect

the 40 MW operation were done with the use of the QAD-Pfia computer program
(al

using the appropriate source terms in Table A-1. Bath or these methods

employ the following shielding equations:

Point source:

Line source:

Dose rate -

Dose rate - 2s aK

BS
o 
e -bi

K 4 w a
2

B S
L 
F(0
'
 bi)

,Cylindrical source:

where

B

S
o

K

b
i

B S 
v
R
2 
F(0, bi)

• Dose rate P 2 K (a +

is buildup factor

- point source strength (MeV/sec)

- flux to R/hr conversion. factor (energy dependent)

P distance from source to detector (cm)

(Yiti (relaxation lengths) of ith
shielding material

iP1

u - attenuation coefficient (co 1)of ith shielding material

t P thickness of ith shield (cm)

z - effective self-attenuation distance (cm)

S
L
 - line source strength (MeV/cm-sec)

F((, bi) - secant integral

S
v

- volumetric source strength (MeV/cc-sec)

R
o
 - radius of cylinder (cm).

(a]
E. Solomito, Modifications of the Point-Kernal Code QAD-P5a, ORNL-41111.

July 1968.



4. Tabulation of Calculated Shielding Requirements 

The shielding thicknesses necessary to attenuate the impinging

gamma fluxes to the specified design levels were calculated using the

foregoing equations. The results of these calculations are given in

Tables A-II through A-V. Figures 10B-2, 10B-3, 10B-7, and 10B-8 are

an integral part of these tables. The figures identify the locations

(by circled numbers) concerning which calculations were made to deter-

mine the necessary shielding thicknesses. The experiment handling and

poison rod guide tube shielding calculations are given in Paragraphs 4

and 5 below.

The reactor building main floor areas delineated in Table A-II,

have been limited to an average.dose rate criterion of 7.5 mR/hr over

an 8-hour period. This is equivalent to k, 11 mR/hr 1 hour after the

power burst. The average dose rate criterion in continuously manned

areas, such as the control center, is 0.25 mR/hr. All dose rates in

the tables are calculated at the exterior surface of the shield involved.

Main floor areas (Figure 10B-7) usually not directly adjacent to

significant radiation sources are:

(a) Process control room

(b) Office

(c) Change room

(d) Test loop control room

(e) Experimental instrumentation room

(f) Electronic work area.

These areas normally do not contain any significant radiation hazard.

•••••••••
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TABLE A-II 

MAIN FLOOR SHIELDING

Area on Main
Floor Being Shielded 

North reactor area
floor

Mechanical work
area floor

Furnace room floor

Over reactor vessel
and over canal

South reactor area

Southwest reactor
area between canal
and inatrumentation
room

Southeast reactor
area over equipment
removal hatches

(a]

Location
of Area in Contributing Source
Figure 10B-5 of Radiation 

1

2

3

4

5

6

7

Contents of hard-
ware in cubicles
and contents of
loop pipe in
upper access
tunnel

Contents of hard-
ware in future

cubicle 131111

Contents of hard-
ware in cubicle 10

Reactor core and
irradiated
experiments in
canal

Reactor core and
specimens

Reactor core and
specimens

Contents of primary
heat exchangers
and high pressure
demineralired
water system heat
exchangers

Calculated
Shield Thickness
and Material

34 inches of
reinforced
concrete floor
and hatches

34 inches of
reinforced
concrete floor
and hatches

34 inches of
reinforced
concrete floor
and hatches

.115 feet of
water (normally)

62 inches of
water, 2 feet
of concrete,
0.5 inch of
stainless
steel

62 inches of
water, 2 feet
of concrete,
0.5 inch of
stainless
steel

21-inch-thick
stepped con-
crete hatches

The source geometry within loop cubicle 13 is complex, and
supplemental lead shielding will be supplied, if required.

A/X-7



TABLE A-III

FIRST BASEMENT SHIELDINC

Location in
First Basement

Cubicle 10,
south wall

Future cubicle
13, south wall
exterior

West process
(a)

area

East process

area
(al

Location in Contributing Calculated Shield
Figure 10B-7 Source of Radiation[cl Thickness and Material 

1 Fission products
contained in loop
coolant eyetem
hardware

2

3

4

Sample area 5

West and east
process areas

Area above the
hot- end warm-
waste room

6 6. 7

8

Fission products
contained in future
loop hardware

• Preirradiated Yankee
experiment in the
canal [bJ

Preirradiated Yankee
experiment in the
canal

Contents of loop
equipment in
cubicle 10

Contents of piping
in upper and lower
pipe access tunnels,
reactor enclosure

Reactor core

Contents of hot-
waste tank and
warm-waste sump

2 feet of high-density
concrete block

Presently none (space
is provided for a high-
density concrete block
wall)

50 inches of concrete,
extending 7 feet above
the first basement
floor, then tapering to
18 inches 20 feet above

basement floor
(6)

50 inches of concrete,
extending 7 feet above
the first basement
floor, then tapering to
18 inches 20 feet above

basement floor
(b)

2 feet of high-density
concrete block wall

34 inches of ordinary
concrete (structural

andfloor and ceilings)
a 2-inch-thick lead
shadow shield above and
below

24 inches of reinforced
concrete, 62 inches of
water, and 0.5 inch of
steel

34 inches of reinforced
concrete (floor)

(alThe design dose rate for these areas is 7.5 aft/hr averaged over 8 hours
beginning 24 hours (after accident simulation). The design dose rate
for all other areas is 7.5 mA/hr averaged over 8 hours beginning I
hour after shutdown.

lb)The canal shielding thickness calculations ASSUSe that 1 foot of
water exists between the 100—rod preirradiated Yankee experiment and
the concrete shield.

(cj
The total energy of the source term for the preirradiated Yankee
experiment and the 45 rod preirradiated experiment postulated in
Section 2.2 of the Appendix is approximately the same.

O

••••••••
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TABLE A-IV.•

SECOND BASEMENT SHIELDING

Area In Second Location of
Basement Being Area in Contributing Source Calculated Shield Design Dose

Shielded Figure 108-3 of Radiation Thickness and Material Rates

Subpile room 2 Preirradiated experiment• 59.5 inches of concrete 7.5 ma/hr  ged

(interior) in the canal pit (north wall of canal pit) over 8 hours
during the hours
24 to 32 (after
power burst)

Second basement 1 Preirradiated experiments 69 inches of concrete 7.5 oR/hr  ged
process area in the canal pit (west wall of canal pit) over 8 hours

•nd 12 inches of water during the hours
24 to 32 (after
power burst)

Second basement 3 Content. of hot-waste 24-inch thick high-density 7.5 mR/hr averaged
process area tank and warm-waste concrete block wall from the end of

sump in hot- and warm- (2)0 lb/ft)) the 1st hour

waste 10011 through the 9th
hour

Second basement
process area

4 Contents of reactor and )4 inches of concrete 7.5 mR/hr  ged
lover loop piping from the end of

the 1st hour
through the 9th
hour

Second basement 6 Radioactive particulate 6 inches of concrete 7.5 mR/hr averaged
process area matter in rough or block wall from the end of

absolute filters in the 1st hour
waste-gas-blower room through the 9th

hour

Hot- and warn- 5 Preirradiated experiments 3 feet of concrete (South 6 R/hrial (24
waste room in the canal pit wall of canal pit) hours after

burst)

Hot- and warm- 5 Preirradiated experiments 66 inches of reinforced 7.5 mil/hr averaged
Veit* room In the south end of the concrete (south canal over 8 hours
(exterior) canal above the hot- floor) during the hours

and warm-waste room 24 to 32 (after
the power burst)

(•)This level is commensurate with levels from liquid wastes contained in this room. When access is
required to the hot- and wars-waste room, the preltradlated experiment can be moved to the north
wall of the renal pit, providing adequate water and geometrical attenuation.
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TABLE A -V

SHIP-DING OF LOOP COOLANT SYSTEM HALDwARE

Location of
Area
in

Fig. 1013-6

Area Being '
Shielded

1 Loop cubicle 1C
(interior)

2 Loop cubicle 10
(interior)

3

4

S

Areas adjacent
to upper and
lover pipe access
tunnels; roofs,
walls, and sub-
pile wall and
door

Furnace and equip-
ment roost floor-
(cubicle 10
ceiling)

Area adjacent to
cubicle wall and
cubicle

ram- geometry Ebasco used was an 8-foot long cylinder and a point source (both located at the geometric center). The
actual source geometry in the cubicles, which consists of piping and vessels in the process loop, is very complex.
INC questioned whether this approach was conservative and required that individual piping runs adjacent to the walls
be calculated individually to assure that dose contributions due to these components was smell and that the analysis
is conservative. Results confirmed that the initial analysis was conservative.

Equipment
.Containing
Radioactive
Material Geometry

.Cleanup ion 6-foot line
exchanger source

Loop strainer Point source •

TY0 8-foot
long pipes,
13.1-inch
diameter in
upper piping
tunnel and
knockout
drum in
lover tunnel

Cubicle 10
equipment
containing
loop con-
tents

Cylindrical
source

Percent of Fission

Products Contained

in Equipment
(d)

.1002 of total

302 of total

62 of total
1(0.4) (0.15).1

Design Dose
Rates Adjacent
to the Shield

Surface

Approxiaata
Shielding Thickness

and Material

200 mR/hr (24 hours
after power burst)

100 m2/hr (25 hours
after power burst)

Point source 11.51 of -total
at aaemattic. • [(0.77)(0.15)1(b)
center of
cubicle 10

Two geometries

(e)used

100 mR/hr (24 hours
after power burst)
(c)

.100 mR/hr (24
hours after power
burst (c)

11.52 of total , %100 22/hr (24
[(0.77)(0.15)1

,b)
hours after power
burst (c)

7.25 inches of lead

6 inches of lead

34 inches of con-
crete and • 2-
inch thick lead
shadow shield
above and below

34 inches of con-
crete and • 2-
inch thick lead
shadow shield
above and below

24-inch thick,
high density con-
crete block wall
(230 lb/ft3)

All cubicle
equipment
that can
contain the
loop coolant

(b)
The preliminary design of the high frequency acoustic filtere indicated this percentage to be adequate. This

percentage was recalculated to be 8.251 when the filters were redesigned, but the olJ porcentage of 11.52 is

retained to be conservative.
(c)

Additional shielding will be added if required by operational needs.

:(I)
The experiment specified is an unirradiaced 100 rod Yankee experiment. Operating phil000phy for irradiated

experiments calls for reducing radiation levels in the loop piping by use of the ion exchangers prior to

building reentry.



5. Experiment Handling Calculations 

Experiment handling calculations, using the preirradiated experiment

source'terms given in Table A-I and the equations in Paragraph 3, have

assumed the geometry depicted in Figure 10B-1. The IPT will be removed

and transferred to the canal in two distinct operations. The IPT will

first be lifted vertically until it clears the reactor.

At this position, the active portion of the experiment will still be

under 55 inches of water. At this time, the operating personnel will

move from the immediate area of the reactor vessel to a position at

the south wall of the canal. By remote operation of the crane from

this location, the IPT will be lifted vertically to clear the gate between

the canal and reactor vessel and then move horizontally and lowered into

the canal pit. During this operation, the top of the experiment would

be raised to within 17 inches of the water level. However, there will

be several feet of water between the experiment and the crane operator. .

At this position an individual at the south end of the canal would be

exposed to dose rates of about 2 mR/hr. This operation will be accomplished

under HP surveillance.' The sized extension cable between the lifting hook

of the crane and the IPT will assure the cranes limit switch will be

activated to prevent the inadvertent lifting of the IPT to water depths

of less than the 17'inch referrent position. '

6. Poison Rod Shielding Calculations 

Because the control rod guide tubes are air-filled, radiation streaming

up the guide tubes will contribute appreciably to the radiation level in the

immediate vicinity of the guide tubes. The dose rate at the top of the

guide tubes has been estimated as follows: The gamma flux at the cylindrical

surface of the control rod was calculated by summing the radiation incident

from the surrounding fuel rods. For purposes of these calculations,

attenuation of gamma. rays was evaluated over the combined radial

thickness of the aluminum guide tube, and the boron poison annulus (plus

metal cladding). This is equivalent to placing the scattering source at

the surface of the 0.625-inch cylindrical support rod. Attenuation of

the scattered radiation within the rods has been ignored. The result gives

an overestimate of the radiation source at the end of the annular section

of the guide tube above the active core. A dose albedo of 0.05 was assumed

in the calculations, and the scattering source was considered to be a cosine



emitter located at the top of the poison section of the control rod.

The radiation was allowed to stream upward through the annulus between

the stainless steel support rod and the guide tube. (See Figure JOB-6.)

The attenuation offered by the guide tube was calculated from the

following equationtal:

A K D
1/203/2 

L
-2

P 
0

where

A 0 the geometric attenuation afforded by the annulus

D
0
 - the inside diameter of the guide tube (6.85 cm)

AD P the diametral clearance between the support rod and the

rod guide (5.25 cm)

L P the length of the guide tube (452 cm)

K a constant appropriate to the assumed cosine emitter (5.6/80

The total dose rate calculated at the top of a guide tube is about

36 R/hr. When the rod drives are in place, the area directly over the

guide tubes will be ribboned off; radiation levels will be attenuated

considerably by the drives. Removal of the rod drives opens the upper

ends of the guide tubes. The tops of guide tubes will accept shielding

plugs approximately 15 inches long. A steel shield plug would provide
4 ,,

attenuation of at least Iv . When access to the area directly over

the rod guide tubes is required, appropriate shielding plugs will be

emplaced. Dose rates with the plugs inserted are calculated to be

less than 4 mR/hr.

(alNucleonics, Data Sheet No. 16.
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O SECTION XI. CONDUCT OF OPERATIONS

This section of the SAR presents general organizational and

procedural information concerning the operation of the PBF. Included

is information on: organizational structure and responsibility,

operations training programs, the written procedures to be used in

governing the operations of PBF, the records to be maintained of PBF

operations, and the PBF review and audit methods.

A. Organization and Responsibility 

This subsection presents the general management and organizational

structure for the PBF and descriptions of the individual responsibilities

of the various personnel involved in PBF operations.

1. General Management Organization 

:The general management organization for the PBF is shown in

Figure 11A-1. The General Manager of Aerojet Nuclear Compeny, by

O the terms and conditions of;contract'if (10-1) 1375, has the prime

managerial responsibility for operation of the PBF. This responsibility

includes the establishment of the necessary management and operational

team and the detailed plans and procedures to ensure protection of

personnel, facilities, and equipment.

The total activities of the PBF are under the control of the PBF

Program Manager and are broken down into three prime areas of responsibility;

one is concerned with the programmatic aspects of the facility, one with

the actual operation of the facility, and the third with the' operational

support of the'facility.

All operation of the PBF facility is the direct responsibility of

the PBF Shift Operations Manager. The Shift Operations Manager reports

directly to the PBF Program Manager,' who in turn reports directly to the

General Manager of the Company.

The programmatic aspects of PBF are the direct responsibility of the

PBF Projects Manager, who reports directly to the PBF Program Manager.

The operations support functions for PBF are the direct responsibility

(RD 
of the PBF Operations Support Manager, who reports directly to the

PBF Program Manager.

11A-1
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O The activities carried out in the PBF Program are supported by

other divisions of the corporation including:

(1) The Nuclear and Operational Safety Division, which provides

operational surveillance, independent safety review, nuclear

safety analysis, industrial safety, and health physics services.

The Nuclear and Operational Safety Division Manager reports

directly to the General Manager,ANC.

(2) The Nuclear Safety Program Division, which assists in providing

program definition for the PBF and provides support in the

areas of detailed test planning, pre- and post-test analysis,

safety analysis, and analytical model development.

(3) The Engineering Division, which provides assistance in design

engineering, project engineering, engineering analysis,

instrument development, and engineering documentation.

(4) The Reliability and Quality Assurance Division, which provides

assistance in in-plant inspection, general reliability and

quality assuranCeprograms;. and calibration services for

standardization and traceability of electronic equipment and

measurements.

(5) The Technical Services Division, which provides metallurgical,

hot cell, analytical chemistry, computer science, and nuclear

fuel management services.

(6) The Site Services Division which provides maintenance, trans-

portation, and general housekeeping services.

(7) The Reactor Operations Division which, in addition to operating

the ETR and ATR, operates the Reactor Training School.

There are, of course, other organizational elements of the corporation

that perform legal, budgetary, personnel administration, etc. functions,

but these organizations have little to do with the actual operations of

PBF or the safety of operation.

2. PBF Operations 

The operation of PBF is carried out as a responsibility of the PBF

Program Manager. The general organization for the Operation of PBF

is shown in Figure 11A-2. The duties and responsibilities of the various

organizations shown on the chart are discussed in the following subsections.
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2.1 Shift Operations 

Shift Operations is responsible for the safe and efficient

operation of the PBF in accordance with approved Test Series 
Proposals

(TM). Aerojet Nuclear Policies and Procedures (ANPPs), the 
PBF SAR,

Technical Specifications, Operating Limits, Standard Practice 
Manual,

(SPM) and other control documents. The Manager is responsible for pre-

paration of the facility for testing, plant and reactor 
operations, and

maintenance activities. He maintains surveillance over all reactor op-

erations, and is the focal point for processing changes in test proced-

ure. The Shift Operations organization is shown in Fig. 11A-2.

• The initial program of operations to be conducted in PBF does• ..

not require significant periods of extended operation where 
more than

one shift of operating personnel will be required. 
Therefore, initial

staffing of Sfiift Operations will be for one shift;. however, 
personnel

from the other areas inTBF'will be trained and certified 
for the various

operating 'positions so that sufficient qualified personnel 
will be -

available for any required multiple-shift operations. 
Additional per-

manent staffing of Shift Operations for multiple-shift 
operation will be

accomplished as required by the forecasted testing schedule.

2.1.1 Manager, Shift Operations 

The Shift Operations Manager is responsible for pro-

viding the overall management function for Shift Operations. 
He assures

that certified operating personnel are available for all 
positions re-

quiring certification. In addition, he is responsible for fiscal con-

trol and funding for all shift operation functions. He assures that all

procedures used by shift operations have been correctly 
reviewed and

approved. The manager also plans and executes those operations 
required

by the PBF Program Plan.

The Shift Operations Manager directly supervises all

reactor and plant operations and is responsible for the 
actual conduct

of tests in accordance with approved test plans, safety 
requirements,

and control documents. He is the immediate supervisor of the reactor

0
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operating crew and repoiteldirectlrto7the PBF Program Manager. In the

initial operation of PBF at least one additional person will be formally

trained and certified for the Shift Operations position. The Shift Op-

erations Manager must be a certified loop and plant process operator and

a certified, reactor console operator. The following personnel are under

the supervision of the Shift Operations Manager:

2.1.2 Reactor Console Operator 

The Reactor Console Operator performs all operations

required for reactor startup and control, monitors all nuclear parameters,

and maintains the reactor console log. He advises the Shift Operations

Manager of any anomalies in reactor behavior, assists in their inter-

pretation, and makes suggestions as to corrective action that may be

taken. He has the responsibility and is trained to take immediate cor-

rective action, without consultation, to correct any situation that

could adversely affect the safety of operation. He maintains a current

awareness of the total operational status of the reactor, especially

with regard to the reactor control and protective system, neutron mon-

itoring system, and the details of experiments within the test space and

how they can affect the behavior of the reactor. During all nuclear op-

erations, there must be at least two qualified Reactor Console Operators

in the control room.

2.1.3. Loop and Plant Process Operator 

The Process Operator is responsible for operation of

the reactor process systems; primarily, the reactor primary coolant

system and the loop coolant system during tests. The operator monitors

these systems during operation and apprises the Shift Operations Manager

of any abnormal conditions.

2.2 PBF Pro ects

The PBF Projects organization has the responsibility for de-

fining the experimental and analytical program for PBF and for assuring

that this program is consistent with and supports the needs of the

nuclear community. The organization consists of Test Engineers who are



are senior engineers and scientists, each of whom has had many years ex-

perience in the reactor safety field. Each Teat Engineer is assigned

the responsibility for the overall coordination and conduct of a major

portion of the PRP program. These Test Engineers prepare detailed test
I

program outlines, test specifications, and test series proposals which

define: the analytical requirements of the tests; the data to be obtained

from the tests; the functional requirements for the test hardware; the

desired test conditions; the operating requirements for the reactor;

and a safety analysis for the conduct of the test. Upon completion of

testing, they have the responsibility for directing the reduction of

test data and the analysis and reporting of test results. They also

.have the responsibility for relating the results of the tests to safety

considerations in full scale power reactors through the use of verified

analytical models. Where adequate analytical models do not exist.

Projects personnel have the responsibility for ensuring that an adequate

model development program is underway. To appropriately fulfill these

responsibilities, close contact is maintained with various AEC Agencies

and the reactor industry.

,PBF.Projects personnel have no direct responsibility for op-

eration. of the Plin however, they do have a strong influence on the over-

all safety of the facility through preparation of Safety Analysis Reports,

detailed test plans, and analysis of test results. PM? Projects per-

sonnel also brief Operations personnel on the objectives, procedures and

expectations of a given *test series.

2.3 Operations Support 

The primary function of the Operations Support organization is

to provide the technical support necessary for the preparation of ex-

periments and operation of the facility. In addition, many of the per-

sonnel have been forially trained and certified for various reactor

operating positions and function in Shift Operations during multiple-

shift operations or during the absence of the regular operating crew.

This organization has responsibilities for the design, pro-
,

curement, fabrication and installation of teat fuel, support hardware,
•
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and instrumentation required for the conduct of the PBF experiments as

specified by the PBF Projects. They provide the necessary liaison for

the pre- and post-test handling of experiments, including coordination

of required hot cell assembly and examination; assist PBF Projects

personnel in interpretation of experimental results; and conduct out-

of-pile tests required in support of the in-pile testing program.

In addition, they assure continued operability of the PBF

process systems by: 1) establishing and monitoring a planned program

of preventive maintenance, 2) establishing a stock of spare parts and

monitoring their use and replacement, and 3) providing engineering for

facility improvement and/or correction of problems encountered in the

operation of the process systems.

They also provide technical support and surveillance for all

of the PBF electrical and electronic systems including the nuclear,

process and experimental instrumentation systems, the reactor control

and protective system, and auxiliary electrical systems, and operate

and maintain the data recording and reduction systems.



B. Training, Qualification and Certification Program 

A training, qualification, and certification program falhas been

established to ensure the continued availability of personnel who are

capable of performing PRP operations in a safe and orderly manner.

The basic objectives of the program are:

(1) To ensure that each employee assigned to an operating position

is properly trained to perform his assignment in a safe and

competent manner.

(2) To ensure that AEC and ANC requirements for operation of AEC

reactors -are properly implemented.

(3) To provide a coordinated method for the dissemination and imple-

mentation of AEC and management directives and other information

necessary in maintaining high standards of training and quali-

fication of personnel.

(4) To maintain an evaluation program that provides periodic checks

to determine supervisor and operator efficiency.

(5) To ensure that an auditable system of training, testing, and

certification records is maintained.

The philosophy of training of PBF operations personnel initially is

that each job function has training that is specifically tailored to its

need. For example, the Reactor Console Operator must have an extensive

knowledge of reactor static and kinetic behavior, the reactor control

and protective system, and a working knowledge of plant process systems.

In contrast, the Plant Process Operator must have an extensive knowledge

of the reactor plant functions with a general working knowledge of the

reactor nuclear controls and behavior. The training program includes:

formal text book training; study of the Safety Analysis Report, Technical

Specifications, Emergency Action Plans, and Standard Practices;



on-the-job training; simulated operations; self-study; and briefings

by various organizational representatives. Eventually, every PBF

operator will be required to qualify on both the console and process

systems.

[a]
H. T. Watanabe, PHI Training and Qualification Program, ANCR-1019

11B-2
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1. Organizational Responsibilities for Training
• • „

Figure 11B-1 shows the various organizations that are involved in

the PBF training program. The responsibilities of each of these

organizations for training are discussed below:

1.1 PBF Proaram Management. The PBF Program Manager establishes

the basic policies and guidelines for training of all operations personnel

under hie supervision. It is his responsibility to: establish the basic

requirements for training, qualification and limits of authority for

each operational position; establish, maintain and act as Chairman of

the PBF Qualification Review Board, (see Paragraph 2, below); and exercise

overall management control to ensure that the training of division

personnel is timely, competent, and adequate.

1.2 Planning and Documentation ManavrIs) The Planning and

Documentation Manager •is responsible for the overall implementation,

supervision, and coordination of the PBF operations training program.

His specific responsibilities for training are to:

(1) Establish and maintain rigorous training programs for all PBF

operational positions. This includes the coordination and

administration of formal training courses, on-the-job training

programs, refresher training courses, and on-shift briefings.

(2) Ensure that each person assigned to an operational position is

properly qualified for that position.

(3) Coordinate training schedules with facility operations for

efficient use of available training personnel and facilities.

(4) Continually evaluate and upgrade as necessary the training

program.

[a) This position is not shown on the PBF Division Organization Chart
shown on page 11A-4. The Planning and Documentation Manager is a temporary
position that is defined because of the large amount of documentation that
must be generated and approved during the transition from the construction
to the operating phase. Ultimately, this function will be assumed by

Program Management.

11!1-1
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(5) Establish and maintain a PBF Training and Qualification Program

booklet that describes the program in detail.

(6) Establish and maintain a complete training and qualification

record for.each operational employee in PBF Operations.

1.3 Shift Operations Manager. The Shift Operations Manager is

responsible for the day-to-day training and performance of each man

assigned to him. Specifically, he shall:

(1) Closely monitor the training and qualification progress of

each man assigned to a shift operations position.

(2) Ensure that the on-the-job training is carried out in accordance

with approved training programs and procedures.

(3) Work closely with the Planning and Documentation Branch Manager

to coordinate training schedules with required operations.

(4) Personally examine each candidate for an operational position.

(5) Formally endorse adelluatlytrained candidates to the PBF

Qualification Review Board for examination and qualification.

(6) Ensure'that no employee is assigned responsibility for an

operationil pOsition for which he has not been adequately

trained and formally qualified.

(7) Actively provide assistance, input, and feedback to the training

program concerning the contents, applicability, and quality of

the training program.

In addition to the above stated responsibilities of the Shift Operations

Manager, each employee in PBF Operations has the responsibility to

maintain his operational preparedness consistent with his assigned duties

and to make, constructive suggestions concerning the upgrading of the

training program.



1.4 Reactor Training.School. The Reactor Training School provides

the initial formal textbook training and the formal textbook 
retraining

for candidates for various operational positions. The Reactor Training

School Director works closely with the PBF Program Manager, the PBF

Planning and Documentation Manager,ta' the Shift Operations Manager, 
and

the PBF Qualification and Review Board to establisb, administer, and

upgrade the training program. Instructors for the training conducted at

the School are drawn from any of the ANC Divisions, as necessary 
and

appropriate, as well as from the Reactor Training School Staff. The

Reactor Training School administers various written examinations during

the course of the training and a comprehensive written examination at the

conclusion of the normal textbook training.

1.5 PBF Projects. Engineers and scientists from the PBF Projects

Organization are responsible for the experimental program development,

detailed test planning, and analysis' and reporting of test results from

PBF Programs. These personnel conduct briefings for operations

personnel on the objectives, test plans, and special' procedures for the

tests covered by a given Test Series Proposal.

1.6 Nuclear and Operational Safety Division. Representatives from

the Nuclear and Operational Safety Division are used to provide special

briefings to. operatione personnel on the subjects of nuclear, radiation,

and industrial safety. In addition, all ANC personnel are required to

attend an annual health physics reindoctrination, which is administered

by the Nuclear and Operational Safety Division.

la) 
See footnote, page 11B-2



2. PBF Qualification Review Board 

A PBF Qualification Review Board has been established for the purpose

of judging whether or not candidates for operational positions have

been adequately prepared and trained. Specific duties of the Board

are to:..

(1) Review individual candidate's training and qualification.

records and administer oral examinations as part of the formal

qualification process.

(2) Conduct a subsequent record review and oral examination when:

'The employee remains in grade for two years after qualification;

The qualified employee is separated from continuous service

for three months or longer; or the employee has been previously

disqualified for• any reason.

(3) Issue a Certificate of Qualification for each successful

candidate. 'Recertifications will be documented by letter.

(4) Annually. examineall qualified operational personnel regarding

procedures for handling abnormal plant and reactor conditions

and emergencies. -•

(5) Make evaluations and recommendations concerning the applica-

bility and effectiveness of the training program.

The PBF Oualification Review Board consists of the following

personnel:

(1) Chairman - PBP Program Manager

(2) Alternate Chairman - PBP Shift Operations Manager

(3) Reactor Training School Director

(4) Representative from the Nuclear and Operational Safety'Division

'3. Individual Qualification Prerequesites and Requirements 

All personnel who function in certain defined operational positions•

118-6



must be formally certified. These operational positions are discussed

below:

3.1 Manager. Shift Operations 

3.1.1 12WALIZakraLLUIL

The minimum criteria for a man to be considered for this

position are: Management approval; at least five years

of operational or related experience of which three years

have been in a supervisory capacity; certification as

reactor console and loop and process systems operator.

3.1.2 L1 aaarogia21AirtiagIKULLMAKIIIK

Modules 1, 2, 4, 5, 6 and 7. (Refer to Paragraph 4.3)

3.1.3 Theoretical Knowledge Requirements 

NOTE: These requirements refer to specific items in

each on-the-job training checklists.

3.1.3.1 Reactor Physics 

Know the fundamentals of reactor theory,

including the fission process, neutron multiplication,

source effects, control rod effects, experiment

effects, criticality indications, and automatic

reactor control. Emphasis will be placed on

the following:

(1) Reactor startup methods

(2) Steady-state operation

(3) Prompt critical condition

(4) Positive reactivity and causes

(5) Doppler effect

(6) Fuel burnup

(7) Fission product posioning
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(8) Flux shift due to core loading, experiment

insertion, control rod movement, and experi-

ment or core movement.

(9) How flux shifts b changes in reactivity are

detected.

. (10) Know the interaction of different system

parameters (pressure, temperature, flow, etc)

and•how changes affect reactor control.

3.1.3.2 Radiological Control

. Know the significance of radiation hazards,

including permissible levels of radiation, and

procedures to reduce excessive levels of radiation

and to guard against personnel exposure. Have

an understanding of Health and Safety ANPP's and

SP's applicable to his job.

•••••••1

3.1.4 Stem and Component Knowledge Requirements 

Detailed knowledge level 

NOTE: The syiteem and component■ for which this level
ti

of Knowledge is required are listed in appropri-

ate on-the-job training checklist.

3.1.4.1 System Knowledge Requirements 

(1) •The function of the System.

(2) How the system ties into the overall facility.

(3) How to draw a functional one-line or block

diagram of the system showing major components;

eg, pumps, major valves, major circuit breakers,

etc.
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, 10 How the system works and its operating

characteristics. This includes the interrela-

tionship of low, temperature, and pressure

within a system, if applicable.

(5) How the system can affect the overall facility

and other systems.

(6) What paraleters are monitored, normal readings,

where monitored, reasons for monitoring, and

system limitations.

(7) Source of power supply, if applicable.

Interlocks, automatic and manual features, if

applicable.

(8) Capacity of the system, if applicable.

Operating limits involved in system operation,

if applicable

3.1.4.2 Component Knowledge Requirements 

(1) The function of the component..

(2) Where the component is located.

(3) The normal operating mode of the component.

(4) What will happen if the component fails, the

effect of the failure to the system and/or

facility; and, if applicable, the fail position.

(5) What parameters are monitored, normal readings,

where monitored, reasons for monitoring, and

component limitations.

(6) Source of power supply, if applicable.

(7) Capacity of the component, if applicable.



3.1.5

3.1.4.3 Basic Knowledge Level 

NOTE: The systems and components for which

level of knowledge is required are listed

in the appropriate on-the-job training

checklist.

Know the basics of system construction,

its operation, its function and its effect

on the overall facility.

Operating Knowledge Requirements 

NOTE: The level of knowledge required is listed in the

appropriate on-the-job training checklist.

3.1.5.1 Detailed Operational Requirements 

(1) Pre-start steps required for the system

and/or component and associated precaution

and operating limitations.

(2) Startup procedure for the system and/or

component and associated precautions and

operating limitations.

(3) Steady-state readings required and manipulations

necessary for the system and/or component and

associated precautions and limitations.

(4) Shutdown procedure for the system and/or

component and associated precautions and

limitations.

(5) Infrequent procedures or tests..

(6) Principles of operation in each of the above.

3.1.5.2 Emergency Procedure Requirements 

(1) Understand the reasons for the action taken in

O

;
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the emergeiCy procedure and the effect of the

steps to be taken in the plant.

(2) Details of the steps required.

(3) Know the emergency action criteria.

3.1.6 Administrative Knowledge 

Test Control Documents 

Know and understand all reactor Operating Limits and

Technical Specifications and the restrictions they impose

on all systems associated with the facility. Be familiar

with the contents of the Safety Analysis Report and the

special limits imposed by the Teat Series Proposals (TSP).

ANPP's and Standard Practices 

Know all ANPP's and SP's as they pertiiin to the shift

and facility 'responsibility.

Union Contract 

Know the union contract and the grievance procedure.

Emergency Plans 

Know the responsibilities for each member of the shift

as detailed for all types of evacuations, fires, or

disasters. Be familiar with the mechanisms for

assistance in cases of personnel injury or sickness.

Corporation 

Know the responsibilities, authority and limitations

delegated to the Shift Operations Manager by Management.
•

Be familiar with the ID-AEC organizational structure.

Reactor Operation Division Call• List 

Know whom•to call in case of operational problems for

assistance, approvals or information.



3.2 Reactor Console Operator 

3.2.1 Initial Job Criteria 

The Shift Operations Manager and the Console Operator

will be formally certified Reactor Console Operator. The

minimum criteria for a person to be considered for this

position are: graduate of a recognized technical trade

school in electronics or high school graduate with a

demonstrated equivalent background; • minimum of two

years experinece as electronics technician in the nuclear

reactor field; and evidence of ability to pass the

medical exam for certified Reactor Console Operator.

3.2.2 Classroom Training Requirements 

Modules 1, 2,4, 5, 7 and 8. (refer to Paragraph 4.3)

3.2.3 Theoretical Knowledge Requirements

See Section. 3.1.3

3.2.4 System and Component Knowledge Requirement&

Detailed Knowledge Level -

See. Section 3.1.4.1 and 3.1.4.2 .

Basic Knowledge Level •

See Section 3.1.4.3

3.2.5 Operating. Knowledge Requirements 

'NOTE: The level of knowledge required is•

listed in the appropriate on-the-job

training checklist.

Detailed Operational Requirements 

See Section 3.1.5.1

3.3 Loop and Plant Process Operator 

3.3.1 Initial Job Criteria 

The'Shift Operations Manager and all Mechanical technicians will

be formally certified • 11B-12 .
4 •
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for this.position. The. minimum criteria for this

position is: high school graduate or equivalent;

and evidence of ability to pass the medical exam for

a certified operating position. Preference for this

position will be given to individuals who reach above

average in scholastic standing and who have a demons-

trated aptitude for mechanical dexterity and spatial
•

visualization.

3.3.2 Classroom Training Requirements 

Modules 1, 2, 3, 6 and 7. (Refer to Paragraph 4.3)

3.3.3 Theoretical Knowledge Requirements 

NOTE: These requirements refer to specific items in

each on-the-job training checklist.

Reactor Physics 

Know the Aefinition,of the basic terms.

Have a basic understanding of effects of changes in

temperature.

Have a basic understanding of the fission process.

Radiological Controls 

Know the significance of radiation hazards, including

permissible levels of radiations, and procedures to

guard against personnel exposure.

Have an underatainding of Health and Safety ANPP's and

SP's applicable to his job.

3.3.4 System and Component Knowledge Requirements 

Detailed Knowledge Level

See Section 3.1.4.1 and 3.1.4.2
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See Section 3.1.4.3

3.3.5 Operating Knowledge Requirements 

NOTE: The level of knowledge required is listed in the

appropriate on-the-job training checklist.

Detailed Operational Requirements 

See Section 3.1.5.1

Emergency Procedure Knowledge Requirements 

Understand the reasons for the action taken in the

emergency procedure and effect of the steps on the plant.

Details of the, stepslrequired.

3.3.6 Administrative Knowledge Requirements 

Reactor Operating Limits and Technical Specifications 

Know and understand all reactor Operating Limits and

Technical Specifications applicable to his job., Under-

stand the reason for'each operating limit and the restrictions

imposed by each.

ANPP's and Standard Practices 

Have a thorough knowledge of ANPP's and Standard Practices

applicable to his job.

3.4 Trainee

, An employee who is in training for, but has not completed

-qualification for, an operational position is designated a Trainee.

Trainees are not assigned direct responsibilities for operational

positions. They are, however, permitted to perform PEP operations under

the direct supervision of an employee who is formally certified for

the position for which the Trainee is training.

0

•
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4'. PBF Training and Qualification Program Outline,

Figure 118-1 shows the progress of the individual through'the PBF

Training and Qualification Program. Although each operational position

has training that is specifically designed for its need, the training

for all positions is conducted in the basic steps briefly described in

the following.

4.1 Minimum Criteria for Candidates. Minimum criteria (presented

in Subsection XI. B-3) exist that a candidate must meet before he can be

considered for an operational position; therefore, the beginning

• ,
capabilitied of candidates are fairly well known. The training program

is structured to bring the individual from the minimum criteria level up

to the proficiency' level required for certification.

4.2 PEP Plant Orientation. Shortly after he enters training for

an operational position, the candidate is given orientation in which he

become0amiliar with the -objectives,;;physical plant, testing and operating

procedures, and administrative procedures of the PBF. During this period,

he may assist'in conducting non-nuclear system operations and participate

in the preparation of operational documents.-

4.3 Initial Textbook Training. After his initial orientation, the

candidate is assigned full-time to the Reactor Training School. The

course emphasizes theory, hardware, operating principles, and procedures

for reactor and plant operations. A modular concept is used. By use

of this concept, the curricula can be tailored to be compatible with the

background of an individual candidate.

Final written examinations are given in each area. Successful

completion of the school program is a prerequisite to further assignment

in PBF operations.



Sources of course material include, but are not 
limited to:

(1) ORNL-TM 2034, Reactor Operator Study Handbook. This five

volume basic textbook is applicable to PBF training 
on

fundamentals. The material is updated periodically,.

(2). Various other nuclear and reactor physics tests.

(3) PBF Safety Analysis Report.,

.(4) PBF Boiergency Action Plan.

(5) PBF Technical Specification Document.

(6) Standard Practice. Manuals.

(7). PBF Reactor and Loop and Plant Operating Manuals

(8) Other available reports, articles, and'texts 
pertinent to

reactor operations and safety.

(9) Material obtained through the PBF Operations 
Maniger's

office (eg, Safety. Reviews,, Appraisals, Incident Reports, etc.)

The course content is• diVided into seven 
modules which are:

.(1) Fundamentals

(2) Reactor Principles

(3) PBF keattor - Basic

(4) 'Physics far PBF

(5) 'PBF Nuclear'Instrumentation 
and Controls

(6) PBF Mechanical Design

(7). Operations and Administration.

An outline of the subject material covered 
in each module includes,

but is not necessarily limited to, the 
following:

(1) Module 1. Fundamentals ("4. 3 days)

(a) Electricity

(b) Mathematics
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(c) Circuit and Flow Syaboloby

(d) Plant Instrumentation

(2) Module 2. Reactor Principles (" 6 days)

(a) Atomic and Nuclear Physics

(b) Health Physics

(c) Reactor Chemistry

(d) Reactor Metallurgy

(e) Reactor Engineering

(f) Radioactive Waste Management

(3) Module 3.  PBF Reactor Basic (ti 2 days)

(a) PBF Reactor Characteristics

(b) PBF Control Safety Systems

(4) Module 4. Physics for PBF (', 8 days)

(a) Reactor Physics

(b) Reactor Dynamics

(c) Burst Dynamics

(d) 'PBF Physics

(5) Module 5. PBF Nuclear Instrumentation 6 Controls ('s 6 days)

(a). PBF Operational InstruMentation

(b) PBF Protective System

(c) PBF Control System

(d) PBF Programming System

(e) PBF Transient Instrumentation

(f) PBF Evacuation System

(g) PBF Data Acquisition System
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(6) Nodule 6. PBP Mechamical Design ('t, 5 days)

(a) General Design Philosophy and Facility Description 

(b) Reactor System,

(1) Reactor Core System

(2) Reactor Vessel System

(3) Poison Injection System

(4) Reactor Primary Coolant System

(5) Reactor Secondary System (including UCW System)

(6) Reactor and Canal Cleanup System

(c). Non-nuclear Instrumentation 

(1) Reactor'Process and Auxiliary Services Instrumentation

(2) Communications System

(d) Air Systems:.
•

(1) High Pressure Air System

(2) Low, Pressure Air SyeteM

(3) Plant and instrUment Air System

. .
(e) Plant Systems,

(f)

. (1) Water Supply System -

(2) Liquid Waste System

(3) Heating and Ventilating and Waste Gas System

(4) ' Electrical Distribution System

Loop Systems 

(1) Loop Coolant System (including makeup system)

(2) .High Pressure Demineralized Water System

(3) Vents,, Drains, and Pressure Suppression Systems

(4) ,Loop Cleanup and Decontamination System

(5) _Loop Instrumentation
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(7) Module 7. Operations and Administration (I, 3 days)

(a) PBF Organization

(b) PBF Operations

(c) Corporate: and PBF Program and Policies and Procedures

(d) PBF SAR

(e) PBF Technical Specifications

(f) Industrial Relations

(g) Operational Safety

4.4 Field Training. Upon successful completion of his formal

training at the Reactor Training School, the candidate will return to

his Trainee assignment for a variety of types of informal or field

training. This includes:

(1) On-the-job Training - The candidate gains knowledge and exper-

ience while working directly with a supervisor or operator who

is already certified. Insofar as possible, from a plant safety

standpoint, the candidate is permitted to perform various

operations under direct supervision. On-the-job training check-

lists are maintained by the Shift Operations Manager during this

training, which cover the areas of (1) reactor theory, (2) PBF

design and construction details, (3) PBF operating procedures,

policies, (4) operator efficiency, (5) Administration, and

(6) Safety and Emergency Actions. A comprehensive written

examination is administered in conjunction with each checklist.

(2) Simulated Operations - The candidates for the various operational

positions will be trained for the systems that they will be

expected to operate using simulated operations. A checklist is

developed from a typical test series proposal and proper operating

technique is practiced for system startup, normal operation,
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abnormal and emergency conditions, and system shutdown.

(3) Experimental Program Briefings - PBF Projects personnel will

brief shift personnel in various items concerning the experi-

ments. The purpose of these briefings is to acquaint the

operating personnel with experimental objectives and the

important characteristics of each experiment pertinent to their

jobs.

(4) Miscellaneous Briefings - Briefings on various items are given

under the direction of the PBF Program Management. Included

are problem area discussions, (ie, Incident Reports, Operation

Surveillance Reports) as well as briefings on new developments

and other items of interest in the, nuclear field and industry

An general.

(5) „Self Study - The candidate is expected to study on his own as

necessary to improve his knowledge and ready himSelf fdr

certification in a reasonable length of time. Plant and Loop

Operations Manuals, Standard Practices Manuals, Technical

Specifications, Safety Analysis Reports, Test Series Proposals,

etc. are readily available to all personnel.

4.5 Endorsement of the Candidate. When the candidate has successfully

completed all required prerequisites and in the opinion of the 'Shift

Operations Manager is ready for certification, the Manager formally

recommends him for certification to the PBF Qualification Review Board.

This recommendation includes the Manager's appraisal of the ability

and performance of the candidate. The record of all training relative'

to the candidate is provided for perusal by the Board.

4.6 Examination by PBF Qualification Review Board. The final test
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for initial certification for an operating position is the oral

examination that is administered by the PBF Qualification Review Board.

The exam is designed to determine the candidate's technical, procedural,

and organizational knowledge. It is also designed to determine how he

can be expected to function on the job during normal operation and

emergency situations. A Certificate of Qualification is presented to

the employee upon his successful completion of the oral examination.

4.7 Continuing Training,. Training subsequent to initial certification

is conducted in a manner similar to the initial training. The training

consists mainly of on-the-job training and briefings, with the formal

textbook training used primarily in cases where the individual is

training for a higher position for which he has not been formally

certified. The emphasis is placed on retaining a solid theoretical and

operational understanding of the reasons for and the implementation of

the various reactor operating limits, standard practices, and

operational procedures,

Annually, written operational, and oral examinations on procedures

for handling abnormal plant conditions and emergencies will be

administered to all certified operating personnel. The written examinations

are administered by the Reactor Training School, the operation examination

by the Shift Operations Manager, and the oral examination by the

Qualification Review Board.

4.8 Recertification. A previously certified individual must be

recertified when:

(1) The individual remains in grade for two years after his

previous certification.

(2) The individual is soparated from continuous service in grade

for a period of three months or more, or
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(3). The individual has been previously disqualified for any

reason.

Recertification in-grade prior to expiration of certification

requires successful completion of a comprehensive written examination,

a current training record review, and an oral examination administered

by the Qualification Review Board.

The amount of retraining and retesting of an individual whose

certification has expired, is determined on a case basis by the Reactor

Training School Director and the PBP Program Manager. In any, case, if

the certification has laspsed for more than one year, the requirements

are the same as for initial certification.

4.9 Medical Examinations. A complete medical examination is

conducted by AEC physicians prior to initial qualification to determine

the physical ability of the employee to operate or supervise operation

of a nuclear reactor. The candidate must pass the medical examination

prior to initial qualification. Subsequent medical examinations are

conducted periodically for the length of the employee's tenure in

operations. To maintain current certification, the employee must pass

the examination at two year intervals.

•
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Cl -Written Procedures 

This subsection of the SAR presents a general discussion of the

various Aerojet Nuclear Company written procedures that apply to the

operation of PBF.

1. PBF Control Documents 

Figure 11C-1 presents the control document framework for the

operation of the PBF. As shown in this figure, the AEC Manual Chapters,

the basic contract between the AEC and Aerojet Nuclear Company, the

approved Safety Analysis Report, and the PBF Technical Specifications

form the basic documentation of how the PBF will be operated for the

Commission by Aerojet Nuclear Company.

To comply with the various provisions of the basic documentation

regarding the PBF, Aerojet Nuclear Policies and Procedures (ANPP's) are

developed that provide guidelines on how operations will be conducted

in the various general areas of operation. To implement these ANPPe,

Standard Practices (SP's), operating and maintenance manuals, Test

Series Proposals (TSP's), etc, are written to provide detailed instruction

in specific areas of operation to the personnel who actually perform

and directly supervise the reactor operations.

The PBF control documentation may be grouped into (1) test control

documents, (2) operational documents, and (3) supporting documents.

1.1 Test Control Documents. The Test Control Documents specify

the bounds within which all operation of the PBF must lie and include

the Test Series Proposals, Safety Analysis Report, and Technical

Specifications.

A Test Series Proposal (TSP) is issued for each series of related

tests or operations. This document includes the test objectives, test

description, test predictions, additional operating limits, operational -

requirements, and a safety analysis of the tests. Detailed engineering

requirements necessary to prepare for and carry out the tests are also

included in the TSP. The TSP must be reviewed for safety and approved

by the PBF Modification and Experiment Review Board prior to performance

of tests.



PBF CONTROL DOCUMENT FRAMEWORK 

APPROVED
SAR

MOM .111=

TECH. SPECS. MR 

V

AtlIPP 17.0
108F PROGRAM

CONTRACT
AT(IO-I) 1375

AEC MANUAL
CHAPTERS

PRIME AEC INTERFACE

AMP!' 17.1
ORGANIZATION

IN 
ADMINISTRATION

MPP 17.2

OPERATIONS CONTROL

OPP 11.3
CONFIGURATION

CONTROL

AMPP 17.4
TRAINING.

QUALIFICATION I
CERTIFICATION

AtAIPP 17.5

OA t STANDARDS

MMIMIMMINO

ANPP 17.8
NUCLEAR t
OPERATIONAL

SAFETY

STANDARD
PRACTICES

STANDARD.
PRACTICES

STANDARD
PRACTICES

STANDARD
PRACTICES

STANDARD
PRACTICES

STANDARD
PRACTICES

OPERATING
MANUAL

TRAINING
PROGRAN

MAINTENANCE
MANUAL

TEST SERIES
PROPOSAL

Fig. 11C-1 PBF control document framework.

• - •

•



•

O

The Safety Analysis Report (SAR) applies to the entire span of
• •1.•

PBF'experiments and opeiations. This document contains an analysis of

planned test operations primarily with regard to the protection of

health and assurance of the safety of NRTS site personnel and the

general public. The SAR also presents the consequences of malfunctions

and describes counter-measures designed to minimize hazards.

The Technical Specifications provide: the operating limits within

which the PBF will be operated; safety limits as applied to

plant process and test parameters; eg, pressure, flow, temperature;

limiting conditions of equipment and plant; surveillance requirements

necessary to verify performance; and administrative controls.

1.2 Operational Documents. The operational documentation for

PBF is contained within ANPP's, SP's, and manuals.

The ANPP's contain operational instructions that in general

apply to more than one area of operation (eg, to the ETR, ATR, CPP

and PBF) or general information that applies to a single area of

operation. The SP's provide detailed information that applies to a

single area of operation (eg, PBF). These documents provide instruction

on such items as: shipping,: receiving, and storing fissile materials;

minimum required personnel, instrumentation, and approvals for reactor

startup; responsibility of individuals during reactor operation;

detailed procedures for performance of a power burst test; record keeping;

performance testing of instrumentation, etc.

The operating and maintenance manuals contain all of the

procedures necessary to start, operate, shutdown, and maintain the

equipment items integral to the PBF. The Operating Manual will be

published in three separate volumes, each to contain detailed operating

instructions for particular related functions. Volume I will contain

instruction for equipment and systems necessary for nuclear operation of

the reactor; Volume II will contain instructions for operation of plant

and process equipment; and Volume III will contain instructions for

operation of the experimental loop coolant system. The Maintenance

Manual will contain spare parts lists, preventive maintenance schedules
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and instructions, and special maintenance and repair instructions for

all facility equipment items.

1.3 Support Documents. Included within the category of support

documents are various ANPP's and SP's related to administration and

safety. Typical examples of such documentation are:

(1) Organization and General Administrative Procedures

(2) Industrial and Fire Safety Procedures

2.

(3)

(4)

PBF

The

Security Procedures

Waste Disposal Procedures

Emergency Action Plan

PBF Emergency Action Plan consists of the Aerojet Nuclear Basic

Emergency Action Plan, the specific addendum to this plan for PBF and a

PBF Standard Practice (SP) implementing all of the requirements of 
the

basic and addendum plans and providing instructions for local 
emergencies

not requiring evacuation. Also included in the SP are the plans for

re-entry teams following evacuation and the relationship of the AEC

Security Force including the Warning Communication Center (WCC), 
operated

by AEC Security, to the PBF plan. The following conditions require the

enactment of emergency procedures:

(1) an accidental nuclear criticality,

(2) a large fire,

(3) uncontrolled radiation exposure

(4) uncontrolled release of fission products,

(5) civil disturbance or national emergency,

(6) natural disaster, and

(7) any other condition that the Shift Operations Branch Manager

evaluates as an emergency.

2.1 Responsibilities. During normal working hours, the Shift

Operation Manager will direct all emergency actions. Health Physics

personnel on duty in the PBF area will respond to all fire, radiation,

and siren alarms at PBF. If needed, safety engineers and additional

health physics personnel can be obtained upon request from other NRTS 
areas.

This group advises and assists the Shift Operations Manager in emergency

actions.
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operation that requires health physics surveillance during the day will

also require such surveillance during shift work. If not on duty at

PBF, health physics personnel are obtained from the Test Reactor Area

for both normal and emergency operations.

The PBF Security Force is a part of the AEC NRTS Security Force

and reports administratively to the AEC ID Security Division. Coordi-

nation of PBF requests for changes in Guard Post orders or instructions

is performed by the ANC Security Division.

Upon operation of the evacuation sirens for the PBF area, the AEC-

ID Security Division, the operator of the Warning Communication Center,

is automatically alerted. By use of the WCC radio net which is in

contact with all NRTS areas, AEC Security determines the cause of the

evacuation signals and if appropriate warns the NRTS facilities and the

Civil authorities. Since the WCC field units are portable and are

carried by the Shift Operations Manager or his designee during all

phases of evacuation, continuous contact with Security is maintained.

WCC also provides assistance in requesting whatever help may be needed

to combat the emergency.

2.2 Notifications. The PBF Emergency Action Plan contains the

requirements for notification of personnel, lists the personnel, their

phone numbers, their alternates, and the order in which they are called

for the various types of emergencies that may arise. The NRTS Warning

Communication Center has been established as an around-the-clock control

point for receiving and relaying all emergency information.

2.3 Evacuation System. An evacuation system has been installed

in the PBF area to alert personnel in the area that a condition exists

that may require further emergency actions or to initiate personnel

evacuation. Sirens are located in the PBF control center area, the

11C-5



PBF reactor building area, and at each of the SPERT reactor building

areas. 'An actuation station for operation of any individual siren or

all the sirens as a group is located in the Main Guardhouse at the

Control Center. An actuation station for operation of the Control

Center or the PBF reactor area sirens individually and for actuation

of all sirens as a grotip is located in the PBF Control Building.

Actuation stations are located at each PBF and SPERT reactor building

for actuation of the siren at that respective area only. The following

are the signals and personnel responses to the evacuation siren.

O

s
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(1) Alert - Take Cover. The alert signal is a minimum of three-

minute continuous sounding of the siren with a nonvarying

intensity. Upon- reCeipt of an ilert-signal, employees are to take

cover inside buildings in the area. If necessary, personnel may

be directed by supervision to take cover in specific locations.

During an alert, appropriate operating equipment will be shut

down in preparation for an evacuation.

It should be emplhasized that an alert is not necessarily

always followed by an evacuation and an evacuation is not

necessarily preceded by an alert.

(2) Evacuation. -The PBF Evacuation System (see Section VI) has been

designed so that at least two independent failures are required

to reduce the PBF evacuation capability. This system includes

automatic actuation of the evacuation sirens in the event a

radiation level exists within the PBF reactor building that could

cause excessive radiological doses to personnel at the PBF Control

Center. The evacuation signal is an oscillating siren at S to 10

seconds on and 5 to 10 seconds off repeated for a minimum of

five minutes. Also the Emergency Communications System emits

O (see Section VI-D) an oscillating (5-10 seconds on and 5-10

seconds off) electronic siren signal to initiate an evacuation.

Upon receiptof an evacuation signal with no other information,

all personnel are to don face masks and proceed through the main

control center gate, without badge exchange, and enter the evacuation

bus or other vehicles as directed. Personnel evacuLting from the

reactor building area will use the reactor area vehicles.

Actuation of the evacuation signal causes an automatic alarm

at the AEC Fire Department at the Central Facilities Area and the

Warning Communications Center in the AEC Headquarters Building in

in Idaho Falls.

Roadblocks and manual security barricade stations are established

by the security personnel at the direction of the Shift Operations

Manager. For rescue efforts, all NRTS site support services are

available including the Fire Department and Medical Department.

These units have had special training in responding to emergencies

where direct radiation and radioactive contamination may present

special problems.
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Meteorological information is obtained from the Air

Resources Laboratories Field Research Office at the NRTS to

assist in decisions regarding site evacuations.

P•
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D. PBF Records 

All primary operating, experimental data, maintenance, and health

physics records generated during PBF operations will be protected in a

prescribed manner. Custodial responsibilities will be assigned to the

cognizant supervisor by PBF or Company Management: 'Access to, storage

and retention period of these records will be specified in the applicable

ANPP and/or SP with retention periods as specified in AEC Manual Appendix

0230.

The PBF program records, grouped into five categories, are listed

below:

1. Reactor Operating Records 

1.1 Console Log Book

Retention Period

6 years

1.2 Strip chart records from reactor instrumentation 5 years

1.3 Control system changes 5 years

1.4 Reactor incident reports 5 years

2. Plant Operating Records 

2.1 Plant Log Book

2.2 Strip chart records from plant instrumentation

2.3 Water analyses

2.4 Fuel Storage Log Book

2.5 Fuel inventory record

3. Experimental Data Records 

3.1 Oscillograph records

3.2 Magnetic tapes of experimental measurements

3.3 Experiment composition records

4. Maintenance Records 

4.1 Preventive maintenance records

4.2 Instrument calibration records

4.3 Equipment repair records

4.4 Equipment failure records

6 years

5 years

5 years

5 years

5 years

5 years

5 years

5 years

5 years

5 years

5 years

5 years
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5. Health Physics Records 

5.1 Personnel exposure histories

5.2 Strip charts from radiological monitoring
instrumentation

5.3 Calibration and repair of health physics
instrumentation

5.4 Daily log of health physics activities

Retention Period 

Indefinite

Indefinite

Indefinite

1 year

5.5 Log book of water or air analyses 5 years

5.6 Shipment of radioactive or fissile materials 1 year or until

Audit by AEC.

0
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E. Review and Audit of Operation 

Review and audit of PBF operation will be 
established for two

primary purposes: (1) to review and approve 
the Test Control Documents

. _

and (2) to assure that all operations, 
maintenance, tests, and emergencies

are handled in accordance with approved 
written procedures. The

organizations responsible for various areas and a brief description 
of

their responsibilities are given below. These reviews and audits are

in addition to those conducted by the AEC.

1. PBF Modification and Experiment Review Board 

A'PBF Modification and Experiment Review Board 
(HERB) has been

established to provide an independent safety review of 
all proposed

PBF nuclear operations, changes in procedure, 
and design changes. The

responsibilities of the PBF MERE are to evaluate the hazards 
attendant

to various PBF proposals in order to establish 
and maintain acceptable

risk levels within approved control documents and 
to either approve or

disapprove the proposal. The following are activities that require the

Board's approval:

(1) Initial operational approval for the PBF facility.

(2) Initial approval of all Test Series Proposals.

(3) Any physical changes in the reactor, changes 
in reactor

control circuitry, or safety circuit set points.

(4) Any changes in operating procedure that might affect reactor

safety.

(5) Continued operation of the reactor following any deviation

from approved operating conditions that might affect reactor

safety.

(6) Any changes in reactor core loading that might affect the

safety of reactor operation.

The Chairman and Members of the HERB are appointed by the General

Manager of the Company. These personnel are senior members of the

11E-1



Company, each'of whom has had several years experience in the reactor
safety field. The Board includes personnel who have a working knowledge

of the various aspects of reactor safety; eg, reactor operations,

reactor kinetics, heat transfer; thermal hydraulics, reactor control,

nuclear criticality safety, health physics, etc. Included on the HERB

are representatives from .the Nuclear and Operational Safety Division and

the PBF Program. organization. '

- A meeting of the HERB is held in response to receipt of a formal;

written request to review and approve a particular Test Series Proposal,

Technical Specification Change control, system change, etc. The request may

orginate within either the PBF Projects or PEP Shift Operations organi-

zations. Approital of the item by the Board islgiven only upon theunanimous

consent of all voting members.

2. Nuclear and Operational Safety Division 

The Nuclear and Operational Safety (NOS) Division has the responsibility

for establishment of standards in both nuclear and industrial safety

that are to be followed by all employees of the corporation. The NOS

Division hasxsponsibility for both safety review and surveillance

of all activities of the company..:in addition, all. health physiSists

are employees of the NOS Division. The NOS Division will have the

following review responsibilities related to PBF operations:.

(1) Review of the PBF SAR and evaluation of the need for updating.

(2) Review of the PBF Technical Specifications (including operating

limits), and evaluation of the need for updating.

(3) Review of procedures relating to control of fissionable

material and nuclear criticality safety.

(4) Surveillance for complianCe with approved procedures and

established safety rules and standards. This surveillance

will be conducted at least once per week. .

(5) Determination of the need for additional safety procedures,

rules, standards, and controls based on field observations

(6) Review of operations relating to industrial safety, industrial

hygiene, .radiation safety, And fire protection.

11E-2
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3. Aerojet Nuclear Safeguard and Accident Review Boards (SARB)

In addition to the reviews p rovided by Management, the Modification

and Experiment Review Board, and the Nuclear and Operational Safety Division,

a special procedure has been established to conduct in-depth, independent

periodic review of all Aerojet Nuclear Company activities and review of

certain accidents and incidents occurring in connection with these activities.

These reviews will be conducted by interdisciplinary review boards composed

of individuals not (collectively) directly associated with the activity

or facility under review or at which the incident or accident occurred.

These review boards are collectively called the Aerojet Nuclear Safeguard

and Accident Review Boards. The membership duties, and responsibilities

of these boards are specified in the ANPP's.

3.1 Membership. The ANC General Manager will designate a Board

Chairman for each ANC Safeguard and Accident Review Board. The staff

assistant, Safety Review, NOS Division is an ex-officio- member of all

SARB's. The Chairman has the responsibiliy for selection of a particular

review board membership from personnel of the company appropriate to the

subject under review. The membership of such boards is considered under

appointment from the General Manager of the company in conducting review

board activities.

3.2 Periodic Review. A review board will conduct an in-depth

review of all PBF activities, policies, and procedures directly or

indirectly related to nuclear and operational safety on an annual basis.

In addition to these annual reviews, special reviews may be conducted as

needed. These special reviews would generally be requested by the

General Manager, the Nuclear and Operational Safety Division Manager,

the Safeguard and Accident Review Board Chairman, or PBF Program

Management.

3.3 Accident and Incident Review. A BARB shall be convened

to review the following accidents or incidents tnac occur in connection

with PBF activities:

(1) Personnel exposure to ionizing radiation in excess of that

indicated by Federal Guidelines as given in AEC Manual Chapter

0524.
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(2) Disabling injuries

(3) Accidental nuclear criticality

(4) Incidents involving property damage in excess of $5000.

(5) Any release of radioactive material that results in a major

, area evacuation.

(6) Any incident in which investigation is requested by the

General Manager or the Nuclear and Operational Safety Division

Manager.

The Nuclear and Operational Safety Division has the responsibility to

audit compliance actions in connection with any review board recommendations.

Official investigation and reporting of Type A, B, and C Incidents

shall be conducted in accordance with AECM and IDM 0502.

4. Management Safety Apprasial Board 

In addition to the Safeguard and Accident Review Boards, Management

Safety Appraisal Boards (MSAB) have been established to conduct periodic

appraisals of the safety review system and special reviews of significant

and unusual problems associated with reactor operation. These reviews

are conducted by individuals not associated with the operational proposals

or activities being considered.

4.1 Membership. Members of the MSAB are appointed by .the ANC

General Manager who designates one member to serve as Board Chairman.

4.2 Reviews. The MSAB will review and evaluate the performance of

the internal safety review system every three years or as requested by the

General Manager. Review of significant and unusual problems associated

with nuclear operations will be based on the following criteria:

a. Determination that safety related conclusions presented are

valid and are supported by facts.

b. Determination that all risks associated with the proposal are

properly identified and described.

11E-4
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5. Quality Assurance Division 

The Quality Aasuranee Division (QA)-insists the Manager, PBF Program,

in assuring that all maintenance and modifications to the reactor or

reactor sub-systems are in accordance with the applicable work package

and are in compliance with the PBF Technical Specifications and original

design specifications.

To perform this function QA is responsible fort

(1) Preparing and maintaining the ANC Quality Assurance Plan required

to. implement Quality Assurance activities consistently.

(2) Providing Quality Assurance services to assure engineering and

technical requirements have been met.

(3) Maintaining inspection records for verification that installations

and modifications are in accordance with Engineering requirements.

(4) Providing calibration services for standardizing data acquisition

control, and measurement instrumentation.

(5) Establishing a system for reviewing and analyzing failure data

and records to establish trends, isolate failure modes, and

recommend design changes or improvements.
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SECTION XII. INITIAL TETI'S MD OPERATIONS

This section presents a summary of the tests to be performed with

the Power Burst Facility prior to its intended use as a vital part of

the AEC's Reactor Safety Program. The section is divided into two parts

that describe (a) the initial tests to be performed without the

reactor core installed, and (b) the initial nuclear tests with the -

facility.

The initial tests to be performed without the reactor core include

Construction Component tests, Systems Operations tests, and integrated

plant tests.

The initial nuclear tests include the initial critical experiment,

zero and low-power tests, fiducial tests, and "lead-rod" tests (tests

in which a PBP fuel rod is installed in the test space). Also included

in the discussion of initial nuclear tests is a brief description of

the initial portion of the PBF. experimental program.

A. Initial Nonnuclear Tests 

The Power. Burst Facility will undergo an extensive series of

nonnuclear plant checkout tests prior to nuclear operation of the

facility. These tests consist of Construction Component tests, Systems

Operation tests, and integrated plant tests.

The objectives of the Construction Component (CC) and Systems

Operation (SO) tests are to assure that all process systems are (a)

installed in compliance with the Architect-Engineer's plans and

specifications, and (b) operational with respect to performance

requirements, respectively. These tests are sequenced in such a manner

that verification and acceptance of individual systems by the Operating

Contractor can be accomplished while other construction is being completed.

The purpose of the integrated plant tests is to ensure that the

facility functions properly as an integrated unit. These tests also

provide an additional mechanism for operator training .



I. Construction Component Tests 

The purpose of the CC testing was to verify that the PBF components

and subsystems were correctly installed in accordance with plans,

specifications, and vendor instructions, and are thus ready to operate.

These tests were conducted by Howard S. Wright 6 Associates (HSW&A), •

The' Construction Contractor, and were under the surveillance of Ebasco,

the Architect-Engineer, and Idaho Nuclear Corporation (INC), the Operating

Contractor. The CC tests have been completed.

The CC tests included the fallowing:

CC-1 Horizontal Pump Mounting

CC-2 Vertical Pump Mounting

CC-3, Air Compressor Mounting

CC-4 • Compressid.:AieDryer ."'

CC-S Demineiiiized Water Systei
••• •

CC-6 Cooling Towcr
• • •

• •

Primary Coolant SysteM (Reactor) Installation

CC-9 Process Instruments

CC-12 Plant Electrical Distribution System

CC-13 Transformers

-CC-14 Engine-Generators

CC-15 Motors

CC-16 Communications, Alarms, and Radiation Systems
••

*CC-17 Lighting and Power Receptacle

CC-19 Reactor Building Heating and Ventilation

•

Note: System Operation Tests are included in these CC tests.

0

•
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CC-21 Reactor Building Crane

*CC-23 Special Door

CC-26 Poison Injection System Installation

CC-27 Secondary Cooling System Installation

CC-28 Canal Cleanup Sisiem Installation

CC-29 Liquid Waste Disposal System Installation

CC-30 Plant and Instrument Air System Installation

CC-31 Utility Cooling Water System Installation'

CC-32 High Pressure Air System Installation

CC-33 Control Rod Cooling Air System Installation

*CC-34 Raw and Fire Water System Installation

*CC-35 Sanitary System

CC-36 Insulation Instillaiion • '

*CC-37 Canal and Cate

CC-1001 Loop System Installation . •

CC-1002 Centrifugal Pumps and Motors

CC-1003 Positive Displacement Pumps and Motors

CC-1005 PCSL Pressurizer and Loop Heaters

CC-1006 Makeup System

CC-1007 Control Panel and Process Instruments

CC-1011 HDW Piping and Components

CC-10/3 Loop Electrical System

CC-1014 Cleanup System Piping and Components

CC-1015 Loop Waste Disposal System

CC-1b16 PCSL Vapor Collection System

* - Note: System Operation Tests are included in these CC tests.



2. Systems Operation Tests 

The SO tests are conducted to demonstrate that the system will operate

to performance requirements and design criteria. During these tests, the

equipment and instrumentation will be adjusted and calibrated and all

process systems will be made operational. The SO test program started in

October 1070 and will be completed before the initial fuel loading:

This test period is also an important phase in training of the

plant operators. Experience and understanding of plant systems is gained

with a minimum of risk to equipment and personnel. This provides maximum

opportunity to train and evaluate the operators.

Test requirements are defined by test specifications prepared by

the Idaho Nuclear Corporation and include formalized procedures and

data sheets. The tests are condOcted by INC personnel and are' *t'

witnessed by:an auditOr' from the Nuclear and Operational Safety Division.

Approval of- the test results is the final prerequisite for acceptance

of a system by INC.

Where appropriate, a preliminary operation of each SO test will be

verification of system.cleanliness by sampling and analyzing the

circulating fluid.. This will be followed by verification of the'

hydrostatic or pneumatic leak tests.. Functional tests are then conducted;

the functional. test procedures are summarized below.

2.1 SO-1,:Reactor•Primary Coolant System. The performance of the

system will be evaluated at design and partial -flow conditions. Of

particular interest are minimum and maximum flow points at one-pump and

two-pump-operations.. Performance of pumps, motors, and throttle valve

will be verified. Interaction of components upon failure of one pump

during'normal operations will be observed. Coastdovn characteristics

of the pumps in the event of power failure will be compared with predictions.

Vibration levels of pumps, heat exchangers, and piping will be measured

and recorded. Alarms, controls, and interlocks will be checked•.

2.2 SO-2, Reactor Secondary Coolant System. The performance of

the system will be evaluated at design conditions. Performances of

pumps, motor, and throttle valve will be evaluated. Vibration levels

of pumps, heat exchangers, and piping will be measured and recorded.



O

O

2.3 SO-4, Demineralized Water System. Processing capacity and

recycling time of the demineralizer will be verified. Purity of the

demineralized water will be checked against the performance specification

requirements.

2.4 SO-S, Plant and Instrument Air System. Production capacity

of the compressor and performance of the dryer will be verified. Purity

of the air at delivery points will be checked.

2.5 SO-6 and -7, Canal Cleanup and Liquid Waste System. Efficiency

of the cleanup system will be measured by flowing process water spiked

with tracers through the ion-exchange columns. Operations will be

continued to demonstrate that the water chemistry and contamination level

can be controlled to specification limits. The handling capacity of the

liquid waste system will be checked.

2.6 SO-10, High Pressure Air System. Production capacity of the

compressor and performance of the aftercooler and moisture separator

will be verified. Effectiveness of the filter-silencer will be evaluated.

2.7 SO-11, Control Rod.Cooling Air System. Production.capacity

of the compressor and performance of the aftercooler will be checked.

Effectiveness of the filtersAand.silencers will be, evaluated.

2.8 SO-12, Utility Cooling Water System. System performance at

design conditions will be evaluated. Pump and motor performance will

be verified. Vibration levels of the pumps, heat exchanger, and piping

will be measured and recorded.

2.9 SO-14, Electrical Power Distribution System. Switch-gear

and buses will be inspected for overheating when operatinC at near

capacity. Voltage regulator performance will be checked. Proper cooling

of the transformers will be verified. Performance of motors is verified

during SO testing of the mechanical systems. The capability of the

emergency power system to pick up the electrical load following

commercial power failure will be verified at partial and full emergency

power loads.

2.10 SO-15, Instruments. Each local and panel-Mounted instrument

will be calibrated. Each instrument system will be checked for

operation by simulating process conditions and observing action of all



components. Alarms; interlocks and controls are checked during SO

testing of the mechanical systems.

2.11 SO-16, Poison Infection System. Operation of the poison

injection system will be demonstrated by determination of the delivery

rate froM each individual injection line. This will be done by measuring

the time required to deliver a specified amount of demineralized. water.

from the storage tank to the primary system under normal operating pressure.

2.12 SO-17, Heating and Ventilating System. Performance and proper

operation of the boiler, steam and condensate system, hot air system, and

the automatic ventilating louvres will be verified.

2.13 SO-19, Communication, Alarm, and Radiation Systems. Operability

and audibility of all communication, alarm, and radiation systems

will be checked.

•
2.14 SO-20, Leak Rate Test for PBF Reactor Building. The confinement

• • , .
capabilities of the reactor building will be checked.

2.15 SO-22, Operational Instrumentation. Operation of the neutron

monitoring system will be demonstrated by injecting internal calibration

signals into the input terminals of the system preamplifiers and by

bringing a neutron source near the fission chambers. Interconnection of

this system with*the reactor'control system will be reviewed and

demonstrated where proper monitor system signals can be obtained.

Closed circuit TV. plus strip chart recorders and oscilloscopes will

he tested for normal operation. '

2.16 SO-23, Reactor Control System. Reactor startup and

operating sequences will be demonstrated, accompanied by review of system

operating procedures. Demonstration of test control and operation will

use the transient rod servo control system and transient cod drives

connected to the reactor kinetics simulator. Annunciator operation and

operator response to annunciated conditions will be reviewed and '

demonstrated.

2.17 SO-24, Reactor Protective System. Proper functioning of the

Reactor Protective System will be checked and demonstrated using simulated

neutron chamber signals and by'actual change in the various process

0



O

O

scram pnramaters (eg, loss of reactor water level or control rod cooling air

flow). The times required to initiate control rod motion and to insert thv

rods upon receipt of a scram signal will be measured. Proper function of

the system interlocks and inhibits for the various modes of operation will

be checked and demonstrated.

2.18 SO-25, Programming System. This system, which includes the

REDCOR 785 computer, will be demonstrated from the standpoint of use

during nuclear operation. Programming of the system to alter its

capabilities or application are beyond the scope of these tests. The

following system performance will be demonstrated:

(1) System actuation of equipment required to initiate, control,

and monitor burst tests.

(2) Call-up of subroutines and programs required to change the

operating times in the actuation circuits of item (1),

above.

(3) Readout and display of remotely-monitored analog and digital

signala.

2.19 SO-26, Evacuation System. Operation of the Evacuation System

will be checked by placing a gamma ray source near the system detectors

and monitoring the system for proper activation and operation. The

siren system will be checked for audibility throughout the PBF area.

2.20 SO-27, Transient Instrumentation. The PBF transient

instrumentation channels will be checked from the detectors through the

various readout devices to be used. A signal generator will be used to

simulate the signals that will be generated by power chambers, thermocouple:;,

strain gages, flow meters, etc during transient operation. These

signals will be fed to the appropriate strip chart recorders, recording

oscillographs, magnetic tape recorders and panel mounted meters and

the total channel analyzed for proper operation. The detectors themselves

will be calibrated prior to' use'during a test.

2.21 SO-28, Miscellaneous Instrumentation and Components. Miscellaneous

instrumentation and. instrumentation components not included in SO-22

through SO-27 above will be checked out in SO-28.



2.22 SO-1006, Loop Makeup System. Performance of the makeup

pumps at design conditions will be demonstrated. Time to fill the

makeup water storage tank will be determined. Water quality'in the

system will be checked.

2.23 SO-1008, Loop OW System. With the system set at normal

operating conditions, the performance characteristics of the components

will be determined and control adjustments will be made.

2.24 SO-1009, Loop Instrument Checkout. Each local and panel-

mounted instrument system will be checked for operation by simulating -

process conditions and observing action of all components. Alarms,

controls, and interlocks are checked during SO testing of the mechanical

systems:

2.25 SO-1010, Total Loop Operation Test. Initially, the system will

be flushedby circulating demineralized water at pressure. With the loop

set at design pressure,' tempeiature and flow, degassing will be accomplished

by alternately operating the pressurizer sprays and venting stear and

gases from the pressurizer. Next, the loop will be set at design pressure

and ambient temperature. and operated at steady state flow values from

minimum to maximum in 100 to 200 gpm increments. At each of the controllCd

flow rates, the pump' characteristics, throttling valve performance,

differential pressure control valve characteristics and pressure drop

through the loop will be measured and recorded. Then, the temperature

will be increased in 1004T increments. At each steady state condition,

the loop heat up and heat loss rates will be measured and recorded

using the loop.heaters to simulate fuel element power. The heat transfer

capacity oCthe heat exchangers will be determined.

*The operability of the cleanup system will be determined by first

establishing a coolant purity baseline at normal pressure and flow rate

but with no resin.in the system. After the coolant has been sampled,

the resin will be installed in the ion exchangers and normal operating

conditions established. Operations will be continued to demonstrate •

that the water chemistry 'can be adjusted to specification limits.

Finally, a system functional checkout will be performed to assure

that the flow control, pressure control, temperature control, and safety

and alarm provisions of the system operate as specified.

0
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3. Integrated Plant Tests

Following the CC and SO tests, but prior to 
loading the reactor

core, an integrated plant test will be 
performed. During this test,

all components of the PBF plant system will 
be in operation. Although

the inpile tube (IPT) will not be installed 
for the teat, a bypass will

be used to permit operation of the loop 
coolant system.

The primary objectives of the integrated plant 
test are to confirm

that (a) the plant electrical system is 
adequate to handle the load when

all systems are in operation, (b) the 
emergency power generator

functions properly and is adequate for handling its 
intended load, and

(c) there are no adverse interactions between 
the individual plant

systems. •

A secondary objective of. the integrated plant 
test is to aid in

the training of reactor operations personnel.

.
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B. Initial Nuclear• Operation 

This subsection presents brief descriptions of the initial nuclear

tests with the PBF and of the general experimental program for which the

facility will be used. Each nuclear test in the PBF Must be performed

as part of a specific, identifiable, approved Test Series. For each

related series of tests, a Test Series Proposal (TSP) will be prepared

that describes the specific tests to be performed, presents a safety

analysis of the tests, and specifies any unusual procedures or special

limits to be followed during the series. Each TSP must be.reviewed

for safety and approved by INC's PBF Modification and Experiment Review

Board (HERB) before tests in a given series may commence. As an

approximation to the scope of a given TSP, separate TSP's will likely be

prepared for: the initial critical experiment and the zero and low-

power tests; the fiducial transients and lead-rod tests; and for major

portions of the general experimental program.

During the initial critical experiment and zero and low-power

tests, the only transient operation allowed will be long period tests

(T
o 

> 5 seconds) for the purpose of control and transient rod calibrations

and other miscellaneous experimental component worth determinations.

The reactor power during these tests will be limited to a few hundred

kilowatts for flux map experiments and power calibrations. The precise

limits on the quantities will be detailed in the TSP. No special

limits, outside of the Technical Specifications and Operating Limits,

!are currently envisioned for subsequent operation, although a given

TSP may limit, for example, the reactor power, minimum period, peak

fuel temperature, or total energy generation in special circumstances.

1. Initial Criticality 

Prior to the initial core loading of the PBF reactor, a detailed

mechanical and electrical checkout of all components and systems

associated with the facility operation will be performed. Such checkout

will include operational performance testing of all systems in the

absence of nuclear fuel with simulation of environmental radiation (in

the case of radiation instrumentation) provided by radioactive sources.
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Also, all control and transient rods along with their guide tubes will

have been installed prior to fuel loading. The initial critical

experiment will be performed with only water (and a neutron source)

within the test space. All fuel loading will be performed with the

control rods at their lower limit; ie, with the control rod poison

completely in the core. In this condition, the core is calculated to

be at least 13$ subcritical during any fuel loading step.

Loading of fuel for assembly of the operational core will consist

of manual placement of preassembled fuel assemblies in the core grid

lattice, first around the experimental test space and then progressing

outwardly in a manner such that a generally cylindrical configuration is

maintained.. The specific loading sequence and the number of fuel

assemblies to be loaded between multiplication measurements will be

determined prior to the experiment on the basis of the latest core -

physics calculations available and will be re-evaluated continuously

during the experiment on the basis of current multiplication data. The

specific procedural aspects of the initial core loading ie, initial

criticality and loading of the operational core (as well as many of

the low-power static experiments), will in a large measure duplicate

those of numerous similar experiments carried out previously in the

SPERT facilities
Ea,b,c) 

.

Following each loading of a predetermined number of fuel assemblies,

the reactor area will be cleared of personnel and the criticality state

of the core will be determined. This will be done by the use of low

level neutron pulse counting systems consisting of approximately four

B-10-lined neutron chambers positioned around the periphery of the core

with both digital scaler and strip chart read out in the reactor control

room. A plutonium-beryllium neutron source with a strength of approximately

4.5 x 10
7 
neutrons/sec will be used during the initial critical experiment

..••••••• •

[a)
J. E. Grund, et al, Nuclear Start-up of the Spert II Reactor with Heavy-
water Moderator, E00-16762 (April 1963).

[b)
j. G. Crocker, et al, Nuclear Start-up of the Spert IV Reactor, ID0-
16905 (July 1963).

(c 
)4. A. McClure, et al, Critical Loading and Initial Static Experiments 
in the Spert II Reactor with a Close-Packed D20-Moderated Core, IDO-
16996 (June 1964).

0
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and for all subsequent reactor operation. For the initial critical

experiment, and operational core loading,• the source will be centrally

positioned in the test space, but will be Moved to a poiition within

the core or reflector for subsequent operation. Neutron count rate

data will be taken with the control rod poison completely in the core,

completely out of the core, and at several intermediate positions. The

transient rod poison will be out of the core for all measurements. From

these data, the multiplication of the core, and thus keff will be

determined for each loading and each control rod position. These data

will be extrapolated to obtain an estimate of the critical loading

for each control rod position and to determine the number of fuel

assemblies for the next loading.

After an initial critical core loading is achieved, fuel loading

will continue until an operational core loading is achieved. The operation:.,'

core will have an excess reactivity of approximately 5.7$ without the

IPT installed. The position of the control rods at critical will he

determined for each core loading following achievement of the initial

critical core. Also, for each subsequent core loading, a few long-

period (approXimately 10 to 50 seconds) tests will be performed by partial

withdrawal of the control rods to obtain preliminary control rod worth

data and estimates of the total excess reactivity contained in that

loading. After the core has been loaded to an excess of approximately

5.7$, the IPT will be installed in the central test space and the neutron

source moved to the periphery of the core. The operational core in this

configuration is calculated to have an excess reactivity of approximately

4.6$. Of this excess reactivity; 3.7$ is calculated to be required to

reach 40 MW from low-poWer critical. The remaining 0.9$ will be used

to compensate for short-term fission product poison buildup, short-term

burnup, and reactivity loss resulting from instrumentation insertion.

Ultimately, when tests requiring 48 hbur operation are performed,

additional excess reactivity will be required for 48-hour fission

product poison buildup. These tests Will likely not be performed during

the first two years of the experimental program. Therefore, the additional

excess reactivity. (to be obtained by removal of some of the stainless
steel shim rods) will not be loaded into the core until required by

the experimental program.
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- 2. Zero and Low Power Experiments 

Following completion of the operational core loading, a program of

measurements of core static parameters will be initiated. in general,

the static parameter measurements will include experiments designed to

provide data on: excess and shutdown reactivity; reactivity worth of

control and transient rods and of flooding their guide tubes; reactivity

worth of experiment components; reactivity changes exhibited by the core

as a consequence of separate and combined changes in flow, pressure, and

temperature both in the core and in the test space; void coefficients of

reactivity in both the core and test space; neutron flux and power

distributions throughout the core and the test space; and fuel assembly

worths. The worth of the control rods will be determined by the

positive asymptotic reactor period resulting from a given change in

control rod position. The periods used for these measurements will

range from approximately 10 to 50 seconds. Soluble poisons and/or

the transient rods will be used to shim the reactor so that the rods may

be calibrated over the range from'cold, clean critical to their upper

limit of travel.' In general, the reactivity worth of the various core

and experimental components will be determined by comparing the difference

in position of the calibrated control rods with and without the component

installed.

A tabulation of general objectives for typical tests of this

nature together• with the type of experimental approach being considered

to accomplish these objectives is provided in Table 12B-I.

3. Fiducial and Lead Rod Tests 

Following the low-power experiments, a series of core checkout tests

will be initiated using the natural burst, shaped burst, and steady power

nodes of operation (see Subsection XIII-A for description and •

definition of these operating modes). These tests, termed fiducial

tests will provide experimental confirmation of the performance

characteristics of the PBF under both transient and steady state

conditions.

.Early in the fiducial tests for each mode of operation, a group of

tests termed "lead-rod" tests will be performed. In lead-rod tests,

single PBF rods or small clusters of PBF rods will be installed in the
0
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TABLE 12B-I 

ZERO AND LOW POWER EXPERIMENTS -

Test Objective to Determine .

Control and transient rod worth

Excess reactivity

Shutdown reactivity

Reactivity worth of individual

fuel assemblies

Reactivity worth of stainless
steel shim rods

Effect of flooding rod guide tube

Effect of voiding test space

Effect of primary coolant flow
rate

Effect of heating core water ,.

Effects of loop, flow, temperature
and pressure •

Flux and power distributions

Figure-of-merit

Effects of experiment geometry

Method Used 

Rod bUmp-period measurements

Integral of control rod worth

Integral-Count rod drop

Detemine change in critical position

of calibrated control rods

Determine change in critical position

of calibrated control rods

Insert polyethylene plug; measure
change in critical position

Insert sealed, air-filled capsule in

test spacemeasure change in critical
position

Variation of flow rate;measure change

in critical position

Increase water temperature in primary
loop,measure change in critical
position

Determine change in system reactivity
as each loop parameter is varied

Standard foil and calorimetric measuriliit
techniques

Measure flux and power distributions
in both parent core and experiment

Determine change in critical position
for different experiment geometries



IPT for testing. Because of the figure-of-merit (FON), the PBF rods
•

in the test space will experience a greater energy deposition than any

.rod in the core. Thus, experimental information can be obtained on the

behavior of PBF fuel at design conditions prior to operating the

core at those conditions.

As an example, consider the case of a single PBF fuel rod installed

within the IPT. Such a rod is calculated to have a FOM of approximately

3.9; ie, the energy generation in the lead-rod is approximately 3.9

times that of the hottest rod in the PBF core. Therefore, during a

natural burst, the peak.tore energy density need be only about 524

cal/cc to reach the PBF fuel design limit of.2040 cal/cc in the lead rod.

Similarly, the core need be operated at only 10.3 MW to have the lead

rod at the conditions that would exist at the hottest core rod at 40 nw.

Thus, the lead-OCtesting.concept is a powerful testing technique that
.

will allow verification of the' core performance characteristics at

design conditiona and verification of safety margins without endangering,•
the driver..lcoee.itself.

Four specific groups of tests have been identified for performance

as part of the Fiducial and*Lead Rod Tests. These are (1) natural

bursts initiated from low power, (2) shaped bursts initiated from low

power,.(3) steady powei operation at high (up to 40 MN) power levels,

aod,(4) natural' bursts from high power. levels. These tests arc briefly

described below.

3.1 Natural Bursts Initiated from Low Power. These tests will be the

first tests performed as part of the Fiducial and Lead Rod Test Series.

This group of tests will begin with small reactivity insertions (resulting

in reactor periods of approximately one second) under ambient conditions

in the driver core and progress to tests with increasingly larger

reactivity insertions and shorter reactor periods.

The purpose for these tests is to: 1) verify the kinetic parameters

of the.core (e.g. A/ and the Doppler coefficient) so that the core

properly power level can be properly shaped during tests in the LOCA and PCM testing .

categoriis, and 2) provide additional confirmation regarding the adequacy

of the PBF fuel temperature operating limit and assumed failure threshold.

Early in this group of tests, single PBF lead.rods or small. clusters

of PBF lead .rods will be installed in the IPT for testing. The conditions
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in a single lead rod and the core that are required to reach various PBF

fuel limits during lead r .

Lead Rod Hot Spot at Driver Core Hot Spot at

Condition in Enthalpy Enthalpy
Lead Rod cal/cc Temp. °C cal/cc Tem.. °C. .

Design Limit 2040 2350 524 750

Operating Limit  2465 •2460 632 880

Assumed Failure 2818 2600 730 1000
Threshold

•

(See Subsection XIII-B for a discussion of these limits). .

Kinetic calculations have shown that the PBF fuel design limit,

operating limit, and assumed failure threshold will be reached in single

PBF lead rods at reactor periods of 4.7, 3.8, and 3.5 mscc, respectively.

Based on these calculations, the initial natural burst tests in the PBF

Fiducial and Lead Rod Series will not contain tests with reactor periods

shorter than approximately 3.5 msec, or more precisely, the shortest-period

test will be that required to reach 2818 cal/cc in a single PBF lead rod.

Thus, during the early transient tests in PBF, the peak core fuel

temperatures will not exceed approximately 1000'C.

Shorter-period natural burst tests covering the period range from

3.5 msec to 1.3 msec (at which the fuel design limit of 2350°C is

calculated to be reached) will not be performed until required by the

experimental program.

The natural burst group of tests will also contain a few tests with

small clusters of PBF lead rods in which the central rod of the cluster

has been intentionally waterlogged. These tests will be performed to

confirm previous tests in CDC that showed that waterlogged-rod failures

do not propagate throughout the core.

3.2 Shaped Bursts Initiated from Low Power. In a shaped burst

test, the reactor.power-time profile approximates that of a aquare wave.

In such tests, the reactor power is increased from a level of a few

watts up to the megawatt range on a period of approximately 10 to 20 mscc.

Once the desired power level has been reached, the reactor control

system maintains the power at a constant level for a predetermined
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veriod of time. The predetermined period of time is chosen such that

:he peak core fuel temperature does not exceed 2350°C. The reactor

protective system ensures that this limit is not exceeded.

The maximum power level permitted for shaped-burst operation is

1000 11W, at which power the reactor can be operated for about 1.43

sec before reaching the 2350°C limit. The reactor can be operated at

lower powers for correspondingly longer periods of time before reaching

the limit; eg, 3.0 sec at 500 HW„ 15.7 sec at 100 MW, 36 sec at 60 MW,

and 96 sec at 45 MW. Shaped burst tests performed at powers of 40 MW

and below would not reach the 2350°C PBF fuel design limit.

A few (approximately five or less) shaped-burst tests will be •

performed as part of the Fiducial and Lead Rod Test Series to verify the

wrformance of the reactor control system during the shaped-burst mode

a-operation. The shaped-burst tests performed initially in the test

aeries will be limited to a maximum power level of 100 MW. Also, the

lurations of the tests will be limited such that the maximum core fuel

.emperature will be less than 1000°C. Calculations show that tests

at 100, 80, 60, and 45 MW can have durations of 5.3, 6.8, 9.3, and 12.5

iec, respectively, before reaching the 1000°C temperature. Shaped-burst

- sts at power levels greater than 100 MW and for peak core fuel.

*emperatures greater than 1000°C will not be performed until required

the experimental program.

As in the natural burst tests, the lead-rod testing concept will be

""sad to obtain advance information on the behavior of PBF fuel rods

luring shaped-burst tests at higher equivalent powers and energy levels.

' 3.3 Steady Power Operation at High Power Levels. The capability and

.rformance characteristics of the core and facility will be verified

Onring'Fiducial and Lead Rod Tests in which the core is operated at

power levels up to the maximum allowed 40 MW. Nuclear operation of the

facility will be limited to time periods of one hour or less for these .

testa. Nuclear operation of the facility (Or longer durations up to the

maximum allowed 48 hours will not be performed until required by the

experimental program so that the core fission product inventory will be

held to the lowest practical level.
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The general testIng. tixhnique fur, the POP approach to the maximum•
steady power condielOnt is as follows:. .

(1) A Cluster -of 7.to .9 PBF- fuel rods will be tested in ETR at

equivalent 40 MW conditions prior to initial operation of

PBF; therefore, by the time that PBF is ready for operation at

high power levels, experimental data' on the fuel performance

at 40 MW will .be available'. •
• ,

(2) In the first high power tests with PBF, a small cluster

(approximately 9 rods) of PBF lead rods will be installed in

the IPT. A 9-rod cluster will have a FOM of approximately two;

therefore, xhe core need be operated at only approximately 20
FIW in order to simulate 40 MW,conditions in the cluiter of

lead rods.. A test will be performed in which the core power

level will be incrementally increased until the cluster of

lead rods is at equivalent 40 HW conditions. Following each

power increase, temperature indications from both the core and

the lead rods will be monitored to ensure proper operation.

Following the'test, the. lead rods will be removed and examined

for anytdefeets or daniage that may have occurred during the

operation...

(3) If the.resulis from the tests with.the lead-rods at equivalent
40 11W .conditions show no adverse effects on the fuel rods, then
in a subsequent test, the core power will be incrementally

increased' until the maximum level of 40 11W is reached. This
test will be performed without Lead-rods in the IPT. In

addition to checking the total facility and core performance

during this test(s), high power flux measurements will be
made, and a measurement will be made of the total reactivity
above cold, clean critical required to reach 40 1W.

(4) in subsequent steady power tests, clusters of lead rods will
again be.installed in the IPT and the core will be operated

such that the lead rods are operated at overpower conditions
equivalent to the 45 to 60 TIW range. These tests will be

performed primarily to verify the core margin of safety that
exists at 40 MW. The maximum core power required for such
tests will be approximately 30 MW.
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3.4 Natural Bursts from High Power Levels. The PBF Fiducial and

Lead Rod Test Series includes tests in which natural bursts will be

initiated from high power levels. At the present time, however, the portion

of the PBF experimental program that requires such tests has a fairly

low priority and will be deferred until later in the experimental program.

Therefore, the natural bursts tests initiated from high power levels

that are included in the Fiducial and Lead Rod Test Series will not be

performed until required by the experimental program.

The maximum reactivity available for use in PBF for natural burst

tests is that reactivity that leads to the design burst if inserted in

a step at zero power. This reactivity is calculated to be approximately

3.65$. This is the total reactivity available for natural burst, tests.

For example, if 2.0$ is required to get to an initial power of 20 MW,

then only 1.65$ would be available for initiation of a natural burst at

that power. Calculations have indicated that approximately 2.75$ and

3.7$ are required to.reach 30 MW and 40 151, respectively; therefore, only

about 0.9$ is available for initiation of natural bursts at 30 NW and

no reactivity is available at 40 MW. Additional reactivity up to the

maximum core excess (% 4.6$) may be obtained for other operating modes, but

the transient rods must be switched from high velocity (375 in./sec) to

low velocity (20 in./sec) operation.

When performed, the natural burst tests from high power will begin.

With small reactivity insertions from power levels in the 1 to 5 MW

range and progress incrementally to larger reactivity insertions and

high power levels. In general, only one parameter (initial power level or

reactivity insertion) will be varied from one test to another.

As with the other tests in the Fiducial and Lead Rod Test Series,

these tests will employ the lead-rod testing concept to provide advance

experimental information on fuel rod performance and thereby minimize

the potential for encountering undesirable test conditions in the

driver core itself.

3.5 Benefit from Fiducial and Lead Rod Tests. From the Completion

of the Fiducial and Lead rod Test Series in PBF, analytical data will .

have been augmented by experimental measurements of: the reduced prompt

12B-10 •
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neutron lifetime (1/0eff),;.spatial power and flux distributions; the

period dependence of the core power, energy, temperature, and reactivity

feedback; verification of the PBF Doppler coefficient; effects of variation

in composition and initial conditions of the experiment on the core

transient behavior; core thermal-hydraulic conditions and performance at

high power levels; and the performance of the reactor transient control

instrumentation and components:

Data from the lead-rod tests will allow the incremental increases in

reactivity and/or core power to be made based on experimental

information; provide advance information on fuel rod response to design

conditions; provide vital information on the thresholds of fuel rod

failure; and provide information to confirm that an adequate margin of

safety exists between the operating limits and the failure thresholds.

As a safeguard measure for the performance of transient tests in

the PBF, operational limit switches will be installed on the control

rod drives to a position such that the excess reactivity available within

this limit does not exceed that required for the design burst, for which

conservative analyses indicate fuel damage would not be experienced.

For the fiducial transient tests,.the twitches will be positioned on

the basis of calculations. Ultimate positioning of the switches will

be made on the basis of the results of the fiducial test series.

4. General Experimental Program .

With the static and dynamic checkout of the system completed, the

facility will be ready for use as a source of neutrons for fuel testing

programs employing other.than PBF "lead" rods. The general experimental

program with which the facility will be initially engaged has been

developed in considerable detail.
(a,b]

This program plan was submitted

to the AEC for comment prior to final publication. The program.plan is

laiE.Feinauer, et al, PBF Test Program Outline, IDO-17298 (Preliminary
Copy.

[b]
Power Burst Facility Test Program Plan Preliminary Draft, September
1970.
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undergoing modification according to comments received to make it more

responsive to the current high-priority needs of regulatory and industrial

agencies. In essence, the modifications to the program plan will place

increased emphasis and top priority on tests to provide information on

the loss-of-coolant and power-coolant mismatch accidents. In fact, the

first two years of the experimental program will essentially be devoted

exclusively to these two categories of tests. In addition, the plan will

place more emphasis on testing large clusters of fuel rods and fuel rods

with higher burnups (up to about 40,000 HWd/T). The modified program

plan document is expected to be issued in the summer of 1971. The

Intent in the present discussion is to provide a summary of testing

situations anticipated in order to provide a basis from which the

additional hazards introduced, by the presence of the various experiments

►nay be disclosed and examined.

InIconducting the test program, the operational flexibility built

into the PBF will be fully utilized. .Steady state and/or shaped-burst

operation will provide the conditions appropriate to loss-of-coolant, .

loss-of-flow, flow blockage, and steady overpower accidents. The

power shaping capability makes the facility particulary useful for

simulation of fission product decay heat in losskpf-coolant situations.

uursts provide the nearest simulation of the conditions

appropriate to reactivity-initiated accidents, and shaped power bursts

-provide control of the heating rates in the fuel to permit parametric

Investigation of cause and effects relationships. Combinations of

steady state operation, and transients initiated from high power levels'

round out the spectrum of accident conditions by permitting simulation of

reactivity accidents initiated from operating power conditions..

• To minimize the potential for damage to the driver core, early

tests will use small test samples wherein the total energy generated is

also small. The fuel failure thresholds and consequences observed with

.these small.samples Will provide an experimental basis for evaluating the

Lest-sample-to-driver-core-coupling for larger experiments. In general,

the tests for a given test sample configuration will. proceed from lower

total energy addition and energy addition. rates to higher values and

from tests with low burnup fuels to those with high burnup

12B-12
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Test samples will be placed in a test fuel container which serves

(in addition to the funCII6n of position-ink the sample within the

experiment space), to protect the driver core from the potentially

damaging effects of the destructive testing of reactor fuels.

Three types of test fuel containers are envisioned for use in PBF.

These are:

(1) Capsules: Capsules are thick-walled, closed-end tubes, with

or without internal heating elements, that permit testing in

a static coolant environment.

(2) Loopsules: 'Loopsules are similar in design to capsules, but

they are capable of limited flow operation. The flow may be

provided by the addition of an internal circulating pump or

by a gravity or gas-pressure drive systein that would permit

flow from a reservoir past the test sample and into a

storage reservoir. The loopsule concept is particularly useful

in the testing of LKFBR fuels (beyond the scope of this SAR),

since relatively small quantities of sodium would be required.

(3). Inpile Tubes: These devices are the inpile portions of complete

recirculating flow, loops.. They may be of two different types;

through loops or re-entrant loops. Each type generally contains

complete provisions for flow velocity variation, pressure,

.temperature, heat exchqnge, loop clean up, water chemistry

control, etc.,

The initial container currently planned for use with PBF is the re-

entrant flow loop inpile tube described in Subsection rv-c. This IPT

can also be used for capsule-type operation by the use of blind flanges

to close off the coolant entrance and exit lines near the top of the

IPT. Additional, simpler capsules may be constructed for some of the

initial tests in which. the total energy generated within the test sample

is relatively small.

All test fuel containers used in the facility must be designed to

satisfy the following considerations, essential to the safe and continued

operation of the driver core:
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(1) Materials of construction, container-wall thickness and test

sample, composition together must be compatible with the test-

sample-to-driver-core neutronic coupling requirements so that

the core performance is not adversely affected by any changes

in test sample geometry that may occur during testing.

(2) Pressure rating of the test fuel containers must be 'conservatively

compatible with internal pressures that might be expected to

be generated during testing. Any yielding of the container

contemplated in the design must not compromise the'integrity

of the permanent inpile hardware. All proposed test fuel

containers will be conservatively rated using correlations

developed in.out-of-pile explosive testing programs to confirm

adequacy of design. However, explosive tests will not be

performed on the IPT itself.

(3) Thermal insulation (eg, a gas annulus) must be provided for

all test fuel containers to be operated at elevated temperature

(> 212°F).

In summary, the.experimental program planned for PBF is one that will

begin with a thorough, prenuclear operative checkout of all systems

involved in the eventual full utilization of the facility design capabilities.

It will continue through the critical and operational core loading

experiments into low-power static and fiducial tests designed to provide
a complete and detailed experimental determination of the neutronic and

thermal-hydraulic characteristics of the system. The lead-rod testing
concept will be used to verify and/or establish core operating limits, •
failure thresholds, and margins of safety. lben, the general experimental
program will begin with the full advantage of the experience, understanding,

experimental data, confidence and understanding of the detailed system

performance. The general experimental program will consist of the

summation of many individual series, each of which will be characterized
by an experimental approach which utilizes rigid, test fuel containers.
There will be an experimental basis for having high confidence in the

ability of the containers to withstand the consequences of destructive
fuel testing. The testing sequence will begin with the testing of smaller
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fuel samples at lower energy deposition rates and evolve, in a prudent

O manner, to larger teat sample sizes and/oi energy depositions to achieve

O

O

the particular teat objective of interest to that series.

The initial portion of the general experimental program will place

top priority on obtaining needed information on loss-of-coolant (LOCA)

and power-coolant mismatch (PCM) accidents. Reactivity accident teats will

have the lowest priority among the spectrum of accidents to be investigated

in PBF and arc not currently planned for the early portion (first two years)

of the program.
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SECTION XIII. SAFETY. ANALYSIS

' In the design of any reactor facility an 'attempt is made to

eliminate, or to render incredible,•those circumstances that could

lead to release of the core fission products. For most reactors,

failure of fuel cladding, or•fuel failure, is necessary before the

pioducts can be released. The'Power Burst Facility was specifically

designed as a facility for the in-pile study of the causes, modes

and consequences of fuel failure. In-pile studies of fuel failure

generally require the generation of extreme conditions within test

fuel samples. In many cases, this implies that.the driver core that

supplies neutrons to the test fuels must be operated under severe

conditions. Thus, the probability of damage to the core and of

release of fission products from the PBF is somewhat greater than for

a conventional reactor.

Although the probability of core damage and fission product

release is relatively high for PBF compared with other reactors, this

fact was recognized in the original concept of the facility.

Therefore, attention to safety has been an overriding influence in

the design, siting, and operations planning of PBF. The following

features of PBF combine to ensure the safety of operating personnel

and the general public and to reduce the probability of an accident

that causes damage to the facility.

(1) Remote Location - The PBF is located at the NRTS, which is

a large, Government-controlled area in a spardely.settled

region of Idaho. The reactor itself is remotely operated

with no personnel within approximately one-half mile of the

reactor building during nuclear operation of the reactor.

Evacuation plans which can be implemented in the unlikely event

of a major fission product release, have been developed for all

NRTS personnel.

(2) Low Fissior;toduct Inventory - The most significant Source

of fission products in PBF will be that generated during operation in

the steady power mode.
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The reactor is capable of 40 MW operation fOr up to 48hours

duration. The total fission product inventory generated

during such operation is small compared with power reactors and

the periodic nature of such operation allows for significant decay

of all but the long-lived isotopes between operations. An additional

source of fission products in PBF will be that contained in

large bundles of pre-irradiated test fuels. These fuels

will have undergone significant decay prior to their

insertion in the PBF test space for testing. The in-pile

tube in which these fuels will be tested has been designed

to contain large magnitude pressure pulses generated as a

result of violent test fuel failure, and the test loop has

provision for control of the fission products released from

the test fuels.

(3) Safety in Design - The PBF has been designed for safety.

A special fuel rod has been designed, that employs a

thermal insulator between the fuel pellets and the cladding.

This insulator protects the cladding from excessive temperatures

that could otherwise result during the severe transients which

the core was designed to produce. The facility has been

designed such that utility failures will cause no safety

problem. A unique Reactor Control and Protective System

has been designed to provide for control of the rather

large excess reactivity that must be available for use

in the operation of the core during the conduct of the

experimental program. The Protective System has been

designed to IEEE standards, and will prevent generation of excessive

core energy during any mode of PBF operation. Provision has

been made for control of fission products that are released

to the building, and an evacuation system for the PBF control

area has also been designed to IEEE standards.

(4) Safety in Operation - The operational aspects of PBF have

been based on approximately 15 years of safe operation of

the SPERT reactors with a variety of cores and test conditions.
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The operation employs the well-developed procedures of

working from the known to the unknown and from the less

severe to the more severe, baied on pretest calculations and

conservative extrapolation of experimental data. The

philosophy of operation of the PBF is that no test will

be performed that would be expected to result in damage to

the PBF driver core or facility.

This section of the PBF SAR discusses the various accidents that

are postulated for the PBF and the response of the core and facility

to those accidents. The accidents include: core loading accidents;

various plant and utility failures; failure of defective fuel rods;

loss of flow and loss of coolant accidents; failure of the loop coolant sys-

tem; and various reactivity accidents. Also included are discussions

of reactivity coupling resulting from test fuel failure, secondary

criticality in the test loop, and the radiological calculations for the

postulated Design Basis Accidents.

From the analysis of the various accidents, it is concluded that

the PBF can be operated with minimum hazard to operating personnel

and without hazard to the general public.

. •.71."";;i
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A. PBF Modes of Operation 

The PBF is designed to. titipply neutrons to experiments within the

test space in a variety of eithet steady. state or transient modes.

By variation of the reactor power level, reactor period, experiment

composition and mode of operation, both the duration and intensity.of

the experiment irradiation can be controlled.

The modes of operation of the PDF are:

(1) Steady Power Operation - In this mode, neutrons are furnished

to the test space at a constant rate. The intensity of the

irradiation is determined by the experiment composition and

the steady power level of the driver core. The driver core is

designed for steady operation at power levels up to 40 MW, and

for maximum durations of 48 hours.

(2) "Natural" Power Bursts - A natural power burst is generated

by a rapid insertion of reactivity into the critical or

subcritical driver core. In this mode of operation, a

gaussian-shaped burst of neutrons is supplied to the experiment.

The magnitude and shape of the burst is controlled by the

initial reactivity insertion and the inherent reactivity

feedback mechanisms (primarily the Doppler broadening of U
238

neutron absorption resonances of the driver core. The

intensity and duration of the irradiation is controlled by

the experiment composition and the initial reactivity insertion.

The design burst produces a peak fuel hotspot energy density in

the driver core of 2040 cal/cc. Kinetic calculations indicate

that this energy density will be achieved in a natural burst

with a 1.3-msec minimum period and a peak power of 240 GW.

The fiducial transients and lead-rod tests will more precisely

define the burst characteristics that provide the 2040 cal/cc

design figure (see Subsection XIII.B for a discussion of this

figUte).

(3) "Shaped" Power Bursts  - In a shaped power burst, the neutrons are

O supplied to the experiment in a manner that approximates a square
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wave. Use of the shaped-burst mode of operation permits the

generation of a specified total energy within a test sample

at a rate that is controlled by the experiment composition

and the poWer level of the burst. The maximum power level

for shaped burst operation is 1000 MW. At this power level,

the test duration is approximately 1.4 seconds. Longer

duration bursts having lower power levels can also be

obtained. For design purposes, the maximum energy generated

either in the driver core or the experiment during a shaped

burst is the energy that would result in a stored heat

energy at the driver core hot spot of 2040 cal/cc. The

maximum transient rod speed for insertion of reactivity in

the shaped-burst mode is 20 in./sec.

(4) Bursts Initiated from High Power Levels - Neutrons may be

furnished to the test space during natural bursts initiated

from power levels ranging from a few kilowatts up to approximately

30 MW. In this mode of operation, however, the maximum

permissible excess reactivity above low-power critical is the
. .

reactivity that would lead to the design burst if inserted

in a atep.at low power (x.3.65$). Any reactivity that is used

in reaching the initial power, Aevel is automatically subtracted

iroM this value leaving some lesser amount remaining for

.running a natural burst from that power. For example,

approximately 2.0$ is required to reach 20 MW; therefore,

approximately 1.65$ would be left to initiate a burst at

that power level. This reactivity insertion would result in

less than 2040 cal/cc at the core hot spot.

The mode of operation is an important factor in the assessment
•

of the various accidents that. have been postulated for PBF. For

example, in the natural burst mode of operation, reactivity can be
•

inserted with the transient rod at a speed of 375 in./sec
[aj

while in

the shaped-burst mode, the maximum transient rod speed is 20 in./sec.

In the realm of credible accidents, however, a larger total reactivity

can be inserted in the shaped-burst mode than in the natural-burst mode.

Thus, where appropriate, the accidents that have been postulated for

PBF have been examined for credibility and consequences for each of

the various modes of operation.

[a]375 in./sec is a nominal average value for natural burst operation.
Small variations about this value have little effect on test results
or on safety since at this speed, reactivity is essentially inserted
as a step.



The following are the' principal- featUfecitoithe'PBF Protective'
•. •

SySteethat wOUld,prbtete thecore during.poefultifeeaCcidents in the

various mOded of otieration:-

For all Modes of operation, the following reactor protective

systemi are in.operation:

(1) A plug-valve interlock System to limit the total excess

reactivity available for natural burst operation (375 in./sec

transient rod velocity)' to that required to produce the

design burst froth low power. Calculations have shown that

this value is approximately 3.65$ above low-politer critical.

This reactivity" liMit is established' by use of liMit switches

on each' control' roe TRese limit switches are automatically

bypasied with the transient rods in' slow speed operation

(20 in./sec). With Vie rods in fast speed, a scram will result

if the operator attempts to' withdraw the rods beyond the limit

switchjosition.

(2) A loss-of-coolant level scram to protect the reactor during

loss-of-Cdolane accidents.

(3) A losi-of-air flow scram upon loss of cooling air flow to

the control and/d`r'tiSnsiefitods.

(4) A loss of flow scram to protect the reactor upon loss of

coolifii floW to the vile;

For the steady power mode of operation, an additional power level

scram is in operation at 45 MW (the steidj, power level at Which the

peak core enthalpy is calculated to be at 2040 cal/cc is 46 MW).

For the shaped burst Mode of operation, an interlock is provided

such that the maximum.poWet at fohich a shaped burst can be initiated is

100 kW. Also for the shaped bUtat diode of operation, a unique power-time

scram circuit has been deVeiciiied. hie circuit allows the operator to

select a powet level setAi for the given test that he wishes to perform.

The selection of the poirdi leVei automatically establishes the maximum

permissible dUkiiiOn for the test Oitr to reactor Scram. For example,

consider that Cho desired teat to be petfOrded is at a power level of

100 MW. Norlaliy, the polder level fOt Semi will be set at approximately



102 overpower, or in this case, 110 MW. With a 110 MU power level

scram, the maximum test duration prior to scram is 14 seconds. The

operator could conceivably select the wrong power level scram point,

but no hazard to the core would result. If he chose a power scram of

1100 KW instead of 110, a scram would occur after a test duration of

only approximately. 1.3 second. Similar decreased permitted test

duration times would occur for any scram level above 110 MW that the

operator could mistakenly choose. If the operator chose a scram point

below 100 KW, for example, at 60 MW, a scram would occur during the

initial rise to the desired power level. Thus, although the operator

is involved in the proper selection of power level scram for the

shaped burst mode of operation, a mistake in selection by the operator

would result in an aborted test and no hazard to the reactor.

The power-time circuit is actuated upon initiation of either

a shaped-burst or a natural burst test. At all other times, a 45 MW

power level scram is active in the protective system.

A flow chart showing the key features of the reactor protective

system is given in Figure 13A-1. A detailed description of the Reactor

Protective System is given in Subsection VI-B.

•
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• NUCLEAR. OPERAT ION OF, PBF

PLUG VALVE INTERLOCK CIRCUIT

LOSS OF LIQUID LEVEL SCRAM

LOSS OF FLOW SCRAM

LOSS OF ROD COOLING AIR SCRAM

TR
SPEED

20 in./sec

TOTAL CORE EXCESS-
0 AVAILABLE

< 10o 0 kW o > 100 kW

TEST INITIATED ?

YES I

I
POWER-TIME

SCRAM CIRCUIT
ACTIVE

0

NO

POWER LEVEL SCRAM
@ 45 MW

..1=1=•••••••Mmr

POWER
LEVEL SCRAM
@ 45 MW

TR
SPEED

375 in./sec

These Four Circuits
are active during n11
Nuclear Operation

MAX AVAILABLE EXCESS
p 3.65$

TEST INITIATED?

YES

POWER-TIME
SCRAM CIRCUIT

ACTIVE

POWER
LEVEL SCtN►1
@ 45 MW

Fig. 13A-1 Flow chart showing key features of PBF Reactor Protective
System.
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B. Operating Limit for PBF Fuel Temperature 

• In the design and planning of the PBF, a criterion was

established that the maximum ifuel temperature in the driver core

hot spot during any planned teat will be < 2350°C, which is reached at

a fuel enthalpy of 2040 cal/cc. This value should not be construed

as an operating limit, but should be-viewed as a nominal value that

has been used in the design of the PBF and the planning of the experimental

program. In the application of this value to the operations with PBF,

the following statement applies:

"No test will be performed that is expected to result in a

maximum driver core temperature greater than 2350°C, assuming the

reactivity coupling effects of test fuel failure and void production

within the In-Pile Tube to be zero". (See Subsection XIII.F for a

discussion of reactivity coupling.)

. For example, the maximum reactivity that -can be inserted with the

reactor control system to produce a natural burst will be limited to

that reactivity required to reach a fuel temperature of 2350°C,

and the control rod limit switches will be adjusted accordingly. :

It is recognized, however, that_in some tests, the positive

reactivity feedback effects of test fuel redistribution and void

production following fuel failure within the IPT can increase the

total energy. generated during a test so that occasionally the 2350°C

value may be exceeded. Because of this potential, the fuel temperature

Operating Limit for PBF is:

"No test will be performed in which the peak fuel temperature

at the core hot spot exceeds 2460°C"..

A PBF fuel temperature of 2460°C is reached at a fuel enthalpy

of approximately 2465 cal/cc. In the application of this limit, both

the initial reactivity insertion and the maximum expected positive

reactivity feedback'resulting from test fuel redistribution and void

production within the test space must be considered. For the initial

tests in PBF, the expectation for the positive reactivity feedback from

the teat space will be based on conservative calculations and
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experimental results:-from-the C. For later tests, the expectation

will also be based on previous tests in PBF,'where possible.

The justification for the 2460% (2465 cal/cc) value as an

operating limit is based on a series of 100 tests with a 3-rod cluster

of PBF rode that was performed in the TREAT reactor in a static

water environment. During this series, 75 tests were performed

in which the 3 rods were subjected to maximum enthalpies greater than

2465 cal/cc. In 43 of these tests, the maximum enthalpy reached was

greater than 2600 cal/cc, and the maximum reached during any test was

2818 cal/cc. Post test examination of these three rods shows that

no cladding failure had occurred as a result of the tests, although

the fuel rod cladding was badly discolored in some areas: There was

also no indication of fuel slumping although gross melting of the fuel

had occurred.

The initial series of transient tests in PBF includes a group

of tests termed "lead-rod tests". (See Subsection XII.B-3 for.a

discussiOn'of the lead-rod tests.) In the lead-rod tests, PBF fuel

rods will be-installed and tested in the test space.. The performance

of these tests will provide further. .verification of the suitability

of the 2460°C operating limit and will provide data to confirm that an•
adequate margin of safety exists between the fuel temperature operating

limit and the fuel rod failure threshold.
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C. Miscellaneous Minor Accidents 

•

In this SubdeCtion-i several minor, generally nondamaging accidents

are discussed. Tfie accidents -would not be expected to cause any serious

safety problems in the operation of PBF, althoUgh they conceivably

could cause unwanted delays in the progress of the experimental program.

The accidents that are discussed are: core loading accidents; stuck

rod accidents; failure of the plant air supplies; failure of the

electrical system; failure of defective (primarily waterlogged)

fuel rods; and several nondamaging reactivity accidents. Of these

accidents, only the failure of defective fuel rods would be expected

to result in any fission ptoduct release from the core.

1. Core Loading Accidents 

In discussing possible accidents associated with loading and

unloading the PBF core and experiment space, three types of operations

are, considered: the initial critical experiment leading to the

attainment of an operational core loading; the subsequent unloading,

reloading, or fuel replacement operations; and the loading and unloading

of experiments in the central experiment space.,
..• •

The initial fuel loading in the PBF reactor will be carried out

in accordance with well recognized and accepted procedures for critical

experiments. A neutron source and appropriate low-level neutron-

detecting systems will be employed to permit continuous audible and

visual monitoring of changes in the neutron level. Fuel assemblies will

be individually loaded progressing outward from the experiment space

at the core center. Frequent determinations will be made of neutron

multiplication as a function of control rod position in order to

evaluate the reactivity worth of various fuel additions. After

criticality has been attained, frequent determinations of the shutdown

margin will be.made as a guide to further fuel additions until the

operational core loading is achieved. PDO calculations indicate that

the maximum worth of a fuel assembly added to the periphery of the just

critical core is 53 cents.

Once the opetational core has been loaded and initial low-power

experiments have been performed, subsequent unloading, reloading,
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and fuel assembly replacement operations will frequently need to be

conducted. PDQ calculations show that regardless of the number of

fuel assemblies or their position, removal results in a decrease of

system reactivity and insertion results in a positive addition of

system reactivity. The initial PBF operational core will be loaded to

an excess of approximately 4.6$ and will be about 8.7$ subcritical in

the fully loaded shutdownstate; therefore, loading or unloading .

fuel assemblies should not result in any safety hazards. Following

the loading of the operational core, a series of static experiments

will be performed to verify the results of these calculations. In

all instances involving changes in core geometry, a neutron source

and appropriate neutron level monitors will be required.

The unloading and loading of experiments in the experiment space

can. cause changes in the reactivity state of the core. For example,

insertion of a 68-rod cluster of Yankee fuel rods is calculated to '

cause an increase in the system reactivity of 1.5$. This value is small

compared with the 8.7$ shutdown margin. However, whenever calculations

indicate that the reactivity worth of the experiment could cause the•core

to be critical with one stuck control rod, special precautions will be

.taken. Prior to placing .the experiment in the experiment space, the

core will be partially unloaded by removing fuel from the core periphery.

The experiment will then be placed in the test space and fuel will be

subsequently added to the core to give the desired excess reactivity.

Since voiding the water-filled IPT results in a reactivity '

increase of about 2$. the insertion of nonmoderated experiments could

result in significant increases in reactivity. To assure that'such

experiments can be safely loaded, the procedures established above for

large experiments will also apply to all nonmoderated experiments whose

worth cannot be determined from data previously obtained during operation

of the,facility..

During all loading and unloading operations, all rods will be in the

"seat" position; i.e. the control rod poison will be fully inserted -

in the core and the transient rod poison will be out of the

core. With the rods• in these positions and with the central
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experiment space filled with water, the operational core is calculated
.

to be about 8.7$ subcritical so that ample shutdown is available for

safe loading of any experiment considered thus far. All insertion

and removal operations will be conducted in the same manner as fuel

loadings; ie, with appropriate source level neutron monitoring and

surveillance.

After the first couple of years following initial criticality,

operation of the PBF for periods of time up to 48 hours may be

required. For such operation, the total excess reactivity of the

system must be increased from the initial 4.6$ to 8.to 9$, thereby

decreasing the core shutdown margin. By the time that the additional

excess reactivity is required, experimental data will be available to

make a more precise determination of the total excess required, and

measurements of the reactivity worths of the poison rods, fuel assemblies,

experimental components, etc will have been made. These data will

allow precise safety. evaluations and plans for future core loading

operations to be made. In any event, the following criteria apply:

(1) ,The shutdown margin for the core for any loading will be

at least 3$, and

(2) In no case, will a core be loaded such that the core is

critical with

Strict application

employed in loading and

fueled experiments will

criticality.

2. Stuck Rod Accident 

one stuck control rod (see Subsection XIIIC-2).

of these criteria along with the procedures

unloading either core fuel or large

provide adequate safeguards against accidental

The consequences of the stuck control rod accident in PBF have

been evaluated for the two different core loadings expected during the

testing program. For the initial testing phase, the core will be

loaded to in,excess reactivity of approximately 4.6$. Later in the

program, the excess reactivity will be increased to approximately

8.6$ to allow 48 hour operation at 40 MW. To evaluate the accidents,

a comparison between excess reactivity and negative control rod worth

was.made for each core loading.

IP•
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During the initial phase of PBF testing, the core will contain 4.6$

excess reactivity.. This amount of excess provides the amount required

to operate at 40 MW steady state for one hour and is needed to

overcome the negative effects associated with the temperature-dependent

feedback mechanisms, fuel burnup, fission product poisoning for the one

hour of high power operation, and reactivity loss from instrumentation

and experimental hardware. PDQ calculations showed that the control

rod group worth is 13.3$ and that with one control rod fully withdrawn

from the group, the worth is lowered to 9.6$. Therefore, a stuck rod

accident during this initial phase of testing would reduce the shutdown

margin from 8.7$ to 5.0$ and would not constitute a criticality problem.

Later in the PBF program, 40 MW power operation will be lengthened

to 48 hours of continuous operation. For these tests, removal of

stainless steel shim rods will be needed in order to provide the

additional excess (RI 4$) needed to compensate for the 48 hour fission

product poisoning. Therefore, the total system excess at this time

will be approximately 8.6$. PDQ calculations showed that by either

removing shim rods and/or making the IPT (In-Pile-Tube) experiment more

reactive, a reduction in total control rod worth results. During.

this testing phase, with the shim rods removed and a highly reactive

IPT experiment, the total control rod worth is calculated to be

reduced from 13.3$ to 10.3$. A stuck rod under these conditions lowers

the worth of the remaining seven rods to approximately 8.6$ or

approximately the same as the system excess. Because of the uncertainties

in the calculated excess reactivity requirements and the control rod

worths; it is not possible to ascertain at this time whether or not

the reactor would be critical under these conditions with one stuck

control rod. As stated in Subsection XIIIC-1, however, no core will

4e loaded such that the reactor would be critical with a stuck

control rod. Operations and measurements made with the core with 4.6$

excess will provide the data necessary to ensure the subcriticality of

the core with the larger excess reactivity loaded and one stuck control

rod.

As additional protection against a stuck rod accident, the PBF

is designed so that the transient rod poison automatically enters the

core with any system scram. This adds at least an additional 7.6$ of

negative reactivity. and provides a substantial shutdown margin.

13C-4



Another safety system that provides protection is the poison .

injection system. This system has the capability to pump 150 gallons

of gadoliniuM nitrate solution into the core in -one minute; thus, adding

additional negative reactivity:. The gadoliniumnitrate will rendet

the PBF at least 5$ subcritiCal for any core and poison rod configuration.

3. Failure of Air Supplies'

3.1 Plant and Instrument Air Supply. The plant air supply

provides utility and service air within the building. The system has

a 151 ft
3 
air receiver which is supplied by a 90 scfm air compressor

The design air pressure in the system is 125 psig. If this pressure

drops below 85 psig, an alarm is automatically actuated and the supply

lines leading to utility and service connections are closed off.

In the event of a compressor failure, the air receiver contains

sufficient air reserve to accomplish shutdown of.the non-nuclear

plant components. If a rupture should occur in the air receiver or in

one of the lines leading from the receiver, some loss of data

recording capability for process instrumentation may occur, but the

ability to shut the reactor down would not be affected.

3.2 High Pressure Air Supply. The high pressure air supply

furnishes air to operate the scram pistons on the control rods. This

system has a 500 psig operating pressure and a 34.4 ft
3 
air receiver

supplied by a 40scfm air compressor. An air receiver alarm is set to

actuate whenever the air pressure drops below 300 psig. Regulating

valves located downstream from the receiver reduce the air pressure to

80 psig for the control rod scram pistons.

Each control rod scram piston has an individual line leading

to it that contains a high pressure relief valve, a pressure regulating

valve and an accumulator. If one of these lines were to rupture between the

scram piston and the regulating valve, or if the relief valve should

inadvertently open, scram pressUre would be lost froM only one of the

eight control rods, and that rod would fall into the core by gravity

during a scram. In this situation, a light on the reactor console would

indicate loss of air pressure on that piston. If any rupture were to

occur between the individual control rod pressure regulating valves

and the compressor, the individual accuMulatOrs would maintain sufficient air

for reactor scram.
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Air pressure at 175 psig to operate the control rod latches is

supplied through a single regulating valve. Failure of a line that

supplies air to any of the latches would cause a loss of latch pressure,

the latches would open, and the•control rods would be driven into the

core under pressure.

Thus, it is concluded that failure of the High Pressure Air Supply

would not result in a safety problem. •

3.3 Failure of Control and Transient Rod Cooling Air Supply. A high-

volume, low-pressure air system, known as the control rod cooling air

system, (CRCAS) supplies cooling air to the control and transient rod

poison sections. In the typical water-moderated and water-cooled reactor,

the control rods are immersed in the water circulating through the reactor

core, which provides cooling for heat generated in the rods by radiation

absorption and attenuation. -However, in PBF the control and transient

rods are isolated from the core coolant by shrouds because of the

difficulty of obtaining the required rod velocities if the rods are

immersed in water. It is therefore necessary to provide forced cooling

air to the poison rods.

The cooling air system consists of a 1000 scfm two-stage rotary

compressor that provides air at a minimum of 55 psig and 85.F. This

air is forced into a central header on the reactor bridge from where it

is dispersed and forced through the eight. control rod shrouds at 100

scfm and the four transient rod shrouds at S0 scfm. After the air leaves

the shrouds, it is monitored for the moisture, temperature, and flow

rate in each individual air line. The twelve air lines then rejoin in

an exhaust header, which discharges the cooling air into a'vertical riser

in the waste gas stack. With indications of high cooling air temperature

or moisture buildup in the cooling air, an automatic system alarm is

actuated. Upon loss of power to the rotary compressor, a decrease in

air flow through any one of the twelve rods, or a decrease in inlet

pressure to the rod shrouds, an automatic scram is actuated.

The PBF control and transient rod air cooling equipment is designed

and sized to adequately keep the rods cooled under all standard operating

modes. However, to evaluate safety problems that could arise if the

reactor were not shut down following a loss of cooling air flow to the rods,
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analyses were performed to determine the extent of heat-up in the PBF

control and transient Control and transient rod temperatures were

calculated for (1) loss of air flow at 40 MW steady state power, and

(2) loss of air flow immediately prior to initiation of the design burst

from 20 MW initial power. For conservatism, the calculations were

performed without consideration of the loss-of-air flow scrams in

operation.

The heat transfer calculations were performed using the HEAT-11111

computer code, a program that solves the one-dimensional heat conduction

equation. The heat source values and distributions for the control and

transient rods were derived from a detailed four-energy-group transport

analysis of gamma radiation-attenuation and neutron absorption in the

various control and transient rod materials. Exact dimensions of these

rods are contained in Subsection III-B.

The resulting maximum temperatures of the PBF control and transient

rods, for the xonditions investigated, are contained in Table 13C-I.

In all cases, the maximum temperatures were considerably below the

melting points of the various materials out to 500 seconds of reactor

operation, at which time, the calculations were terminated. Also, the

strengths of the various materials at those temperatures are sufficient

to withstand the forces accompanying a scram. Thus, even in the absence

of automatic scrams, the reactor operators would have over eight minutes

to manually scram the reactor on reactor alarm indications of high cooling

air temperature or moisture buildup. Loss of cooling air flow to the

control or transient rods should not result in a loss of integrity or

create a safety hazard to the PBF reactor system.

4. Loss of Electrical Power 

As previously discussed in Section VIII, failure of the power

distribution system will result in immediate scram of the reactor.

Emergency power will be furnished by a 100-KW, gasoline-powered generator

which will be running during all nuclear operation. In the event of loss

of commercial power, the following loads will be switched automatically to

the generator: control rod drives; transient rod drives; reactor

fa]R.J. Wagner, HEAT-I, A One Dimensional Time Dependent or Steady State 
Heat Conduction Code for the IBM-650, IDO-16867 (April 1963).
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TABLE 13C-I 

CONTROL AND TRANSIENT ROD TEMPERATURES FOLLOWING

LOSS OF COOLING AIR FLOW

Loss of Air Flow Prior to

Material.. ' -

Melting
Temperature
' (°C)

' Loss of. Air Flow at 40 :MW Design Burst from 20 MW

Control Rod
Max..Temp...(°C)

Transient Rod•
Max. Temp.(°C)

Control Rod

Max..__ Temp. (°C)
Transient Rod

. Max. Temp. (°C)

Boron Carbide 2430 954 859 557 383

Stainless Steel Tie 1400 608 379 384 • 316

Rod

Stainless Steel Inner . 1400' 926 834 557 383

Cladding

Stainless Steel Outer 1400 953 859 555 382

Cladding
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control interlock and indicating systems; neutron detection instrumentation;

selected channels of coke and experiment temperature instrumentation;

the health physics monitoring system; and the waste gas blower.

Provision for uninterrupted power to the above systems ensures that

the reactor can be shut down in a normal fashion following the power

outage. •

Should the transient rod poison be partially inserted and set for

withdrawal at the time of the power failure, the high velocity valve

will revert to the "off" position, the hydraulic valves will revert to

the insert position, and the rods will be fully inserted into the core

by the stored hydraulic charge in the accumulator.

The worst time for a loss of power to occur would be at the end

of a 48-hour operation at 40 MW. In this circumstance, pump power

would be lost so that natural circulation in water would have to be

relied upon to remove the decay heat. This accident is essentially

identical to the loss of flow accident discussed in Subsection III-F.

From conservative analysis of this accident, it was concluded that no

fuel failure or fission product release would result, but that minor

damage to aluminum spacers could occur in the care hotspot regions.

Therefore, anytime that a loss of electrical power occurs with the

reactor operating at high power, the core will be inspected for

damage prior to further nuclear operation. Should such inspections

show that no significant spacer damage results from such loss of flow,

the requirement for inspection may be deleted.

5. Failure of Defective Fuel Rods 

Failure of PBF fuel rods from overpower conditions would not be

expected to occur during routine operation of the PBF at maximum

design conditions. It is nevertheless possible for some manufacturing

defects to escape detection or for some nonsystematic defects to arise

as a consequence of repeated transient testing. Stringent inspection

procedures during fuel manufacture and inpile performance testing of

prototype rods in other reactors (TREAT and the Capsule Driver Core),

and in the PBF test space during facility checkout (lead-rod tests)

should render any systematic occurrence of such defects extremely unlikely.

The distribution of defective rods (if any) within the reactor should be

random, and clustering of defective rods is not probable.
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Experience with oxide-fueled, rod-type cores in pulsed service in

Spert I
(a) 

and Spert rylb] has shown that if cladding defects allow

water to enter the fuel rod, subsequent power excursions may cause

cladding rupture as a result of internal pressure generation. The.

predominant result from these rod failures was that they did not.

propagate to surrounding rods, although in most cases a few adjacent -

rods were bowed and/or. discolored. Out of approximately 20 total core

fuel rods that failed in Spert I and IV as a consequence of being

waterlogged, in only one instance was there evidence that the water-

logged failure caused failure of an adjacent rod. In that one case,

a single adjacent rod was broken in two; however, the evidence.

was inconclusive whether or not the failure was directly caused by the

waterlogged rod failure and essentially no fuel was lost from the rod.

Although pressure pulses from waterlogged rod failures could •

conceivably distort or cause failure of adjacent rods, the cannisters

would act as a buffer, inhibiting propagation of such a reaction into

adjacent cannisters. The extent of propagation of failure would be

dependent upon the strength of the clad and the conditions within the

fuel and insulator in adjacent rods at the time of the failure in an

initiating rod. Since the thermal time constant of the fuel-insulator

Combination is long,.there is considerable delay in transferring heat

to the, clad so that bursting of defective rods would be expected to

occur prior to appreciable heating of the clad in surrounding rods,

further reducing ,the probability of propagation of an isolated fuel

rupture event.
• •

Since any defective fuel rods in PBF would be distributed

statistically within the core, the power gradients across the core

should lead to early detection of defective rods in high-power-density

regions of the core during the low-intensity, long-period tests conducted

ae a part of facility checkout. The defective rods would be replaced

as detected. Progressively higher intensity tests would disclose any

la]J. E. Grund, ed., Experimental Results of Potentially Destructive 
Reactivity Additions to an Oxide Core, EDO-17028 (December 1964).
Chapter IV.

fb]
L. A. Stephan, The Effects of Cladding Material and Heat Treatment on
the Response of Waterlogged 02 'Fuel Rods to Power Bursts, IN-ITR-111

(January I97U).
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defective rods in, regions of lower power density and it is highly• ...
improbable that any appreciable numbesr„jof rods would fail simultaneously

in this. manner.

A number of tests with waterlogged PBF rods have been performed in

the Capsule Driver Core. Results from these tests showed that the

threshold for failure of the rods is approximately 1120 cal/cc of PBF

fuel. As a result of these waterlogged rod falures, peak transient

pressure pulses in the range from 2000 to 3300
[a) 

psig were measured in

the capsule. Internal PBF fuel rod pressures.up to about 6000 psi

were measured prior to rod rupture. In a few of the tests, two

dummy PBF fuel rods were installed in the capsule along with the

waterlogged rod. In these testa, the failure of the waterlogged rod

did not cause failure in the dummy rods, although some insulator cracking

in the dummy rod occurred. From these tests and from the tests in

Spert I and Spert IV where waterlogged core fuel rod failures have

occurred, it is concluded that failure of a single waterlogged rod will

not propagate, and cause failure of a significant fraction of the core.

The rupture of a few isolated fuel rods should not produce

major core damage and should result in release to the•reactor vessel

water of only those fission products contained within the fuel rods

actually ruptured during the given test. Release of these fission

products is expected to be small because of the low burnup that the

PBF fuel will experience and because the rupture of defective rods would

be expected to occur during the first few short-period tests following

their insertion in the reactor. Any released fission products should

be readily removed by the cleanup system.

The lead-rod tests in PBF include tests with clusters of rods in

which one of them will be intentionally waterlogged. These tests will

allow confirmation of the consequences of waterlogged rod failures

early in the operating history of PBF and prior to operation of the

facility at design rating.

6. Non-Damaging Reactivity Accidents 

6.1 Control Rod Withdrawal (Startup) Accidents. The control rod

withdrawal accident is defined as the continous, uninterrupted withdrawal

[a)
These pressures were measured at the bottom of the capsule and include
the effect of pressure doubling.



of control rods at the maximum rate resulting in an unplanned power

excursion. In order to assess this accident over the range of PBF -

initial conditions, startup accident analyses were performed using

the PARET
fa] 

computer code for (a) initially cold (86°F) and low power

(5 watts) conditions; and (b) power levels of 40 MW with initially hot

moderator (136°F) conditions. A coolant flow rate of 15,000 gpm

through the core'(6.86 ft/sec) was assumed in both cases. It was also

assumed that the transient rod poison sections were removed from

the core so that the maximum core excess reactivity could be obtained

by withdrawal of the control rods. At the maximum drive speed of 7.2

.in./min, the simultaneous withdrawal of all eight control rods would

give rise to a maximum reactivity insertion rate of approximately 8C/sec.

The effects of continuous control rod withdrawal from low power

(5 watts) and cold moderator conditions lead to a power transient with

a minimum reactor period of 177 cosec and a peak power of 54 MW. After

the power peak of 54 HW is attained, the power subsequently declines to

a miniiium of approximately 25 MW and slowly climbs to 30 MW after 30

seconds of.rod withdrawal. Following 30 seconds of continuous withdrawal

from critical, which is ample time for operator action in response to

such an.occurrence, a total core energy release of 455 MW-sec, and a

corresponding hotapot fuel temperature of 815°C, is attained.

Even if the operator did not scram the reactor, the reactor protective

system will prevent exceeding the fuel temperature design limit of

2350°C. No anticipated core damage would be expected from this accident

as the PBF core is designed to routinely withstand fuel temperatures of

2350°C.

• The effects of the control rod withdrawal accident from initial'

high power (40 NW) and hot moderator conditions are slightly more

severe than for the cold, low-power case, but are also non-damaging.

Assuming no safety ayitem response; the power rises monotonically from

the 40 HW steady state level to 55 MW in 6 seconds after initiation of

control rod withdrawal. The reactor power then continues to rise seeking'

C. F. Obenchain, PARET - A Program for the Analysis of Reactor Transients,
, IDO-17282 (January 1969).
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a steady state value. After approximately, 14.5 seconds of continuous

control rod withdrawal,'the reactor poWerreaches 66 HW and the. peak

core fuel temperature reaches the design limit of 2350'C. From the

calculationi, the fuel temperature Operating limit of 2460°C would be

exceeded after approximately 20 seconds of continuous withdrawal.. As

in the case of the continuous withdrawal from low power, there'it.

ample tine for operator action to pre4ent exceeding the design and

operating limits. In the absence of operator action, however, the

reactor protective system would prevent excessive power and fuel

temperature. The power level scram point of 45 HW is reached at

approximately 2.8 seconds following initiation of control rod withdrawal

and the control rods would be completely inserted into the core within

200.msec following that time. The peak fuel temperature at the time of

initiation of the scram is only about 2110'C; therefore, this accident

would cause no overheating of the PBF fuel.

The calculated reactor power and the peak fuel temperature as a

function of time frominitiation.ofcontrol rod withdrawal are shown in

Figures 13C-1 and 13C-2 for the accidents initiated from 5 MW and 40
. _

MW, respectively. The calculations were carried out without consideration

of the reactor scram and the variables are plotted without scram for

purposes of illustration.

From the analyses presented previously, no damage to the PBF

would result from the constant withdrawal of the control rods at their

maximum rate for either low or high initial power conditions: Further,

the initiation of such an accident requires the willful violation of

operating procedures.by the operator and by the supervisor whose

surveillance is required during all operation.

6.2 Flooding of Poison Rod Guide Tubes. The PBF control rods

and transient rods move within air-filled guide tubes (shrouds);

therefore, it is possible to change the reactivity of the system by

flooding the guide tubes with water or, possibly, with oil past the

rod seals. The only connection common to all the guide tubes is the

cooling air supply. The plenum for this supply, which includes the

header for the tubes carrying cooling air, is located above water level;

therefore, failure of a given rod guide tube will result in the flooding

13C -13



of only one tube. The rod cooling air supply is provided with a leak

detector that will warn the operator in the event of any increase of

moisture content within the system, thus permitting reactor scram

before any appreciable flooding of the guide tubes could occur.

Analysis to determine reactivity effects caused by flooding of

control and transient rod guide tubes with water was accomplished by

use of the PDQ-7tal computer code. Analysis showed that if a control

or transient rod poison section is inserted in the core when flooding

occurs, the net change in system reactivity would be positive; if the

rod poison is withdrawn, the net change in system reactivity due to

flooding the guide tube was negative. An examination of the point-

wise thermal flux and power distribution around the particular control

rods of interest showed that when the poison sections are inserted,

and the area between the poison can and guide tube become flooded,

the thermal flux builds up in the flooded region and some of these

thermil neutrons leak back into the active core rather than travel into

the poison can, thereby adding reactivity. For the cases where the rods

are withdrawn ftom the core and the guide tubes are flooded, a flux

trap is created. .This. removes fast neutrons from the system that would

be more effective if allowed to stream through the guide tube and •

become thermalized in an active fuel region; thereby giving rise to a

negative reactivity effect.

Investigations were made with a variety of control and_ transient

rod configurations to determine the maximum possible increase in .

system.reactivity due to guide tube flooding. The maximum reactivity

gain occurs when all the control and transient rod poison is in the

core and complete flooding of all 12 guide tubes occurs. This would

result in a system reactivity increase of 0.57$; however, in this.

configuration, the reactor would still be approximately 19$ subcritical.

The net effect of flooding all 12 guide tubes with the reactor in the

shutdoWn condition (control poison in and transient rod poison out of

the core) is.to decrease the system reactivity by approximately 1.00$.

The sudden. flooding of one or more of the guide tubes during the course

[a)
W. R. Cadwell, PDQ-7 Reference Manual, WAPD-TH-678 (1967). •
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of steady-state operation at critical would add negative reactivity to

the system, thereby. rendering the system subcritical or decreasing the

steady power level.

The oils used in the.control and transient rod system are

hydrocarbons; therefore, the effects were assumed to'be similar to

those for water flooding.

From these results, it is concluded that flooding of any or all PBF

control and transient rod guide tubes in any configuration will at no

time endanger the integrity of the PBF core.

6.3 Cold Water' Accident. Since the PBF reactor is operated at

atmospheric pressure, the reactor coolant inlet temperature is inherently

low. During low-initial-power transient operation, energy will be

supplied to the coolant by the primary pumps and. the inlet to the

reactor will be stabilized at about 86°F by the heat exchangers. For

40 HW, steady operation, the maximum reactor inlet and outlet temperatures

will be approximately 136 and 154°F, respectively. Because of these

relatively low temperatures, a severe "cold water" accident is not

credible. The potential for introducing cooler water to the core by

failure of certain valves does exist, however, and the consequences of

such failures have been investigated.

The basic coolant system is ehowir.7schematically in Figure 13C-3.

Reactor coolant flows from the reactor tank to the parallel-connected

heat exchangers at a rate that is variable between 5000 and 15,000

gpm, and is evenly divided between the two exchangers. The outlet

flow from the two exchangers is brought into a common pipe and returned

to the reactor inlet. An automatic control valve (TCV-1) on the

secondary side of the heat exchangers regulates the secondary coolant

flow rate to control the inlet temperature to the reactor. Failure of

this valve in such a manner as to cause maximum flow in the heat

exchanger secondary could conceivably lead to a reduction in water inlet

temperature. Since the minimum secondary coolant inlet temperature

to the heat exchanger is about 40°F, the minimum potential inlet

temperature to the reactor will be 40°F. The control valve (TCV-1) is

normally fairly well open during 40 MW, steady state operation, and

therefore a step reduction from 136°F to 40°F cannot be obtained. A

reduction from 86°F to 40°F is also highly unlikely. However, for this
•
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analysis, a rapid temperature drop of 96°F is assumed in the reactor

coolant temperature.

The coolant, temperature coefficient of reactivity has been

calculated to be -1.0 0°F. Thus, the reactivity added to the system by

introducing a 96°F drop in coolant temperature in the core during 40

314 steady state operation would be 96 cents. A coolant velocity of

6.86 ft/sec through the core is obtained•at the design flow rate of

15,000 gpm. Since the active core length is three feet, the coolant

transit time through the core is 0.441 seconds. This is the ramp

time assumed for insertion of the 96 cents.

In the absence of reactor scrams, the addition of this 96 cent

ramp insertion at 40 MW would result in a power excursion with a peak

power of 360 MW. The power subsequently declines to approximately 160 MW

at 1.3 seconds following the power peak at which time the fuel design

limit of 2350°C'is reached. The PBF fuel operating limit would be

reached in approximatefy. 2.0 seconds. Thus, the PBF Protective System

would have to be relied upon to mitigate the consequences of such.an

accident.

For steady power operation, a power level scram is set at 45 W.

This level- would. be reached in about 100 msec following initiation of

the cold 'water accident. A total additional time of 180 msec is

required for complete control rod insertion; therefore, the reactor would

be shut down within 280 msec following initiation of the cold water

accident. The maximum fuel temperature 280 msec after this accident is

2110°C, which is only slightly above the 40 MW steady state value

(2100°C), and is well below the design temperature. Therefore, no

damage to the core would result from such a transient. The reactor power

and peak fuel temperature for this accident without the power level scram

are shown in Figure 13C-4.

The only other possible means of introducing cold water into the

system are through the demineralized water storage tank and the

emergency raw water fill line. The minimum water temperature in either

source is again 40°F.

The emergency-fill valve is,a motor-driven valve operated from the

control center. The. maximum fill rate through the emergency-fill line i
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1000 gpm,.and the flow feeds into .the.reactor vessel where.it ii-mixed

with the coolant in the:vessel before keing introduced into the core

through the primary coolant stream. The low addition rate and mixing

of fill water with the reservoir of'coolant in the vessel prior to

circulation through the core preclude any appreciable or rapid

reduction in core inlet temperature as a result of filling through this

line.

The demineralized water storage tank provides make-up to the

reactor vessel at a maximum rate of 75 gpm. Control of the make-up is

manual in response to the reactor vessel level indicator. The low input

rate and mixing with the water in the vessel prior to entering the core

preclude any appreciable reduction in core inlet temperature as a result

of adding water from the storage tank.

From the above considerations and analysis, it is concluded that

a serious cold water.accident in PBF is highly unlikely and non-

damaging.

6.4 Reactivity Accident Caused by Erroneous Control Rod Position.

The reactivity to initiate a burst in the PBF will be determined by

the positioning of the control rods just prior to the burst. If for

a desired burst, the control.iods are-Ipositioned incorrectly, a

reactivity accident could occur. The Reactor Control and Protective

System (RCPS) is designed to prevent this type of accident.

The control'rod drive uncertainty for positioning the rods has

been measured to be within 0.06 percent over the 36-inch travel,

which results in a maximum uncertainty of ± 0.02 in. at any desired

position. This tolerance would result in a maximum reactivity uncertainty

less than 0.02$. There is also some uncertainty in the reactivity

actually inserted due to uncertainties in the measured control rod

worth, change in rod worths due to loading test experiments, etc.

Experience has shown that the procedures established at SPERT for

measuring the control rod worths will reduce the total uncertainty involved

in a given reactivity insertion to less than ± 0.05$. This uncertainty

in reactivity results in a four percent change in total burst energy

(60 MW-sec) for the design burst and hence does not present a serious
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problem. In addition, control rod limit switches that function in

the Reactor Control and Protective System will prevent the control

rods from being withdrawn past the position corresponding to the

reactivity required to initiate a design burst with the reactor in

the natural burst mode of operation.

•
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.1). Earthquakes 

1. PBF Earthquake Design

During the design and construction of PBF, the NRTS was 
classed

in Zone 2 on the U. S. Uniform Building Code Map of 
Seismic Probability,

which implied that the region is reasonably free from severe 
earthquakes.

The facility design is based on AEC-ID structural and 
architectural

standards that conform with the Uniform Building Code as far as

earthquake protection for Zone 2 is concerned. In accordance with

these standards, the reactor building and the control 
building are

designed to withstand horizontal ground acceleration forces of 
0.067g.

The installed equipment within tha building, including the reactor

vessel; primary coolant system, and loop coolant system, are designed

to withstand 0.134g.

Following completion of the PBF construction, the seismic

probability classification of the NRTS was changed from Zone 2 to

Zone 3, which implies a higher probability of a severe earthquake at

PBF. A recent review of the geology of the NRTS and' surrounding

territory and of the earthquake potential his resulted in the following

conclusions:

•
(1) There' are two faults near the NRTS that have undergone movements

in recent geologic time and thus are classified as active

according to the AEC definition. These faults are near Arco

and Howe and are both approximately 20 to 25 miles from the

PBF.

(2) The greatest magnitude of earthquake that could be expected

to occur in the area is on the order of 7 on the Richter scale.

From the above information, the ability of the PBF building and/or

installed equipment to withstand. potential earthquakes originating near

the NRTS is suspect. This does not necessarily mean, however, that the

PBF cannot' withstand magnitude 7 earthquakes originating from the Arco

or Howe faults. The PBF building and installed equipment were designed
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to static loads of 0.067g,and 0.134g; respectively, wi►il►• loads

applied during an earthquake are applied in a dynamic manner. There

is not a one-to-one correlation between statically and dynamically

applied loads. Therefore, a dynamic analysis of the response of the PBF

to typical earthquake induced loads has been initiated and this SAR

will be updated as the results from the earthquake analysis become

available. In the interim, the following information is submitted

with regard to potential consequences to PBF from earthquakes.

2. Consequences to PBF from Earthquakes 

The most likely consequence to PBF from an earthquake would be loss

of electrical power. Loss of power would result in an automatic

reactor scram and in loss of pump power. The reactor would thus be in

a shutdown condition, but without forced flow. Analyses discussed in

Subsection XIII.F have shown that only minor potential damage would occur

to fuel rod 'spacer blades following a loss of flow. Thus, it is concluded

that loss of electrical power from an earthquake would have no serious

consequences:to:.PBF.

• ••
It might be postulated that an earthquake could cause flooding

of the control and transient rod guide tubes and thus cause an increase

in system reactivity. The maximum increase in system reactivity from

flooding of these guide tubes regardless of the number of guide tubes

flooded'Orthe rod configuration is 0.57$ (see Subsection XIII.C-6).

If the earthquake occurred while the reactor is in a shutdown condition;

ie, when all control rod poison is in the core and the transient rod

poison is out of the core, no rod motion would occur as a result of

the quake. 'ale minimum shutdown margin for PBF will always be at least

3$, so that no criticality problem would result.

It is conceivable that a severe earthquake could cause relative

horizontal motion between the reactor core and the control rod guide

tubes. In such a case, the guide tubes and/or control rods could be

bent such that the rods could not be reinserted into the core during

operation. The PBF poison injection system (see Subsection VI.C) was

specifically provided to mitigate the consequences of this accident. By

use of the poison injection system, the reactor can be rendered subcritical

in less than one minute.
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It might also be postulated that the earthquake could cause

O

; . .
failure of the loop coolant system when the loop was at elevated

temperature and pressure so that a blowdown of the IPT would occur.

A blowdown of the inpile tube at' elevated temperature and 
pressure

causes a maximum increase in reactivity of approximately 2$. .If the

blowdown occurred while the reactor was in a shutdown condition, the

shutdown margin would always be large enough that no accidental criticality

would result. If the blowdown occurred when the reactor is at critical,
. _

even assuming that the 2$ from the blowdown occurred as a 
step, a

nondamaging power excursion with a period of 3.5 maec would result.

Slowdown of IPT is one of the PBF Design Basis Accidenti.

If an earthquake were to occur during steady-state operation

during setup for a transient test at operating conditions, the four

transient-rod-holding hydraulic lines could conceivably rupture 
allowing

the transient rods to move out of the core and prematurely 
initiate the

test. At worst, this leads to the design burst for PBF, or one of the

transient rod drive failure accident discussed in Subsection XIII.I.

O

If the integrity of the primary system were violated as a result•
of an earthquake, a loss of.coolant.could result. The fission product

afterheat for the PBF core is generally very low, and no significant

heating of the fuel or cladding would occur unless the accident occurred

immediately following the design burst or at the end of extended operation

at high power.

The most serious of the potentially credible consequences of an

earthquake would be if the earthquake occurred at the end of an

operation at 40 MW for 48 hours and resulted in (1) a loss-of-coolant

accident, (2) a blowdown of the inpile tube, and (3) failure of the

reactor building..

If the earthquake caused only a LOCA, the accident would be

identical to the PBF design basis LOCA from which potential radiological

doses are within guide limits. Also, if the earthquake caused a blowdown

of the IPT, no unacceptable doses would result. However, if the earthquake

caused a LOCA plus failure of the reactor building, excessive off-site
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radiological' doses could result under inversion weather conditions.

Pending completion of the dynamic response of the PBF to earth-

quake loadings, it is.assumed in this SAR that no credible earthquake

can cause both a LOCA and failure of the PBF reactor building. In

conjunction with this assumption, the following operating restriction

will apply:

No test will be performed that results in a total core energy

release greater than 40 MW-hours prior to:

(1) verification of the assumption through dynamic

that a credible earthquake cannot cause both a

reactor. building failure, or

(2) if the dynamic analysis shows that both a LOCH

of the building would be expected from credible
. .

at PBF, suitable modifications to the facility will be made

to preclude the simultaneous occurrence.of both events,(a)

Or

analysis

LOCA and

and failure

earthquakes

(3) engineered safeguards will be installed to preclude .a LOCA

and/or fuel clad melting in the event of a LOCA.

Radiological calculations have been performed to verify the

suitability of the'40 MW4lour operating restriction. In the analysis,

it was assumed that three tests per week were performed in PBF for a

period of four years. Each'test consisted of a one-hour operation at'

40 MW. At the end of the last test, a LOCA occurred that resulted in

a release of 1, 50, and 100Z of the total core solid, halogen, and

noble gas fission product inventory, respectively. The accident was

assumed to occur under strong inversion conditions (Class F) with a

2 m/sec wind, and no credit was taken for building absorption or cloud

depletion. Diffusion parameters appropriate for a three minute release

time were used. Under these conditions, maximum whole body doses of

1.9 and 0.13 rem were obtained for a receptor at the nearest NRTS

boundary and at Arco, respectively. Corresponding thyroid doses were

(a]Preliminary dynamic seismic analysis of the reactor building has
indicated that minor modifications can make it acceptably resistant
to the maximum earthquake that could occur near the NRTS. Design
of such modifications is currently in progress.
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Potential radiological doses under these conditions were shown

to exceed the 10 CFR 100 guide limits at the PBF Control Center.

Therefore, as an additional interim restriction, no test will

be performed under inversion conditions with a wind blowing toward the

Control Center with a velocity greater than 5 mph. At 5 mph, any

release of radioactivity would require seven minutes to reach the Control

Center. Added to this seven minutes as warning time would be the time

required for the fuel cladding to melt, which would likely require tens

of minutes if it melted at all (see Subsection XIII.F-3). Unannounced

test evacuations have demonstrated that the Control Center can be

evacuated in less than five minutes. Under lapse conditions, the doses

to the whole body and thyroid drop to approximately 2.2 and 36 rem,

respectively, which are well within the guide limit values.

Based on this operating restriction and these radiological results,

it is concluded that the PBF can be safely operated at up to 40 MW-hours

per test, 120 MW-hours per week pending resolution of the potential

earthquake problems at the NRTS without hazard to operating personnel

or to the general public.

• • • ••:,;• r;41
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L. Tornadoes ,

(;) The NRTS, the Upper Snake River Valley, and the State of Idaho in

general, are in an area where the weather patterns are unfavorable

for the generation of large, severe tornadoes. The weather patterns

that produce the severe tornadoes in the midwestern and southwestern

United States; viz, the rapidly moving cold fronts or squall lines

overrunning existing warm, moist air, are rare in Idaho. Also, as a

consequence of the rarity of tornadoes in the area (and possibly because

of the low population density) the data available on tornadoes in the

area is quite sketchy. However, the following data were obtained from

the Air Resources Laboratories Field Research Office (formerly the

U. S. Weather Bureau) at the NRTS on tornado sightings:

(1) In the 54 year period from 1916 through 1969, 32 tornadoes

were reported for the state of Idaho; 12 of these were in

eastern Idaho.

(2) In the 10-year period from 1960 through 1969, 15 tornadoes were

reported in Idaho, five of which were in the Upper Snake

River Valley. Of the five reported for the Upper Snake River

Valley, four caused no damage and one caused slight damage to

a farm building.

(3) Since the establishment of the U. S. Weather Bureau at the

NRTS in 1949, three tornadoes have been reported on or near

the URTS. Two were reported in 1954 and one in 1967. No

damage occurred as a result of any of these tornadoes.

(4) Approximately 50% of the tornadoes reported in Idaho occur

in June and another 30% in May or July.

(5) None of the reported tornadoes in eastern Idaho or the

Upper Snake River Valley have had a path length as long as

five miles.

From these considerations and data, it is concluded that the

occurrence of a damaging tornado at PBF would be a highly unlikely event.

The most probable result of a tornado in the NRTS/PBF area would be

O a loss of electrical power. As previously discussed, loss of electrical
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power would cause.no significant consequence to the PBF, even if the

power loss occurred at the end of a 48-hour test at the maximum power

of 40 11W.

The PBF reactor building was designed for steady wind loads up to

40 lb/ft
2
, which is approximately equivalent to a 75 MPH wind. Because

of the high rotational velocities involved, if a tornado were to strike

the reactor building directly, it is conceivable that some damage to the

building could result. The most likely damage from a direct hit by a

tornado would be loss of some of the aluminum panels or concrete block

from the exterior of the building or damage to the large truck doors on

the north and south sides of the building.

It is inconceivable that a tornado could Cause damage to the

reactor core, primary system or could cause release of fission products.

All components of the primary coolant system or loop coolant system

that are exterior to the reactor vessel are in either the first or

second basement and would be protected by the main floor from damage

by a tornado. The reactor vessel is also positioned below grade with

only about three feet of the vessel above the main floor. The vessel is
. .

also protected by the surrounding cylindrical concrete wall.

The reactor core itself is approximately 15 feet below the, surface

of the reactor coolant water, thus being protected from the disruptive

forces of a tornado. As added protection, the core is protected from

above by the massive core holddown structure.

In summary, it,is concluded that in the unlikely event that a

damaging tornado should strike the PBF, the consequences would be

limited to loss of electrical power and damage to the reactor building

walls and/or truck doors. No damage to the primary system, loop coolant

system, reactor core, or release of fission product would result

Despite the low probability of a tornado at PBF, the following

precaution will be observed. Upon receipt of a warning that a tornado

is on or near the NRTS, or upon a tornado sighting from the PBF area,

the reactor will be scrammed and plant facilities will be shutdown as

rapidly as possible. All facilities at the NRTS are part of a Warning

Communications Network equipped with emergency two-way radios for the receipt •
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and transmission of emergency information. Should a tornado be sighted

on or near the NRTS, all facilities would be notified via 
this emergency

network.

In addition to this Warning Communications Network, the Air

Resources Laboratories Field Research Office provides weather observation

and forecasting services for the NRTS. This office provides advance warning

of expected severe weather conditions.
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F. Primacy Coolant System Accidents 

In this subsection, three primary coolant system accidents are

discussed that could be postulated to occur in the PBF; viz, the loss-

of-flow accident, the flow blockage accident,and the loss-of-coolant

accident. Of the three, the loss-of-flow accident has a much higher

probablility of occurrence, since it could result from failure of the

electrical distribution system.

1. Loss-of-Flow Accident 

Loss of flow in the PBF primary coolant system could conceivably

occur as a result of a loss of power to the coolant pumps, mechanical

failure (ie, seizure) of - the pUbips, failure of the valves or improper

manual adjustment of the valves.

Two cooling pumps are'provided in the primary system, both of

which will be in operation during 40 11W steady-state operation. Thus,

mechanical failure of 'a single pump during operation would not cause

a loss of coolant flow. Simultaneous mechanical failure of both pumps

is highly unlikely. •

Accidental closing of the primary flow control valve FCV-1

(Figure 13F-1) could result in a virtually complete loss of flow. The

valve will be operated with a pneumatic motor, which is designed so

that loss of air will cause the valve to open; hence,failure of the

valve in such.a manner as to cause complete loss of flow is highly

unlikely. However, this valve is remotely operated from the control

building, and accidental closure of the valve cannot be completely

ruled out.

The most probable cause of loss of coolant flow is loss of

electrical power to the pumps. A general power outage would also

cause a reactor scram.

The consequences of a loss-of-coolant-flow accident have been

investigated analytically with the TOODEE
[a] 

computer code. TOODEE

is a two-dimensional, time-dependent heat transfer code that can be used

[a]
John A. McClure, TOODEE = A Two-Dimensional, Time Dependent Heat 
Conduction Program, IDO-17227 (April 1967).
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to obtain steady state or transient temperature distributions in either

rod or plate-type reactor fuels. In the analysis, flow coastdown was

not considered, so that the loss of flow was essentially instantaneous.

However, a convective coolant flow rate of approximately 1 ft/sec -

through the core was used in the analysis. The flow paths for convective

coolant flow are shown in Figure 13F-2. The coolant would be drawn

down through the nonfueled region of the core, which represents

approximately 24% of the total flow area of the core, into the

area at the bottom of the fuel. Convective flow forces will cause the

coolant to be drawn upward through the core and expelled to the

tank at the top of the core. This flow path is open even though

the accident involves a failure of the flow control valve. If the

valve does not fail, coolant would also be drawn into the flow skirt

past the stalled pump, or in the case of flow coastdown, with the

assistance of the pumps. For the flow velocities required during

convective cooling, the resistance in these flow paths is small.

In the loss-of-flow analysis that was conducted, it was assumed that

the reactor power level was maintained at 40 MW by the PBF Control

System. The PBF fuel and cladding temperatures were calculated for a

period of 25 seconds following the loss of flow in the absence of

any reactor scrams. The results of the analysis showed that the peak

PBF fuel temperature increased from 2100°C to approximately 2250°C

in the 25 second interval. Thus, the reactor operator would have

ample time in which to scram the reactor and still maintain the

maximum fuel temperatures below the fuel temperature operating limit

of 2350°C.

In contrast to the slight increase in peak fuel temperature,

the peak fuel rod cladding temperature increased from approximately

220°F to 2000°F over the 25 second interval. The SS 304L cladding •

of the PBF fuel rod melts at approximately 2550°F; therefore, no

clad melting would be expected in this accident, although a significant

loss of cladding strength would occur. The PBF fuel rod spacers

and fuel canister, however, are made of aluminum, which melts at

approximately 1220°F, and At would be desirable to keep these

temperatures below about 800°F. The peak fuel rod cladding temperature
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reaches 800°F at about 3 seconds and 1220°F' at 7-1/2 seconds following

the loss-of-flow. Fuel,-rbidiemperature,Tiofiles at 40 NW steady state

and at 25 second's following the loss-of-flow are shown•in Figure 13F-3

and Figure 13F-4 shows the stainless. steel cladding surface temperature

as a function of time. For the data shown in both figures, no reactor

scram was considered.

From the analysis of this loss-of-flow accident, and in particular,

from the temperatures reached by the cladding, it was concluded that a

scram should be included in the Reactor Protective System to protect

against the loss-of-flow accident. The Reactor Protective System,

therefore, includes a scram upon low differential pressure across the

core or across the orfice plate in the reactor inlet line. The total

time required for complete insertion of the PBF control rods following

a loss of flow would be approximately 200 meec. Even if the reactor had

been operating for 48 hours at 40 MW, the reactor power level one

second after scram would be reduced to approximately 4 NW and decreases

rapidly thereafter. Calculations show that in such a situation, the

fuel rod cladding temperature at the core hotspot would reach a maximum

of approximately 1330°F between 25 and 30 seconds following the loss of

flow.

•
From the analysis of the loss-of-flow accident in PBF, it is concluded

that no damage or failure of the PBF fuel would occur. In the worst

case for a loss-of-flow to occur (at the end of a 48-hour test at 40 MW),

the calculations indicate that limited melting of aluminum spacer blades

could occur in the hotter regions of the core and some replacement of

fuel spacer blades could be required. The accident would not, however,

result in release of fission products to the reactor vessel water or

environment.

The major conclusion to be drawn from the previous paragraph

is that the most severe loss-of-flow accident conceivable could result

in fuel temperatures that are slightly below the operating limit and

cladding temperatures that are approximately 1200°F below the melting

temperature. Therefore, the cladding would remain intact and prevent

release of fission products.
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2. Flow Blockage Accident 

the history of reactor oparation$, :he ..sf the more

common accidents that occurs is the flow blockage accident (eg, the Fermi

meltdown accident and sight-glass accident in ETR). Such accidents

are generally caused by a foreign object in the primary coolant system being

carried by the coolant flow to the core inlet where it blocks .the coolant

flow to a portion of the core. The PBF flow path is such that a foreign

object dropped. or. left in the reactor vessel must pass from the vessel

through the system piping and primary pumps prior to blocking the

inlet to any fuel canister. Although highly unlikely, it could be '

postulated that some loose object could be left beneath the lower

grid and within the flow skirt such that it would not have to pass

through the pumps in order to cause .a flow blockage. Regardless of

the initiating sequence of events, it is difficult to conceive of an

object in PBF that blocks the flow from more than a single fuel

canister. Thus, the consequences of flow.blockage of a single fuel

canister have been investigated. .

IO the analysis, it was assumed that the reactor was operating at

a power level of 40 MW at the time of the flow blockage. Should such

a flow blockage occur under these circumstances, the following is the

likely sequence of events: Immediately following the blockage, the

coolant in the assembly would begin to boil and a film boiling

condition would be rapidly established. Because of the highly

negative void coefficient of the PBF core (1.53$/2 void), the control rod

on servo control would begin to move out of the core at its maximum rate

in an effort to compensate for the negative reactivity caused by the

boiling and to maintain the reactor power level. In response to this

unexpected motion of the control rod, the reactor operator would scram

the reactor, and.no damage to the core would result.

During the initial voiding of the subassembly, the reactor control

system would be unable to fully compensate for the negative reactivity

caused by the boiling and the power would drop, thereby providing another

indication to the operator of a malfunction. Also, the local power in

the blocked subassembly would decrease as a result of moderator loss.
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The PBF Protective System contains no specific provision for

O preventing the flow blockage accident. Therefore, for conservatism

in the evaluation of this accident, it is assumed that the operator

takes no corrective action, that the reactor power level is maintained

at 40 MW, and that the local power density in the blocked subassembly

is not affected by the loss of moderation.

In the analysis of this accident, the TOODEE two-dimensional heat

transfer code was used with the heat transfer correlations as given in

0

O

Subsection XIII.F-3. For the postulated conditions, the

the hottest fuel rod would reach the melting temperature

steel• cladding in approximately 38 seconds.

Upon failure of the fuel rod cladding, fission products would be

released from the fuel rod which would result in an indication of high

radiation levels in the reactor building from the constant air

monitors and the remote area monitors. In addition, the fission break

monitor would alarm upon indication of iodine in the reactor vessel

water. These alarms would certainly result in a reactor scram by the

operator.

hotspot of

of the stainless

From consideration of,the.probability of occurrence and the

consequences of this accident, the flow blockage accident is selected

as one .of the Design Basis Accidents (DBA) for PBF. The Design Basis

Accidents are further discussed in Subsection XIII-J.

3. Loss•of Coolant 

Coolant can be lost from the core by rupture of one of the primary

coolant lines Or by rupture of the reactor vessel. The primary coolant

lines are 24 in., Schedule 10, Type 304 stainless steel piping, having

a wall thickness of 0.25 in. The reactor vessel is made of Type 304

stainless steel and is about 1 in. thick in the.vicinity of the support

ring and 0.5 in. thick at the top. In a nonpressurized system such as

PBF, it is difficult to suggest a reasonable means of rupturing

either the vessel or the flow lines short of a major earthquake or a

violent destructive accident within the core. The probability of an

earthquake of magnitude sufficient to cause such a rupture is extremely
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low. Also, the PBF core and Control and Protective System have been

specifically designed to prevent destructive accidents within the core;

however, if a rupture should occur as a result of such an accident, loss

of coolant would be a consequence of core damage rather than a cause of

damage. Nevertheless, the consequences of a postulated loss-of-coolant

accident have been investigated.

In the event of a rupture of the reactor vessel, the rate of loss

of coolant would be strongly dependent upon the size of the break in

the vessel. If the surrounding concrete support wall were not violated,

water lost from the vessel would be held in the 3-ft-thick annular

space between the vessel and the wall. The final water level in the

annulus and vessel would be. approximately 9 in. below the top of the

core, and the core would be adequately cooled by the remaining water.

The emergency fill line can be used in conjunction with the makeup fill

line to raise the water level above the top of the core. The time

required to cover the core is approximately two minutes.

In the event of a rupture of either an inlet or outlet coolant

line, the time required to lower the coolant level in the vessel to

the top of the core.has been calculated to be about 30 seconds. Rupture

of an inlet line would result in flow downward through the core into the

flow skirt, while rupture of an outlet line would drain the coolant

directly from the vessel without requiring flow through the core.

For the analysis of the postulated loss of coolant accident (LOCA)

in NW, the following assumptions. were made:

(1) .The LOCA is initiated by a double-ended rupture of the coolant

outlet line.

(2) A reactor scram (from the loss-of-coolant level scram circuit)

occurs coincidentally with the initiation of the LOCA.

(3) .During the first 25 seconds following rupture of the coolant

• line, a sufficient amount of water remains in the reactor

vessel such that.cooling of the core occurs by natural

convection, nucleate boiling and film boiling. .



(4) For periods of time exceeding 25 seconds, the core is assumed

to be uncovered completely and cooling is accomplished by

natural convection in air.

The effects of a LOCA were calculated for two operating histories

prior to the postulated accident. In the first analysis, the LOCA was

assumed to occur immediately following a power burst initiated at the end

of one hour of operation at a power level of 20 KW. The total energy

content of the core at the initiation of the LOCA was 1550 MW-sec,

(the design burst is 1450 MW-sec). In the second analysis, the LOCA

was assumed to occur immediately following 48 hours of continuous

operation at full power (40 MW).

The TOODEE
[a] 

digital computer code was used for the LOCA analysis.

This code is a transient and/or steady-state, two-dimensional heat

conduction code. The solution to the difference equations for transient

heat conduction are solved by the Peaceman-Rachford
[b] 

method. Temperature-

dependent thermal properties (ie, heat capacity, density, and thermal

conductivity), and heat transfer coefficients were used in the code.

O Internal heat generation can be specified as a function of time and

position. The decay heatfc] was determined by use of the proposed

American Nuclear Society Standard for such calculations, which accounts

for beta and gamma energy from the fission products and the decay of

U
239 

and Pu
239

. The HYDRAX kinetics code was used to determine the

O

reactor power from fission following reactor shutdown.

[a]J. A. ncClure, TOODEE, A Two-Dimensional Time Dependent Heat Conduction 
Program, IDO-17227, (April 1967).

[bL
'D. W. Peaceman and H. H. Rachford, Jr., The Numerical Solution of 
Parabolic and Elliptic Differential Equations, J. Soc. Indust. Appl.
Math., 3, (March 1966), pp 7-15.

[c]
American Nuclear Society Proposed Standard, Energy Release following
Shutdown of Uranium Fueled Thermal Reactors (to be published).
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Since TOOUEE is a two-dimensional code, the heat transfer procesnes

can be described in both the radial and axial (r-z) directions. The

code can handle up to 38 radial and 21 axial nodes. With this detail in

the geometric model, mass and energy balances are evaluated by the code as. _ .

the coolant flows through the core. The coolant flow rate .by natural
convection was accounted for by a balance of the viscious and buoyant •
forces in a manner formulated by Bird(a). The flow rate was computed
at each time step.

Since'the PBF reactor is essentially nonpreesurized, the pipe

rupture is not accompanied by a depressurization and flushing of the
coolant. Hence, pressure variations as a function of time were not

considered.

Heat transfer coefficients during the various phases of this accident
analysis were evaluated tieing the state-of-the-art-heat transfer

correlations. These correlations (heat transfer coefficients or heat flux)
were evaluated at the various temperatures directly by TOODEE.

(1) Figure 13F-5 shows the various modes of heat transfer for full
flow conditions immediately preceding the LOCA. The following
equations were used to evaluate the heat transfer coefficient
for the regions shown in Figure 13F-5.

(a) Forced convection heat transfer coefficient (line ABCD)Ib'ci

hD
e

k 0.023

/D u_10.8 r '0.3 0.14
e" I '2:12: -IL
P ' k uw

••••.1.

raj
R. Byron Bird, Warren E. Steward and Edwin N. Lightfoot, Transport 
Phenomena, John Wiley 6 Sons,(1960), pp 299-300.

[b]
Warren L. McZabe and Julian C. Smith, Unit Operations of Chemical 
Engineering, McGraw-Hill Book Company, (1956), p 444. •

(c)
R. J. Nertney (ed.), Calculated Surface Temperature for Nuclear Systems 
and Analysis of their Uncertainties, LDO-16343, (June 1, 1957), pp 33,53. ,

•
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(b) Incipieiie nucleate boiling (Point C) is evaluated

by
(a,bj

T
NB 

T
sat 

+ 0.°406 (1FC)
0.4719 (2)

(c) Nucleate boiling (Curve B'C'D'EF) is evaluated by
(cj

41178
0.074 (T - T ')3.86

w sat

(d) The heat flux'et Point C' is calculated

QC' 0.074 (T
NB 

- T
sat
)3.86

(e) The curve CEF is determined from

by

(3)

(4)

gtot - (IFC /1("IFB/s1FC 
)(1.0 -2

(1C1/(IFB)] (5)

(f) The wall temperature at Point F is evaluated by the

Bernath correlation
(dj

TWDNB m 1.8457 In P 
P +P15) 

- 
41
 + 32 (6)

(g) The heat transfer coefficient at DNB is

hDNB - 10,890 (D 

De

+ D ) + 6
48

(7)
e i 

De

A. E. Bergles and W. M. Rohsenow, "The Determination of Forced
Convections Surface Boiling Heat Transfer," Paper 63-HT-22. Paper
presented at the Sixth National Heat Transfer Conference of the
ASME AIChE, August 11-14, 1963, Boston, Massachusetts.

(bj
John G. Collier and Graham B. Wallis, Two-Phase Flow and Heat Trans-
f±E41, pp 803, 884, 950-952, 1033. Notes for a Summer Course

August 4, 1967, Department of Mechanical Engineering,
Stanford, California.

(c1 W. H. McAdams, et al, "Heat Transfer at High Rates to Water SurfaceBoiling," Industrial Engineering Chemistry, 41, No. 9 (September1949) pp 1945-1953.

(d)
L. Bernath, "A Theory of Local-Boiling Burnout and Its ApplicationTo Existing Data," Chem. Engr. Program, Symp. Ser. 56, No. 30(1960) pp 95-116.
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(2) During loss of coolant and flow, the following heat transfer

coefficients were used when water was in the core:

(h) Natural convection
(a)
 •

0 02 0 AT C0/1 1/3
hoc 0.13 t [ 2 (117--)] (8)

When the term in brackets, [ ], is greater than 10
9
,

the code used Equation 8; when less than 10
9, Equation 9

was used.

C u
• k L

3 
0
2 A 0 AT .0.25

h
nc 

0.59 — ( ( )j
2

(9)

where the thermal Properties .of Equations 8 and.9 are

evaluated at the film temperature.

(0 Heat flux for pool nucleate boiling
(b) 

is Q cAT
n 
(10)

where c and n are coefficients given in Equation 3.

(j) 'Heat fluX at M[l)]

D 3/2(o g _:p 
)]
1/2

0.25h egfg
QDNB fg L

(k) Film boiling heat transfer coefficieotib.c)

Vfk po hc A c

hp . .11 2.7 + 0.875
ilm  D (TW 

- T
eat
)

•

•

(17.3 x 10 10 (T: - T:
at
)/(T

W 
- T

sat
)) 

.

.(12)

(a)
William H. McAdams, Heat Transmission, McGraw-Hill Book Company,
(1954) pp 172-173.

[b]op. cit., page 13F-9, ref. (b).

(c)
L. S. Tong, Boiling Heat Transfer and Two-Phase Flow, John Wiley

Sons (1965) p 46.
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(3) During cooling in air, a linear combination of natural

convection and radiation heat transfer coefficients was
•

used, namely

h • h
nc 
+ h

r
. (13)

For the natural convection component, h , equations similar
nc

to Equations 8 and 9 were used, which for natural convection

in air reduce to Equations 14 and 15. When the bracketed term

in Equation 8 was greater than 10
9
, Equation 14 was used, and

when the term was less than 10
9, Equation 15 was used.(aj

h
nc 
• 0.19 (Tw - T

g
)
1/3

hnc 
• 0.29 ((Ti,

 
- T

8 
)/I4

1/4 (15)

For the radiation component, hr, Equation 16 was used. In

the application of Equation 16, the average cladding temperature,

T 
sr
, of the fuel rods immediately surrounding the hottest fuel

rod was used for the sink temperature. An emissivity of 0.5

was used for the stainless steel clad fuel rods.

0.5(17.3 x 10- °)(Tw4 Tnr4) (16)h 
r 

T
w 
- T

g

where: •

h • Heat transfer coefficient on the surface of the
rod (Btu/hr-ft2-°F)

D • Diameter of flow channel (ft)

k Thermal conductivity (Btu/hr-ft-°F)

V • Velocity [ft/hr except in Equations 6 and 7 where
ft/sec applies]

L Length (ft)

(a)op. cit., page 13E-10,ref. (a).
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P = Pressure (lb/in2)

0 • Density (1b/ft3)

B • Volumetric coefficient of 
expansion (1/°F)

0 • Viscosity (lb/ft-hr)

C • Heat capacity (Btu/lb-°F)-

T • Temperature (°F)

Q • heat flux (Btu/hr-ft
2
) 

•

g = Gravitation constant (ft/hr
2 
)

h
fg 
• Heat of vaporization Btu/lb)

SUBSCRIPTS 

i Heated perimeter

w • Wall

' NB • Nucleate boiling

Sat • Saturation

FC • Forced convection.

FB so Fully developed boiling

. •

Tot - Total

nc • Natural convection

sr • Surface of surrounding rods

g • Gas

f • Fluid

e • Equivalent

r • radiation

The fuel rod cladding surface temperature as a function of time

at the core hotapot for the LOCA following a design burst initated

after one hour at 20 MW is shown in Figure 13P-6. This figure shows

that the clad temperature reaches an initial temperature of approximately

1270°F at 17 seconds after initiation of the LOCA and while water is

' still in the core. However, at 25 seconds, when the water is assumed

to be gone from the core, the cladding temperature rapidly rises from

approximately 1690°F to the 2000°F level, ultimately reaching a maximum

temperature of2095°F at 100 seconds after the LOCA initiation. Thus,

the maximum cladding temperature reached during this LOCA is still

approximately 500°F below the melting temperature of the PBF fuel rod

cladding.
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O
For the postulated LOCA following 48 hours of operation at 40 MU,

the cladding surface temperature at the core hotspot as a function of

time is also shown in Figure 13F-6. For this accident, the maximum

fuel rod cladding surface temperature reached was 2394°F at 2140 seconds

(.11,, 36 minutes) after the initiation of the LOCA. This temperature is

approximately 200°F below the melting temperature of the cladding.

A comparison of the LOCA under the two different conditions shows

that the cladding temperature for the LOCA following a design burst

rises more rapidly and reaches a peak temperature earlier than for the

LOCA following the 40 MW operation for 48 hours. However, the peak

cladding temperature reached in the LOCA following the 40 ifW operation

is approximately 300°F greater than for the LOCA following the design

burst. The reason for this is as follows: The stored energy in the

core immediately following the burst (1550 MW-sec in this case) is

considerably greater than the stored energy in the core during 40 NW

steady state operation 890 MW-sec). Thus, the temperature rise

irmediately following the LOCA is larger for the case following the burst

because of the redistribution of a greater amount of stored energy.

However, because of the significantly greater buildup of intermediate-

and long-lived fission products in'the:40 MW, 48-hour operation compared

with the burst case, the fission product decay heat for the 40 MW case

is considerably greater during the period of time following the loss of

water from the core. Thus, the long-term heat source is greater for the

40 MW steady power case, which leads to a more gradual but ultimately

greater temperature increase than for the power burst cane.

The calculations indicate that no melting of PBF fuel rod cladding

would occur for either of the two loss-of-coolant accidents that have

been postulated. However, it could be erroneous to draw the conclusion

from this analysis that failure of the fuel rods and subsequent release

of fission products could not occur. The calculations were intentionally

performed in a conservative manner so that the results represent

overestimates of actual loss of coolant situations; however, there is

enough uncertainty in the calculations and the temperatures at the core

hotspot are close enough to clad melting temperatures that some limited
clad melting could occur. In addition, the stainless cladding would
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suffer a significant loss of strength at the calculated temperatures 
and

clad failure could result from perforations resulting from fission 
gas

-pressure in a LOCA that occurs near the end of core life.

The most significant potential for causing greater temperatures

than those presented here is involved with the fuel rod 
canisters and

spacer blades that would be in intimate contact with the hot fuel 
rods in

a LOCA. Both the canisters and spacer blades are made of aluminum, 
which

has a melting temperature of approximately 1220.F. This implies that

there is a potential for melting and possibly migration and re-

solidification of aluminum during a LOCA. Should this result in

blocking of the natural convection patterns that are depended upon to

cool. the fuel rods, melting of fuel rod cladding would likely occur.

Because of the uncertainties involved in the fuel rod cladding

temperature calculations, the possibility of perforation of unmelted

cladding and, in particular, the potential for blocking of natural

circulation channels by the aluminum components of the PBF fuel canister

and subsequent clad melting, fission product release must be considered

as a credible possibility in a LOCA in PBF. Therefore, the LOCA is

one of.theDesign Basis Accidents .(DBA) discussed in Subsection

XIII.J. As a DBA, it is assumed that the LOCA occurs immediately at

the end of an operation at 40 MW for 48 hours at the end of the

postulated lifetime of the core. In the accident, 1.50, and 100%

of the total core solid, halogen, and noble gas fission product

inventory is assumed to. be released to the PBF reactor building. This

accident leads to a conservative overestimate of the consequences of a

LOCA in PBF.

•

s
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G. Effects of Test Fuel Failure on System Reactivity 

.0ne of the primary testing objectives'in the PBF is to test

experiment fuels up to and beyond their failure' threshold; therefore,

it is indeed expected that severe fuel failure will occur inside the

PBF test space. During and for some time after experiment fuel failure,

the fuel, the resulting steam-water mixture, and possibly the internal

hardware of the IPT could experience a geometrical rearrangement

resulting in a change in the driver core reactivity. For further

reference in this section, this possible reactivity change will be

referred to as the fuel failure coupling, or just coupling. The purpose

of this subsection is to: (1) discuss the physical mechaniins that

lead to coupling in PBF, (2) present estimates for this potential

coupling in order to determine potential consequences to the PBF

core, and (3) present methods to be

extrapolated coupling data indicate
••

The results of the coupling on

dependent on the coupling magnitude

is attained during the power burst,

the details of fuel rod failure. A

used to limit the coupling when

a potential operational safety problem.

the driver core are largely

and the time in which the coupling

both of which are dependent upOn

discussion of fuel failure modes

and consequences investigated in the Capsule Driver Core (CDC) is

presented to help establish some properties of fuel failure and how

these properties affect the coupling for PBF. Conservative estimates

of couplings for PBF and the consequences of these couplings on the

driver core are then presented.

The criterion has been established (see Subsection XIII-B).that

the initial inserted reactivity plus the maximum expected reactivity from

fuel failure coupling will not result in a maximum core enthalpy at

the core hotspot greater than the operating limit of 2465 cal/cc or

2460°C. The coupling values presented in this subsection are believed

to be conservative overestimates of the couplings that will be experienced

in PDF testing; however, verification of the degree of conservatism

must await experimental results from the operation of the facility.

1. Discussion of.Fuel Failure 

'There are three general types of fuel failure that could result in

coupling. They are:
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(1) Overpower Failure - conditions where the fuel enthalpy is

increased much higher than the design limit; thereby, resulting

in clad failure from melt-through or internal overpressures.

(2) Failure Propagation - conditions in which a rod fails -and

the result causes one or more of its neighboring rode to fail.

(3) Waterlogged Failure - caused by internal high overpresiure as

a result of rapid heating of water inside the clad.

The SPERT Subassembly Testing Program in the Capsule Driver Core

has obtained valuable data on some of the mechanisms controlling fuel

rod failure for tests with single fuel rods and pulse heating. A brief

summary of the SPERT data and the implications on fuel failure coupling

is given below.

1.1 Overpowered Fuel Rod Failure. The data obtained for fuel

rods of various sizes and compositions (ranging from 0.25-in. to 0.562.

in. O.D. and various enriched pelleted and powdeied fuels) show

clearly that there is a minimum energy density (threshold) for fuel failure.

For a large variety of fuel rod sizes and compositions with no burnup, the

failure threshold occurs around 250-300 cal/g in the fuel-(UO2), and the

mode of failure is clad melting, resulting from excessively high UO2

temperatures. gl For fuel rods of comparable size and with

(a)J. A. McClure and L
Stainless Steel Clad

[b]
L. A. Stephan and C.
stainless Steel Clad

J. Siefken, Transient Irradiation of 1/4-inch OD 
Oxide Fuel Rods to 570 cal/g UO2, LUO-ITR-100, Oct,'68.

S. Olsen, Transient Irradiation of .466-inch OD 
Oxide Fuel Rods to 300 cal/g UO,, IDO-ITR-101, Nov,'68.

(c12. R. Martinson and R. L. Johnson, Transient Irradiation of 1/4-inch OD 
Zircaloy-2 Clad Oxide Fuel Rods to 590 cal/g UO,, LDO-ITR-102, Nov,'68.

(d]
R. W. Miller and W. G. Lussie, The. Response of U01  Fuel Rods to Power Bursts,
5/16-inch OD, Pellet and Powder Fuel, Zircaloy Clad, IDO-ITR-103, Jan,'69.

[e]
R. W. Miller and W. G. Lussie, The Response of UO2 Fuel Rods to Power Bursts,
9/16-inch OD; Pellet and Powder Fuel, Zircaloy Clad, IDO-ITR-104, Apr,'69.

IllW. C. Lusiie and R. W. Miller, The Response of UO7 Fuel Rods to Power Bursts,
Detailed Tests on 5/16-inch OD, Powder Fuel, Zircaloy Clad Rods, IN-1302
(IDO-ITR-106). Jun, '69.

IglZ. R. Martinson, Behavior of 5-inch Long,.1/4-inch OD, Zircaloy-2 Clad Oxide
Fuel Rods Subjected to High Energy Power Bursts, IN-ITR-107,
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burnup of 3000-10,000 MWD/MTU, preliminary results show that the lower

failure threshold is about 200 cal/g (UO2 
) and the mode of failure seems

. . 
to be internal overpressure

[a]
.

For cases of fuel rod failure where the clad ruptures before the

melting temperatures are reached (commonly referred to as' prompt failure)

various energy thresholds are seen as a function of clad material, clad

heat treatment, reactor period, etc. The important evidence at this

time indicates that the energy density threshold limit for prompt

failure of single rods with no burnup is about 300 cal/g. The data also

show that as the test rod energy increases, the nuclear to mechanical

energy conversion ratio increases up to values around 3% for fuel

energy depositions around 650 cal/g UO2.

In reviewing these data, it is worthy of note that failures observed

at 200 cal/g result in local loss of clad integrity such as a small

hole in the clad. .For fuel energy densities above 300 cal/g, the

failures observed are gross loss of integrity with significant dispersion

of the fuel into the coolant. The extent of this dispersion increases

with increasing fuel enthalpy. The effective threshold for appreciable

fuel dispersion into the coolant is > 300 cal/g. However, to assure a

conservative analysis of coupling in PBF operation, dispersion will be

assumed to begin when the fuel enthalpy reaches 250 cal/g.

1.2 Waterlogged Fuel Rod Failure. Several experiments have been

performed in the CDC to determine the results of waterlogged fuel rod

failure. In addition,data have been obtained from in-core CDC water-

logged fuel rod failures. The results of these tests indicate that:

(1) waterlogged fuel rods fail at much lower energy densities, about

60 to100cal/g for cold worked claddingibl, and (2) gross failure

propagation does not result from theie low energy density type failurestc).

[a]
R. W. Miller, Idaho Nuclear Corporation, Private Communication,
December 1969.

[b]
L. A. Stephan, The Response of Waterlogged UO

2 
Fuel Rods to Power 

Bursts, IDO-ITR-105, April 1969.

(c 
)R. M. Potenza (ed.), Quarterly Technical Report Spert Project (January,
February, March 1966), IDO-17206, September 1966.-



The implication of these results is that coupling from fuel redistribution

may occur earlier in the burst since the waterlogged failure threshold

is lower, but the failure would not propagate and only a fraction of the

potential coupling would be attained.

1.3 Failure Propagation. The work done in this area has been very

limited. Although preliminary tests in the CDC at test rod energy

densities above 1. 275 cal/g have shown that failure propagation is

possible in an unpreasurized, cold water, capsule environment
[a]

;

definite conclusions as to consequences are difficult to make at this

time. One of the primary test objectives of PBF is to study fuel rod

failure propagation,

2. Mechanisms for Test Fuel Failure Reactivity Coupling 

The potential fuel failure coupling reactivity obtainable is a

function of the various modes of fuel rod failure discussed above, the

amount of fuel in the experiment, and the experiment geometry after

failure. Furthermore, this coupling may be considered as consisting of

two components, which are: (1) reactivity change from test fuel rearrangement,

and (2) reactivity change from IPT voiding. These two components may be.

treated independently in most cases because of the widely different

time scales over which the two effects occur. For instance, analysis of

SPERT data
[bj
 indicates that for fuel enthalpies above 300 cal/g, at

least 2 msec is required for fuel rearrangement or time to disperse the •

fuel into the surrounding water; however, approximately 20 msec is

needed to achieve maximum voiding of the capsulekl. These two effects

are discussed in detiil for the PBF below.

2.1 . Reactivity Change from Possible Test Fuel Rearrangement. Calculations

have been made to determine the magnitude of the potential coupling available

due to a change in experiment geometry as a consequence of test fuel failure.

[a]
L..J. Siefken, Idaho Nuclear Corp., Private Communication, January 1969.

(b]L. J. Siefken, Idaho Nuclear Internal Notegram: Computer Code Model of 
Fuel Rod Rupture Consequences, LJS-1.49A-N, February 1969.

[c]
Z. R. Martinson, Idaho Nuclear Internal Notegram: Feedback Reactivity 
during SPXH Fuel Rod Failure Tests, ZRH-3-69, November 1969.
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The magnitude of this type of coupling depends on the experiment size

and composition and the configuration of the IPT environs after failure.

Because either a re-entrant flow tube or a capsule-type geometry is possible,

several base case configurations are possible for a test cluster within

the PBF. The re-entrant tube has a water temperature capability ranging

up to 650°F (2200 psi) thus for the re-entrant tube, the initial IPT

water density may vary between 1 g/cc and 0.6 g/cc. Many geometries

may be postulated after fuel failure but the ones considered physically

feasible and those thought to result in conservative values for coupling

are of primary interest. For instance, some of the more realistic

geometries are: homogenized mixture of the fuel and water in (1) the

original test cluster volume, (2) the IPT flowskirt volume, and (3) the

total volume of the IPT. Some less probable geometries that were

considered are solid fuel annulus configurations at various distances

from the center, ranging from a solid fuel lump located at the center of

the IPT to annuli plated out on the flowskirt and the IPT wall. Table

13C-I shows the coupling reactivity for homogenized cases assuming 3-,

11-, 25-, 44-, and 68-rod Yankee test clusters.

For the various cases shown in Table 13G-I, the PHROC[a] and

TOTEM(b1 computer codes were used to calculate fast and thermal neutron

group constants respectively: The foiar group diffusion theory code

CORA[c] was used to calculate the system reactivity.

The results expected from any test, however, do not necessarily

fall exactly into one of the categories shown in Table 13G-I. For

example, as an experiment fails, it is possible for part of the fuel to

disperse somewhat homogeneously in a small volume of water around the

rod. As time increases, the total test fuel may be homogenized in the

flowskirt volume and at an even later time partial voiding within the

flowskirt is possible. Therefore, the fuel rearrangement component of

the coupling reactivity is in actuality a time dependent quantity

(also see Paragraph 3.1).

[a]
R. L. Curtis, Idaho Nuclear Internal Notegram: PHROC, A Modification of 
the GAM-1 PI Code (CA-1850), Curt-15-68, December 1968.

[b]
TOTEM, A Combination of the TOPIC SN Code, (IDO-16968), and TEMPEST,
Thermal Spectrum Code, (UD-18284).

[c]
G. E. Putnam, CORA, A Code for One-Dimensional Reactor Analysis, ID0-
17199, to be published.
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TABLE 13G-I 

COUPLING REACTIVITIES FROM TEST FUEL REARRANGEMENT FOR
- YANKEE POWER REACTOR FUELS (3.52 ENRICHED)

Water . 3 Rod 11 Rod 25 Rod 44 Rod 68 RodGeometry Temperature ('F) Coupling ($) Coupling ($) Coupling ($) Coupling ($) Coupling ($)
'Fuel Homog in
Original Volume 650 + 0.01 + 0.02 + 0.04 •+ 0.04 0

Fuel Homog in
Original Volume: 86 0 - + 0.01, . + 0.01 0 - 0.01 '

Fuel Homog in
Flovskirt Volume 650 0 -- + 0.16 ' + 0.29 • . + 0.29 - + 0.17

Fuel Romog in
Flovskirt Volume  86 + 0.11 • .+ 0.39 + 0.62 + 0.62 1+ 0.30

Fuel Homog in
Total IPT Volume 650 - 0.04 + 0.12 +.0.28 + 0.38 + 0.37

Fuel Homog in,
Total IPT Volume 86 + 0.04 + 0.38 •+ 0.75 + 0.93 • + 0.86

NOTE: Coupling calculations were also made for Indian Point-2 and Dresden-3 fuel rods. Thecalculated couplings with these fuel rode were approximately one-half those of the Yankeerods; therefore the Yankee rode were selected as examples for use in this SAR.

•
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2.2 Voiding the IPT. Calculations have been made to determine the

(7.) 
effect of "voiding", or more precisely, the decrease of the water density

- .
Within the IPT, on the reactivity of the driver core.

0

In general, a reduction of water density within the IPT could occur

by: (1) experiment fuel failure causing pressures in the experiment

region within the IPT, which tend to force the water from the experiment

volume, and (2) possible rupture and resulting blowdown of the IPT.

These cases are considered below.

. 2.2.1 Voiding IPT due to Fuel Failure. The water density

reduction within the IPT has been calculated for several experiment sizes,

fuel rearrangement geometries, and initial water conditions using the

HYDRAX[a] computer code. For these cases, the fuel was assumed homogenized

either within the. IPT flowskirt or the total volume of the IPT, and

the reactivity change was calculated as a result of reducing the homogenized

water density for both cold water (86°F) and hot standby water (650°F)

conditions.

To calculate the voiding reactivity rates, HYDRAX was set up to.

represent one half of:the IPT and flow loop out to the acoustic filter

for both the hot standby and ambient initial water conditions and for

various sized experiments. Experimentjuel failure was assumed to

disperse fuel particles into the water around the experiment resulting

in a source pressure in the experiment fuel region. In order to ensure

a minimum voiding time, input to HYDRAX was adjusted to give a source

pressure magnitude of 7500 psi. The major HYDRAX parameters that

affect the voiding rates are: (1) the heat transfer coefficient

from the failed fuel to the water, (2) the energy content of the

experiment, and (3) the amount of test fuel. The results indicate that

the maximum voiding rate occurs for a large experiment at 650°F initial

water temperature.

Table 13G-II shows the reactivity obtainable for complete voiding

of the IPT as a function of experiment size and initial water conditions.

falR. N. Hagen, HYDRAX - A Fortran Program to Calculate the Energy 
Release during a Reactivity Accident in a Water-Moderated Reactor,
IDO-17275, December 1968.
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TABLE 13G-II 

REACTIVITY AS A FUNCTION OF IPT
WATER DENSITY FOR YANKEE TEST CLUSTERS

.Case Description
Ap $) - Reactivity Due to Voiding Effect-

0 Rods 3 Rods 11 Rods 25 Rods 44 Rods
•

NA

68 Rods

NA

Ap - Between water-filled IPT and
completely voided IPT. (Water
at 86°F) 2.68 NA* NA  NA

Ao - Between water-filled IPT and
completely voided IPT. (Water
at 650°F) 1.92 NA NA  NA NA NA

pp - Between base case of test fuel
homog. within flowskirt (water at
86°F) and completely voided IPT. NA 2.55 1.97 1.43 1.05 0.86

Ap - Between base case of test fuel
homog. within flowskirt (water at
650°F) and completely voided IPT. NA 1.88 1.51 1.11 0.82 0.66

LP - Between base case of test fuel
homog. within flowskirt and test
fuel homog. in flowskirt where water
density is reduced by 50% (86°F). NA 0.56 0.35 0.22 0.13 0.13

pp - Between base case of test fuel
homog. within flowskirt and test
fuel homog. in flowskirt where water
density is reduced by 50% (650°F). NA 0.90 0.65 0.26 0.24 0.24

pp - Between base case of test fuel
homog. within IPT (water @ 86°F) and
completely voided IPT. NA 2.52 1.97 1.33 0.73 0.30

Lip - Between base case of test fuel
homog. within IPT (water @ 650°F)
and completely voided IPT. _ NA 1.96 1.55 . 1.12 0.74 0.46

* NA - Not Applicable

• O
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2.2.2 Voiding due to IPT Rupture. Analysis has been completed

to determine the blowdown characteristics of the IPT due to a rupture as

a result of fuel testing. The details of this analysis and the results

are presented in Subsection XIII-H, but will be summarized here.

The basic assumptions made in the blowdown analysis are:

(1) A prompt test fuel redistribution was assumed after test fuel

failure thereby resulting Ina positive reactivity. The

reactivity assumed for this effect was that obtained by

homogenizing the test fuel int the total volume of the IPT

assuming the water to be at 650°F. These fuel redistribution

reactivities for various experiment sizes are shown in Table

13G-I. '

(2) The worst rupture resulted in a total blowdown area equal to

four cross-sectional areas of the IPT.

(3) The voiding rate was determined using the RELAP-3 computer"

code, which calculates water density in the IPT as a function

of time after rupture. This information was used with the data

in Table 13G-II to determine the voiding reactivity as a

function of time after blowdown.

(4) A control rod scram was assumed to be initiated at a burst

power level of 15 GWfal, and after 30 msec delay, rod movement

into 'the core was initiated. Experimental measurements show

the control rod latch release time is 25_ 3 msec.

The coupling reactivity was inserted at a time during the

design burst (from zero power) when the test fuel energy

density reached 250 cal/g.

In all cases, the consequences of blowdown couplings during the

design burst were less severe than the consequences of coupling during

1;1In this analysis, the scram setpoint was taken as 15 GW. The setpoint
for this scram is now 1.5 GW, hence, this analysis is conservative since
the actual scram will come earlier than assumed in the analysis.



test fuel failure involving no IPT blowdown. This is a result of two

effects: (1) the fuel redistribution coupling reactivity is less since

hot experiment.4ater reduces this reactivity (in the case of no IPT

blowdown, fuel rearrangement in cold experiment water is possible and

therefore must be considered), and (2) the blowdown results in a slower

water density reduction within the IPT than may be postulated as a result

of extreme pressures caused by large clusters of fuel rods failing within

the intact IPT.

3. Consequences of Coupling on PBF Power Bursts 

At the present time, analytical models to predict the thresholds,

modes, and consequences of fuel rod failure are generally in either a

developmental or an unverified stage. Specifically, models required for

the analysis of the consequences of fuel failure within the PBF IPT

cannot be verified until results frowthe PBF, itself are obtained. The

approach that is taken here in the analysis of coupling effects on PBF

is to.use the most probable geometry for estimating the fuel rearrangement

coupling component and to use upper limit calculations to estimate

realistic voiding times. Where' applicable and possible, experimental results

have been incorporated into the analysis.

3.1 Fuel Redistribution Component for Couplin&Calculations. The fuel.

redistribution geometry considered to be most probable to attain after

failure is a homogenized fuel-water mixture within the flowskirt of the
•

IPT. and the time for fuel mixing is assumed to be 2 msectal based

on analysis of SPERT-CDC data. Other postulated geometries were, not..

considered realistic for one or more of the following reasons:

(1), Experiment. fuel plateout on the flowskirt wall is not likely

based on test results from CDC, which show that the maximum

.fuel plateout on, the capsule wall is less than one percent of

.the total test fuel.

(2) The flowskirt is designed with vertical ribs along the active

length of the core, thus preventing it from expanding outward

[a]
This is a minimum time based on all test fuel enthalpies. For
enthalpies near 300 cal/g, the redistribution times should be
considerably longer than 2 msec.
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in one piece. The flowskirt may rupture but any resulting

rupture will not likely occur in such a way as to let the

experiment fuel mix significantly with the water between

the flowskirt.and IPT wall. Therefore, mixing the test fuel

homogeneously within the total IPT water volume or into an

annulus outside the flowskirt is highly unlikely, certainly

could not occur within the postulated 2 msec, and will not

be considered as a realistic failure geometry.

(3) From results obtained in CDC, the test rod fuel is mixed with

the capsule water in very small particles (especially at high

energy depositions). It is not realistic to conceive of the

fuel from a cluster of rods failing in such a way as to create

a solid fuel annulus within the flowskirt.

3.2 Results for Capsule-Type Operation. To determine the maximum

voiding effects, both the capsule and flow loop modes of operation

must be considered. For capsule operation, the standard IPT will be

used with both inlet and outlet flow channels capped. The assumption is

made that approximately ten inches of air is available at the top of

the IPT. This is the airspace commonly used in CDC tests. It is further

assumed that this 10-inch void is distributed homogeneously over the

total test fuel volume, since failure and mixing of the fuel will

occur within the total test. volume. Considering that the 10-inch void

displaces water uniformly within the experiment region, the reduced

water density within the experiment region is shown in Table 13G-II

for various experiment sizes.

If a source pressure pulse of 7500 psi within the IPT is assumed

to result from 'experiment failure, then from an F - ma calculation, the

time required to push the column of water (ti 10 ft) to the top of the

IPT is approximately 4.8 msec. Analysis of CDC voiding rates in

capsule experiments shows that the F - ma calculation accurately

represents the voiding times; therefore, the time to obtain maximum

voiding reactivity in PBF capsules was assumed to be 4 msec.

For each of the postulated experiment sizes (3-, 11-, 25-, 44-. and

68 Yankee rods). HYDRAX was used to calculate the effects of the fuel

failure coupling on the design burst. The fuel redistribution component

13G-11



TABLE 13G -III

REACTIVITY INCREASE CAUSED BY
REDISTRIBUTION OF CAPSULE AIR SPACE

Effective Density of Water (g/cc)
Experiment Size With 10-Inch Air Space Reactivity ($) Resulting

(Yankee Rods) Homogenized in Experiment Region from Water Density Change

3 0.60 0.45

11 0.58 . 0.30

25 0.54 0.20

44 0.49 0.16

68 0.38 0.26

TABLE 13G-IV 

PBF ENERGY RELEASE AND PEAK CORE ENTHALPY FROM
DESIGN BURST* WITH COUPLING FOR CAPSULE EXPERIMENTS

Experiment Size Core Energy Release Peak Core Enthalpy
(Yankee Rods) (MW-Sec) (cal/cc)

3 1634 2417

11. 1751 2593

25 1846 2732
'i
44 1822 2697 ...

68 1617 2394

*
Design burst results in peak core enthalpy of 2040 cal/cc
without coupling.
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of the coupling ln each case wad obtained from Table 11G-I (fuel

mixed homogeneously inside. the flowskirt,...water at 86°F), and was

obtained linearly in 2 msec. Fuel failure was assumed at the time that

the maximum test fuel energy density reached 250 cal/g. The voiding

reactivity for each case is shown in Table 13G-III, and was obtained

linearly over 4 msec following the fuel redistribution. A control rod

scram signal was assumed to be initiated at a burst power level of 15

GW with a 30 msec delay time (latch release) before control rod movement

began. The maximum core enthalpy at the end of the burst, including the

coupling, for each of these cases is summarized in Table 13G-IV.

From the results in Table 13C-IV, it can be seen that if the

coupling postulated were to be obtained in the minimum time of 4 msec,

the peak enthalpy of the core would exceed the defined operating limit

of 2465 cal/cc for the 11-, 25-, and 44- rod clusters, the maximum being

2732 cal/cc for the 25-rod case. Although the operating limit would be

exceeded for this.case, fuel failure would not be expected in the core.

This expectation is based.on the tests in TREAT where three PBF rods

were tested at enthalpies up-to 2818 cal/cc without failure. Although

no failure, would be expected for this case, the procedures and limits

discussed in Paragraph 4.0 will be used to ensure that the

operating limit is not exceeded.

3.3 Results for Flow Loop Operation. It is anticipated that the

majority of PBF tests will be performed with flow conditions within the

IPT. The fuel redistribution component of the coupling for this mode

is also considered to be a homogenized mixture of experiment fuel and

water inside .the flowskirt; however, the experiment loop has the

capability of ambient (86°F) or high temperature (< 650°F, 2200 psi)

initial water conditions. The fuel redistribution coupling for both

of these conditions (fuel homogenized in IPT flowskirt water) may be

obtained from Table 13G-I.

As described previously, the HYDRAX code was used to determine the

effect of voiding within the experiment as a function of time after

test fuel failure for both 86°F and 650°F water in the IPT. A problem

time of approximately 30 msec was chosen for the calculation because for

times greater than this, the error buildup in HYDRAX can become significant.
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This problem time is sufficient to see any effect within the experiment

region resulting from any reflected (decompression) pressure wave from

the acoustic filter. This decompression pressure wave is appreciably

attenuated before it reaches the experiment region; therefore, its

effect on the voiding of the experiment region is slight. The source

pressure has declined to ti 800 psi within 30 msec after fuel failure and

declines slowly thereafter, therefore, the primary compression

effects of the IPT water have been accounted for during this time.

The HYDRAX results were conservatively extrapolated, based on the

results at 30 msec, to obtain the time required for complete voiding of

the IPT for the various Yankee experiments. Using voiding times thus

determined, the voiding reactivities may be represented as ramps with the

properties shown in Table 13G-V.

HYDRAX was used to determine the core, energy. release for the design

burst with these couplings from ambient conditions and for a design

burst. from 20 MW steady state power level. In all cases, the coupling

.reactivity was initiated when the peak experiment fuel enthalpy

exceeded 250 cal/g. A control rod scram signal was assumed to be

initiated at a burst power level of 15 GW with a 30 msec Aelay time

(latch, release). before control rod movement. The results are shown in

Table 13G-VI.

From Table 136-VI, it can be seen that the test conditions that

lead to the most severe.results are with the reactor at zero power

and the IPT• water conditions at ambient temperature (86°F). The

maximum core enthalpy resulting from the design burst with fuel failure

coupling for these conditions is 2673 cal/cc for the 25-rod Yankee •

experiment As for the capsule-type experiments, both the 25- and 44-

rOd cases shown in Table 13G-VI would result in temperatures greater

than the PBF operating limit, but in no case would core fuel rod

failure be expected. Again, the procedures and limits discussed in

Paragraph 4.0 will be used to ensure that the operating limit is not

exceeded.

As can be seen from a comparison of Tables 13G-IV and 13G-VI,

the resultS from the. flow loop operation are very similar to those from

the capsule operation; however, in all cases, the flow loop operation

• 13G-14
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TABLE 13G -V 

REACTIVITY COUPLING RAMPS FOR
VOIDING OF RE-ENTRANT IPT

Experiment Size
(Yankee Rods)

Experiment Water
Temperature ('F)

Void Coupling
Magnitude ($)

Total Ramp (Voiding)
Time (msec)

i
3 86 2.55 240

11 86 1.97 170

25 - 86 1.43 136

44 86 1.05 114

68 86 0.86 100

3 650 1.88 125

11 650 1.51 86

25 650 1.11 68

44 650 0.82 55

68 650 0.66 50

1.3C—.15



TABLE 13G-VI 

RESULTS FROM DESIGN BURST WITH COUPLING
FOR RE-ENTRANT FLOW TUBE OPERATION

Burst From Zero Burst From
. Power Conditions 20 MW-as Conditions . . 

Experiment Siie Experiment Water. Total Core Energy _Peak Core (cal) Total Core Energy Peak Core (cal)
..(Yankee Rods)  Temperature•CF)...  Release (MW-sec)' Fuel Enthalpy cc ' Release (MW-sec) Fuel Enthalpy cc'

3 86 1495 2212 1410 2158

11 86. 1662 2459 1603 2414

25 86 1805 2673 1757 2617

44 86 1788 - -2647 1725 2574

68 86 1563 2314 1451 2211

3 650 1438 2128 1363 2097

11 650 1531 ' . 2266 . 1469 2236

25 650 1597 2364 1533 2321

44 650 158 5 2346 1513 2295 .

68 650 1504 • 2226 1400 2143



0

0

results in slightly less severe results. This As an expected result for

the following reasons: The.fuel rearrangement couplings for the capsule

conditions are identical to those for the zero-power, 86'F flow loop

operation. Since fuel rearrangement is the dominant reactivity coupling

mechanism, the similarity is expected. The magnitude of the reactivity

coupling resulting from voiding is larger for the flow loop operation

than for the capsule operation. However, the rate of voiding is much

faster for the capsule operation; therefore, the total effect of the

voiding is larger for the capsule operation, which results in larger

energy releases than for the flow loop operation.

3.4 Maximum Coupling in PBF. In the preceding paragraphs, a detailed

description of the parametric analysis of potential fuel-failure coupling

effects has been presented for test fuels having the design enrichments

corresponding to referent power reactors. The end result of this

analysis is a postulated coupling of 62c resulting from fuel rearrangement

and a subsequent coupling of 1.43$ resulting from voiding of the IPT.

These results(Tables 13G-IV and 13G-VI) indicate that it is possible

to exceed the operating limit of the driver core (2465 cal/cc)

if the assumed conservative coupling is attained. There are, however,

design techniques that will limit the coupling to values which will

assure that the operating liiit of the core cannot be exceeded at 1.3

msec reactor periods. These design techniques and their implications

are discussed later in Paragraph 4.0.

In order to perform the full spectium of Power-Coolant Mismatch

Accident (PCMA) tests desired in PBF, and to simulate RIA accidents

initiated from full power 0. 19 kW/ft), the use of more highly enriched

test fuels is required. The coupling analysis described in previous

sections has been repeated for these higher test fuel enrichments. The

maximum potential coupling indicated by this analysis is a reactivity

increase of ti 1.5$ resulting from fuel rearrangement and a reactivity

decrease of "t, 50c resulting from subsequent voiding of the IPT. It

would be possible to exceed both the operating limit and the fuel

failure limit if this coupling were attained while performing a 1.3

msec period power burst. Such operation is not advisable; therefore, the
potential accident associated with it will be precluded by setting an

administrative limit of 2.5-msec 'on the reactor period for the first

I3G-17
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Leas in PBF which utilize power bursts. With a 2.5-msec period limit,

the maximum coupling will not result in a test fuel enthalpy which

exceeds the operating limit of the core (2465 cal/cc).

• 4. Conclusions Regarding Coupling in PBF 

On the basis of the analytical work that has been done in support of

the PBF design, it is evident that test-sample to driver-core coupling is

an important consideration. In some instances, the calculated coupling is

quite large and if it were obtained in operation, the operating limit of

the core could be exceeded. However, there are several design techniques

that can be used in preparing test clusters to either reduce the coupling,

or the effect of the coupling, during PBF operations. One of these techniques

is the insertion of an aluminum or Zircaloy filler between the experiment

and the flowskirt wall. This filler is effective in reducing the voiding

reactivity that can be obtained since it brings the test space closer

to being "voided" before the test is performed, thereby reducing the

reactivity change possible from the "base",test configuration to the

"voided" test space configuration. Incorporation of this filler also
. .

reduces the volume in which the test fuel can be dispersed following

fuel failure, thereby r'educing'the fuel rearrangemenereactivity. •
. . .

Calculations have been performed in which a Zircaloy filler was

placed between the 3-, 11-, 25-, and 44-rod Yankee test clusters and the

flowskirt wall. The same filler was used for•all cases, the size of •

the filler being chosen for the 44-rod case. (There is not sufficient

space between the outside rods and the flowskirt walls for a filler

to be used for the 68-rod case.) The calculations showed that the '

use of the filler reduced the coupling from 11c to 8c for the 3-rod

cluster, 39c to 26c for-the 11-rod cluster, 62c to 24C for the 25-rod

cluster, and from 62c to. -lc for the 44-rod cluster. Thus the couplings

were reduced in every case to less than the 30c, which was obtained for

the 68-rod cluster without a filler. With these decreases in coupling

reactivities, there is no case for either capsule or flow loop

operation in which the operating' limit of 2465 cal/cc would be exceeded

during a design burst with coupling.

Another technique is the insertion of a poison sleeve either just

within or outside of the IPT wall. Calculations have shown that the

fuel rearrangement coupling may be reduced (as much as 30%) by insertion
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WT. This

epilhermal

deposition

epithermai

sleeve of 0.120 in. Lhickoess around the outside of !.he

arrangement reduces the coupling largely by llelting the
. .

neutron leakage from the test space to the core. The energy

within the test sample'is also reduced by the reduction of

neutron leakage into the test space. For most cases, however,

this will not result in a compromise in achieving test objectives.

As a final consideration, the fuel redistribution and IPT voiding

process associated with PCMA and LOCA tests proceed more slowly 
(roughly

a factor of ten) than do those associated with the RIA discussed above.

The enrichments required for PCMA conditions are the same as those

specified for potential accident simulation in the RIA category and

the enrichments for LOCA tests are always less than those for the PCMA

tests. Thus, the analysis for the.RIA testing given above represents

an upper limit to the coupling effects for PCMA and LOCA tests.

In conclusion, whenever calculation and/or experimental data indicate

that the potential coupling from a test would cause the operating limit

of 2465 cal/cc to .be exceeded, the following will be done to ensure

that the limit is not exceeded:

(1) Aluminum or Zircaloy fillers will.be used to reduce the

potential coupling to an acceptable value, or

(2) A neutron-absorbing sleeve will be used to reduce the potential

coupling• to an acceptable value.

This procedure will provide adequate protection against exceeding

the fuel temperature operating limit with' minimum restriction on the

conduct of the PBF experimental program.

Further assurance that damage to the driver-core fuel will not

be sustained as a result of coupling reactivity feedback will be

provided by limiting the total reactivity insertion allowed for natural

power bursts until it can be shown experimentally that the calculated

couplings are indeed overly conservative. To provide this assurance, the

rod limit switches in the reactor control system will be positioned at

the location corresponding to the reactivity required for a 2.5-meet

period, and the adminstrative operating limits for the reactor will

preclude the operator from running power bursts of shorter duration. This
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restriction has no effect on PCMA or LOCA tests which constitute the

majority of the short-term (1, 2 years) testing program.

The general testing procedure to be followed in PBF is to progress

from tests with longer periods and few test rods to tests with shorter

periods and large clusters of test rods. With this procedure, the

initial tests will be performed under conditions where both the initial

inserted reactivity and the reactivity from coupling are small, and

the progression toward short-period tests with larger clusters allows for

generation of data from which accurate predictions of coupling reactivities

can be made for the more severe cases. In the initial transient testing

program in PBF, the coupling will be predicted for single rods and small

clusters based on calculations and CDC data and then extrapolations

will be made from all previous CDC and PBF data for larger clusters.

Therefore, the first test series utilizing power bursts will provide an

experimental definition of the coupling, which is expected to be well

below the calculated values presented above. When these data are

available, a reanalysis of the design burst with maximum coupling will

'be performed and submitted to AEC-ID along with a request to remove the

2.5-msec period 'operational restriction, if appropriate.



H. Blowdown of the Loop Coolant System 

The In-Pile Tube (IPT) and loop coolant system (LCS) in PBF are 
design,'

for operation at temperature and pressure up to 650°F and 2200 psi. With

such conditions established within the experimental loop, a failure of

some loop component could cause a sudden depressurization of the loop

(blowdown), a moderator density decrease within the IPT, and release of

fission products from an experiment within the loop.

As discussed in Subsection XIII.G, a decrease of moderator density

(voiding) in the IPT can cause a positive reactivity addition to the

PBF core from increased fast or epithermal neutron leakage from or

through the test space to the driver core. The calculational results

showed that the positive reactivity additions (coupling) can be caused

by test fuel rearrangement as well as by moderator density decreases.

Therefore, calculations have been made of the reactivity addition and

the consequences of such addition to the driver core that could result

from IPT blowdown. These calculational results are the subject of this

subsection. Release of fission product from the IPT as a consequence

of LCS blowdown is discussed as one of the PBF Design Basis Accidents

in Subsection XIII.J.

1. Modes of LCS Blowdown 

Two failure modes are possible as initiating mechanisms for IPT

blowdown:

(a) A plant failure not related to the specific consequences of

fuels testing. A blowdown could be initiated when the IPT-

loop system is at elevated temperatures and pressure and

could be caused by failure of one or more components such

as piping, valves, couplings, etc.

(b) A failure of some component of the IPT-loop system as

a direct consequence of fuels testing. Such failure necessarily

would occur during or immediately after nuclear operation of

the reactor and could be the result of either overpressure of

the system or IPT melt-through at some point.



The consequences of an LCS blowdown are significantly affected by

the timing of the blowdown with respect to; (1) other reactivity

controlling processes during the operation of the reactor, (2) the

rate and distribution of the density decreases within the experiment

space, (3) the experimental fuel distribution at the onset and throughout

the blowdown process, and (4) the response of the Reactor Protective

System.

2. Methods Used to Analyze the Slowdown 

The analysis of the blowdown phenomena of the IPT-loop system is

one requiring a modeling of the physical system in some appropriate

form, a specification of the initial conditions for the system and

a means for calculating the thermal and hydraulic properties throughout

the system at the onset and during the blowdown process. A literature

search of the techniques Svailable.for performing such analysis resulted

in the selection of the computer code'RELAP-3
[a]
. The code is capable

of describing both the sub-cooled and saturated portions of a blowdown

in a system having as many as 20 volume elements connected by as many

as 50. junctions. The code uses finite difference approximations to

the basic one-dimensional conservation equations'and calculates mass,

energy and momentum changes for the system. It permits the placement

of one or more junctions that may be opened at any specified time to

introduce a leak in the system. Calculational results using the code

have been found in good agreement with experimental data from semi-scale

blowdown and emergency core cooling studies
[I)]
.

RELAP-3 modeling of the PBF IPT-loop system employed a continuous

flow loop of 11 volumes connected by as many junctions. One additional

junction was introduced to locate and describe the rupture point for

the non-nuclear mode of failure; two additional junctions were required

to simulate the failure due to cionseqUences of fuels testing. Initial

conditions for both modes were set at 640°F, 2250 psi and 800 gpm flow

upward past the experiment in the IPT.

(aj..
w. H. Rettig, K. W. Moore, M. L. Uptmor, RELAP-3 A Computer Program 
for Reactor Slowdown Analysis, IN-1321 (1969).

(,b)j
. E. Anderson, L. J. Ybarrondo, Reactor System Response Analytical 
Development Program, IDO-17258A (April IVO?).
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In the RELAP-3 calCUlations to deierMine blowdown rates, the IPT

was assumed to hold 68 Yankee fuel rods each 40 inches in length. This

loading, the upper limit in experiment size for the re-entrant IPT design,

would provide the most rapid voiding by virtue of having the least amount

of water within the test space. Sensitivity checks run with RELAP-3

indicate that smaller experiment sizes (permitting more water in the test

space) require longer times to reach a given reduction in coolant density

within the IPT but not significantly so. For example, calculations

indicate a completely water-filled (no test fuel) IPT has average densities

only 3 or 4% higher at a given time during a blowdown than does an IPT

holding 68 Yankee rods.

The rupture point for the non-nuclear failure mode was selected

as the upper of the two couplings near the top of the IPT. These

couplings are the interface between the removable IPT and the permanently

installed piping of the loop-coolant system. As such, there is a

higher probability of failure at that point in the system than at other

points that remain intact, test after test. In addition, selecting the

top coupling provides the most hazardous failure point external to the

IPT for several reasons. First, more distant failures will take

correspondingly longer times to begin causing a reduction in density of

the coolant within the IPT. Thus, for more distant failures, a longer

time would be available for detection of the failure and for taking

appropriate action such as aborting planned nuclear operation of the

reactor. Secondly, when flow is upward around the test fuel, the top

coupling is the outlet for the IPT. Consequently, the removal of

coolant from the IPT should be most rapid since no flow reversal within

the IPT is required. This rupture was assumed to have an area equal

to the cross-sectional area of the piping at the coupling, i.e. a

double-ended pipe break.

For the second failure mode, that in which a blowdown is a

consequence of fuel testing, the IPT itself was assumed to have failed.

The rupture area used was one IPT cross-sectional area, that corresponding

to having blown the entire top or bottom from the IPT. However, rather

than failing at the top or bottom, the rupture was postulated as having

13H-3



occurred in a more hazardous location; at the midplane of the test fuel.

A leak developing there would result in an immediate reduction in

density in the most reactive region of the system.

Calculations using the methods of Wise and Proctorial have shown

that a pressure pulse with a peak magnitude of over 230,000 psi at the

wall would be required for IPT rupture. In no credible test or accident

situation would such a pressure be expected as a result of tests in

PBF; however since calculations indicate the blowdown rate is sensitive

to rupture size, a blowdown analysis was also performed for a "largest

conceivable" rupture in the IPT. In this case, the rupture was assumed

to have the shape of a long split, extending from the bottom of the

catch basket upward to the shrunk-fit, lateral support plate located

between the inlet and outlet nozzles of the IPT. Further, the split

was assumed to have the width that would result from permitting the

IPT to open up until it would be restricted by contact with the inside

of the central aluminum filler piece. Such a break would provide,a•

rupture area about foui times that resulting by blowing the top or

from the IPT.'• It could be postulated that the aluminum filler

piece could split and allow further opening of the IPT; however,

'postulation of a larger opening would have little effect on•the results.

Also the filler piece is backed by the close-packed PBF fuel assemblies

and little additional expansion would be expected. As with the one-

cross-sectional-area break, this "largest conceivable" rupture was

also positioned at the midplane of the test fuel.

Figure 13H-1 shows the results of RELAP-3 calculations for the

time history of'the reduction in water density within the IPT for the

various failure modes. Figure 13H-2 shows the reactivity resulting

from blowdown for the 1-iod Yankee case for all three postulated

break locations and sizes, and Figure 13H-3 shows the blowdown reactivity

as a function of time for the four-cross-sectional-area break for 3-,

11-, 25-, 44-, and 68-rod 'clusters of Yankee rods.

As can be'seen from these figures, the blowdown times for the

failures of the IPT in the core area are significantly faster than

for the failure at the top coupling. Thus, faster reactivity••

[a]
W. R. Wise, Jr., and J. F. Proctor, Explosion Containment Laws for
Nuclear. Reactor Vessels, NOLTR 63-140 (October 1965).
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insertions would be caused by these failures, and consequently more

severe power excursions would result. HYDRAX calculations were performed

for the one- and four-cross-sectional-area breaks in the core region

to determine the effect on the total PBF core energy release. For these

calculations, the reactor was assumed to have been given a transient rod

insertion sufficient to cause a design burst initiated from zero power.

In addition, the blowdown results were determined assuming blowdown

occurred from an initial core steady-state power of 40 MW.

For the design transient case, the time initiation of the blowdown

voiding ramp was determined by the rate of energy deposition in each

particular experiment and by assuming a failure threshold of 250 cal/g

in the test fuel. At the time the fuel reached 250 cal/g in each experime7.t,

fuel rearrangement reactivity steps were assumed. The magnitude of these

steps ranged from -4c to + 38c, as indicated Ln Table 13H-I, and were

determined by assuming that the test fuel was homogenized within the

IPT. RELAP-3 blowdown ramp times were used to insert the remaining

reactivity that would be available through voiding the IPT. For the

calculations, a control rod scram was assumed to be initiated at a

power level of 1.5 GW and a 30 msec delay time was assumed before

initiation of control rod motion.

The blowdown calculations from 40 MW steady-state assumed the

rupture of the IPT was initially caused by test fuel failure. Therefore,

for each case, the test fuel rearrangement reactivity shown in Table

13H-I was assumed to be realized at the start of the accident. The

voiding reactivity due to the resulting blowdown was added to this

initial coupling from test fuel failure. For this case, a power level

scram was set at 45 MW and a 30-msec delay time from the time the power

reached 45 MW to the time control rod motion was initiated was used.

The results of the reactivity insertions on the driver core for

the two conditions are presented in Table 13H-II.

Comparing the results of one and four-cross-sectional-area failures

during a design burst from zero power indicatea that the energy release

is only slightly affected by the widely differing blowdown times.

Several factors make this an expected result.



(1) For this failure mode, a considerable portion of the test is

ialready completed at the time rupture takes place. Thus.

.other reactivity controlling mechanisms, (Doppler effect,

moderator heating, control rod insertion), are already

activated that will have a more immediate effect on the burst

shape than the relatively long blowdown time of the system.

(2) The large experiments (in which the greatest energy releases

were observed), are ones in which fairly large fuel rearrange-

ment reactivities were inserted at the time of rupture initiation.

'These insertions are large compared with the voiding reactivities

introduced by the time the burst is terminated. For the smaller

'experiments, the fuel rearrangement reactivity is smaller,

which makes the voiding ramp more significant. The result,

.:however, is still similar energy releases for the different

size breaks since the blowdown time is, for either rupture

size, long compared with the time required for reactor scram.

As sitown in Table 1311-II, the'calculated maximum energy release of

1620 KW-sec resulting from a rupture during the design burst would

result in. a maximum energy deposition of approximately 2280 cal/cc in

the PBF core. This peak core energy density is less than the operating

limit of 2465 cal/cc established ior the PBF and would cause no sigtil.ficant

consequences to the PBF core.

The result of the blowdown from an initial power level of 40 MW

indicate .the peak core energy density to be approXimately 2530 cal/cc

for the conservative, four-cross-sectional-area rupture. This is slightly

greater than the operational limit of 2465 cal/cc, but considerably

less than the assumed failure threshold for PBF fuel of 2818 cal/cc.

Thus, it is concluded that a failure and subsequent blowdown of the

LCS would not result in an excursion that would•cause the PBF failure

threshold to be exceeded. Therefore, no release of fission products

from the core would be expected from such an accident. Release of

fission products from the test fuel within the IPT, however, would be

expected'in such as accident.. This circumstance is analysed as one of

the PBF Design Basis.Accidents presented in Subsection XIII.J.
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TABLE 13H-I

REACTIVITY DESERTIONS DURING LCS BLOWDOWN ACCIDENTS

Experiment Size (rods) 3 11 25 44 68

Reactivity from fuel
rearrangement ($)

-0.04 0.12 0.28 0.38 0.37

Reactivity from 1.96 1.55 1.12 0.74 0.46
blowdown of IPT ($)

TABLE 13H-II

CONSEQUENCES OF LCS BLOWDOWN ACCIDENTS

Experiment Accident During Design Burst Accident from 40 MW
Size
(rods) Burst Energy Peak Fuel Burst Engery Peak Fuel

Release (MW-sec) Enthalpy Release Enthalpy
• (cal/cc) (MW-sec) (cal/cc) 

One-Cross-Sectional-Area Break

3 1470 2070 10 1825

11 1550 2180 9 1825

25 1590 2240 8 1820

44 1580 2220 8 1820

68 1500 2110 7 1820

Four-Cross-Sectional Area Break

3 1510 2130 524 2530

11 1600 2250 138 2020

25 1620 2280 29 1850

44 1585 2230 12 1830

68 1560 2200 7 1820
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I. PBF Transient Rod Drive Failure Accidents 

1. Description and Capabilities of the Transient Rod Drive System 

The PBF transient rod and drive system was specifically designed

for the control and rapid insertion of relatively large amounts of

excess reactivity. This combination leads to the potential for the

accidental introduction of large amounts of excess reactivity due to

failures in the drive system. This potential has been recognized in

the planning of the facility, and the PBF Reactor Control and Protective

System has been specifically designed to preclude fuel rod failure for

any credible accidental insertion.

It is anticipated that the transient rods will be used, on occasion,

during all three modes of facility operation, ie, during steady power,

shaped burst and natural burst modes of operation. A summary of the

important design features of this system will be given here in order to

identify the accidents which may be possible due to a system failure

in the various modes of operation. A detailed description of the

transient rod drive system is given in Section VII Appendix B.

In the natural burst mode of operation, the transient rod drive

system is capable of ejecting the transient rods at a maximum velocity

of 375 in./sec, which results in maximum reactivity insertion rates of

about 225 $/sec. This velocity is physically controlled and preset to

this maximum value by placement of plug in the hydraulic drive lines

which control the transient rods. In this mode of operation, however,

the reactivity available for control by the transient rods is limited

by the Reactor Protective System to the reactivity needed to initiate

a design burst from zero power (ti 3.65$).

In the shaped burst mode of operation, the reactivity needed to

maintain the power constant at elevated levels for short periods of

time is more than that required to initiate a design burst from zero

power. Therefore, for this mode of operation the total core excess

reactivity is available for control by the transient rods; however,

for this mode, the maximum rod speed is reduced to 20 in./sec.

During a shaped burst, the initial reactivity to achieve the peak

power desired is inserted by the transient rod on a command from the

131-1



shaping servo-control system. After the desired power is reached, the

servo-control system compensates the excess reactivity plus the feedback

reactivity effects in such a way as to hold the power at the desired

level.

In addition, the transient rods may be used to provide power shaping

at steady-state power levels up to 40 MW.

Failure of the transient rod drive system and resulting consequences

for these cases are discussed in detail below.

2. Failure of the Transient Rod Drive System during the Natural Burst 

Mode of Operation 

The natural burst mode of operation allows reactivity insertions at

a maximum transient rod speed of 375 in./sec so as to attain the short-

period power bursts that the PBF was designed to produce. The PBF

Protective System is designed to IEEE-279 standards such that the insertion

of more than the reactivity required to achieve the design burst from

zero power requires multiple independent failures. Failure of this

system in such a way as to attain more than this amount of reactivity is

considered incredible. Therefore, failure of the transient rod drive

system in this mode of operation can result in an accident no more

severe than, the design burst with coupling, which is discussed in

Subsection XIII.G. The most severe result of a transient rod failure

in this mode of operation would be premature initiation of a test.

3. Failure of the Transient Rod Drive System during 40 MW Steady-State

Operation:• ,

The transient rods may be used to. provide power shaping during

steady-state operation at power levels as high as 40 NW. During this

mode of operation, a single failure in the servo-control system could

cause the transient rods to be ejected from the core at a maximum

velocity of 20 in./sec.

A design study Was made to determine the maximum permissible velocity
of the transient rods during this operating mode such that the core fuel
will not exceed the operating limit of 2465 cal/cc. Calculations were

made with transient rod velocities ranging from 1 in./sec to 40in../sec.
In addition to the reactivity addition from the transient rod ejection,

a reactivity insertion was obtained due to experiment fuel failure.
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Calculations show that a conservative, realistic test fuel failure
•

coupling from a large cluster of Yankee fuel rods to be approximately

0.30$ obtained in 2 msec due to prompt test fuel redistribution

followed by an additional 1.10$ obtained in 70 msec due to postulated

voiding of the IPT (see Subsection XIII.G for a detailed discussion of

the coupling reactivity from test fuel failure). To ensure that the

design calculations were conservative, 1.0$ was assumed for prompt

test fuel redistribution reactivity followed by 0.4$ in 70 msec due to

voiding of the IPT'. The test fuel was assumed to fail at a peak energy

density in the experiment of 250 cal/g. It was further assumed that the

excess reactivity available by ejection of the transient rods was

equal to the total 7.6$ worth of the transient rods. A scram power

level of 50 MW was assumed and a 30 msec delay between the time of

scram and control rod movement was assumed to represent the control

rod latch release time.

The results of these calculations are shown in Figure 131-1. As shown

in this figure, a transient rod ejection speed of 25 in./sec together with

the conservative test fuel coupling indicated above results in a core

peak enthalpy of 2465 cal/cc at the end of the power excursion. Thus,

for conservatism, the maximum transient .rod velocity during the shaped

burst mode of operation was chosen to be 20 in./sec.

4. Failure of. the Transient Rod Drive System during Shaped Bursts from 

Elevated Powers (> 40 MW) 

The maximum velocity of the transient rods during the "shaped burst"

mode of operation has been established as 20inisec. A single failure

of the transient rod drive system could conceivably cause ejection of

the transient• rods at this 20 in./sec velocity.

A study was made to determine the effect of transient rod runaway

accidents at various times during the shaped burst and for several shaping

power levels above 40 NW.

Shaping power levels of 60, 500, and 1000 MW were chosen for the study.

Test duration times for these power levels are 36, 3.0, and 1.4 sec,

respectively. Calculations using PARET for shaped bursts at these power

levels indicate that between 4 and 5$ of excess reactivity is needed to

initiate and maintain the desired power. It was assumed that the reactivity
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needed to shape the burst as calculated by PARET plus an additional 0.50$ (due

to uncertainties involved) was available for insertion by the transient

rods. Also, the fuel energy as a function of time was determined from

the PARET calculations. With this information, OYDRAX was used to

calculate the result of the transient rod failure at various times

during each of the shaped bursts as postulated above. In addition

to the reactivity inserted by the transient rod ejection, a test fuel

failure reactivity coupling was assumed to be obtained at the.time of

transient rod failure. The coupling was assumed to be 0.62$ in 2

msec from prompt fuel redistribution followed by an additional 1.10$

in 70 msec representing postulated voiding of the IPT. A power level

scram from the power-time scram circuit was initiated at a point 10%

over the shaping power level; ie, at a 500 MW shaping power, the power

level for scram was 550 MW. A 30 msec delay time was assumed between

the time that the power reached the scram point and the initiation of

control rod motion. ' • •

' The results of these calculations are shown below:

Peak Core Enthalpy at End of Accident (cal/cc) 

Shaping Failure at Failure at • Failure at
Power Level Beginning of Approximate Midpoint End of

(MW) Shaped Burst of Shaped Burst • Shaped Burst

60

500

1000

•

1300

1300

1310'
•

  2000.

 2050

'1980

2570

2640

 2790

As seen.from these results, the transient rod ejection accident

during a shaped burst is.more severe if initiated near the end of.the

burst, when the maximum fuel enthalpy at the time of test initiation

approaches 2040 cal/cc. In no case, however, was the assumed PBF fuel

failure threshold reached, although the operating limit was exceeded

for accidents initiated at the end of the shaped burst. The results

also indicate that for the same time domain of failure, the consequences

are slightly more severe at higher power levels. The maximum power for

shaped-burst operation is 1000 MW. •

•
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5. Conclusions Regarding Transient Rod Drive Failure Accidents 

From the results presented in this Subsection it is concluded that

the failure of the transient rod drive system would cause no serious

safety problems for any mode of operation of PBF.

Because of the reactivity limit imposed during the natural burst

mode of operation, a failure in this mode could at worst lead to

premature initiation of the design burst.

For operation at steady power, a design analysis was performed to

select the transient rod speed such that the operating limit of 2465

cal/cc would not be exceeded for maximum reactivity insertion conditions

at a steady power of 40 MW. The transient rod speed selected on the

basis of this analysis was 20 in./sec.

For the shaped burst mode of operation, accidents were investigated

with postulation of transient rod failure at the beginning, near the

middle, and at the end of the test. The results uniformly showed that

the accident results in more severe consequences if the the failure

occurs at the end of a shaped burst test.when the core enthalpy approaches

2040 cal/cc. The worst accident occurred at the end of a 1000 MW test

and resulted in a peak enthalpy in the PBF fuel of 2790 cal/cc. This

maximum case does exceed the operating limit of 2465 cal/cc, but in no

case is the assumed failure threshold of the PBF fuel exceeded.
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J . Radiological Consequences of PBFAJesigp.Basis Accidents 

This subsection presents the assumptions, specifications and

radiological, dose calculations for the PBF'Design Basis Accidents (URA).

The DBA discussed are the: flow blockage accident, loss-of-coolant

accident, loop coolant system blowdown, and fuel handling accident.

The RSACia'" code was used to calculate the doses from the fission

products generated as a result of the assumed operating history and

postulated DBA, for both the PBF driver core and the test fuel within

the IPT. The RSAC code has been compared with other radiological codes

and has been determined to produce acceptably accurate results. The

only inputs required for RSAC are the operating history for the PBF core

or test fuel, the assumed release fractions, and the meteorological

parameters. The release of fission products from the test fuels was

considered separately from the release of fission products from the core

in computing the doses.

From the analysis of the DBA, it is shown that no undue radiological.

hazard would be imposed on the general public or operating personnel from

the. operation of PBF.

A brief discussion of PBF and NRTS evacuation capabilities is also

presented. Although evacuation of PBF is not required to prevent operating

personnel receiving doses in excess of 10 CFR 100 guide limits, evacuation

of the PBF Control Center (initiated by the evacuation system) is standard

procedure following any significant fission product release from the core

or experiment. This is done in conformance with INC philosophy of eliminatir.g

any unnecessary radiation exposure.

1. Operating History, for PBF Core 

.The following repetitive four-week operating cycle is postulated for

establishing a fission product source in the PBF core for use in evaluating

the radiological consequences of the DBA.

f
Sunday - no reactor operation
Monday - 1 hour at 40 MW
Tuesday - remove previous experiment; prepare for next
experiment
Wednesday - 1 hour at 40 MW
;Thursday - remove previous experiment; prepare for next
experiment
Friday - 1 hour at 40 MW

L Saturday - no reactor operation
[al 

R. L. Coates and N. R. Horton, RSAC - A Radiological Safety Analysis
Computer Program, 100-17151 (May 1966).

Repeat for
3 weeks

[b]
L. C. Richardson, User's Manual for the Fortran Version  of  ASK,-,A.
Radiological Safety Analysis Computer Program, 100-17271 (July 1968)
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4th Week <

.

Sunday - no reactor operation
Monday - remove previous experiment; prepare for next
experiment
Tuesday

48 hours @ 40 MW
Wednesday
Thursday - remove previous experiment
Friday - prepare for next experiment
Saturday - no reactor'operation

This operating cycle is postulated to occur for a period of 51

cycles, or four years minus four weeks, for building up a long-lived

fission product source. On the 52nd cycle, the first two weeks will

be the same as for the previous cycles; however, both the third and

fourth weeks will each contain one 48 hour, 40 MW test beginning on

Tuesday. This operating history is a deliberate overestimate of the

operation of the PBF core based on the present program plan, and therefore,

represents a conservative upper limit on the fission product inventory

that will ever be present in the PBF core.

It should be noticed that the operating history does not include

provision for use of the reactor in either the shaped or natural burst

modes of operation. This should not be construed as meaning that the

burst modes of operation are excluded. If it were assumed that the

facility were used in the burst mode of operation, a much lower fission

product inventory would result. For example, consider that over the

four-week cycle that two natural burst tests were run each week day

so that a'total of 40 such tests are performed during the cycle. If

it is assumed that each. test generates 1450 MW-sec, (the energy,

required to reach 2350°C in the core), a total of 58,000 MW-sec

or 16.1 HW=hours would be generated by the core during the cycle. This

is small compared with the 2280 HW-hours generated in the core during

the four-week cycle using the steady-state mode of operation. Thus,

the operating cycle is more than adequate to allow for any burst

operation of the PBF.

2. Operating History for LWR Fuels 

The largest cluster of light-water-reactor (LWR) fuel rods currently

envisioned for use in the PBF program is a 45-rod cluster of 3-foot-long

prototype PWR fuel rods. For safety analysis purposes, it is postulated

that these rods will.be preirradiated to 40,000 MWD/MTU. To achieve

this burnup, it is postulated that the rods are irradiated at a peak

13J-2
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linear &limit)* of 19 kW/ft and an averagv of 13.1 kW/ft for 55H

days.* Thus, the cluster AH postulated to. been Irradiated al av..
.

steady power level of 1.77 KW for a total energy release of 987 IIWD.

To allow for additional conservatism. or for use of slightly larger

clusters, for safety analysis purposes, it is assumed that the experiment

was irradiated at 2 MW for 558 days.

For accident analysis purposes, the further assumption is made

that six weeks will elapse between the time that the preirradiation

of the experiment is completed and the experiment is inserted into

the PBF reactor for testing. A more realistic time for this is

approximately three months; however, the six-week time was selected

as the minimum practical achievable time assuming priority handling during

removal at the irradiation facility, in transportation, and at the

NRTS hot cells.
• • •

If the 45-rod cluster were installed in the PBF, the maximum power

generation that could be attained with the PBF core at 40 MW would

be approximately 1.5 NW. For the cluster, to generate this power, a

graded fuel enrichment would have to be used with a maximum enrichment

O of 932 in the central fuel rods of the cluster. Nowever, to add

additional conservatism and/or allow for larger clusterd, anytime

that the PBF reactor is operating at 40 MW, it is postulated that the

power generated by the experiment is 2.0 MW.

3. Meteorological Assumptions for Dose Calculations 

For the dose calculations presented in the following discussions

of the DBA, it was assumed that strong inversion (Class F) weather

conditions prevailed at the time of the accident with a 2 m/sec wind

blowing toward the receptor. Unless otherwise specified, the release

was assumed to occur at ground level.

For the design basis flow blockage and loss of coolant accidents,

there is no driving force to cause a loss of reactor building integrity;

therefore, the calculations are performed for various building leak

rates. The PBF reactor building was designed for a 102 per day leak

rate at zero pressure differential. In addition to the 10% value, the

calculations were performed for 20, 50, and 100% per day leak rates. For

these leak rates, diffusion parameters derived by Markeet have been

[a)
G. R. Yanskey, et al, Climatography of the National Reactor Testing Station,
IDO-12048 (January 1966). -
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used in the dose calculations.

For the accident involving blowdown of the Loop Coolant System (LCS)

it is assumed that an overpressure occurs in the building so that a portion

of the experiment fission product inventory is released as an instantaneous

puff through the reactor building pressure relief system. This puff re-

lease is postulated to be followed by a longer term release at the pre-

viously mentioned building leak rates. For the instantaneous puff re-

lease, diffusion parameters derived by Slade
[a] 

were used and the Markee

parameters were used for the longer term release. These choices are in

accordance with standard procedures that have been adopted for the NRTS.
[b]

For the fuel handling accident it was assumed that the fission products

released from the fuel were exhausted out the 80-ft-high waste gas stack.

If it were assumed that the released fission products were uniformly mixed

in the reactor building, a minimum of 70 minutes would be required to release

all of the fission products to the atmosphere; therefore, the Markee diffusion

parameters are appropriate for this case.

For fission product release tiles in the interval from 0 to 8 hours

following the accident the cloud or plume was assumed to travel directly

toward the receptor with' the appropriate diffusion parameters as discussed

above. For.release'times longer than eight hours, the plume was assumed to

meander ind'spread uniformly over a 22 1/2' degree sector. These assumptions

are conservatively consistent with diffusion experiments that have been

performed at the NRTS. ' • •

In none"of the calculations'was there any credit taken for.cloud

depletion, fallout, or rainouein addition to that inherent in the ex=

periment from which the diffusion parameters were derived.

In arriving at the calculated doses for the DBA, the following

additional assumptions were made:

(1) The receptor is at the cloud centerline during its passage.

(2) A breathing rate of 20.8 liters/min is assumed for-all

inhalation exposures.

(3) Radioactive decay during building holdup, plume transit and

laiDavid H. Slade, Editor, Meteorology and Atomic Energy 1968, TID-24190
(July 1968). ' • .

(b)
C. R. Dickson, Memorandum dated July 8, 1969.
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body uptake is taken into account.

(4) Doses are calculated for a "standard man" and total exposure time

for inhaled material is 50 years.

(5) The aerosol is 1 u Activity Median Aerodynamic Diameter (AMAD)

(6)  Dose contribution from ground deposition is ignored.

Neglecting the whole body doses from ground deposition is based on

the fact that the receptor doses are conservative if all fission products

remain in the cloud. In an actual accidental release of fission products,

some deposition would occur; however, control measures such as evacuation

and/or decontamination, if required, would prevent excessive exposures.

Radiological doses were not calculated for crop or land contamination since

control measures can also be invoked for these cases.

Preliminary analysis of the PBF DBA under the above conservative assumptions

and without evacuation indicated that the whole body doses received at the

PBF Control Center were within the 25 rem guide limit but that inhalation

doses to the thyroid could be excessive for the loss-of-coolant and IPT

blowdown accidents. For reasonable evacuation times the thyroid doses for

the LOCA were well within the gUide limit. Also, with evacuation the thyroiu

doses from the IPT blowdown.accident were within the 300 rem limit, except

for the case of the accident occurring under inversion conditions with

winds in the range from 3 tO'1.4 m/sec aiiected toward the Control Cenier.

This combination of weather conditions exists. less than 12 of the time at PBF.

Despite the lo4 probability of occurrence of the accidents, the low

probability of the existence of the weather conditions of concern, and the

demonstrated capability for evacuation of the PBF Control Centerla), it .

was decided to provide additional assurance that the guide limit doses would

not be exceeded for these conditions even without evacuation. To provide

this additional assurance, personnel in the PBF Control Center area have

been provided with full face masks to be worn during the highly unlikely

necessity of evacuation following an accident in PBF.

Each person whose normal work location is in the PBF Control Center

area or who has frequent occasion to be in the area during tests will be

issued his personal face mask. The face masks will be individually fitted

to each person and instruction will be given to all personnel concerning the

use of the masks. For personnel whose faces cannot be adequately fitted

with a full fate mask, suitable alternative filter devices will

be provided. A supply of face masks will be maintained.

(a]
R:S. Kern letter to W.D. Ennis, dated October 27, 1970, Evacuation of

Personnel from the PBF Control Center
. •
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in the area for the occasional visitors who have not been issued their

personal masks. The wearing of face masks will be required as a

standard procedure during all evacuations.

The face masks to be used at PBF will contain a combination filter

composed of impregnated charcoal and a high efficiency particulate filter.

In the radiological calculations, the assumption vas made that the use of

the face mask equipped with these filters would result'in a factor of 10

reduction in the inhalation doses that would be received by personnel at

the PBF Control Center (i.e. the masks have a 901 efficiency).

Radiological doses to the whole body and to the thyroid are given

in tabular form for each of the PBF DBA. Inhalation doses were also

calculated for the bone and lung, but these doses.were generally one to

two orders of magnitude below the thyroid doses. This result is consis-

tent with previous radiologiCalcalculations performed for the SPERT

reactors,. which show the thyroid dose to be the controlling dose.

Doies calculations were also performed for lapse (Class B) weather.

conditions with a 6 at/sec wind. Under these conditions, thyroid doses

at the Control Center are a factor of approximately 165 less than for the

Class F weather conditions, for which the doses are tabulated.. At the

nearest site boundary and Arco, the Class B doses are factors of 1800

and 4000 less than the Class F doses at those respective locations.

4. Design Basis Accidents 

In this Paragraph four design basis accidents.are'discUssed,...

and the radiological consequences of these accidents 
are presented.

The following DBA are discussed:

(1) Flow blockage accident.

-(2) Loss-of-Coolant accident -

(3) Slowdown of the loop coolant system

(4) Fuel handling accident

'4.1 Design Basis Flow Blockage Accident. As discussed in Subsection

XIII.F, the flow blockage accident is one of the more 
credible accidents

that could lead 'to release•of fission products from the 
operation of PBF.

Therefore, this accident has been selected as one of the 
PBF Design

Basis Accidents. The specifications and assumptions for the PBF

design basis flow blockage accident are as follows:

• . • 13J-6
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(1) The accident occurs at the end of an operation at 40 M/ for

48 hours at the end of the operating history postulated on

page 13J-2.

(2) The accident is initiated by a complete blockage of the coolant

inlet of the hottest fuel assembly in the PBF core. The

hottest fuel assembly generates approximately 1.5 times the

power density and fission products of the average fuel assembly

in the core.

(3) It is assumed that the largest assembly (62 rods, 2.6% of the

core) is also the hottest assembly. Therefore, the fission

products contained within the assembly are 3.9% of the total

core inventory.

(4) The flow blockage is not detected until fission products have

been released from the core, at which time the reactor is

scrammed by the reactor operators.

(5) The blockage results in release of 1, 50 and 100% of the total

solid, halogen, and noble gas fission product inventory

respectively, from the fuel assembly. Of the halogens

released from the fuel, 50%.are assumed to be scrubbed out

by the 15-ft head of water above the top of the core. An

additional 50% is assumed to be adsorbed or plated out on

reactor building walls and component surfaces prior to

release to the atmosphere. This results in a release to the

atmosphere of 12.5% of the total halogens contained within the

assembly. The 12.5% total release of halogens from the reactor

building is considered to be conservative based on the fact that

water is known to be an effective scrubber of halogens and

experimental measurements from the SNAPTRAN-III destructive

test,
[a] 

which showed that more than 95% of the halogens remained

in the reactor vessel water.

(6) The blockage occurs under strong inversion conditions (Class F)

with a 2 m/sec wind blowing toward the receptor.

(a)0. L. Cordes, et al, Radiological Aspects of the SNAPTRAN 2/10A-III 
Destructive  Test, IDO-17038 (January 1965).
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For this postulated accident, 
radiological doses have been determined

at the PBF Control Center, the 
nearest NRTS boundary and at Arco, for

reactor building leak rates of 10, 20, 
50 and 100%. The doses are shown

in Table 13J-1. .

As shown in the table, all of the whole body doses are well within

accepted guide limits. The maximum dose at the Control Center is 0.0058

rem for the 100% per day leak rate and 15 min. evacuation time.' The

maximum doses at the nearest site boundary and Arco are 0.0234 and 0.0156

rem, respectively, without evacuation and a 100% per day leak rate.

All of the thyroid doses for this accident are also within the 300

rem guide limit. :The maximum dose at the Control Center is 0.187 rem for

the 100% per day leak rate with a 15 min. evacuation time. The thyroid doses

for the nearest site boundary for the 100% per day leak rate are 0.37 and

8.68 rem with and without evacuation after two hours. The calculated dose

withoUt evacuition'at Arco is 2.18 rem, which would drop to zero if

evacuation after two hours were considered,since at 2 m/sec., the 
cloud

would require 4.9.hours to'reach Arco.

Based on the assumptioni for the events 
surrounding the PBF

design basis flow blockage accident, and, the 
radiological calculations,

it is concluded that flow blockage 
accidents would constitute no

radiological hazard.to operating personnel or to 
the general public.

4.2 Design Basis Loss-of-Coolant Accident. As indicated in

Subsection XII1.F, the loss-of-coolant accident (LOCA) 
has been selected

as one of the design basis accidents (UBA) 
for PBF. Although. the'analysis

of.the'PBF.LOCA indicated that no melting of PBF fuel rod 
cladding Would

occur,.the follOwing asuumptions are made for the 
PBF design basis LOCA.

(2)

(1) The LOCA occurs at the end of a 48-hoUr, 40 
MW operation at

the end of the PBF operating history 
postulated on page 13J-2.

As a result of the LOCA, 1, 50, and 100% of 
the total solid,

halogen, and noble gas fission product 
inventory is released

to the PBF reactor building. 50% of the halogens released to

the reactor building are assumed to be 
adsorbed or plated out

on reactor building walls.

(3) The LOCA .occurs under strong inversion 
conditions (Class F)

with a 2 m/sec wind blowing toward the 
receptor. .•
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TABLE 133-1

DOSES FROM PBF DESIGN BASIS FLOW BLOCKAGE ACCIDENT 

(Class F, 2 m/sec Wind, Markee Diffusion Parameters) 

PBF Building Release Rate (% per day) 

PBF Control Center

10% 20% 50% 100%

Whole Body Doses (rem)

(939 meters)

With 5 min Evacuation Negl. Negl. Negl. Negl.

With 15 min Evacuation 0.0006 0.0012 0.0029 0.0058

Nearest Site Boundary

(1.1 x 104 meters)

With 2 hr Evacuation 0.0002 0.0004 0.0012 0.0023

Without Evacuation 0.0035 0.0078 0.0117 0.0234

Arco
(3.5 x 104 meters)

Without Evacuation 0.0027 0.0039 0.0078 0.0156

Thyroid Doses (rem) 

PBF Control Center

(939 meters)

With 5 min Evacuation 0 0 0 0

With 15 min Evacuation 0.019 0.037 0.094 0.187

Nearest Site Boundary

(1.1 x 104 meters)

With 2 hr Evacuation 0.037 0.075 0.19 0.37

Without Evacuation 3.32 4.25 6.81 8.68

Arco
(3.5 x 104 meters)

Without Evacuation 0.76 1.07 1.62 2.18
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The doses for this accident were calculated for PBF reactor building

leak rates of 10, 20, 50 and 1002 per day. Also, the calculated doses

were divided by a factor of 1.25 to account for reactor building turbulence.

The doses for this accident are presented in Table 13J-II.

As shown in Table 13J-II the whole body doses at the PBF Control

Center, nearest site boundary, and at Arco are well within the 25 rem

whole body guide limit. The maximum dose is 0.15 rem for the 1002 per

day leak rate at the PBF Control Center with a 15 min. evacuation time.

At Arco and the nearest site boundary, the whole body doses for the 1002

per day leak rate without evacuation are 0.4 and 0.6 rem, respectively.

Table 13J-II also shows that the thyroid doses from the LOCA at the

PBF Control Center would be within the 300 rem limit. For an evacuation

time of 15 minutes, the thyroid doses at the Control Center would be only

0.96, 1.92, 4.8 and 9.6 rem for the 10, 20, 50 and 1002 per day leak rates,

respectively.

The thyroid doses for a receptor at the nearest site boundary are

all well within the 300 rem limit when credit is taken for evacuation

at that point for times longer than two hours following the accident.

Under these conditions, the maximum thyroid dose is 19 rem for a 1002

per day building leak rate. Even if no evacuation of the nearest site

boundary is assumed, the thyroid doses for the 10 and 202 leak rates

are 170 and 238 rem, which are within the guide limit. However, with

no evacuation, the doses for the 50 and 100% per day leak rates are

349 and 445 rem, respectively', which are slightly in excess of the

guide limits.

For Aico, no evacuation was considered, and all of the thyroid' -

doses are within the 300 rem guide limit. The maximum thyroid dose

for no evacuation is 112 rem for the 1002 per day leak rate. If

evacuation after two hours were considered, the doses would be zero,.

because at 2 m/sec, the cloud would require 4.9 hours to reach Arco.
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TABLE 13J-II

.DOSES FROM PBF DESIGN BASIS LOSSAW COOLANT ACCIDENT 

(Clans P, 2m/sec wind, Markee Diffusion Parameters) 

PBF Building Release Rate (%/day) 

10% 20% 50% 100%

PBF Control Center

Negl.

Whole Body Doses (rem)

Negl. Negl. Negl.

(939 meter)

With 5 min Evacuation
With 15 min Evacuation 0.015 0.03 0.075 0.15

Nearest Site Boundary

(1.1 x 104 meters)

With 2 hr Evacuation 0.005 0.01 0.03 0.06
Without Evacuation 0.09 0.2 0.3 0.6

Arco
(3.5 x 104 meters)

Without Evacuation 0.07 0.1 0.2 0.4

Thyroid Doses (rem)

PBF Control Center
(939 meters) ...

With S min Evacuation 0 0 0 0
With 15 min Evacuation 0.96 1.92 4.8 9.6

Nearest Site Boundary
(1.1 x 104 meters)

With 2 hr Evacuation 1.9 3.8 9.8 19
Without Evacuation 170 238 349 445

Arco
(3.5 x 104 meters)

Without Evacuation 39 55 83 112
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On the basis of the analysis of the PBF design basis LOCA, it is

concluded that the LOCA would not constitute a safety hazard to either

operating personnel or the general public.

4.3 Design Basis Loop Coolant yetem Slowdown Accident. One of the Design

Basis Accidents (DBA) for PBF is one in which a highly irradiated

experiment is inserted into the inpile tube (IPT) for a test in

which the fuel will be intentionally failed. In conjunction -with this

test, a rupture of the loop coolant system occurs, so that fission

products from the experiment are released to the reactor building and

subsequently to the atmosphere. Calculations using the methods of

Wise and Proctorial have shown that the IPT can withstand a pressure

at the wall of over 230,000 psi prior to rupture. Based on these

calculations, rupture of the IPT,during.any conceivable test in PBF is
extremely unlikely. Therefore, the failure postulated is a piping

failure; eg, at the upper coupling between the IPT and the loop piping.

The following detailed specifications are made for this accident:

• (1) Al large preirradiated cluster of ftiel rodi is inserted into

the IPT for testing. The experiment consists of a 45-rod

cluster of 3-ft-long prototype PWR fuel rods. Theie rodi

will have been preirradiated to a burnup of 40,000 MWD/MTU

at an average cluster power of 2 NW. The irradiation history

of• this cluster is specified on page 133-3.

. (2) During the test, the PBF is operated at a steady power of

40 MW for 48 hours, during which the experimental fuel cluster

generates a steady power of 2 MW.

(3) At the' end of the. 48 hours, a double• ended rupture of the .

loop coolant System occurs. The loop subsequently undergoes

a•blowdown and loss of coolant, which occurs in about seven

seconds.
(4) The blowd6wn of the loop causes an overpressure of the reactor

building. This overpressure is relieved by the reactor building

pressure relief system.

•

(ajW. R. Wise, Jr., and J. F.' Proctor, Explosion Containment Laws for 
Nuclear Reactor Vessels, NOLTR-63-140, October 1965.
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(5) In conjunction with the blowdown, the PBF core undergoes a

power excursion from the positive feedback resulting from the

loop blowdown. As an upper limit, such an excursion would be

caused by a total reactivity addition of 2$ put in at an average

rate of approximately 0.3$/sec.

Calculations show that the excursion would reach a peak power of

47 MW prior to being terminated by the 45 MW power level scram. A peak

energy density in the core of.1850 cal/cc would result from this ex-

cursion. Thus, no failure of core fuel rods would occur during this

accident.

If it is assumed that the average enthalpy at the axial power peak

in the test fuel were 300 cal/g, at the time that.the excursion was

initiated, this value would reach approximately 312 cal/g during the

excursion. The average enthalpy for the total experiment would reach

215 cal/g. This calculation was.made with the assumption that no decrease

in figure-of-merit would result from the loss of moderator within the

IPT. In actuality, a decrease would occur so that the calculated peak

enthalpy value is conservative. Thus, only partial melting (less than

half) of the fuel would result.

In the radiological analysis of this DBA, it is assumed that the

entire fission product inventory of the experiment is available for

release from the fuel rods in release fractions of 1, 50, and 100% for

the solids, halogens, and noble gases respectively.

All of the noble gas inventory in the fuel is assumed to be avail-

able for release to, the atmosphere.

Of the halogens and fission product solids released from the fuel,

50% are assumed to be scrubbed out by the IPT water and steam, plated

out on the IPT surfaces and experimental hardware, and/or adsorbed or

plated out on the reactor building walls or reactor building component

surfaces. Thus,. 25%.of the total experiment halogen fission product

inventory and 1/2% of the solid fission pr9duct inventory are assumed to

be available for release to the environment.

CalCulations have shown that a blowdown of the IPT from system
o 

conditions of.650 F and 2500 psis would build up an overpressure in the
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PBF reactor building. The PBF reactor building contains a pressure

relief system for reducing the pressure within the building resulting from

a loop blowdown. This pressure relief system (see subsection V.3) consists

of a large section of the reactor building wall that opens upon sensing

an overpressure within the building of approximately 0.1 psig, thereby

allowing the overpressure to be relieved by venting through the opening.

This relief system will remain open until the overpressure within the

building drops below the 0.1 psig value following which it automatically

closes and seals.

The normal atmospheric pressure at the NRTS is approximately 12.3 psia.

An unrelieved blowdown of the loop coolant system (at 650°F, 2500 psi) into

the reactor building would build up an overpressure of approximately

2.3 psig. The fraction of the PBF reactor building gas volume that must
3be expelled to relieve the pressure is 

2.  
or 15.8%. Therefore

12.3 + 2.3'
for the radiological calculations for this accident, it was assumed that

the fission products available for release to the atmosphere were uniformly

mixed in the reactor building, and 15.8% of the fission products were

released in an instantaneous puff. The remainder of the fission products

were assumed to leak out at building leak rates of 10, 20, 50, and 100%

per day. As previously mentioned, the Slade diffusion parameters were

used for the puff release and the Markee parameters were used for the

release from the'building leak rate. Further assumptions made in the

calculations are that the releaie occurred at ground level under Class

F (strong inversion) weather conditions and was transported to the

receptor with a 2 a/sec wind. The doses that an unshielded receptor

.at the cloud centerline would receive at the PBF Control Center, the

nearest NRTS boundary, and at Arco for this accident are shown in

Table 13J-III..

An examination of'the doses shows that the whole body doses are within

the 25 rem guide limit for all three locations, the maximum being approximately

3.3 rem at thi Control Center for the 100% per day leak rate case with a 15

min. evacuation time. For this accident, the doses at the Control Center

are insensitive to leak rate. This results because the doses are controlled

by the puff release, which at 2 m/sec reaches the Control Center in 7.8 min.

following. the accident. The maximum whole body doses at the nearest site

boundary and at Arco• are 0.088 and 0.025 rem.for the 100% per day leak rate
• ,,, •

without evacuation.
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TABLE

DOSES FROM PBF DESIGN BASIS LOOP COOLANT SYSTEM SLOWDOWN ACCIDENT

(Class F, 2 m/sec wind)

PBF Control Center

PBF Building Release Rate (2/day)

102 202 502 1002

Whole Body Doses (rem)

(939 meter)

With S min evacuation Negl. Negl. Negl. Negl.
With 15 min Evacuation* 3.29 3.29 3.29 3.29

Nearest Site Boundary
(1.1 x 104 meters)
With 2 hr Evacuation 0.063 0.064 0.064 0.065
Without Evacuation 0.067 0.070 0.080 0.088

Arco
(3.5 x 104 meters)

Without Evacuation 0..011 0.013 0.016 0.025

Thyroid Doses (rem)

PBF Control Center
(939 meters)

With S min Evacuation 0 0 0 .0
With 15 min Evacuation* 258 258 258 258

Nearest Site Boundary
(1.1 x 104 meters)

With 2 hr Evacuation * 103 103 103 104
Without Evacuation 110 112 117 121

Arco
(3.5 x 10

4 
meters)

Without Evacuation

*These doses are dominated by
in leak rate from 10 to 1002
culated dose.

18.4 19.1 20.3 21.2

the initial puff release and the difference
makes no significant difference in the cal-



The thyroid doses at all three 
locations are well within the 300 rem

guide limit, the maximum doses being 
258, 121 and 21.2 at the Control

Center, the nearest site-boundary, and at 
Arco, respectively, for the

100% day leak rate case. The thyroid doses at the Control Center 
are

•

also insensitive to the building leak 
rate. This, again, results

because the doses are controlled by the 
puff release.

From the analysis of the PBF design basis IPT blowdown accident, it

is concluded that the accident would result in no hazard to the general

public or personnel at the PBF Control Center.

4.4 Design Basis Fuel Handling Accident. During the conduct of

the experimental program in PBF, highly irradiated fuels must be moved

from one portion of the.building to another; eg, from the PBF test space

to the storage canal following a test. The PBF procedures. and equipment

for handling of highly irradiated fuels have been designed to preclude

unnecessary exposure to operating personnel and accidental release of

fission product during such operations. (See Subsection IX.K for a

discusion of iueland'experimeht handling.) Nevertheless, it is con-

ceivable that through some operator error or equipment malfunction,
• .

fission product could be released to the reactor building and subsequently
. . . ,

to the environment as a result of a fuel handling 'accident. The following
• • .

assumptions!and specifications define the circumstances for the postulated

PBF design :basis fuel handlinuaccident. :

(1) The accident ii assumed to occur 24 hours after 
a test at

4p MW for 48 hours with a large preirradiated (40,000 HWD/HTU)

cluster ofluel rods in the IPT. •

(2) The highly irradiated experiment is defined on page.
13J-3.

During the 40 HW, 48-hour test, the experiment 
generated 2 HW.

(3) In the process 'of transferring the experiment 
from the IPT to

the cana4 the experiment, within a cask, is dropped 
through

the bottom of the canal and into the hot waste 
room. Upon

impact, the.cask breaks open spilling out the cluster•of

fuel rodsthathave been damaged in the test 
performed the

previous day. •

13..1-16



(4) As a result of the accident, 1,'50, and 100% of 
the total

contained solid, halogen, and noble gas fission products,

respectively, are released to the reactor building. Of the

fission products released to the building, the solids 
are

collected by the filter in the waste gas stack and 50% 
of

the halogens are plated out on reactor building 
walls and

component surfaces. Thus, it is assumed that the 25% of

the total halogens and 100% of the noble gases are 
released

through the 80-ft-high waste gas stack.

(5) The total PBF reactor building volume is approximately 
3.5 x 10

5

ft
3
, and.the flow rate out the waste gas stack is 5 x 

10
 
ft
3/min;

Therefore, it is assumed that the fission products are released

to the, atmosphere over a 70 minute period.

(6) The accident occurs under. Class F weather conditions 
with a 2

m/sec wind blowing toward the receptor.. The. RSAC computer code

was used'to evaluate the radiological consequences of this

accident using'Markee's diffusion .parametere% •

The results of the calculations are shown'in tabular form below.

No evacuation is assumed in any of these tabulated doses.

Whole Body (rem) • Thyroid .(rem)

PBF Control Center 0.13 0.1
(939 meters)

Nearest Site Boundary 0.014 9.5
(1.1 x,104 meters)

Arco 0.0095 6.2
(3.5 x 10

4 
meters)

As shown in the Table, all of the doses at all three locations are

well within the'guide limits of 25 rem to the whole body and 300 rem

to the thyroid.

O



The effect of the 80-ft stack height can be seen from a compaiison

of the thyroid doses at the Control Center with those at the nearest

site boundary and at Arco. Under the Class F weather conditions, only

a small fraction of the fission products reach the ground at the control

center and thus the inhalation doses to the thyroid are low. At the

site boundary and at Arco, however, the effect of the stack height is

decreased, resulting in greater doses than at the Control Center.

The 80-ft height of the PBF stack is less than the usual rule-of-

thumb minimum limit of 2 1/2 times the height of the 43-ft-high PBF

reactor building. Therefore it is recognized that reactor building

turbulence or different diffusion conditions could increase the diffusion

of fission products to the ground and that the doses as tabulated above

may not be conservative, especially at the PBF Control Center. To add

additional conservatism, doses were calculated for a fumigation

condition. In this calculation, an inversion was assumed to occur ai

the 80-ft level so that the fission products were trapped and dispersed

between that level and the ground. Again, Class F weather conditions

were assumed with a 2 m/sec wind blowing toward the receptor. The

doses for these conditions are tabulated below:
• 1 •

PBF Control Center '

Whole Body (rem) Thyroid (rem)

(939 meters). 0.19 22.5 •

Nearest Site Boundary
(1.1 x 10 meters) 0.015 31

Arco
(3.5 x 10

4
 .meters) ! 0.01 •13

As shown in the table, both the whole body and thyroid doses are

well within the AO CFR 100 guide limits. The whole body doses are very

nearly the same as those calculated without the fumigation condition, the

dose being approximately 502 greater at the PBF Control Center for the

fumigation condition. The thyroid doses, however, are approximately 225

times greater at the Control Center, 3 times greater at the nearest site

boundary, and 2 times greater at Arco for the fumigation condition.

Doses were not calculated for operating personnel within the reactor

building for this accident. .The doses would be strongly dependent on

the location of personnel within the building and their relative reaction
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times and routes of evacuation. To reduce the number of people who may

be exposed in such an accident, when movement is to be made of highly

irradiated fuels, the reactor building will be cleared of All non-

essential personnel.

From the above analysis, it is concluded that a fuel handling

accident will result in no hazard to the general public or to personnel

at the PBF Control Center. In the event of a severe fuel handling

accident, personnel in the reactor building could conceivably receive

excessive doses. Proper design of fuel handling equipment, operating

procedures and administrative control will be relied upon to reduce this

potential hazard to an acceptable risk.

5. Emergency Evacuation 

As discussed in the previous paragraphs on the DBA, evacuation

will be used to mitigate the consequences 'of accidental release of

fission products from the PBF. Three general population groups are of

concern for the'purpose of discussing emergency evacuation. These

groups are:

(1) Off-site population groups

(2) On-site personnel,(CPP, N17.,,:etc), and

(3) PBF Personnel

5.1 Emergency Procedures for Off-Site Population Groups. Under

the definitions set forth in 10 CFR100, Idaho Falls is the nearest

location to the PBF that meets the qualifications of a "population

center". All nearer off-site locations fall under the classification of

the "low population zone".

.There are, at various times of the year, transient herdsmen herding

sheep or cattle across portions of the NRTS. The NRTS AEC Security

Branch is alert to the position of these herders when they are on or

near the NRTS so that if an evacuation of these people is required, it.

is rapidly initiated. The number of individuals in each of these groups

is generally 2 or 3, at most.

Evacuation of the smaller towns adjacent to the NRTS is coordinated

under various county civil defense plans and is carried out by county

officials under AEC direction. A general description of these plans is

provided in Arco-Butte County Survival and Recovery Plan, and Joint 

Bingham County and Cities Civil Defense Emergency Operations Plan.
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These plans describe (1) how residents are notified of an emergency•,

(2) how and which route or highway to use for evacuation and/or

relocation, and (3) names and phone numbers of responsible county

officials.

Also, in the case of a fission-product release from any of the

installations at the NRTS, the Health Services Laboratory (HSL) of

the AEC Idaho Operations Office (AEC-ID), in coordination with the

involved contractor, evaluates the potential hazard to land and/or

crops and milk or water contamination and then takes the necessary

precautions to avoid radiation exposures or contamination.

In addition to the above mentioned preventive measures, AEC-ID .

Security has the capability and responsibility to close and clear all

access highways and roads leading to and from the NRTS in the event an

accidental release poses a potential hazard to travelers using these

highways or roads.

5.2 Evacuation •Plan for On-Site (NRTS) Personnel. At the NRTS,

an overall Basic Emergency Action Plan exists that coordinates accident

information (either direct or inferred), meteorological data, and warning

communication facilities to initiate the evacuation of an NRTS facility

in the event an accidental release from another facility poses a potential

hazard. This plan ii constantly updated and changed to reflect operational

changes at the NRTS. Evacuation tests are routinely conducted in each of

the area to ensure that the procedures and training are adequate.

5.3 Evacuation for PBF Personnel. An evacuation system for the

SPERT/PBF area has been established that will automatically warn and

initiate evacuation of'personnel from the area in the event an accident

occurs that results in significant release of radioactivity within the

reactor building. The evacuation system is initiated by direct gamma

readings recorded by a 2-out-of-3 arrangement of gamma detectors located

near the control center. The detectors are coupled with a logic unit

that initiates an evacuation when fission-products fill the reactor

superstructure for a period greater than a pre-set time. The readings

of these gamma detectors are recorded at a recorder at or near the

console in the control center. The evacuation system is designed to

IEEE standards and•is described in detail in Section VI.

Also available to the reactor operator, although not an. integral
. .
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part of the evacuation system is a recoider that 
records the wind

direction and speed. This recorder will provide the operator with

additional information in the event of an evacuation. If the operator

deems necessary, and the wind indicator clearly shows the 
wind is not

directed toward the control center from PBF, the evacuation 
can be

stopped by a manual override. An emergency communication system (Red

Mike System) is provided for disseminating supplemental 
emergency

information.

Previous unannounced test evacuations have shown that the 
PBF

Control Center can be evacuated in less than 5 minutes.
Ea) 

The transit

time of a cloud from the reactor building is 7.8 and 5.2 
minutes for

wind velocities of 2 and 3 m/sec respectively. Thus, for wind velocities

less than 3 m/sec, safe evacuation of the Control Center can 
be assured

prior to arrival of any' radioactive cloud. Wind rose data show that

under all inversion conditions, the wind blows from the PBF reactor

building toward the Control Center with a velocity above 2.2m/sec

(5 mph) less than 1% of the time. A wind velocity of 2.2 m/sec allows

7 minutes for evacuation of the Control Center prior to 
arrival of the

cloud. This time is well within the PBF evacuation capability.

O id/R.S. Kern letter to W.D. Ennis, dated October 27, 1970, Evacuation

of Personnel from the PBF Control Center.
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K. Plutonium Fuels Testing 

The PBF Program plan does not currently contain testing with

plutonium-bearing fuels. It is recognized, however, that there is

interest in the nuclear industry in obtaining safety related

information with mixed-oxide fuels. Therefore, to provide for the

capability for testing of mixed-oxide fuels in PBF, the following

criterion has been adopted.

"The maximum amount of plutonium that may be installed within

the IPT for testing is the amount that would result in a guide limit
(a)

dose (100 rem to the lung) for a 1002 release under strong inversion

(Class F) conditions with a 2 misec wind blowing toward the receptor."

In establishing the nature of the plutonium in the experiment, the

following assumption's were made concerning the fabrication and irradiation

history of-the experiment:

(1) The plutonium is fabricated into mixed-oxide (Pu + U)02 fuel

pellets, which are placed in 0.25 in. OU, 3-ft-long fuel rods.

The mixed oxide is 25% Pu0
2 
and 752 UO2.

(2) The fuel was originally fabricated with the following plutonium

isotopic percentages: 79% Pu-239, 16% Pu-240, 4% Pu-241,

and 12 Pu-242.

(3) The fuel rods are preirradiated in a power reactor at an

average power level of 13.1 kW/ftlor 226 days to achieve a

burnup of 40,000 MWD/HTM. The irradiation took place in a

flux of 3 x 10
13 

nv and the buildup of higher Pu isotopes was

*considered in the calculations.

(4) The fuel has a six-week decay time before being tested in

the PBF facility.

In calculating the amount of plutonium that results in the 100

rem lung dose, it is assumed that 100% of the plutonium remains in

the cloud during the transport to the site.boundary. The diffusion

parameters chosen for the calculation are Ililsmeier-Cifford's o and

iarkee's o
z
, and it is assumed that the release from the building

occurs over a three minute time period. It was further assumed that

the plutonium dioxide is essentially insoluble so that the critical

(a)
Letter, P. G. Voilleque to G. L. Voelz "Plutonium Dose Criteria for
Reactor Safety Analysis," (February 14, 1968)
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organ for the radiological calculations is. rite lung. This assumption

is supported by the following quotation(al:

"Plutonium dioxide, particularly when calcined, is very insoluble

and can only be taken into solution with difficulty. For example, in

sample analysis, a fusion has been found to be necessary in many

instances. Hence, it follows that this material is most unlikely to

be absorbed into the bloodstream, except by processes which involve

the transfer of sub-micron sized particles. across membranes. Experimental

evidence from animal experiments supports this conclusion, but the slow

transfer over a period of years cannot be ruled out nor can the

possibility that plutonium in combination .with other elements might

produce a more readily soluble oxide or compound.. The uptake as the

result of ingestion, and part of any dust inhaled which is swallowed

subsequently, would be expected to be very small and to be negligible

in comparison with that deposited in the lung. Ingestion is unlikely

to become the dominant mechanism because even the uptake of soluble •

plutonium compounds from the gastio-intestinal tract is very small."
• .1 •

, In arriving at the calculated dosese the new lung model
lb,c) 

was

used.
••• ;

Based on.the assumptions and, specifications presented above, the)

amount of plutonium that results in a 100-rem lung dose at the. site •

boundary is 147 grams. Pending further approval, this is the'maximum

amount that may be. used in any experiment in PBF.

•

•(a),
The Particulate Material Formed by the Oxidation of Plutonium",
page 535 of PROGRESS IN NUCLEAR ENERGY, Series IV - Technology,
Engineering and Safety, (Vol. 5).

[b]
P. E. Morrow, "A. Precis of the Proposed Lung Model," Proceedings 
of the 12th Annual Bio-Assay and Analytical Chemistry Meeting,
Catlinburg, Tennessee (October 13-14, 1966).

(c)
W. S. Snyder, "The Use .of the Lung Model for Estimation of Dose,"
Proceedings of the 12th Annual Bio-Assay and Analytical Chemistry 
Meeting,  Tatlinburg, Tennessee (October 13-14, 1966). •
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L. Tritium and Radioactive Arston.Production from Operation of PBF

This Subsection presents analyses that have been performed to

evaluate the safety problems associated with the release of tritium and

radioactive argon generated during the operation of PBF.

1. Tritium Production from PBF Core 

To determine the potential tritium hazard resulting from operation

of the PBF core, the 4-year maximum operating history given on page 13J-2,

for PBF was used. This operating history results in a total core

energy release of 1.2 x 10
5 MW-hours. A conversion value of one atom

of tritium produced for every 10
4 

fissions 
[a)

WAA used in the analysis.

The further assumption was made that the total tritium produced (6.5 x

10
7 
uCi) by this energy release was distributed in a water volume equal

to eight changes of the PBF primary system water, or approximately

3.2 x 10
5 
gallohs; No account was taken of tritium Aecay. The resulting

tritium concentration was 0.054 uCi/ml.

AEC-IDM-0510 and -0524 establish an upper limit of 10 uCi/m1 for a

tritium-containing liquid release to a shallow well in a controlled area.

When dumping of the PBF reactor vessel water is required, it will be

released to a shallow well,''after beinipassed through a cleanup system.

Calculations were also made to determine the annual average tritium

concentration at the PBF Control Center and- at the nearest site boundary

with the, assumption that 162 of the total produced tritium is released

to the atmosphere. From this calculation, the average concentrations were

8.1 x 10
-

?'
4 

and 2.0 x 10 1.4 
.uCi/cc at the Control Center and site boundary,

respectively. jhese concentrations are many orders of magnitude below

the AECM-0524.guide limit of 2.7 x 10
7 

uCi/cc. Thus, it is concluded that

buildup of tritium from operation of the PBF core will not constitute a

safety or disposal problem.

2. Tritium Production from PBF Experiment 

The following operating history was postulated as the maximum for

any experiment to be conducted in PBF. A large cluster of PWR fuel rods

Q [a)
R. C. Vogel, et al, Chemical Engineering Division Semi-Annual Report,
ANL-7375 (October 1967).
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was irradiated to 40,000 MWD/MTU by operation at 2 MW cluster power for

558 days. This cluster subsequently was operated for two 48-hour periods

in PBF at 2 MW. This operating history resulted in a total tritium

production of 1.45 x 10
7 

uCi. Neglecting radioactive decay, this would

result in a tritium concentration of 9.2 uCi/ml, if it were dispersed

in the circulating volume of water (56.1 ft
3
) contained in the PBF loop.

The total loop water volume is 72.1 ft3; however, 16 ft
3 
of this is in

the pressurizer and was not considered in this analysis. Thus, from this

upper limit analysis, it is seen that the tritium concentration in the

PBF loop would be near the guide limits for dumping. In practice, however,

such water would not be released to the disposal well. Upon failure of

a large experiment in PBF, the loop water would be circulated through

the loop cleanup system and subsequently sent to the liquid waste storage

tank. The contents of this tank are sent to the Idaho Chemical Processing

Plant (ICPP) for processing and subsequent storage.
• •

From the analyses that. are,discussed here, it is concluded that

no safety problems exist from tritium production from operation-of the '

PBF core and experiment loop; however, following failure of large pre-

.irradiated experiments, water from the loop will be sent to ICPP for

processing and storage to prevent dumping of near-limit concentrations.

of tritium..

1. PBF Radioactive Argon Production 

The PBF control and transient rods are cooled by air flowing through. ,

two concentric annular passages between the tie rod and the poison 

tontainer.(the inner 'cooling air passage); and between'the poiton•

container and the air shroud (the outer• cooling air passage). (Paragraph

IV.C-2.2 describes the cooling air requirements and Figure 4C-2 presents

a detailed .cross-sectional view of the control and transient rods.) The

air flow rates through these passages are 100 scfm for each of the eight

control rods and 50 scfm for each of the four transient rods. Consequently,

the total flow rate of cooling air through the core is 1000 scfm. The

cooling air ultimately is discharged through the 80-ft high, waste-gas .

stack and comprises 202 of the total 5000 scfm flow from the stack. The

remaining 802 of the flow maintains the PBF building under a negative

pressure gradient.
•
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Calculations have been made to aisesethe safety problems that

would result by release of activation products formed in the cooling

air as it passes through the PBF core. The principle activation

product released from the stack is A
41 

and is produced by the A
40
 (n, y)A

41

reaction in the core. The half-life of A
41 

is 1.83 hours. In the

calculation of the A
41 

production, the neutron flux in the air passages

of the control and transient rods was assumed to be 2 x 10
13 

n/cm
2
-sec,

this value corresponds to a steady-state power level of 40 MW. The

calculations indicate that at this operating power, the A
41 

concentration

level emitted from the waste-gas stack is S x 10
-5 

uCi/cm
3 

and the

total A
41 

release rate is 1.22 x 10
4 
Ci/sec.

The maximum concentration levels produced by this release rate were

determined at two locations; namely, at the PBF Control Center and at

the nearest site boundary. At the Control Center under Class F

atmospheric conditions, the maximum concentration level of A
41 

is 1.8 x 10
-8

uCi/cm
3
. The radiological dose rate resulting from this concentration

level was calculated using the RSAC Code. The calculations indicated

that the maximum dose rate from 
A41 

activity at the Control Center is

about 1 x 10
-3 

mr/hr. At the nearest site boundary, the annual average

concentration based on the postulated upper limit operating history• .
given on page 13J-2 is 1.0 x 10

-12 
uCi/cm3. These values compare with.

the limit of 4 x 10
-8 

uCi/cm
3 
given in AECM-0524.

Based on these calculations, it is concluded that no hazard will

result from the release of A
41 

from operation of PBF.
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M. Secondary Criticality 

This subsection defines the conditions and/or limits under which

the accumulation of fuel within the IPT loop from destructive tests could

result in secondary criticality. It also specifies the action or

administrative control necessary to prevent such secondary criticality.

1. Analyses 

The basic parameter used to determine the possibility of criticality

is the diameter of the IPT loop components. When the diameter is large

enough to permit criticality, either a mass limit is specified or the

methods for limiting accumulation of fissile material within the

component are discussed. Uranium oxide and.plutonium oxide fuels were

considered for each loop component listed below:

Component 

In-Pile Tube

Flow skirt within IPT

Catch basket within IPT

Piping' :

Acoustfc Filters
•

Thermal Swell Accumulators

Loop Steainir

. • •

Inside
Diameter (in.) 

6.1

4.75

4.50

3.15

14.0

15.88.

8.0

Diffusion theory and Monte Carlo calculations wereused to determine

the critical diameteri of infinitely long cylinders of Pu02- and UO2-

water mixtures. These diameters are considered to be well established

and are published in a criticality handbook
(a]
. Diffusion theory

calculations using the INC DISMAL computer code
[b] 

were used to check and

supplement the handbook data.

[a]
United Kingdom Atomic Energy Authority, Handbook of Criticality Data 
AHSB(S) Handbook 1 (1st Revision) 1965). .

[b]
J. F. Kunze, User's Guide for Reactor Physics Computer Code DISMAL
CI-1160 (November 1969).
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2. Accumulation of UO
2 
within the Inpile Tube 

Diameters within the IPT where most of the fuel is expected to

remain are 4.5 in. for the catch basket and 4.75 in. for the flow

skirt. The handbook data indicate that a minimum critical diameter

for 93% enriched U0
2 
with full water reflection is slightly less than

five inches. Calculations with the DISMAL computer code for 932

enriched UO
2 
with a 5 in. diameter indicate that the reactivity is

slightly less (keff • 0.96). For a 4.75.in. diameter, the multiplication

is reduced 3% 
(keff 

0.93). In the calculations, UO2 was assumed to

be at maximum theoretical density (10.9 g/cc) and was fully water

reflected. This density cannot be achieved with fragmented fuel mixed

with cladding. Other conservative factors are: (1) experiments will

not contain more than a few centrally located 932 enriched rods, (2) the

stainless steel. IPT wall is a good thermal neutron absorber so that the

actual reflection is less than that for full water reflection, and (3) the

poison effect of the cladding is neglected. Thus, even though the

calculations do not show a large margin of safety (k
eff • 

0.93), the

above conservatisms indicate that secondary criticality within'the IPT

from UO
2 
tests is incredible with the flow skirt in place.

If the flow skirt were removed for static testing, fuel could

accumulate within the 6.1 in. diameter of the IPT. Since a 6.1 in.

diameter is not subcritical with UO
2 
at full density, computer calculations

were made using a more realistic model; ie, fragmented fuel and cladding

mixed with water. The minimum water volume fraction was estimated to

be 0.1 since a fragmented particle density of 0.9 easily represents an

upper limit. Reflection for the model consisted of a one-inch thick

stainless steel IPT surrounded.by 30 inches of water. Calculations

indicate a k
eff 

of 0.95. Thus, fragmented UO2 fuel elements within the

IPT would be subcritical even if the flow skirt were removed and all

the fuel were 93% enriched U-235.

3. Accumulation of PuU
2 

within the Inpile Tube 

Plutonium in a mixed oxide fuel (PuU)0
2 

may be tested in the IPT

and separate criticality considerations are necessary for this more

reactive fuel. In fact, a plutonium mass limitation is necessary. since

the minimum critical diameter of Pu02 is only three inches. .If it is

O
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assumed that the maximums diameter wherc••1'u02 can accumulate is five

inches, a conservative critical mass cnn be determined from handl k

data as follows: A Pu-239 concentration of at least 2 g/cc is necessary

to achieve criticality in a cylinder with a diameter of less than five

inches. For a 2 g/cc concentration, the minimum critical mass is 8 kg

of Pu-239. This is several times the maximum amount of plutonium that

can be used in any test. Thus, secondary criticality cannot occur as

a result of a single test with plutonium fuel rods. However, administrative

control is necessary to prevent removal of the flow skirt or the accumulation

of more than 8 kg of plutonium prior to further criticality analysis.

4. Acoustic Filter 

The acoustic filter with a 14 in. diameter is large enough to

permit criticality. The filter is therefore designed to prevent the

accumulation. of*fuel within it. A screen is located in front of

the filter that'will•permit only those particles to pass through that

are smaller than 0.•3 in. In addition, to furtherprevent particles

from settling within the filter, its lower-surface will be in line with

the inlet pipe and the downstream end will be lower than the upstream

end. Also, a drain line is instal•led•at -the lower portion of the down-

stream end and a flushing system is installed within the filter to

facilitate removal of fuel particles. The screen is designed with

due consideration being given to maximum stresses to preclude its

rupture. ShoUld the screen rupture, most of the fuel particles will

pass through the filter into the safe 3.15 in. ID piping, although

some fuel may reMain in the acoustic filterto be removed through the

drain line. SPERT CDC data show that most of the fuel particles

following fuel rod failure are smaller than 0.2 in. in diameter and

none are larger than 0.32 inches•so that particles will not plug up

the 3.15 in. outlet, the 1.5 in. drain line outlet, or the 0.6 in.

ID drain line. The few larie particle's that might settle in the•filter

will accumulate in only a thin subcritical layer. Thus, it is extremely

unlikely thit sufficient fuel to create a critical mass will accumulate

in the filter. Criticality within the acoustic filter from either Pu-239

or U-235 is therefore considered incredible.
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5. Thermal Swell Accumulators 

The Thermal Swell Accumulators (TSA) have an inside diameter of

15.88 in., and therefore are large enough to permit criticality. To

prevent this possibility, the TSA's are designed with the outlet pipe

at the bottoM (see Figure 3C-8). With this design, entering fuel

particles would be carried through the TSA's and into the geometrically

safe loop pipe. Thus, the large diameter of the TSA's will not cause

a secondary criticality problem.

6. Loop Strainer 

The loop strainer consists of cylindrical screen 5-7/8 in. in

diameter within an 8-1/4 in. ID cylindrical body. Water flows from

outside the screen -to the'inside so that fuel particles are collected

in a 1-3/16-in.'thick cylindrical annulus. The -volume of this annulus

is larger than the minimum critical cylindrical volume for either UO2

or 
'

Pu0
2 
• therefore, .criticality calculations were performed for an •

infinitely long annular volume having the cross-sectional dimensions

of the loop strainer, Calculations were made for Yankee fuel rods

with 93% enriched UO2. In these calculations, 90% of the strainer

was filled. with fuel rod material (cladding plus UO2) and 10% was

water. For this calculation, k
eff 

for the system was 0.94. Therefore,

there will be no secondary criticality problem in the strainer for any

UO
2
 experiments..

• I

The strainer was also investigated for use in mixed oxide fuel. ,
experiments. To do this,calculatione were performed for the maximum

size experiment envisioned for use in future LMFBR experiments (a 37-

rod bundle of 1/4-in. OD fueloda).
[a]

In these calculations, mixed

oxide rodsq(Pu02 - UO2) were considered with Pu239 percentages of 25,

50, 75, and 100%, with the amount of plutonium ranging from approximately

1.88 to 7.53 kg. .The calculated keff for these experiments uniformly

distributed in'water within the annular volume of the strainer were

0.71, 0.81... 0.90, and 0'.97, respectively. Therefore, there would be

no criticality probleMs in the strainer from testing of the maximum size

bundle of mixed oxide rods currently envisioned for use in future PBP

tests.
" • !:

talApproval is not being requested in this SAR for this experiment.
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7. Liquid Waste System 

It is incredible that more than a few grams of fissionable material

could pass through the series of screens included in the loop and through

the shielded filter. However, a filter is located at the entrance to

the Hot Waste Tank as an additional safety factor. The contents of

the tank are transferred to the warm waste disposal well or to a

shielded tank truck for transfer to the ICPP. The hot wastes drain to

a sump located in the bottom of the tank. The pump is located in the

sump so that the free volume is geometrically safe. Criticality in the

waste system is therefore incredible.

7. Summary

Redistribution Redistribution of fuel from uranium oxide testing cannot result

in the accumulation of a critical assembly within the IPT.loop. This

is based on critical diameters of infinite cylinders of 932 enriched

U0
2 
so that no mass limits are required. However, the same is not

true for. plutonium. The maximum diameters within the IPT indicate a

minimum critical mass of Pu0
2
-water mixture equal to 8.kg of Pu-239.

Although, this is several times the maximum quantity of plutonium that

may be used in any test, administrative.control is required to assure

that planning-and operations personnel are aware that the system is

not "geometrically safe".and mass limits are required for plutonium.

13M-5
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7. Liquid Waste System

It is incredible that more than a few grams of fissionable material

could pass through the series of screens included in the loop and through

the shielded filter. However, a filter is located at the entrance to

the Hot Waste Tank as an additional safety factor. The contents of

the tank are transferred to the warm waste disposal well or to a

shielded tank truck for transfer to the ICPP. The hot wastes drain to

a sump located in the bottom of the tank. The pump is located in the

sump so that the free volume is geometrically safe. Criticality in the

waste system is therefore incredible.

7. Summary 

Redistribution of fuel from uranium oxide testing cannot result

in the accumulation of a critical assembly within the IPT loop. This

is based on critical diameters of infinite cylinders of 93% enriched

U0
2 
so that no mass limits are required. However, the same is not

true for plutonium. The maximum diameters within the IPT indicate a

minimum critical mass of Pu0
2
-water mixture equal to 8 kg of Pu-239.

Although, this is several times the maximum quantity of plutonium that

may be used in any test, administrative control is required to assure

that planning and operations personnel are aware that the system is

not "geometrically safe" and mass limits are required for plutonium.

13t4 -5



SECTION XIV. CONCLUSIONS

Title Page 

A. Summary of PBF Operating Philosophy and Limits

B. Conclusions Regarding the Overall Safety of PBF

TABLE

14A-1

14B-1

14A-I Experimental Envelope for Operation of PBF   14A-5



SECTION XIV. CONCLUSIONS

The Power Burst Facility will be a versatile and powerful tool

for use in the AEC's reactor safety program. The facility is capable

of several modes of steady state and transient operation that will permit

study of loss-of-coolant, power-coolant mismatch, loss-of-flow, and

reactivity-initiated accidents. Initially, the facility will be used

for the study of light-water-reactor safety problems; however, the

capabilities of the facility are suitable for safety studies of other

reactor types, including the high priority liquid-metal-fast-breeder-

reactor.

The facility will be used primarily to study phenomena associated

with fuel rod failure. The study of the causes and consequences of fuel

failure implies that severe conditions must be generated in test fuel

samples in order to cover the spectrum of postulated accidents. The

PBF core, control system, safety system, inpile tube and loop coolant

system have been expressly designed for the generation and control of

fuel failure testing conditions. Also, the operating philosophy and

procedures for the PBF have been developed based on approximately 15

years experience in the safe performance of tests in the SPERT Program in

which fuel failure is either a possible consequence or an expectation.

This section briefly summarizes the operating philosophy and limits of

the PBF and the overall conclusions concerning the safety of the facility

that are drawn from the information presented in this Safety Analysis

Report.

O



A. Summary of PBF Ott:rating Philosophy and Limits 

The operating philosophy that has been developed for NSF Is one ihat

provides maximum flexibility in the performance of the experimental

program without undue risk to the safety of operating personnel and

the general public. This is achieved by:

(1) Safety in Design. The operation of PBF has been carefully

examined for the various postulated accidents that could lead to damage

of the core or facility. For those accidents that could cause the

driver core fuel temperature operating limit to be exceeded, a Protective

System has been designed to IEEE standards so that at least two

independentfailures are required for the accident to occur. The fuel

temperature operating limit itself is conservatively established at a

level at which experimental data show that the PBF fuel will not fail

(Section XIII.B).

(2) Remote Siting and Operation of the Facility- The PBF is

located approximately 1 miles from the nearest WITS boundary and 21 miles

from the nearest boundary in the prevailing downwind direction. Idaho Falls

is about 42 miles from PBF.

During nuclear operation of the PBF, no personnel are permitted

within approximately 0.5 mile of the reactor.

(3) Low Fission Product Inventory. The nature of the PBF program

requires intermittent steady-power operation of the reactor; therefore,

a large fission product inventory will not be built up in the core

compared with power reactors or most test reactors. For example, in the

conservative maximum operating history postulated for the PBF in this

SAR, the facility would be in actual nuclear operation only about 8.5%

of the time. The maximum power and test duration is 40 MW for 48 hours.
•

Wherever possible, cold, clean test fuels will be used in the

experiMental program; however, the technical objectives of many of
the tests will require the use of high-burnup test fuels. The Inpile. :
Tube (IPT)'in Which theie fuels will'be tested has been designed so
that it will not yield for the maximum expected transient pressure.

The IPT has been debigned to withstand a static pressure of 32,200
psi at.770*F tiithout yielding, and calculations hive stiowil that it can

withstand a pressure pulse in excess of 230,000 psi from an explosive
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energy release. The maiimUm expected source pressure of 7500 psi has

been obtained from analysis of.experimental results from fuel failure

tests conducted in the Capsule Driver Core. In addition, the loop

coolant system has been designed with provision for control and cleanup

of fission products released from the test fuels to the loop coolant

water.

(4) Use of a Conservative Test Approach. The testing procedure to

be used in PBF will be to.work from the known to the unknown. Initially,

the capabilities and limitations of the PBF driver core itself will be

thoroughly examined through the use of the lead-rod testing concept (see

Section XII-B). The experimental program then will begin with low-energy

tests with small, zero-burnup test samples and work toward high-energy

tests with bundles of.high-burnup test fuel rods. This testing procedure

allows.for generation of data and analytical techniques from which

reliable predictions.can be made concerning the results. of the more .

severe tests. The procedure also reduces, the consequences should.an

unexpected threshold be crossed.

(5) Conservative Application of Operating Limits. the limits

within which the PBF will be operated have been established from

experimental data and/or conservative analysis using analytical

techniques that have previously been verified by comparison with

experimental data. Where possible and applicable, experimental data

will be obtained during the initial operation of the PBF to establish the

margin of safety that each limit provides. A summary of the experimental

envelope within which the facility will be operated is presented in

Table 14A-I. This table summarczes'the more significant limits that

affect the safety of operation. The complete specification of limits

and their technical justification is found in the .PBF Technical '

Specifications, and a comprehensive table of PBF capabilities (Table

3B-IV) is presented in Subsection III-B.

In the safety analysis of the PBF, there have been identified two

occurrences that could conceivably lead to excessive release of radioactivity

and/or damage to the facility. These occurrences are:

(1) * An earthquake that could conceivably cause both a reactor

building failure and a loss of coolant accident.'''''
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(2) A design burst (1.3 msec, 2040 cal/cc in core fuel) performed

with highly irradiated fuel in the test space such that (1w

maximum calculated coupling is attained causing a burst that

exceeds the assumed core fuel failure threshold. The performance

of such a test itself would have.to be accidental, since tests

with highly enriched fuels do not require the energy release

that would be obtained in a design burst.

At the present time, the circumstances surrounding these two

accident situations cannot be satisfactorily resolved without additional

analysis (in the case of the earthquake) or additional experimental data.

Therefore, the following interim restrictions on the operation of the

facility have been adopted pending satisfactory resolution of these two

situations.

(1) Initial operation of the facility will be limited to 40 MW-hours

per test and 120 MW-hours per week. Calculations for a long-

term operating history consisting of one-hour operations at

40 MW steady state have shown that no off-site doses exceeding

the 10 CFR 100 guide limits would be received if both the loss

of coolant and the loss of building integrity occur. The dose

calculations assumed a release of 1, 50, and 100% of the total

core solid, halogen, and noble gas fission products, respectively,

under Class F weather conditions with a 2 m/sec wind blowing

toward the nearest site boundary.

(2) The calculated doses at the PBF Control Center under the above

conditiOns were excessive even with the one-hour operating

restriction; therefore, as an additional interim operating

restriction: no test will beperformed.under'inversion

conditions with a wind abOve 5 mph blowing toward the Control

Center. Winds of 5 mph and below alloy ample time for

evacuation of the Control Center, and the doses under lapse

conditions were well within the guide limits.

(3) As an interim operating restriction for the design burst with

coupling accident with highly enriched fuels, the reactivity

that may be used to initiate a natural burst has been decreased

such that the operating limit would not be exceeded even if



the maximum calculated coupling were attained. This interim

restriction specifies a minimum allowable period of 2.5 mscc,

which calculations show requires a nominal reactivity insertion

of 2.4$. Experimental data on the actual magnitudes and rates

of test fuel rearrangement are required before this restriction

may be removed.
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TABLE 14A-1

V
EXPERIMENTAL ENVELOPE FOR OPERATION OF PBF

Pernneter or Variable Lisle Discussed In Se tim

Maximum Core Steady Fewer

*calms Core Fewer is Shaped Surat

Nazism Core Fewer is lateral Burst

Keglers Affects* for Steady Fewer
Operatim

40 NW

1000 NM

240 CV momies1 for dealge beret*

1111.4

1111.4 1.
1111.A

1111.048 bre epee reselutim
of F11 earthquake reeposee

Kaaimum Power for Ial ttttt oe of Shaped
brat

100 IX

Kaillamm Fever for laitiatim of Natural 30 101 esaleal 1111.4

Buret

Nazism Curettes* at Fewer for Shaped Variable deposits{ se power level; eg. 2111.4

Buret Operation 1.43 sec at 1000 NV; 3.0 sec st SOO NU;
15.7 sec at 100 36.0 sot at 60 Ped

Manias Core Feel Temperature for 2100*C ammiaal at AO N1 111.8

Steady Power Operation

Neaimum Core Fuel Temperature for Buret 2350% without rewrites; 2460.0 with 11(1.1

Operation couelles

Masleue Core Fuel tathelpy for Steed, Me cal/cc ...teal at 40 111/ 111.1

Power Operation

1611110•66 Core Fuel eathelpy her' brat ' 2040 cal/cc ultieut toilettes; 2465 Cal/ri 1111.5

Operatiee with cemplieg

Minimum Reactivity Imartiem for Natural 2.311 initially. amieel for 2.5 mec ported; 1111.e

Surat 3.671 nemiesi for deelle beret upon
verif l  of comervative complies

hoslamm Reectivity !mercies for Shaped 4.51 -..feat for 2040 cal/cc peak core 1111.1

Surat Operatics. eatiusley

Mariam Tramieet Rod Speed for *mural
burst Operation

373 is./sec 1111.4

Plasiaws Transient Rod Speed for Shaped 20 is. /sec I111.11

Beret or Steady Fewer Operation

Minimum Semiotic Period for Natural 2.5 mac initially; 1.3 seat for design burst iltl.0
Surat Operation epee verificetioe of coeservative couplieg

valves
1111.A

Nazism leery Release for lateral Buret 1450 Nkl-eac emelael for design buret; 1750 NV- 111.1

Operation *.*
•

set memisal for demise beret with complies

Malmo' Reactivity Coupling free Test Feel Reactivity amplieg plus reactivity emerged 1111.1.5

Failure end/or Test Space.Veidlag with control turd tramlines rode shell not come
core fuel enthalpy to ascend 2445 cal/ce

NiaLmws Core Shutdown Nulls 81 for initial Medial; at Meet )11
greeter thee worth of a ologle cestrol red for

1111.0

I ttttt .leadlega

Melees toter Need Above Cote for 1 ft below vessel liquid-full level
Iterates* or Nigh Fewer Operation

Nazism Core Ftssioe Froduct.Imesiory That reseltias free 52 cycles of operatics
defined on peso 13J-21 maims onus, per
lUmil is; 7 days - 1,60 NY-hr; 14 days -

A111.)

3880 NW-hr; 28 days - 4120 IN-hr

Nailare experiment ?Melee Power
•

2 MU 1111.J

Minimum Isporisseet Fu inventory 147 grain 1111.1

Seamus Test Cluster Sim le Re-eatraat 45 typical FUR reds seminal; 21 typical 1411 1111.J
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B. Conclusions, Regarding the Overall Safety of PBF 

Ultimately before any reactor can be operated it must be shown that

the facility will be 'operated without undue risk to operating peraonnel

or the general public. The operating philosophy of PBF provides that no

test will be performed that would be expected, on the basis of

conservative extrapolation of data or calculation, to cause damage to

the PBF core or facility as a result of a single failure. The PBF core

and fuel rod design, reactor control and protective system design and

the administrative procedures for operation of the facility combine to

produce a facility in which damage to more than a few isolated fuel

rods during a test has an extremely low probability of occurrence.

Also, it is virtually incredible that rupture of the In-Pile Tube, in

which the test fuels will be tested, could be caused by any planned

test or credible accident. Thus, the probability of release of

significant• amounts of radioactivity during operation of the PBF is

remote.

In Section' four Design Basis' Accidents (DBA) and the

radiological consequences of these accidents were discussed. These

accidents are the: flow blockage accident, loss-of-coolant accident,

LCS blowdown aiciiient, and fuel handling accident. The radiological

consequences of these accidents were calculated for assumed existing

weather conditiohs of strong inversion (Class F) with a 2 m/sec wind,

which leads to conservative estimates of the doses that would ,be

recieved. The calculations show that even under these adverse conditions

no on-site or off-site doses would be received that are in excess of

10 CFR 100 guidelines.

Therefore, on the basis of the inherent safety in the design of

the PBF, the remote siting and.operation, the planned experimental

program and conservative testing approach, the relatively low fission

product inventory, the radiological calculations from design basis

accidents, and the plans and capability for emergency action that are

in force at the NRTS, it is concluded that the PBF can be safely

operated as planned without undue risk to operating personnel, personnel

at other NRTS location, or to the general public.
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SECTION XV. COMPLIANCE OF THE PBF TO THE

GENERAL DESIGN CRITERIA FOR NUCLEAR POWER PLANTS

(APPENDIX A OF 10-CFR-50)

The following is a discussion of the General Design Criteria for

Nuclear Power Plants as they apply to the Power Burst Facility.

The General Design Criteria were formulated by the Atomic Energy

Commission to provide minimum requirements for "water-cooled nuclear

power plants similar in design and location to plants for which con-

struction permits have been issued." As would be expected, many of the

criteria must be adapted to reflect the unique requirements of the PBF,

which is not a nuclear power plant, but a research and development facility.

The maximum steady power of the PBF is 40 MW which will be main-

tained no longer than 48 hours for any given test. This may be compared

with conventional power plants operating continuously at up to 3300 MW.

Thus, with its highest fission product inventory, occurring only a few 

times per year, the PBF represents a radiological source of short-lived
. .

fission products in the range of only 1 to 22 of modern power plants.

The PBF is even less significant as a source of long-lived fission products

as indicated by a comparison of total fissions. When the PBF core is

discharged after several years of operation, as a conservative upper

limit, its core will have released about 5000 MWD of energy, an amount

which is released in less than two days in a modern LWR. More exact

calculations of fission product inventories in the PBF are shown in the

PBF-SAR Section XIII including the added burden of irradiated test fuel,

but these comparisons illustrate why the PBF may be placed in a category

of much lower risk significance than the nuclear power plants for which

the General Design Criteria were intended.

Four Design Basis Accidents for the PBF have been defined and

analyzed in the PBF-SAR Section XIII. Conservative analysis demonstrates

that neither emergency core cooling nor building containment are required

to assure that excessive radiological doses do not result from these

hypothetical accidents. It is also shown, (PBF-SAR Section XIII) that

the reactor building which provides an important measure of fission product

holdup, will not be damaged by pressure buildup within the building.
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CRITERION 1 - QUALITY STANDARDS AND RECORDS.

StruCtures, systems, and components important to safety shall be

designed,Jabricated, erected, and tested to quality standards

commensurate with the importance of the safety functions to be performed.

Where generally recognized codes and standards are used, they shall be

identified and evaluated to determine their applicability, adequacy, and

sufficiency and shall be supplemented or modified as necessary to assure

a quality product in keeping with the required safety function. A

quality assurance program shall be established and implemented in order

to provide adequate assurance that these structures, systems, and

components will satisfactorily perform their safety functions. Appropriate

records of the design, - fabrication, erection, and testing of structures,

systems, and components important to safety shall be maintained by or

under.the. control of the nuclear power unit licensee throughout the life

of.the

COMPLIANCE

All structures, systems, and components important to safety have

been designed, fabricated, erected and tested to appropriate quality

standards and recognized codes. Standard codes applied to the PBF

process systems include the following: ASME Boiler and Pressure Vessel

Code, Sections• II, III, VIII and IX. Pertinent portions of other codes

and standards have been applied, including IEEE,,NEMA, ASTM, ASA-B31.1

(code for•Power Piping with nuclear code cases), National Electrical

Codes, Aoerican•Nelding Society Standards, and American Standards

Association.

'The reactor vessel and primary system were constructed to ASME

B 6 PV Code Sections III and VIII. The loop coolant system in the PBF

was designed and built to comply with ASME B 6 PV Code Section III, with

the exception of the inpile tube. The IPT, because of space limitations,

was designed with wall thicknesses that do not provide a theoretical

factor of safety in accordance with ASME B 6•PV Code Section III. However,, •

the equivalent static pressure (32,200 psig) assumed as the design basis

O

•

0
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is derived from extremely conservative calculations recognizing pressurecalculations

amplification by wave reflections and dynamic effects. Also, because of

neutron absorption cross-section considerations Inconel 718, which is as

yet not a code material, was selected for the IPT. The mechanical pro-

perties of this material are satisfactory, however (PBF-FSAR Section III,

C-3). The loading assumptions, analysis and calculations have been

independently verified.

A thorough quality assurance program was maintained. The program

involved independent architect-engineer (Title-III) inspection groups,

whose work was then audited by each of the operating contractors. All

inspection personnel employed by the A-8 and operation contractor were

qualified under the National Society for Nondestructive Testing. All

nondestructive testing, ie, liquid penetrant, magnetic particle, radio-

graphy, hydrotesting were performed in accordance with applicable portions

of the ASME B b PV Code Sections IX and X. The total quality assurance

program associated with the Power Burst Facility has been found by audit

to fully comply with the intent of RDT Standard F2-2T.

Complete records on the PBF have.been and will be maintained and

include the following: Construction Component and System Operations Test

Reports, Weld Inspection Reports, Radiograph Inspection Reports and

associated film, Welder Qualification Records, Flushing and Cleaning

Reports, All-Design Data, Design Bases, Modifications, and As-Built

Drawings.

15-3



CRITERION 2 - DESIGN BASES FOR PROTECTION AGAINST NATURAL PHENOMENA

Structures, systems, and components important to safety shall be

designed to withstand the effects of natural phenomena such as earth-

quakes, tornadoes, hurricanes, floods, tsunami, and seiches without

loss of capability to perform their safety functions. 'The design

bases for theie structures, systems, and components shall reflect:

(1) appropriate consideration of the most severe of the natural phenomena

that have been historically reported for the site and surrounding area,

with sufficient margin for the limited accuracy, quantity, and period

of time in which the historical data have been accumulated, (2) appro-

priate combinations of the effects of normal and accident conditions

with the effects of the natural phenomena and (3) the importance of the

safety functions to be performed.

COMPLIANCE 

Hurrfcanes, tsunami, and seiches do not occur in the area where

the PBF haS been constructed. Flooding is not a problem. A recent

preliminary, unpublished study conducted by the U. S. GeologiCal

Survey on potential flood problems at the NRTS shows that the sudden

release of the water behind Makey Dam in conjunction with the worst

(300 year) flood would not cause flooding conditions at PBF.

Tornidoes do occur occasionally in southeastern Idaho (PBF-FSAR

Section XIII-E); however, the tornadoes observed have been small and

have had small dimensions compared with those that occur in the mid-

western United States. During the 54 year period from 1916 through 1969,.

32 tornadoes were reported for the entire state of Idaho. Since the

establishment of the U. S. Weather Bureau at the NRTS in 1959, three

tornadic events have been reported on or near the NRTS, none of which

caused any damage.

Based on the rarity of occurrence and small size of tornadoes in

Idaho, the remote location of the NRTS, the intermittent nature of PBF

operation and relatively small fission product inventory, no criteria
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for tornadoes were applied for the design and construction of PBF.

Instead, the PBF reactor building was conservatively designed for a

steady wind load of 70 mph, which is the upper limit of observed steady

winds at the NRTS. Recent analyses have shown that the high bay portion

of the reactor building can withstand a steady wind of 160 mph prior to

exceeding the yield stress limit of the major structural members (I-beams)

and liner plates of the building. Although some loss of external alum-

inum siding panels of the building could occur at this velocity no loss

of building confinement capability would be expected. The reactor

building pressure relief panels, which open upon an internal building

overpressure of 0.1 psig, would prevent damage to the building from an

external pressure drop caused by a tornado.

At the time that the PBF was designed and constructed, the NRTS was

classified in seismic Zone 2 in the Uniform Building Code.The PBF reactor

and control buildings were designed to withstand static horizontal

accelerations of 0.067 g in conformance with the code (PBF-FSAR Section V),

and the installed equipment within the reactor building, including the

primary system and loop coolant system, was designed to 0.134 g (PBF-FSAR

Section IV).

Following construction, the NRTS was changed from Zone 2 to Zone 3

in the UnifOrm Building Code. In view of this change in seismic zone

classification of the NRTS, a reassessment of the seismic risk potential

at PBF was made (PBF-FSAR Section XIII-D). From this, it was concluded

that the most severe consequences from an earthquake at PBF would occur

if the earthquake could cause both a loss of coolant accident with the

reactor at 40 MW and a loss of reactor building integrity. Reanalysis

of the PBF reactor building using dynamic analysis techniques, has shown

that the building would withstand ground accelerations in excess of 0.33g

which exceeds accelerations to be expected at PBF from earthquakes origi-

nating at known faults adjacent to the NRTS. Dynamic earthquake analysis

of the PBF reactor core and primary and loop coolant systems has been

initiated but is not yet completed; however, analyses have shown that

with the reactor building integrity maintained, radiological doses to
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on-site or off-site personnel will not exceed the 10 CFR 100 guide limits

even for the worst conceivable loss of coolant accident in PBF (PBF-FSAR

Section XIII-J).

0
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CRITERION 3 - FIRE PROTECTION

Structures, systems, and components important to safety shall be

designed and located to minimize, consistent with other safety requirements,

the probability and effect of fires and explosions. Noncombustible and

heat resistant materials shall be used wherever practical throughout the

unit, particularly in locations such as the containment and control room.

Fire detection and fighting systems of appropriate capacity and capability

shall be provided and designed to minimize the adverse effects of fires

on structures, systems, and components important to safety. Fire fighting

systems shall be designed to assure that their rupture or inadvertent

operation does not significantly impair the safety capability of these

structures, systems, and components.

COMPLIANCE 

The PBF is designed and constructed to minimize the probability and

the effects of fire. The reactor building has a minimum inventory of

combustible materials and it is highly improbable that a fire there could

significantly damage the building or cause a nuclear incident. Control

circuit trays are vertically separated a minimum of 9 inches and as a

further protection the power cables are located above the control cable

trays to prevent propagation of any fire deriving from an overheating

of power cables. All"cable tray areas are further protected by a Pyr-A-

Larm fire detection system. Two 2000 gpm (at 125 psig) fire pumps, one

electric (commercial power) and one diesel are being installed to provide

additional fire water capacity.

The PBF is equipped with modern fire detecting and fire fighting

system. Two deviations from applicable NFPA Guides do exist, however,

these are: •

1. The two existing parallel firemains (an 8 inch and a 4 inch) to

supply water to the PBF reactor building do not constitute a full-

sized closed loop in accordance with NFPA Guide lines and NRTS

standards (ID-12044). The approximate 1600 gpm (at 65 psig) of

fire water available at the PBF site through the combined piping
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system exceeds the maximum anticipated demand of 1000 gpm for.the

cooling tower deluge system (1 bay) plus 150 gpm for the reactor

building hose stations. An alternate source of fire water external

to the cooling tower and the reactor building is available from a

yard fire hydrant with a capacity of approximately 2500 gpm (at

20 psig). This supply cannot be used simultaneously with the tower

deluge systems.

2. The existing fire water storage tanks have a net capacity of

approximately 65,000 gallons (minimum). While this does not

provide a 4 hour. supply in accordance with NFPA Guides for

improved risk rating, it does provide approximately 40 minutes

supply at full demand at the PBF. If the cooling tower deluge

systeit is not activated, adequate- storage capacity is available

to serve the reactor building hose stations (only) for the 4 hour

limit. In the extremely unlikely event of a simultaneous fire

both in the cooling tower and the reactor building, the available

water supply would be directed to the protection of the reactor

building to prevent any possibility of nuclear hazard to personnel.

In addition the Po4er Burst Facility has ready access to the main

National Reactor Testing Station fire station located at Central Facilities

Area (approximately.5 miles away). Their auxiliary pump trucks, chemical

(foam) equipment, etc. is available on very short notice. It is estimated

that any or all of the necessary equipment could be moved to the PBF in

mush less than the 40 minute fire water supply time. Also the Power

Burst Facility reactor burlidng has a very low combustible material.

inventory. The main source of combustibles being the fuel oil to the

heating and ventilating boiler. However, this tank is external to the

reactor building 'and is buried. The boiler, and its associated ignition

equipment, piping, etc., is loCated in a room separated from the rest of

the reactor facility by 4 hour rated concrete block fire well. Potential

fire sources inside the reactor building are primarily electrical in nature

and are not susceptible to water extinguishing. Fires of this nature

would be fought with proper chemical extinguishers of which there is an

adequate supply, in accordance with applicable NFPA Guides.

•

O
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Therefore, it is' 'our- opinion that•' regardless of the two deviations

from the NFPA Guides due to the isolation of the boiler room, remoteness

of the plant site, proximity of auxiliary equipment and low combustible

inventory the present system provides adequate protection.



CRITERION 4 - ENVIRONMENTAL AND MISSILE DESIGN BASES 

Structures; systems, and. components important to safety shall be

designed to' accommodate the effects of and to be compatible with the

environmental conditions associated with normal operation, maintenance,

testing,. and postulated accidents, including loss-of-coolant accidents.

These structures,. systems, and components shall be appropriately

protected against dynamic effects, including the effects of missiles,

pipe whipping, and discharging fluids, that may result from equipment

failures and from events and conditions outside the nuclear power unit.

COMPLIANCE 

The most significant "environmental" conditiOn in the PBF reactor

building under normal nuclear operation will be high humidity; therefore,

all critical instrument and control circuits and components in the

reactor bay are designed to operate in a 1002 humidity atmosphere. Equip-

ment inside adjoining wings are designed for a 95Z.humidity environment.

The primary coolant system is an open system subject only to'the -

hydraulic head on the vessel. The vessel is designed for the hydraulic

head plus 25 psig. The piping, valves, pump casings, heat exchangers,

etc., are designed for 150 psig. Dynamic effects such as pipe whipping

or fluid discharge are not credible in the absence of an adequate driving

force. The most probably missile is considered to be a pump impeller

which could rupture the primary pipe. Location of the pumps in the

second basement (20 ft. plus below grade) precludes missile breach of

the confinement.

The loop coolant system is pressurized to 2200 psig @ 650'F;

however, essentially all of the piping and equipment is located in a

cubicle and•pipe tunnel below grade which precludes any missile breach

of the confinement. The piping and supports are designed for 0.134 g

lateral load per UBC-1961 for Zone 2. Pipe whipping and fluid discharge

effects would be limited to the first basement except for building
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pressurization which is'accommodated.by,relief panels in the reactor

building sized to dissipate pressures above 0.1 psIg and prevent

building internal pressure from exceeding the design limit of 0.25 psIg.



CRITERION 5 - SHARING OF STRUCTURES. SYSTEMS, AND COMPONENTS 

Structures, systems, and components important to safety shall not

be shared between nuclear power units unless it is shown that their

ability to perform their safety functions is not significantly impaired

by the sharing.

COMPLIANCE 

Only three PBF systems, water, electric power, and emergency

communication, are shared with other facilities.

Electrical power is supplied directly to the PBF from a common •

substation with each- load (area) being independently isolated by circuit

breakers or fused disconnects at their individual substations .to prevent

a local malfunction from effecting the common substation. The reliability

of the PBF is further enhanced since there is no requirement for electric

power to dissipate decay heat. In the advent of commercial power failure

scram takes place automatically and the emergency generators pick up

critical control and protective systems.

The raw-fire water supply system also is shared between the PBF, the

SPERT control area, and SPERT-IV, which is presently deactivated. The

two 2000 gpm pumps being installed will provide an adequate supply to

satisfy emergency needs at any facility as noted under Criterion No. 3.

To permit alerting of PBF personnel in case emergencies arising

elsewhere at the NRTS, the warning communication system is connected

to the site wide system: PBF personnel can also be alerted to emergencies

by. local activation of the system. In addition, a "Red Mike" (PBF-FSAR

Section IX-L) provides backup emergency warning capability.

O
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CRITERLON 10 - REACTOR DESIGN 

The reactor core and associated coolant, control, and protection

systems shall be designed with appropriate margin to assure that

specified acceptable fuel design limits are not exceeded during any

condition of normal operation, including the effects of anticipated

operational occurrences.

COMPLIANCE

The operating limit for the PBF has been established as a maximum

fuel enthalpy of 2465 cal/cc above ambient (Section XIII-B). This

converts to about 2460°C, the maximum permissible fuel temperature.

No test or combination of operations of the PBF are permitted which

will cause the fuel to exceed these limits. Justification for the

2460°C (2465 cal/cc) value as an operating limit is based upon a series

of 100 tests with a three rod cluster of PBF fuel rods in the TREAT

reactor (PBF-FSAR Section XIII-B).

A review of accidents (PBF-FSAR Section XIII) has indicated that

core loading accidents, control rod withdrawal accidents, air and

electrical failures, and other miscellaneous minor accidents will not

result in enthalpies above the operating limit.

The PBF protective system, operating procedures, and administrative

controls combine to ensure that the peak enthalpy reached in the PBF

fuel for any credible accident:is less than 2818 cal/cc (PBF-FSAR

Section XIII-B), a value at which no cladding failure occurred during

an extensive PBF fuel test series in TREAT. Therefore, as confirmed by

test, no gross fission product releases would be expected from PBF fuel

rods as a result of any test or credible accident.
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CRITERION 11 - REACTOR INHERENT PROTECTION 

The reactor core and associated coolant systems 
shall be designed

so that in the power operating range, the net 
effect of the prompt

inherent nuclear feedback characteristics tends to 
compensate for a

rapid increase in reactivity.

COMPLIANCE 

The overall power coefficient of the reactor is negative 
throughout

the power operating range (PBF-FSAR Section III
-B). The reactivity

coefficients of interest are:

1) Doppler Reactivity feedback coefficient: -0.36 cents/°C

2) Moderator Temperature coefficient: -1.56 cents/°C

3) Core average void coefficient: -0.5 dollars/Xvoid

In addition there are reactivity coefficients associated 
with the oper-

ation of the loop coolant system, specifically with increases in 
loop.

coolant temperature and with the presence of voids within the 
IPT.

These are:

1) IPT• Water Temperature Coefficient: +0.09 cents/°C

2) IPT Void Coefficient (36 inch active length): +2.6 cents/Xvoid.

Thus, heating of the water within the IPT can cause a reactivity increase

to the PBF driver core; however, the increase tends to be 
compensated by

the negative reactivity coefficients of the core listed above. These

inpile tube reactivity effects have been accounted for in developing

the reactor operating procedures as discussed in Section XIII-G of the

FSAR.
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CRITERION 12 - SUPPRESSION OF REACTOR POWER OSCILLATIONS 

The reactor core and associated coolant, control, and protection

systems shall be designed to assure that power oscillations which can

result in conditions exceeding specified acceptable fuel design limits

are not possible or can be reliably and readily detected and suppressed.

COMPLIANCE

Due to the small dimensions of the core, the PBF is inherently

stable against any significant space-time and xenon oscillations.



CRITERION 13 - INSTRUMENTATION AND CONTROL

Instrumentation and control shall be provided to monitor 
variables

and systems over their anticipated range for 
normal operation and accident

conditions, and to maintain them within prescribed 
operating ranges,

including those variables and systems which can 
affect the fission process,

the integrity of the reactor core, the reactor 
coolant pressure boundary,

and the containment and its associated 
systems.

COMPLIANCE 

. The reactor control, protective and instrumentation 
systems contain

the instrumentation, controls, and interlocks 
necessary for operation

under steady power, shaped burst, and natural burst 
modes of operation

(PBF-FSAR Section XILL-A). The reactor is operated from a remote control

room which contains the controls and 
instrumentation necessary for

operation of the reactor under normal and emergency 
conditions.

The positions of the control rods and transient 
rods.are'indicated

on the control console by digital voltmeteri. 
The control rod positions

of the transient rods are sensed by linear 
variable differential trans-

formers.'

The nuclear instrumentation for PBF includes 
operational instrumenta-

tion that provides information to the reactor operator 
for control of

the reactor, and protective system 
instrumentation for initiating reactor

scram. The operational nuclear instrumentation (PBF-FSAR 
Section VII)

consists of two identical channels, each of which 
employs a dual range

fission chamber. Each channel provides a logarithmic power output 
over

the range from 6 milliwatts to 60 MW, a linear power 
output over the range

from 6 kW to 60 MW, a reactor period signal derived from 
the log power

signal, and an audible count rate signal over the lower five decades.

The nuclear. instrumentation for the reactor 
protective system (PBF-FSAR

Section VI-B) is composed of two separate and identical 
channels, each

of which uses an ionization chamber as the primary 
detector. Each

channel initiates a scram at a power level of 45 MW for 
steady power

•
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operation and at 1500 MW for natural burst operation. For shaped burst

operation, scram is initiated by special power-time circuits such that

the peak temperature'in the core cannot exceed 2350°C. In sdditIon,

for the Initial reactor critical experiment four B-10 lined pulse

chamber channels will be added to the nuclear instrumentation.

Essential variables on all plant process, auxiliary, and support

systems are monitored and/or controlled for normal and emergency oper-

ations. As examples, some of the more important measurements that are

made are: temperature, pressure, and flow for the primary and loop

coolant systems; liquid levels in the reactor vessel.and loop pressurizer;

control and transient rod cooling air flow and pressure; and radiation

levels at various locations in the building. .

Reactor.scrams are provided in the protective system (PBF-FSAR

Section VI-B) upon a decrease of one foot in the reactor vessel liquid

level, a decrease in primary system coolant flow below 702 of normal

value, and decrease in cooling air flow to below 80% .of the normal

value to.any one or all of the control or transient rods.



CRITERION 14 - REACTOR COOLANT PRESSURE BOUNDARY 

The reactor coolant pressure boundary shall be designed, fabricated,

erected, and tested so as to have an extremely low probability of abnormal

leakage, or rapidly propagating failure, and of gross rupture.

COMPLIANCE 

The primary reactor coolant vessel and piping (PBF-FSAR Section IV-A)

operate at low pressure and the vessel is open to the atmosphere. The

reactor vessel is constructed of Type 304 Stainless Steel in accordance

with ASME 8 6 PV Code, Section VIII. The primary piping system is .

designed for 150 psig (hydrotested to 225 psig) and is also made of Type

.304 Stainless Steel. Therefore, the system has an extremely low probability

of serious leakage, rapidly propagating failure, or of gross rupture.

•

The loop system (except the inpile tube as explained under Criterion

No. 1) was designed and fabricated to ASME B 6 PV Code, Section III.

The loop piping was constructed and tested to ASA B 31.1. Radiography

and hydrotesting was performed to ASME Section. III acceptance standards

(regarding defects, pressure and duration) further augmented by the

pioject inspection specifications. The maximum loop design pressure is

2500 psig @ 670°F, (mSx. oper. 2200.F @ 650*F) while the system has been

hydrotested to 3710 psig. Use of auatenetic stainless steels minimizes.

the tendency to rapidly propagating failures. Hydrotesting of both

systems demonstrates absence of any initial defects•that.might lead to

gross rupture.



CRITERION 15 - REACTOR COOLANT SYSTEM DESIGN 

The reactor coolant system and associated auxiliary, control, and

protection systems shall be designed with sufficient margin to assure

that the design conditions of the reactor coolant pressure boundary are

not exceeded during any condition of normal operation, including anti-

cipated operational occurrences.

COMPLIANCE

The reactor coolant system meets this criterion since it is an

open, unpressurized system that is incapable of being pressurized to

the design capability (PBF-FSAR, Section IV-A).

The loop coolant system also meets this criterion as detailed in

the PBF-FSAR, Section IV-B. The system is adequately protected against

excess temperature or pressure (five pressure relief valves are located

at strategic points in,the loop). The pressure pulses expected in the

inpile tube are adequately handled by the IPT itself, which has a 1.2

factor of safety to yield (1.4 factor of safety to rupture) based on a

very conservative equivalent static pressure of 32,200 psig (PBF-FSAR

Section

The balance of loop coolant system is isolated from the pressure

pulses by acoustic filters and thermal swell accumulators (PBP-FSAR

Section IV-B) that attenuate the pressure pulses. Therefore, the Loop

Coolant System is designed for 2500 psig @ 670'F (max. oper. 2200 psig

@ 650'17).
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CRITERION 16 - CONTAINMENT DESIGN 

Reactor containment and associated systems shall be provided to

establish an essentially leaktight barrier against the uncontrolled

release of radioactivity to the environment and to assure that the

containment design conditions important to safety are not exceeded for

as long as postulated accident conditions require.

COMPLIANCE

The PBF reactor building, as currently designed and erected, is

a confinement building (ie, limited leakage) rather than a containment.'

Because of low fission product Inventory, isolation, and intermittent

operation, a fully leaktight containment vas not deemed necessary

(PBF-FSAR Section

Pressure relief panels are provided to relieve the building at an

overpressure of 0.1 pounds per square inch. These panels have eighty

square feet of net opening and will prevent building pressure from

exceeding the design allowable of 0.25 pounds per square inch and will

be counter balanced to assure reclosure upon reduction of pressure.

Maintaining the integrity of the building liner and reclosure assures

the containment design conditions will not be exceeded during postulated

accident conditions.



CRITERION 17 - ELECTRICAL POWER SYSTEMS 

An onsite electrical power system and an offsite electrical power

system shall be provided to permit functioning of structures, systems,

and components important to safety. The safety function for each system

(assuming the other system is not functioning) shall be to provide sufficient

capacity and capability to assure that (1) specified acceptable fuel

design limits and design conditions of the reactor coolant pressure

boundary are not exceeded as a result of anticipated operational occurrences

and (2) the core is cooled and containment integrity and other vital

functions are maintained in the event of postulated accidents.

The onsite electrical power sources, including the batteries, and

the onsite electrical distribution system, shall have sufficient indep-

endence, redundancy, and testability to perform their safety functions

assuming a single failure.

• Electrical power from the transmission network to the switchyard

0- 
shall be supplied by two physically independent transmission lines (not

necessarily on separate rights of way) designed and located so as to

suitably minimize the likelihood of their simultaneous failure under

operating and postulated accident and environmental conditions. Two

physically independent circuits from the switch yard to the onsite

electrical distribution system shall be provided. Each of these circuits

shall be designed to be available in sufficient time following a loss of

all onsite alternating current power sources and the other offsite elec-

trical power circuit, to assure that specified acceptable fuel design

limits and design conditions of the reactor coolant pressure boundary are

not exceeded. One of these circuits shall be designed to be available

within a few seconds following a loss-of-coolant accident to assure that

core cooling, containment integrity, and other vital safety functions

are maintained.

Provisions shall be included to minimize the probability of losing

electrical power from any of the remaining sources as a result of, or

coincident with, the loss of power generated by the nuclear power unit,
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the loss of power from the transmission network, or the loss of power

from the onsite electrical power sources.

COMPLIANCE

In the event of loss of all off-iite power to PBF, the reactor is

automatically scrammed. Two emergency generators supply power as required

during commercial power outages. The primary emergency power source is. a

gasoline powered, 480-volt, 85 KVA generator which rune continuously

during reactor operation and is sufficient to meet the 61.2 KVA load of

critical circuits, PBF-FSAR Section VIII. Power for health physics

equipment is supplied by another gasoline powered generator rated at

18.75 KVA, which supplies 120/208-volt power to alarm and health physics

circuits, if both commercial and primary emergency power are lost.

It should also be noted,.however, that the PBF does not require

emergency power for core cooling since coastdown of pumps and convective

cooling will safely dissipate the core's afterheat. The design limit

of the fuel, the integrity of the primary system, the loop coolant system,

and the reactor building are in no way jeopardized by loss of commercial

power.

co

•

9



CRITERION 18 - INSPECTION AND TESTING OF ELECTRICAL. POWER SYSTEMS 

Electrical power systems important to safety shall he designed io

permit periodic inspection and testing of important areas and features,

such as wiring, insulation, connections, and switchboards, to assess

the continuity of the systems and the condition of their components.

The systems shall be designed with a capability to test periodically

(1) the operability and functional performance of the components of the

systems, such as onsite power sources, relays, switches, and fuses, and

(2) the operability of the systems as a whole, and, under conditions as

close to design as practical, the full operational sequence that brings

the systems into operation, including operation of applicable portions

of the protection system, and the transfer of power among the nuclear

power unit, the offsite power system, and the onsite power system.

COMPLIANCE 

The PBF has been designed such that a total power failure can be

sustained under normal conditions without damage to equipment or reactor

fuel, or without hazard to personnel. However, to provide for a more

orderly shutdown of the facility, facility monitoring, and possible

personnel evacuation, emergency power sources are provided.

Extensive component and system tests conducted during and following

plant construction verified the adequacy of the power distribution system

design and installation. Emergency power systems which provide backup

power are designed to permit systematic periodic testing to ensure equip-

ment and system operability (PBF-FSAR Section VIII).

Emergency power sources are of two types, ie, gasoline-engine driven

generators and battery-inverter units, both with automatic load transfer

switches. Testing of backup power sources may be conducted by opening

the normal supply circuitry to simulate loss of normal power, initiating

activation of the backup sources and subsequent load return and deactiva-

tion of the emergency source.
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II-

Commercial power systems are systematically inspected by site

maintenance personnel. All equipment is located in open switch yards,

substations and switchgear panels accessible for inspection.
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CRITERION 19 - CONTROL ROOM

A control room shall be provided from which actions can be taken to

operate the nuclear power unit safely under normal conditions and to

maintain it in a safe condition under accident conditions, including

loss-of-coolant accidents. Adequate radiation protection shall be

provided to permit access and occupancy of the control room under

accident conditions without personnel receiving radiation exposures in

excess of 5 rem whole body, or its equivalent to any part of the body,

for the duration of the accident.

Equipment at appropriate locations outside the control room shall

be provided (1) with a design capability for prompt hot shutdown of the

reactor including necessary instrumentation and controls to maintain the

unit in a safe condition during hot shutdown, and (2) with a potential

capability for subsequent cold shutdown of the reactor through the use

of suitable procedures.

COKPLIANCE

The PBF control room is located about one-half mile from the reactor.

Safe operation, free from radiation hazard is assured during all normal

operations. Following an accident, the reactor can be placed in a safe

condition by scram and/or poison injection and the post accident conditions

can be monitored at the control center. There are four limiting

accidents discussed in the PBF-FSAR, viz, a flow blockage accident, a

loss-of-coolant accident, a loop coolant system blowdown accident, and

a fuel handling accident. Only in the case of gross fission product

release (eg, the occurrence of one of these hypothetical accidents)

coincident with adverse weather conditions, would additional operator

protection be desirable to assure that exposures would be maintained

within acceptably low values. If required, the additional protection is

provided by personnel evacuation, which would be initiated by an evacuation

system designed to IEEE-279 standards. In the unlikely event of an

accident where the control center is evacuated, no further actions are

required from the control room to mitigate the accident or provide

additional protection of public health and safety.
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ckinkloN 20 - PROTECTION SYSTEM FUNCTIONS 

The protection system shall be designed (1) to initiate automatically

the operation of appropriate systems including the reactivity 
control

systems, to assure that specified acceptable fuel design limits are 
not

exceeded as a result of anticipated operational occurrences and (2) to

sense accident conditions and to initiate the operation of 
systems and

components important to safety.

COMPLIANCE

The reactor protective system provides the instrumentation necessary

to initiate scram of. the reactor under abnormal operating conditions 
which

might endanger personnel, (PBF-FSAR Section VI-B). The system is built

to IEEE No. 279 criteria and will initiate scram to protect the 
reactor

for a wide range of postulated accidents under both transient and steady

state modes of operation.

In order to accommodate the wide range of planned operating modes

of the PBF, scram initiators are somewhat unique. A scram signal is

generated from information derived by sensing the position of the control

rod drives and the velocity capability of the transient rod drives.

This signal initiates a scram under the following conditions:

(a) Control rod withdrawal beyond the position corresponding to

the reactivity addition required for initiating the design

natural burst (1.3 msec period), and

(b) Transient rod velocity capability greater than the maximum

permitted for servocontrolled burst operation.

Scram is also initiated on a time-at-power basis in order to prevent

.the generation and storage of sufficient energy in the fuel to exceed

operating limits (PBF-FSAR Section VI-B).

Three process scrams are included in the protective system and

include loss of flow, loss of coolant, and loss of cooling 'air to the
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control rods.

In addition, three scram system scrams are part of the protective

system. These circuits monitor the scram system itself and cause scram

should the scram circuit lose any ability to handle scram signals

(PBF-FSAR Section VI-B).
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CRITERION 21.- PROTECTION SYSTEM RELIABILITY MW TESTABILITY 

The protection system shall be designed for high 
functional

reliability and inservice testability commensurate with the safety

functions to be performed. Redundancy and independence designed into

the protection system shall be sufficient to assure 
that (1) no single

failure results in loss of the protection function, and 
(2) removal from

service of any component or channel does not result in 
loss of the

required minimum redundancy unless the acceptable 
reliability of operation

of-the protection system can be otherwise 
demonstrated. The protection

system shall be designed to permit periodic testing of 
its functioning

when the reactor is in operation, including a capability to test 
channels

independently to determine failures and losses of redundancy that may 
have

occurred.

COMPLIANCE. •

The reactorE protective system meets the IEEE No. 279 
criterion and

has redundancy and independence suitably 
incorporated (PBF-FSAR Section

VI-B). No single failure will'result in loss of the protective 
function.

The time during which the reactor is either'critical or 
supercritical

is short, (< 48 hours); therefore, it is not necessary to 
use the testing

system during reactor operation as is required for an 
operating power

reactor. System checks, will be performed prior to reactor 
startup for'

each test.

15-28



CRITERION 22 - PROTECTION SYSTEM INDEPENDENCE

The protection system shall be designed to assure that the effects

of natural phenomena, and of normal operating, maintenance, testing, and

postulated accident conditions on redundant channels do not result in

loss of the protection function, or shall be demonstrated to be acceptable

on some other defined basis. Design techniques, such as functional

diversity or diversity in component design and principles of operation,

shall be used to the extent practical to prevent loss of the protection

function.

COMPLIANCE

The protective system (PBF-FSAR Section VI-B) is designed and

constructed to meet IEEE criterion No. 279 and provides acceptable

protection against the effects of natural phenomena, as well as normal

and accident conditions.

The requirement for diversity in components is also met to the extent

that this is practical. Specifically, the slow scram channels which

monitor such parameters as coolant level in the reactor vessel, core

AP, and control and transient rod cooling air are diversified. The

components in the separate channels are of different types and one

channel in each scram uses energize to scram logic while the second

channel uses deenergize to scram logic. However, in the case of the

fast scram circuits which monitor flux level it was highly desirable

to locate the channels immediately adjacent to the core'and unique

Westinghouse flux monitoring chambers are used exclusively. These

chambers were specifically designed and dimensioned similar to PBF

fuel rods so that they could be located adjacent to the core and could

function satisfactorily in the very high fluxes encountered in this

location.



CRITERION 23 - PROTECTION SYSTEM FAILURE MODES 

The protection system shall be designed to fail into a safe state

or into a state demonstrated to be acceptable on some other 
defined

basis if conditions such as disconnection of the system, loss of 
energy

(eg, electric power, instrument air), or postulated adverse 
environments

(eg, extreme heat or cold, fire, pressure, steam, water, and radiation)

are experienced.

COMPLIANCE 

The PBF plant protection system (PBF-FSAR Section VI) consists of the

reactor protective system, the evacuation system, and the poison 
injection

system. The plant protection system is supplied with-multiple sources of

electrical power for control action and valve action such that loss of

commercial power does not impair the ability of the system to perform the

required safety functions. Independent instrument channels are provided

for the plant protective system. Loss of power to any individual pro-

tection channel will trip that individual channel.

The 'reactor protective system (PBF-FSAR Section VI-B) has been

designed such that all electrical or pneumatic failures lead to a safe

condition. Loss of either commercial or emergency power to the reactor

proteCtive Ystem will cause a reactor Scram.

Total loss of air pressure to the control rod drives will cause a

scram, and no combination of pneumatic line failure can lead to an unsafe

condition (PBF-FSAR Section XILI-C).

The evacuation system (PBF-FSAR Section VI-D) has four independent

sources of power, viz, commercial power, the emergency generator, the

health physics emergency generator, and battery backup. Any one of these

sources will operate the Red Mike evacuation channels and the first three

will operate the siren system.



•

The poison' injection system (PBF-FSAR Section VI-C) has three sources

of power, viz, commercial power, the emergency generator, and battery backup.

As currently designed, upon failure of all three power sources, the

poison will automatically be injected into the primary system. The gad-

olinium nitrate poison is injected into the primary system under nitrogen

pressure. Two separate nitrogen pressure sources are used, each con-

sisting of three bottles of nitrogen so that the failure of either source

will not impair the ability to inject the soluble poison. The operating

features of this system are currently being reevaluated.

The instrumentation in the plant protection system is designed for

operation under adverse environments. Indoor instrumentation within the

system is designed for• operation at temperatures in the range from 60°

to 110°F. Instrumentation within the instrumentation rooms is designed

for operation at relative humidities up to 90% and instrumentation within

the vicinity of the reactor vessel is designed for operation at 100%

relative humidity. These temperature and humidity levels are well within

the capability of the heating and ventilating systems of the reactor and

control buildings. Chambers and cables installed within the reactor

vessel are rated at 650°F and 100% relative humidity.

Instrumentation that must operate outdoors or in unheated buildings

has been designed to withstand temperatures in the range from -40 to 110°F,

winds up to 50 mph, and precipitation conditions of rain, snow, and hail.

Manual activation circuits are provided to initiate reactor scram

and activate the evacuation and poison injection systems. The circuits

are designed such that failure of the automatic trip circuitry will not

prohibit or negate the manual activation, and vice versa.

Q



CRITERION 24 - SEPARATION OF PROTECTION AND 03NTROL SYSTEMS

The protection system shall be separated from control systems'to

the extent that failure of any single control System component or channel,

or failure or removal from service of any single protection system

component or channel which is common to the control and protection systems

leaves intact a system satisfying all reliability, redundancy, and

independence requirements of the protection system. Interconnection of

the protection and control systems shall be limited so as to assure that

safety is not significantly impaired.

COMPLIANCE 

The control and protective systems have a total independence and

even rely upon separate detectors. The standards of IEEE-279 are met

or exceeded in the PBF Protective System.
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CRITERION 25 - PROTECTION SYSTEM REQUIREMENTS FOR REACTIVITY CONTROL

MALFUNCTIONS 

The protection system shall be designed to assure that specified

acceptable fuel design limits are not exceeded for any single malfunction

of the reactivity control systems, such as accidental withdrawal (not

ejection or dropout) of control rods or unplanned dilution of soluble

poison.

COMPLIANCE

In the burst mode of operation, interlocks prevent the stepwise

insertion of reactivity in excess of 3.65$ required for the design burst

(PBF-FSAR Section VI-B). In the power shaping mode of operation, where

additional excess reactivity is available, the protective system will

cause scram on either overpower or an excess of time-at-power as explained

in Section VI-B of the PSAR. A malfunction of the control system which

inserts reactivity at the maximum possible rate would lead to reactor

Shutdown by the protective system before the fuel failure threshold is

reached.



CRITERION 26 - REACTIVITY CONTROL SYSTEM REDUNDANCY AND CAPABILITY 

Two independent reactivity control systems of different design

principles and preferably including a positive mechanical means for

inserting control rods, shall be provided. Each system shall have the

capability to control the rate of reactivity changes resulting from

planned, normal power changes (including xenon burnout) to assure

acceptable fuel design limits are not exceeded. One of the systems

shall be capable of reliably controlling reactivity changes to assure

that under conditions of normal operations, including anticipated

operational occurrences, and with appropriate margin for malfunctions

such as stuck rods, specified acceptable fuel design limits are not
exceeded. One of the systems sh611 be capable of holding the reactor

core subcritical under cold conditions.

COMPLIANCE 

The PBF has three separate means of reactivity control consisting

of control rods, transient rods, and gadolinium nitrate poison 
injection

(PBF-FSAR Section IX-F). Each oi,the rod systems is capable of reliably

controlling the reactivity under normal conditions and during operational

occurrences. Either the poison injection system or the control rod

system is capable of shutting doWn the core from any operational condition.

O
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CRITERION 27 - COMBINED REACTIVITY CONTROL SYSTEMS CAPABILITY 

The reactivity control systems ehall be designed to have a combined

capability, in conjunction with poison addition by the emergency core

cooling system, of reliably controlling reactivity changes to assure

that under postulated accident conditions and with appropriate margin

for stuck rods, the capability to cool the core is maintained.

COMPLIANCE

Either the control rods or the poison injection system is capable

of holding the core subcritical in the cold condition. The expected

shutdown margin (control rods, only) for the initial core is about 7.6$

with the IPT removed (I, 8.6$ with a water filled IPT) and will be about

4.5$ when the core is augmented for 48-hour operation. An additional

11$ of shutdown is available if the transient rods are inserted while

the control rods are also inserted. The most effective control rod

when fully withdrawn is worth approximately 2.2$ and is therefore less

than the shutdown margin of the control system.
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CRITERION 28 - REACTIVITY LIMITS 

The reactivity control systems shall be designed with appropriate

limits on. the potential amount and rate of reactivity Increase to

assure that the effects of postulated reactivity accidents can neither

(1) result in damage to the reactor coolant pressure boundary greater

than limited local yielding, nor (2) sufficiently disturb the core, its

support structures or other reactor pressure vessel internals to impair

significantly the capability to cool the core. These postulated

reactivity accidents shall include consideration of rod ejection (unless

prevented by positive means), rod dropout, steam line rupture, changes

in reactor coolant temperature and pressure, and cold water addition.

COMPLIANCE
•

.

A number of reactivity accidents have been analyzed in the PBF-FSAR

(Section XIII). From this analysis it is concluded that in no credible

reactivity accident would the PBF fuel failure threshold be reached or

would damage occur to the reactor coolant boundary.

In the analyses (PBF-FSAR Section XIII-C) it is shown that neither

a continuous control rod withdrawal.nor any cold water addition would

cause any significant heating of the PBF fuel. Also, there is no steam

line rupture that would cause an excessive reactivity addition to the

core. The core coolant system has no steam lines; therefore the steam

line break problem does not exist with this system. A malfunction of

the loop coolant system could cause a heating of the loop coolant;

however, no malfunction could cause a reactivity accident worse than the

loop coolant system blowdown accidents which are shown to be non-

damaging to the PBF core (PBF-FSAR Section XIII-H).

Since the PBF operates at atmospheric pressure, control rod ejection

is not a credible occurrence, and control rod dropout results in a .

negative reactivity insertion. The transient rod system is specifically

designed for rapid reactivity insertion and accidental transient rod

ejection or dropout could cause an accidental reactivity. accident;
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however, either the total reactivity controlled by the transient rod or

the maximum transient rod speed is limited by the PBF Protective System

(PBF-FSAR Section VI-B) such that the core is protected during such

failures.

Under certain extreme accident conditions associated with power

burst testing and including allowance for positive reactivity coupling

from test fuel failure, analyses indicate that the fuel operating limit

could be exceeded (PBF-FSAR Section XIII-I) but in no case is the PBF

fuel failure threshold reached. •
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CRITERION 29 - PROTECTION AGAINST ANTICIPATED OPERATIONAL. 
OCCURRENCES 

The protection and reactivity control systems shall 
be designed

to assure an extremely high probability of 
accomplishing their safety

functions in the event of anticipated operational 
occurrences.

COMPLIANCE

The protection and control systems are designed 
and fabricated to

exacting standards, as fully described in the 
PBF-FSAR, and provide an

extremely high probability of accomplishing their 
functions during

anticipated operational occurrences. Specifically the reactor pro-

tection system has been designed to the standards of IEEE 
279. .Both the

protection system and the control system are redundant with two 
separate

channels in a given scram circuit. Operation of either. channel will

initiate the scram, ie, the system operates on a one-out-of
-two logic.

A number of anticipated operational occurrences have been 
investigated

and the more significant of these have been reported in the 
PBF SAR, for

example, loss of electrical power, loss of flow, loss of control 
rod

cooling air flow, excessive control rod withdrawal, and cold water

injection accidents (PBF-FSAR Section XIII-C 
and sections describing the

individual systems). Appropriate design measures have been made such

that the reactor is inherently protected against such 
occurrences and

reactor scrams have biefi provided in the protective system 
(PBF-FSAR:Section

VI-B) for excessive power level for the various modes of 
operation,

excessive transient rod speed in the steady power and shaped burst 
modes

of operation, and decreases in the reactor vessel liquid 
level, primary

coolant system flow, and control and transient rod cooling air 
flow..

• \
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CRITERION 30 - QUALITY OF REACTOR COOLANT PRESSURE 
BOUNDARY 

Components which are part of the reactor coolant 
pressure boundary

shall be designed, fabricated, erected, and tested 
to the highest

quality standards practical. Means shall be provided for detecting

and, to the extent practical, identifying the 
location of the source

of reactor coolant leakage.

COMPLIANCE 

The primary coolant system is build to applicable nuclear 
standards

(ASME Sections III and VIII). The loop coolant system meets the standards

of Section III of the ASME Code with exception of the 
inpile tube, which

in lieu of applicable standards, was very conservatively 
designed with

a factor of safety of 1.2 to yield and a factor of safety of 8 to 
rupture

(corresponding respectively to 32,200 psig(design pressure with no 
yielding)

and 230,000 psig).

Due to the intermittent operation of the PBF and the lack of 
insulation

and shielding, visual inspection of the systems will be used to locate

leaks should they occur. Reactor level alarms provide leak indication

at the remote control room to assure that the status of the system integrity

is always known by the operator.



CRITERION 31 - FRACTURE PREVENTION OF REACTOR 
COOLANT PRESSURE BOUNDARY 

The reactor coolant pressure boundary shall 
be designed with

sufficient margin to assure that when stressed 
under operating, maintenance,

testing, and postulated accident conditions (1) 
the boundary behaves in

a nonbrittle manner, and (2) the 
probability of rapidly propagating fracture

is minimized. The design shall reflect consideration of 
service temp-

eratures and other conditions of the boundary 
material under operating,

maintenance, testing, and postulated accident 
conditions and the un-

certainties in determining (1) material properties, 
(2) the effects of

irradiation on material properties, (3) 
residual, steady-state and

transient stresses, and (4) size of flaws.

COMPLIANCE 

The reactor primary cooling system was 
designed and fabricated with

a considerable margin of safety against 
operating stresses. Although the

system is open to the atmosphere and 
unpressurized, the yeactor vessel is

designed for hydrostatic head plus 25 psig 
(PBF-FSAR, Section III-A), and

the piping for .150 psig (PBF-FSAR, Section IV
-A). Operations will always

be between room temperature and 154°F. 
Fluence levels will never become

significant ( <6 x 1011 nvt) at the nearest coolant 
boundary. Because

of these limits, and the fact that the primary coolant 
system is con-

structed of Type 304 Stainless Steel (PBF-FSAR, 
Section IV-A), neither

nil-ductility nor rapidly propagating failures are 
credible. The primary

sysLem meets ASP B 6 PV Code. Sections III and VIII for 
permissible defects

in radiographic inspection.

The loop coolant system meets the standards of 
AS)E Section III, '

with a design pressureof 2500 psig and a design 
temperature of 670°F,

These compare to expected maxima of 2200 psig and 
650°F in the coolant

(PBF-FSAR., Section IV-B). The loop coolant system is constructed of

austenitic stainless steels (Types 321, 304, and 316) 
and is not subject

to nil-ductility problems in the expected range 
of PBF operations. Fast

neutron fluence will be negligible for all components 
except the IPT.
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The inpile tube (III-C) is constructed of a presently non-code

material, Inconel-718, and IS designed on the basis of very conservative

stress assumptions. Mechanical properties of the Incooe1-718 alloy

minimize any possibility of nil-ductility and fracture propagation. The

fast fluence should never exceed 1.1021 nvt so that irradiation effects

based on current irradiation data are expected to be minimal.

I - 1



CRITERION 32 - INSPECTION OF REACTOR COOLANT PRESSURE BOUNDARY 

Components which are part of the reactor coolant pressure boundary

shall be designed to permit (1) periodic inspection and testing of

important areas and features to assess their structural and leakiighL

integrity, and (2)..an appropriate material surveillance program for the

reactor pressure' vessel.

COWL LANCE

The PBF will be in nuclear operation for only short periods of

time for each test, with a maximum continuous time at power of 48 hours.

Due to the moderate fluence levels and the. very low duty factors (time-

at-temperature) of the cooling systems, no significant change in material

properties is expected. Between tests, periods of time usually measured

in days will be available for inspection of the reactor primary cooling

system and the loop coolant system.

The reactor vessel, primary coolant system and secondary coolant

system are not insulated and are readily accessible for the planned

periodic inspections (PBF FSAR, Section IV, Table 4A-XXI).
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CRITERION 33 - REACTOR COOLANT MAKEUP 

A system to supply reactor coolant makeup for protection against

small breaks in the reactor coolant pressure boundary shall be provided.

The system safety function shall be to assure that specified neeeptable

fuel design limits arc not exceeded as a result of reactor coolant loss

due to leakage from the reactor coolant pressure boundary and rupture

of small piping or other small components which are part of the boundary.

The system shall be designed to assure that for onsite electrical power

system operation (assuming offsite power is not available) and for offsite

electrical power system operation (assuming onsite power is not available)

the system safety function can be accomplished using the piping, pumps,

and valves used to maintain coolant inventory during normal reactor

operation..

COMPLIANCE

In the event a leak should occur in the reactor primary cooling

system which results in a lowering of the vessel water level by one

foot or more, the reactor will scram.

The PBF is capable of making up 75 gpm of demineralized water to

accommodate small leaks except on loss of commercial power. For leaks

in excess of 75 gpm, or in case of commercial power loss, it is possible

to add up to 1100 gpm of raw water from either the electrically driven

pump or from the diesel driven pump.
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CRITERION 34 - RESIDUAL HEAT REMOVAL

A system to remove residual heat shall be provided. The system

safety function shall be to transfer fission product decay heat and

other residual heat from the reactor core at a rate such that 
specified

acceptable fuel design limits and the design conditions of the reactor

coolant pressure boundary are not exceeded.

Suitable redundancy in components and features, and suitable

interconnections, leak detection, and isolation capabilities shall• be

provided to assure that for onsite electrical power system operation

(assuming offsite power is not available) and for offsite electrical

power system operation• (assuming onsite power is not available), the

system safety function can be accomplished, assuming a single failure.

COMPLIANCE -

.
Because of the intermittent operation of the PBF, the core will •

never have a.large inventory of long lived decay products. Also,

because of the small size of the core,'expected levels of decay heat

can be removed satisfactorily without forced flow simply by convection

of the vessel water. Thus, no power, either offsite or emergency, is

fequired to satisfy heat removal heeds (PBF-FSAR Section XIII). . .
• .

•

e

-co
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CRITERION 35 - EMERGENCY CORE COOLING .

A system to provide abundant emergency core cooling shall he provided.

The system safety function shall be to transfer heat from the reactor

core following any loss of coolant accident at a rate such that (1) fuel

and clad damage that could interfere with continued effective core

cooling is prevented, and (2) clad metal-water reaction is limited to

negligible amounts.

Suitable redundancy in components and features, and suitable

interconnections, leak detection, isolation, and containment capabilities

shall be provided to assure that for onsite electrical power system

operation (assuming offsite power is not available) and for offsite

electrical power system operation (assuming onsite power is not available)

the system safety function can be accomplished, assuming a single

failure.

COMPLIANCE

An emergency core cooling system has not been provided for the PBF

core for the following reasons: the PBF primary cooling system was built

to quality standards (applicable ASA, ASTM, and ASME codes, see PBF-FSAR

Section IV) and operates at low temperature and pressure so that the

occurrence of a loss of coolant is extremely unlikely; an analysis of

the most extreme loss of coolant in PBF (double ended pipe break at

end of core life) indicates that clad melting would not be reached at

the core hot spot, the core being cooled by natural convection in water

during the 25 seconds required to drain the vessel and by natural convection

in air and radiation thereafter (SAR Section XIII-F). Even if a gross

fission product release were postulated (1, 50, 100% of the total core

solid, halogen, and noble gas inventory at end of core life) excessive

radiological doses would not be received by onsite or offsite personnel

(PBF-FSAR Section
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CRITERION 36 - INSPECTION OF EMERGENCY CORE COOLING 
SYSTEM •

The emergency core cooling system shall be 
designed to permit

periodic inspection of important components, 
such as spray rings in the

reactor pressure vessel, eater injection 
nozzles, and piping,.to assure

the integrity and capability of the system.

•• .•

COMPLIANCE

As explained in Criterion No. 35,' the PBF 
does not have an'

emergency core cooling system.

•

•l •
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CRITERION 37 - TESTING OF EMERGENCY CORE COOLING SYSTEM

The emergency core cooling system shall be designed to permit

appropriate'periodic pressure and functional testing to assure (1) the

structural and leaktight integrity of its components, (2) the operability

and performance of the active components of the system, and (3) the

operability of the system as a whole, and under conditions as close to

design as practical, the performance of the full operational sequence

that brings the system into operation,. including operation of applicable

portions of the protection system, the transfer between normal and

emergency power sources, and the operation of the associated cooling

water system.

COMPLIANCE 

As explained in Criterion No. 35,• the PBF does not have an emergency

core cooling system.



CRITERION 38 - CONTAINMENT HEAT REtIOVAL 

A system to remove heat from the reactor containment shall be

provided. The system safety function shall be to reduce rapidly,

consistent with the functioning of other assosicated systems, the.

containment pressure and temperature following any loss-of-coolant

accident and maintain them at acceptably low levels.

Suitable redundancy in components and features, and suitable.

interconnections, leak detection, isolation, and containment capabilities

shall be provided to assure that for onsite electrical power system..

operation (assuming offsite power is not available) and for offsite

electrical power system operation (assuming, onsite power is not available),

the system safety function can be'accomplished, assuming a single failure.

COMPLIANCE 

The PBF reactor building is designed and 
constructed as a con-

finement, not a containment, Overpressure of the building from any

source is prevented by normal building leakage 
backed-up by pressure

relief panels.

• • •
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CRITERION 39 - INSPECTION OF CONTAINMENT HEAT REMOVAL SYSTEM 

The containment heat removal system shall 
be designed to permit

periodic inspection of important components, 
such an the torue, Humps,

spray nozzles, and piping to assure the 
integrity and capability of the

system.

COMPLIANCE

The PBF reactor building does not require a Containment Heat

Removal System.
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CRITERION 40 - TESTING OF CONTAINMENT HEAT 
REMOVAL SYSTEM 

The containment heat removal system shall be 
designed to permit

appropriate periodic pressure and functional 
testing to assure (1) the

structural and leaktight integrity of its 
components, (2) the operability

and performance of the active components 
of the system, and (3) the

operability of the system as a whole, and, 
under conditions as close to

the design as practical, the performance 
of the full operational sequence

that brings the system into operation, 
including operation of applicable

portions of the protection system, the 
transfer between normal and

emergency power sources, and the operation 
of the associated cooling

water system.

COMPLIANCE

'The PBF reactor building does not 
require a Containment Heat Removal .

System.

0 ••
• .%

. ' •
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CRITERION 41 - CONTAINMENT ATMOSPHERE CLEANUP 
•••

Systems to control fission products, hydrogen, oxygen, and other

substances which may be released into the reactor containment shall be

provided as necessary to reduce, consistent with the functioning of

other associated systems, the concentration and quantity of fission

products released to the environment following postulated accidents,

and to control the concentration of hydrogen or oxygen and other sub-

stances in the containment atmosphere following postulated accidents

to assure that containment integrity is maintained.

Each system shall have suitable redundancy in components and

features, and suitable interconnections, leak detection, isolation,

and containment. capabilities to assure that for onsite electrical power

system operation (assuming offsite power is not available) and for offsite

electrical power system operation (assuming onsite power is not available)

its safety function can be accomplished, assuming a single failure.

O COMPLIANCE 

The problem of fission products, oxygen and hydrogen leaking into

and concentrating in the reactor building is minimized during normal

operation by the intermittent use of the PBF and its consequent low

inventory of fission products. The PBF is currently equipped with a

waste gas exhaust system (PBF-FSAR Section IX-J) which exhausts up to

5000 cfm from the reactor building through roughing and high efficiency

particulate filters. This system is in operation before, during, and

after each nuclear operation. Plans are being implemented to install

halogen filters (silver zeolite) in the exhaust system.

Should an accident occur which produces large quantities of fission

products in the building, the waste gas exhaust system is shut down via

the constant air monitors so that the contaminants are retained in the

building. Slow leakage from the building will maximize fallout and

dilution. Following any fission product release to the reactor building,

O an evaluation of the existing weather conditions and potential radiological
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consequences will be made. Based on this evaluation, the exhaust system

may be activated thereby filtering the released fission products through

the particulate and halogen filters.

The waste gas exhaust system is supplied emergency power whenever

offsite power is lost.
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CRITERION 42 - INSPECTION OF CONTAINMENT ATMOSPHERE CLEANUP SYSTEMS 

The containment atmosphere cleanup systems shall be designed to

permit periodic inspection of important components, such as filter

frames, ducts, and piping to assure the integrity and capability of

the systems.

COMPLIANCE 

The PBF heating and ventilation system (PBF-FSAR Section IX-J),

which includes the air cleanup system, was specifically designed to

facilitate inspection of all the critical parts of the cleanup system.

Inspection covers are provided at strategic locations to facilitate

needed maintenance and inspection.
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CRITERION 43 - TESTING OF CONTAINMENT ATMOSPHERE CLEANUP SYSTEMS 

The containment atmosphere cleanup systems shall be designed to

permit appropriate periodic pressure and functional testing to assure

(1) the structural and leaktight integrity of its components, (2) the

operability and performance of the active components of the systems such

as fans, filters, dampers, pumps, and valves and (3) the opetability of

the systems as a whole, and under conditions as close to design as .

practical, the performance of the full operational sequence that brings•

the systems into operation, including operation of applicable portions

of the protection system, the transfer between normal and emergency

power sources,, and the operation of associated systems.

COMPLIANCE

The active components of the air cleanup system will be inspected

and tested periodically (PBF-FSAR Section IX-J) for operability and

performance (such as air flow, motor ampere readings, pressure, blower

rpm, etc). This ability has been demonstrated in Construction Component

/and.System Operations tests. Testing includes checking of the standby

main exhaust fan and the operation of the radiation monitors related to

main exhaust fans and supply fans. AutomatiC shutdown of fans is checked

at established intervals. All instrumentation in'the system is checked

regularly to ascertain that it is operable and accurate. Also, regular

tests will be.made to assure that the waste gas system operates properly

during loss of commercial power.



CRITERION 44 - COOLING WATER

A system to transfer heat from structures, systems, and components

important to safety, to an ultimate heat sink shall be provided. The

system safety function shall be to transfer the combined heat load of

these structures, systems, and components under normal operating and

accident conditions.

Suitable redundancy in components and features, and suitable

interconnections, leak detection, and isolation capabilities shall be

provided to assure that for onsite electrical power system operation

(assuming offsite power is not available) and for offsite electrical

power system operation (assuming onsite power is not available), the

system safety function can be accomplished, assuming a single failure.

COMPLIANCE

The PBF has no auxiliary cooling water system that is important

to personnel safety. The reactor primary is not dependent upon the

secondary system heat transfer since there is an adequate water inventory

and open water surface in the primary system to dissipate decay heat

without significant core damage.
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CRITERION 45 - INSPECTION OF COOLING WATER SYSTEM 

The cooling water system shall be designed to permit 
periodic

inspection of important components, such as heat exchangers 
and piping,

to assure the integrity and capability of the 
system.

COMPLIANCE

All the essential cooling water systems, including 
pumps, heat

exchangers,in the PBF facility have been designed such that 
they can

be visually inspected for leakage, motors 
operationally tested, insulation

checked, fouling factor rate determined, etc. (PBF-FSAR Section IV-A)

and maintained to assure adequate performance. 
These systems are not'

insulated and are located in areas accessible for the 
planned periodic

inspection.
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CRITERION 46 - TESTING OF COOLING WATER SYSTEM

The cooling water system shall be designed to permit appropriate

periodic pressure and functional testing to assure (1) the structural

and leaktight integrity of its components, (2) the operability and the

performance of the active components of the system, and (3) the oper-

ability of the system as a whole, and under conditions as close to design

as practical, the performance of•the full operational sequence that brings

the system into operation for reactor shutdown and for loss-of-coolant

accidents, including operation of applicable portions of the protection

system and the transfer between normal and emergency power sources.

COMPLIANCE 

While not essential to safe shutdown, all cooling water systems

were designed and constructed to allow ease of inspection and oper-

ability testing. Periodic inspections and system operation tests are

planned and will take place during the frequent periods between tests

when the PBF is not in operation.



CRITERION 50 - CONTAINMENT DESIGN BASIS 

The reactor containment structure, including access openings,

penetrations, and the containment heat removal system shall be designed

so that the containment structure and its internal compartments can

accommodate, without exceeding the design leakage rate, and with sufficient

margin, the calculated pressure and temperature conditions resulting

from any loss-of-coolant accident. This margin shall reflect consider-

ation of (1) the effects of potential energy sources which have not

been included in the deteriination of the peak conditions, such as

energy in steam generators and energy. from metal-water and other chemical

reactions that may result from degraded emergency core cooling functioning,

(2) the limited experience and experimental data available for defining

accident phenomena and containment responses, and (3) the conservatism

of the calculational model and input parameters.

COMPLIANCE 

The PBF reactor confinement building will withstand any energy

sources from potential accidents as shown in Section XIII of th'e SAR.

The building will receive no significant pressure loads from a complete

'COCA of the reactor primary system since the primary system is unpressurized

and subcooled at all times. A complete loss of coolant from the loop

coolant system likewise has been investigated and shown to be nondestruc-

tive to the building. Blowdown of the loop will raise the internal •

temperature of the building but the pressure will not rise due to the

venting of the building through pressure-relief panels which close and

seal after the pressure subsides. The pressure relief panels are designed

to open upon an internal building overpressure of 0.1 psig. The reactor

building As designed to withstand an overpressure of at least 0.25 psig.

Also, as shown in Section XIII.of the SAR, no credible reactivity accident

could cause, gross failure of PBF fuel and, therefore could not cause

damage to the building.

•
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CRITERION 51 = FRACTURE PREVENTION OF CONTAINMENT PRESSURE BOUNDARY 

The reactor containment boundary shall be designed with sufficient

margin to assure that under operating, maintenance, testing, and postulated

accident conditions (1) its ferritic materials behave in a nonbrittle

manner, and (2) the probability of rapidly propagating fracture is mini-

mized. The design shall reflect consideration of service temperatures

and other conditions of the containment boundary material during operation,

maintenance, testing, and postulated accident conditions, and the uncer-

tainties in determining (1) material properties, (2) residual, steady-

state, and transient stresses, and (3) size of flaws.

COMPLIANCE 

The PBF reactor confinement building is a fairly conventional struc-

ture which meets UBC standards (PBF-FSAR Section V). Structural steel

including the I-beams and liner plate is carbon steel (A-36), which is

an extremely ductile material and is not subject to rapidly propagating

failure. Brittle behavior is also avoided since no load carrying

materials are exposed to external temperatures.

The building will not be subjected to significant internal pressures

during any normal operating, testing, or accident conditions. The

reactor building pressure relief system, which is activated at 0.1 psig,

will prevent overpressure of the building.



CRITERION 52 - CAPABILITY FOR CONTAINMENT LEAKAGE RATE 
TESTING

The reactor containment and other equipment which may 
be subjected

to containment test conditions shall be 
designed so that periodic

integrated leakage rate testing can be conducted at 
containment design

pressure.

COMPLIANCE

Annual integrated leak rate tests of the PBF reactor 
confinement

building will be performed with internal overpressures up to 
approximately

one inch of water. This pressure is sufficient to determine the leakage

characteristics of the building and to determine any changes in 
leak

characteristics that may have developed since the previous tests.

Separate tests of the pressure relief panels will be 
conducted at

pressures up to approximately 0.1 psig, which is the design 
pressure for

opening of the panels.
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CRITERION 53 - PROVISIONS FOR CONTAINMENT. TESTING AND INSPECTION 

The reactor containment shall be designed to permit (1) inspection

of all important areas, such as penetrations, (2) an appropriate

surveillance program, and (3) periodic testing at containment design

pressure of the leaktightness of penetrations which have resilient seals

and expansion bellows.

COMPLIANCE

The PBF reactor confinement building is designed to permit inspection

of all important areas. Annual integrated leak rate testing of the

building including tests of the pressure relief system and inflatable

door seals is planned, as specified in the PBF Technical Specifications.
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CRITERION 54 - PIPING SYSTEMS PENETRATING CONTAINMENT 
. .

Piping systemkpenetrating primary reactor containment 
shall be

provided with leak detection, isolation, and containment 
capabilities

having redundancy, reliability, and performance 
capabilities which

reflect the importance to safety of isolating these 
piping systems.

Such piping systems shall be designed with a 
capability to test . •

periodically the operability of the isolation valves and 
associated

apparatus and to determine if valve leakage is within 
acceptable limits.

COMPLIANCE 

The secondary coolant system, H 6 V system and liquid 
waste system

are the only systems "penetrating" the building 
confinement. The liquid

waste systems have operational valves that permit these 
systems to be

normally shut off inside the confinement area during 
reactor operation.

Additionally, the secondary coolant system is normally full which 
provides

a water leg greater than the reliif panel set 
pressure. The liquid

waste system vents to the waste gas system and is not 
subjected to a

positive pressure greater than the building relief panel 
set pressure

(o.1 psis).

The H 6 V system, including the waste gas system, is 
equipped with

.automatic closure dampers controlled from constant air 
monitors. These

units shut on high radioactivity. Leakage past the dampers (fans shut

down) still must pass through roughing,, absolute 
and zeolite.filters.

•
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CRITERION 55 - REACTOR COOLANT PRESSURE BOUNDARY PENETRATING CONTAINMENT 

Each line that is part of the reactor coolant pressure boundary and

that penetrates primary reactor containment shall be provided with con-

tainment isolation valves as follows, unless it can be demonstrated that

the containment isolation provisions for a specific class of lines, such

as instrument lines, are acceptable on some Other defined basis:

(1) One locked closed isolation valve inside and one locked closed

isolation valve outside containment; or

(2) one automatic isolation valve inside and one locked closed

isolation valve outside containment; or

(3) one locked closed isolation valve inside and one automatic

isolation valve outside containment. A simple check valve may

not be used as the automatic isolation valve outside containment;

or

(4) one automatic isolation valve inside and one automatic isolation

valve outside containment. A simple check valve may not be

used as the automatic ioslation valve outside containment.

Isolation valves outside containment shall be located as close to con-

tainment as practical and upon loss of actuating power, automatic

isolation valves shall be designed to take the position that provides

greater safety.

Other appropriate• requirements to minimize the probability or

consequences of an accidental rupture of these lines or of lines

connected to them shall be provided as necessary to assure adequate

safety. Determination of the appropriateness 'of these requirements,

such as higher quality in design, fabrication, and testing, additional

provisions for inservice inspection, proteCtion against more severe

natural phenomena, and additional isolation valves and containment,

shall inslude consideration of the population density, use characteristics,

and physical characteristics of the site environs.

COMPLIANCE 

There are no penetrations of the reactor confinement building by

the primary reactor coolant system.
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CRITERION 56 - PRIMARY CONTAINMENT ISOLATION 

Each line that connects directly to the containment atmosphere

and penetrates primary reactor containment shall be provided with

containment isolation valves as follows, unless it can be demonstrated

that the containment isolation provisions for a specific class of lines,

such as instrument lines, are acceptable on some other defined basis:

(1) One locked closed isolation valve inside and one locked

closed isolation valve outside containment, or

(2) One automatic isolation valve inside and one locked closed •

isolation valve outside containment, or

(3) One locked closed isolation valve inside and one automatic

isolation valve outside containment. A simple check valve

may not be used as the automatic isolation valve outside

containment, or

(4) One automatic isolation valve inside and one automatic

isolation valve outside containment. A simple check valve

may not be used as the automatic isolation valve outside con-

tainment.

Isolation valves outside containment shall be located as close to the

containment as practical and upon loss of actuating power, automatic

isolation valves shall be designed to take the position that provides

greater safety.

CO:WLIANCE 

The PBF reactor building is not designed nor constructed as a

containment'structure. The only system connecting directly to the

building atmosphere and "penetrating" the confinement is the H & V

System. This system is equipped with power dampers that close automatically

on loss of. power or a rise in radioactivity in the building above a pre-

set•level. Duct work from areas of potential contamination manifold to

the H 6 V System plenum ahead of the roughing, high efficiency and

zeolite filters to preclude discharge of airborne activity.
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CRITERION 57 - CLOSED SYSTEM ISOLATION VALVES 

Each line that penetrates primary reactor containment and is

neither part of the reactor coolant pressure boundary nor connected

directly to the containment atmosphere shall have at least one containment

isolation valve which shall be either automatic, or locked closed, or

capable of remote manual operation. This valve shail be outside containment

and located as close to the containment as practical. A simple check

valve may not be used as the automatic isolation valve.

COMPLIANCE

Since the PBF reactor building is a confinement structure, contain-

ment isolation valves per se are not provided. There are no automatic

isolation provisions except on the H 6 V Waste Gas Systems. A remote

manual valve is provided on the Secondary Coolant System.

The Liquid Waste System is.equipped with local manual valves

(normally clqsed). The Water Supply System has a local manual valve

(normally open). However, a head of water in excess of building relief

pressure precludes any backup.



CRITERION 60 - CONTROL OF RELEASES_ OF RADIOACTIVE 
MATERIALS TO THE 

ENVIRONMENT 

The nuclear power unit design shall include means to 
control

suitably the release of radioactive materials in 
gaseous and liquid

effluents and to handle radioactive solid wastes produced 
during

normal reactor operation, including anticipated 
operational occurrences.

Sufficient holdup capacity shall be provided for retention 
of gaseous

and liquid effluents containing radioactive' materials, 
particularly

where 'favorable site environmental conditions can be 
expected to -

impose unusual operational limitations upon the release 
of such effluents

to the environment.

COMPLIANCE 

Radioactive materials can be released to the environment only 
through

the liquid' waste and waste gas systems. The liquid waste system consists

of "warm", "hot" and corrosive (cold) waste subsystems. 
Storage vessels

for these subsystems are monitored or sampled prior to 
pumping the

contents to disposal. "Cold" waste is pumped to a.disposal well. Wastes

in excess of allowable limits (IDM0510) are transferred 
to a shielded

truck for transportation to permanent storage (ICPP).

The waste gas system induces airflow from areas with the lease

probability for contamination through progressively higher probability

areas and ultimately to the main off gas plenum. The "gas" stream is

filtered .through rough, high efficiency (absolute) and zeolite 
filters

to remove radioactive particulates and iodine.
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CRITERION 61 - FUEL STORAGE AND HANDLING AND RADIOACTIVITY CONTROL 

The fuel storage and handling, radioactive waste, and other systems

which may contain radioactivity shall:be,designed to assure adequate*

safety under normal and postulated accident conditions. These systems

shall be designed (1) with a capability to permit inspection and testing

of components important to safety,.(2) with suitable shielding for

radiation protection, (3) with appropriate containment, confinement, and

filtering systems, (4) with a residual heat removal capability having

reliability and testability that reflects the importance to safety or

decay heat and other residual heat removal, and (5) to prevent significant

reduction in fuel storage coolant inventory under accident conditions.

COMPLIANCE 

Radioactive Waste System - The radioactive waste system is described

in Section X and is designed to meet AECM-0524 and meets the requirements

of items 1 through 4 of this criterion (Item No. 5 not applicable).

Shielding is provided by concrete, earth, lead or water where conditions

require it. Testing and inspections will take place during the frequent

down-times when direct core radiation is minimized. Due'to the inter-

mittent operation (low average power) of the PBF, rad wastes will not be

excessive and suitable storage and handling has been provided.

Fuel Storage and Handling - Due to the nature of the PBF program,

the PBF will not be producing quantities of spent fuel which require

special storage systems. Small quantities of preirradiated test fuel

will however, be brought to the site occasionally. These test fuels

and such PBF (core) fuels as are removed from the core will be stored in

the PBF canal (temporarily) wherein heat removal is more than adequate.

Heatup of stored fuel will be negligible. The fuel storage is designed

to meet AEC14-0524 and is described in the FSAR (IX-K). Fuel storage

racks are critically safe, with a calculated keff in 0.59 when fully

loaded.
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CRITERION 62 - PREVENTION OF CRITICALITY IN FUEL 
STORAGE AND HANDLING

Criticality in the fuel storage and handling 
system shall be pre-

vented by physical systems or processes, 
preferably by use of geometric-

ally safe configurations. 
.

COMPLIANCE 

The PBF canal contains cadmium-lined fuel storage 
racks (PBF-FSAR

Section IX-K), which are critically safe when fully 
loaded with PBF fuel,

k
eff • 

0.59.. The only other approved storage location for 
fuel in'the

PBF reactor building is within the core. This configuration is also

critically safe with a. minimum shutdown margin 
(control rods inserted,

transient rods withdrawn) of 3$. In operations involving transfer of

fuel materials, a limit on the total number of fuel 
bearing assemblies

that may be removed from approved storage has been 
set at two assemblies.

The minimum number of assemblies in optimum array 
that can form a

critical assembly 'is six canisters (62 rods each). 
For the 49 rod

canisters, at least seven are required for 
criticality.
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CRITERION 63 - MONITORING FUEL AND 
WASTE STORAGE

Appropriate systems shall be provided in 
fuel storage and radio-,

active waste systems and 
associated handling areas (1) to detect 

conditions

that may result in loss of residual 
heat removal capability and excessive

radiation levels and (2) to initiate 
appropriate safety actions.

COMPLIANCE

Periodic visual inspections are 
prescribed for the plant during

shutdown periods. These inspections will reveal leaks 
from either the

canal or any part of the rad-waste 
systems, and corrective action will

be initiated. Excessive radiation levels will be 
detected by the

Radiation Protection System (X). All maintenance of liquid waste

system components requires health physics 
surveillanCe and monitoring.



CRITERION 64 - MONITORING RADIOACTIVITY RELEASES •

Means shall be provided for monitoring the 
reactor containment

atmosphere, spaces containing components for 
recirculation of loss-of-

coolant accident fluids, effluent discharge 
paths, and the plant

environs for radioactivity that may be released from 
normal operations,

including anticipated operational occurrences, and 
from postulated

accidents.

COMPLIANCE 

The reactor building is adequately monitored, 
as explained in the

FSAR Section X-C) by the Radiation Monitoring 
System (RMS). The RMS

alerts personnel to the presence of radiation 
hazards in the work areas

within the building. The system includes Remote Area Monitors, Constant

Air Monitors, Portal Monitors, Hand and Foot 
Monitors, and the Analytical

Stack Gas Monitor. The Analytical Stack Gas Monitor provides audible

and visible alarms whenever there is either 
(1) high stack gas particulate

activity, Or (2) high stack gaseous activity. The criterion is inapplicable

in its reference to emergency core cooling.
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