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ABSTRACT

This Preliminary Hazards Evaluation describes the design
features of two i1solated coolant loops in the Heavy Water
Components Test Reactor {HWCTR) and the effect of these
features on reactor safety. It 1s shown that limltations
en the operating conditions backed up by properly chosen
safety systems will permlt operation of the loops without

adding appreciably to the reactor hazards described in
Reference 1.

-2 -




fF= = —= - =

CONTENTS

Lisgt of Tables
List of Filgures

Intrecduction

Summary

Dlscusslion

1. Description of the Loops

1.1
1.2
1.3

1.4

1.5
1.6

1.7
1.8

1.9
2. Loop
2.1

2.2
2.3

3. Loop
3.1

General

Bayonets

Primary Flow System
1.3.1 Lilguid Loop
1.3.2 Boillng Loop
Puriflcation

Seal Supply and Makeup
Secondary Ccolant
Safety Circults

Power Supply

Location of Egulpment
Physics

Reactivity Coefflcients

2.1.1 Test Assembly Design
2,1.2 Operation without Test Assemblles

2.1.3 Vold Coefflcients

Power Distribution

Translents Followling a Reactor Scram

2.3.1 Mathod of Calculation

2.3.2 Liquid Loop
2.3.3 Bolling Leop

Cperation

Operating Limits and Controls

3.1.1 Puel Assembly Power

3.1.2 Pregsurs

——




3.2

2.2

2.1.3 Coolant Temperature
Steady-State Operating Condltlons
3.2.1 Liquid Loop

3.2.2 Boilling Loop

Operating Procedures

%.3.1 Startup Procedures

3.3.2 Shutdown Prccedures

4., Safeguards Analysis

4,1
4.2

.3

Loy

General

Accidents toc the Liguid Leop
4.2.1 Loss of Ho0 Coolant
h.2.2 AC Power Faillure

4.2.3 Changes 1n D,0 Bypassing the Loop Heat
Exchanger

4,2.3.1 Decreased D,0 Bypassing
4.2.3.2 Increased D 0 Bypassing
4.2.4 Effect of Reactor Translents
Accldents to the Boillng Loop
4.3%3.1 TLoss of Hy0 Coolant
4.3%3.2 AC Power Fallure

4.3.% Change in Dy0 Bypassing the Loop Heat
Exchanger

L.,3.4 Effect of Reactor Transilents

Accidents to Elther Loop

4.4.1 Du0 Leaks from High Pressure System
L.4.2 Helium Leaks from High Pressure System
4.4.3 Break in Bayonet

4.4.4 Pump Shaft Break

4.4.5 Break in Rupture Disc

5. Maximum Credible Accident

Bibliography

Page

36
36
36
37
37
37
38
11
41
41
41
42

42
io
2
43
4%
43
43

4y
4y
i
i
L5
16
46
16
55
56




Table

1-I1
1-IIT
1-Iv

Figure
1-1
1-2
1-3
1-4
1-5
1-6

1-8
2.1
2.2
2-3
2-4
2-5
3-1
3-2
i1
52
b3
"
45
4-6
k-7

3-8

LIST OF TABLES

Design and Operating Data for Isolated Coolant Loops
of the HWCTR

Calculated Scram Conditions
Scram Circults for Isolated Coclant Loops

Annunciator Circults for Isolated Ccolant Loops

LIST OF FIGURES

Isolated Coolant Loops Flow Diagram

Lattice Diagram

Reactor Arrangement

Proposed Bayonet Arrangement

Proposed In-line Zircaloy-to-Stainless-Steel Connectlon
Proposed Top Closure

Secondary Cooling System

Reactor Bullding Elevation

Change in Kkgpp of Pile vs. Buckling of Test Lattice
Block Diagram of Liguid Loop

Block Diagram of Bolllng Loop

Transients in the Liguld Loop Followlng a Reactor Scram
Transients in the Bolling Loop Fellowling a Reactor Scram
Steady-State Temperatures in the Liquid Loop
Steady-State Steam Quallty in the Boiling Loop

Loss of Ho0 Coolant to Liquid Loop Heat Exchanger

AC Power Failure to Liquld Loop D0 Pump

Step Change in Cooling in Liguid Loop

Response of the Liquid Loop to Reactor Transients

Loss of Ho0 Cocclant to Bolling Loop Heat Exchanger

AC Power Failure to Boiling Locp D0 Pump

Translents 1n the Bollling Loop Following Partial
Bypassing of the Heat Exchanger

Response of the Boiling Locp te Reactor Translents

Page

13
14
15
16

18
20
21
22
24
25
26
27
31
32
33
3l
35
39
50
47
L8
49
50
51
52

53
54




PRELIMINARY HAZARDS EVALUATION OF THE
ISOLATED COOLANT LOOPS IN THE HWCTR

INTRODUCTION

The Heavy Water Compeonents Test Reactor (HWCTR) is designed to
demonstrate the performance of fuel elements that are candidates for
use In power reactors moderated with Dy0 and fueled with natural uranium.
The HWCTR wlll have the capabllity of testlng as many as 12 fuel
elements, up te 10 feet in length, at temperatures and power ratings
equal to those expected in power reactors. The HWCTR lsg deslgned to
permit the utilization of as many as six positions for 1sclated lcops
in which operating conditlions may be maintain=d at levels different
from these In the main reactor. It is planned to install two of these
isclated loops, with one fuel position in each, at the startup of the
HWCTR. The fuel elements in the two lcops will be cooled with 1liguid
D0 and with beiling Dy0, respectively. Detalled descriptions of the
HWCTR facility can be found 1n References 1 through 5.

A "Prelimlnary Hazards Evaluatlon of the Heavy water Components Test
Reactor"(1?, issued eariier, dealt with the hazards asscclated with
the reacteor site and the reactor operation. These detalls are not
repeated in this report, which presents only the additicnal hazards
connected with the operation of the isolated lcops. Consequently,
thils report should be considered an addendum to the earlier Hazards
Evaluation®!’? and reference to the earller report wlill he necessgary
for a complete description of the entlre facility.

The secondary coolant system, which consisted of heat exchangers and

a spray pond, described 1n the previous report(l}, has been redeslgned
o conslst of two pressurized steam generators. The redesigned system
has the following advantages over the former system: (1) greater
economy, (2) elimination of bypass and automatic valves in the heavy
water loops, and (3) greater protection agzinst rapid temperature
variations during scrams. The Do0 coolant will be pumped at a constant
rate through the tubes c¢f the steam generators. The rate of Ho0 steam
generatlion, and thus the power of the reactor, will he controlled by
regulating valves in the steam discharge lines. The temperature of
The D;0 moderator will be controlled by the position of the control
rods. This arrangement permits the independent adjustment of the
temperature of the Dp0 moderator and the reactor power. This deslgn
modification does not significantly modify the hazards evaluaticon
presented 1n the earlier report(?).

The description of the 1solated loops corresponds to the design as it
exlsted on April 1, 1960, at which time the design was about 50%
complete. Subsequent changes are likely to be made only 1n details
rather than In major features. A Final Hazards Evaluatlion, which will
cover the complete facility, willl be presented to the Atomilc Energy
Commisslon prior to reactor startup. That evaluation will detall any
final design changes and their effects on the safety of the facllity.
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SUMMARY

Degcription of the lLocps

Two lsolated coolant loops, each with a capacity of one fuel assembly,
are to be installed in the HWCTR to permlt operation at conditions that
differ from those that exlst in the reactor. The coolant in cne loop
wlll be liquid D0 circulated at pressures up to 500 psi above that in
the reactor. The coolant 1n the other loop will be bolling D0 at a
pressure equal to that In the reactor.

Each loop conslsts of a Zircaloy bayonet supported in the reactor, and
a coolant circulating system. All of the loop equlpment and plping
outside of the reactor is stainless steel with the exceptlon of the
helium pilplng which 1s carbon steel. The loops share a low pressure
purification system.

Locp Physics

The reactivity changes introduced into the reactor by varlatlon 1n the
operation of the loops are small because the locps occupy only two of
the thirty-six positions for fuel elements. Calculations made for the
effects of (1) fuel element composition, (2) empty loop positions,

and (3) voids indicate that the variation in k. pe ranges from plus
0.003 to minus $.005.

Calculations of the excursions of the pressures and temperatures 1n the
loops that ocecur during a reactor scram indicate that these variables
will follow closely those of the reactor so that no serlous
differentials will exist.

Loop Operatlon

During reactor startups and scheduled shutdowns the loops will be
operated with their gas pressurization systems connected to that of
the maln reactor, and with excess heat removal capaclty. In this way,
the reactor power, temperature, and pressure can be brought up to the
nominzl operating conditions without having to make concurrent adjust-
ment of conditions in the loops. Thereafter, the desired conditions
may be set up in each loop with only negliglible effects on conditlons
in elther the reactor or the other loop.

During level operation, condltions in the loops can be controlled
either automatically or manually.

Safeguards Analysis

Scrams that are initlated from any of several sources will occur soon
ernough to prevent serious conditions from developlng in the loops
should a reactivity transient be initlated In the reactor. The
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reactivity additions consldered were the same ones that were analyzed
in Reference 1 for the maln reactor system.

In general, hydraulic accidents in the loops that ilmpalr the heat
removal capacity produce translents that are arrested by the inltiation
cf a scram before dangerous conditicns develop. The exception 1s a
major break in the high pressure system that permits the rapld loss

of heavy water. This is the maxlmum credible accldent.

Maximum Credible Accident

The maximum credible acecident is a majJor break in the high pressure

D50 or gas systems and 1s the same accldent discussed In detall for

the reactor itself in Reference 1. The operation cf the loops Increases
the probability of this accldent but does not increase 1lts severity.
Since the loops are deslgned with the same margin of safety in the
pressure specifications as was the reactor, the probabllity of the
maximum credible aceident is increased by the addltion of the loops

in direct proportion tc the increase 1in the amount of high pressure
pipling.

DISCUSSION
1. DESCRIPTION OF THE LDDPS
1.1 GENERAL

Two 1solated cooclant lecops will be installed and ready for operation at
reactor startup. These loops will enable the testing of fuel glements
under a wide range of operatlng conditlons. One locp 1s designed for
liguid flow at a pressure 500 psi hilgher than reactor pressure, and will
initlally be operated with D,0. The other loop is to operate with boiling
Do0 coolant and can be converted to cooling with Ds0 steam or CO; with

the addition of new auxiliary equipment.

Fach loop comprises a sealed housing tube, or bayonst, supported in

the reactor, a coolling system for removing the heat from the fuel, and
a seal supply system for flushing and cocling the pump seals. The loops
share a low pressure purification system. All loop equipment and plping
1s stalnless steel with the exception of the hellum piping, which 1s
carbon steel. The gas spaces in the low pressure equipment are connected
to the low pressure helium of the maln system. The high pressure gas
gpace 1n the bolling loop surge tank is connected dlrectly to the gas
space of the reactor, and the gas space of the liquid loop surge tank 1s
connected to the reactor through a differentlal pressure control valve.
The He and Dp that escape from the purge streams of the loocps and the
main purge stream are recompressed and returned to the high pressure
side of the control valve. Ds0 can be added to the lcops from the
reactor purge line 1n an emergency.




The bayonets can be installed in any of the six ocuter test positions
shown in the lattice diagram, Filgure 1-2. The two loops that will be
installed initially will be placed symmetrically with respect to the
center to avold a flux peak that would occur when the reactor operates
with empty bayonets.

Design and operating data for the loops are presented in Table 1-T,
and the flow dlagram for the loops is shown in Figure 1-1,

1.2 BAYONETS

The proposed bayonet design, which is the same for bceth loops, 1s shown
in Flgure 1-#%, and the positicn of a bayonet in the reactor is shown In
Figure 1-3. The bayonet consists primarily of two concentric tubes
that form an annulus for the downward flow of coolant and provide a
central space for upward flow of coolant through a test fuel asgembly.
The outer bayonet tube and the top porticn of the inner tube are
pressure tubes. '
|

The upper sectlon of the bayonet iz made of stalnless steel and is
connected to the inlet and outlet piping and fo the Zircaloy lower

section by gasketed joints. The connection between the upper and lower
gections, shown in Figure 1-5, will be a permanent Jjolnt and will effect

a stainless-steel-to-Zircaloy transition. Nickel-iron transition sectlons
will be used to provide a gradual change 1n thermal expansion coefflclent
through the jolnt. The lower section of one of the bayonets willl be
Zircaloy-2 and the other will be Zircaloy-4.

The upper sectlon of the bayonet is capped by a top clesure. This
closure, shown in Flgure 1-6, 1s removed for charging and discharging
fuel assemblles., The fuel assemblies are supported at the bhottom by

the bottom cap of the outer bayonet tube and are held down by the muff
tube, which 18 attached to the top closure. The inner bayonet tube acts
a8 a guilde for the fuel houslng tube and the muff tube,

The welght of the bayonst is supported by inlet and cutlet connectlons
welded to nozzles in the reactor shell as shown in Figure 1-4. The

bayonet 1s free to expand vertically but is gulded at its midplane

by the top shleld and at the bottom by the bottom thermal shleld. With

the bayonets in place in the reactor, adequate clearance exlists for the

removal of all other reactor compcnents.,

Loop coolant enters the lower side connection and flows down the annulus
formed by the insulating liner and the inner bayonet tube. At the lower
end ol the inner bayonet tube the flow continues down the annulus formed
by the insulating liner and the fuel housing tube. Turning at the

bottom of the bayonet, the coclant flows upward through the fuel assembly
and out the upper side connection. The insulating liner is a thin,
dimpled (or ribbed) tube that makes a tight £it with the cuter bayonet
tube. The small annulus formed by the dimples contalns essentlally
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stagnant Dp0. BSmall heles are drilled at each end of the liner so the
annulus will £il1l with water.

The bayonet gide joints will be connected and disconnected by tools
handled from the main floor. Preparatlons for the replacement of a
bayonet will require the removal of the reacter top head, all fuel
elements, indexing top shield plug, all contrcl and safety rod gulde
tubes, top guide plate, and shield plug support ring. The D0 level

in the reactor will be lowered to expese the two connections. The
upper section of the bayonet willl be sawed off and removed by tThe crane.
The lower secticn will be radicactlve enough to reguire shielding and
will be removed to the spent fuel basln by a special gripper in the
transfer coffin.

The stainless steel pertlons of the bayonets will meet the regquirements
of the ASME Unfired Pressure Vessel code. The Zircaley portions will

be deslgned on the basis of Non-Mandatory Appendix @ of the code. Design
temperatures and pressures are listed in Table 1-I. The design

exposure 1life of the bayonets 1s 5 years in a thermal neutron flux of

3.9 x 10** n/(em®)(sec) and a fast flux of 5.2 x 10*® n/{cm®)(sec).

They are alsc designed to withstand a mlnimum of 100 scram cycles and

the corresponding temperature and pressure translients as given 1in

Table 1-II.

The bayonets wilill be chemically resistant to D0 with a pD of 10 to 11
on the outslde surfaces and 7 to 11 on the inslde surfaces. The oxygen
content should be less than 0.1 ppm to prevent corroslon of the nilckel-
1ron transitlion sectlons. A carbon steel mock-up of a bayonet, lts
nozzle supports, and adjacent piping will be subjected to severe
condlitlions of steam-water flow to determine whether potentially
damagling vibration willl occur.

1.3 PRIMARY FLOW SYSTEM

1.32.1 Liquid Loop

Liguid D0 is cireculated in this loop at z pressure that is as much as
500 psil higher than the pressure in the reactor vessgel. The effluent
from the bayonet passes through a heat exchanger, surge tank, and two
pumps before returning to the bayonet. The pumps can be coperated In
series or in parallel. Loop pressure i1s controlled by a dlfferential
pressure valve in the line connecting the gas space of the surge tank

to the main system. Protectlon of the bayonet from excesslve pressure
differential 1s prevlided by positive and negatlve pressure rupture dilscs,
designed to rupture at +700 and -20C psl, respectlvely.
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1.3.2 Bolling Loop

In the boiling loop, Do0 is pumped as a liquid to the bayonet and

is removed as a llquid-steam mixture at reactor pressure. The mlxture
is quenched by cold D0 in a gquencher just downstream of the bayonet,
and the subcooled liquid passes through a surge tank and two pumps.
Part of this flow returns directly to the bayonet, and the rest passes
through a heat exchanger and becomes the gquench water for the two-phase
bayonet effluent. A separate bypass 1s provlded around the heat
exchanger so that the pressure drops across the throttling valves to
the bayonet and the heat exchanger can be regulated.

A high pressure test lecop has been constructed by the Savannah River
Laboratory to obtaln hydraulic and heat transfer data pertinent to the
operation of this boiling loop.

1.4 PURIFICATION

Separate purge streams from each loop pass through purge coolers and
pressure-reducing valves and are combined to provide the feed to the
loop purification system. The purge flow 1s controlled by the liquid
level 1n the surge tank. The purification system consists of a pump,
a deionizer in the L1-0D form, a2 delonlzer in the D-0D form, and an
afterfilter. Provision has been made for future installation of a
prefilter. Normal flow %o purlfication 1s about 2 gpm from each loop.

1.5 SEAL SUPPLY AND MAXEUP

The purification effluent feeds the seal water supply pumps. Each
loop has its own high head seal pump and 1ts own head tank, which 1s
located at the +52 foot level. The seal pump supplles the head tank
through a pressure control valve so that when the lcop circulating
pumps are operated in series the downstream pump seal is supplled
from the high pressure side of the control valve and the upstream
pump seal is supplied from the head ftank slde of the control valve.
The valve setting 1s controlled by the difference between the seal
water pressure and the suction pressure of the downstream pump. When
the pumps are operated in parallel, the head tank provides a constant
supply to both seals. The gas spaces of the head tank and surge tank
are connected, and overflow from the head tank flows down to the surge
tank.

An alternate supply of water for the purlfication system and seal
supply system 1s the loop storage tank. Provision 1s alsc made so that
either or both loops can use the purification system of the reactor.

1.6 SECONDARY COOLANT

The clrculating Do0 1n each loop passes through the shell side of a
heat exchanger. Hx0 flows by gravity through the tubes of the exchanger
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to remove all the heat generated in the loop fuel assembly except the
small fractlon that appears as moderator heating. The H,C 18 used on
the tube slde so that a high velocity can be malntalned to prevent
boiling. The source of the Hp0, which 1s the same that services the
main reactor system,is a new 7O-foot-high, 36-inch-dlameter standpipe
that 1s supplied by an existing 150,000-gallcn elevated storage tank.
After passing through these heat exchangers and other miscellaneous
exchangers 1n the buillding, the water 1ls recovered and used as feedwater
for the main steam generators. The secondary cooling system 1s shown

in Figure 1-7.

1.7 SAFETY CIRCULTS

The loop safety cilrcuits in general duplicate the safety clreuits of
the maln system. Table 1-III ig a summary of the loop condlfions that
cause the reactor to scram, and Table 1-IV 1ists the annunciator
circuits. Each of the conditionsg, including the scram items, sounds
an audible alarm and lights an ldentifying plate on the annunciator
panel 1n the control room.

1.8 POWER SUPPLY

The normal and emergency power supplles for the loops are the same as

for the reactor. Each loop has two maln cilrculating pumps, one of

which is on the emergency AC power supply. Each pump has, in addition

to 1ts AC motor, a DC motor that i1s continususly energlzed and cdontinues
to turn the pump at one-third speed should the AC motor fail. A flywheel
assures a flow decay curve that overrides the heat decay of the fuel
after a scram. One pump driven by its DC motor provides enough flow

for shutdown cooling.

1.9 LOCATION OF EQUIPMENT

The placement of the loop equipment in the bullding 1s shown in

Figure 1-8. The liquid loop clrculating pumps, heat exchanger, and
surge tank are in the left (east) pump room and ite purge cooler is 1n
the left generator rocm. The bolling loop surge tank 1s 1In the right
pump room and lts pumps, heat exchanger, and purge cooler are in the
right generator room. The seal water pumps are in the left purification
reom along with the high head pumps that supply seal water and makeup
to the maln system. The loop storage tank and purlflcation pump are
aleo in the left purifilcatlon room, and the loop deionlzers and filter
are in the left generateor room. The seal supply tanks are supported
at the +52 foot level along with the seal supply tank for the maln
pumps.
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TABLE 1-T

Deslign and Operatlng Data
! for Isolated Ccolant Loops of the HWCTR

Loop No. 1 2

Coolant D0 D20
(Liguid) (Bolling)

Reagctor conditions
Power, MW 61 30 - 50
Nominal operating pressure, psig 1000 780
Design pressure, psilg 15C0 1500
Inlet temperature, °C 214 200
Outlet temperature, °C 239 225 - 242
Maximum outlet temperature, °C 290 290

Loop conditicns

Power, MW 1.80 1.43
Operating pressure, ps%g 1500 780
Maximum presgure, pslg c) 1800 1C00
Minimum pressure, psig(c) 845 660
Deslgn pressure, psig 2200 1500
Inlet operating temperature, °C 250 258
Inlet minimum temperature, °C - 219
Outlet operating temperature, °C 274 269
Outlet maximum temperature, °C 310 310
Coolant flow, 1b/hr 114,000 45,500
AP fuel passage, psil 15.3 20
Quality of coolant, % 0 14(e)
Bayonet pressures -
External maxlmum pressure, psi(a)(c) 75 (b)
External design pressure, psi(2)(d) 200 200
Internal operating pressure, psi‘? 500 none
Internal maximum pressure, psi(a)(c) 650 (b)
Internal deslign pressure, psi a)(d) 700 700

Pressure given is AP - bayonet to reactor

Loop and reactcer have common pressurlzation systems
Reactor scram conditions

Pressure relief to reactor

Quality variable over a 0% to 30% range

P N e Wi W
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TABLE 1-IT

Calculated Scram Condltions

Time, Coolant Outlet Temp, °C
minutes Reactor Liquld Loop Boiling Leop
0 225 27h 269
¢.5 220 230 260
1 214 190 253
2 202 127 239
3 192 97 225
4 184 T2 210
5 176 -—- 198
10 145 - 150
15 128 -—- 112
20 118 -—- 87
25 109 -—-- 68
30 100 - -
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TABLE 1-TIIT

Scram Circuits for Isolated Coolant Loops

Ttem

Tentative Setting

Actuabing Signal

Liguid ILoop
High dilfferential pressure

Low dlfferentlal pressure

Pump power fallure

Low process water flow

High baycnet effluent
temperature

Low surge tank level
Low cooling water flow

Boiling Loop

Pump power fallure

Low process water flow

Low quencher AT

Low surge tank level
Low cocling water flow

Low bayonet AP

+100 to
reactor

=100 to
reactor

+200 psl on loop-
AP

-20C psi on loop-
AP

Under voltage

-8%
+5°¢

-10%
-20%

Under voltage

-8%
-5%¢

-10%
~20%
-50%

- 15 -

AP across differentisal
pressure control valve

AP across differential
pressure control valve

Loss of power to AC
motor of either
clreulatlng pump

AP acrossa orifice meter

Thermocouple in bayonet
effluent line

AP across purge lines

AP across orifice meter

Loss of power to AC motor
of elther circulating pump

AP across orifice meter

AP across thermocouples
in quencher influent and
effluent lines

AP across purge lines
AP across orlfice meter

AP across taps in bayonet
influent and effluent .
lines ‘




TABLE 1-IV

Annuncilator Clrcuits for Isolated Coolant Loaops

Item

Tentatlve Settlng

Actuating Signal

Liguld Loo
Process water actlvity

Gas activity
Differential pressure

Pregsure

Seal pressure abnormal

Pump power

Seal pump power

Process water flow

High coclant AT
{rod reversal)

Coolant AT

Bayonet effluent
temperature

Surge tank influent
temperature

Surge tank level
Seal tank level

Pump lube abnormal

Cooling water flow

Seal pump lube abnormal

0 to 100%, adjustable
0 to 100%, adjustable
-10C to +100 psl on
loop-reactor AP

-100 to +100 psi
-5 to +5 psi

Power loss

Under voltage

-5%
+3%¢

+2°%¢

+2%¢
-5%

-5 to +5%

6 inches below coverflow

~10%

Process water gamma
monitor

Gaseous [ilssion product
monitor

AP across differential
pressure control valve

Pressure in gas space

AP across seal water
supply and suctlon of
downetream pump

Losa of power tco DC motor
of elther clrculatling
pump

Loss of power to sezl
water pump
AP across'orifice meter

AT across thermocouples 1in
bayonet 1nfluent and
effluent lines

AT across thermocouples
in bayonet influent and
effluent lines

Thermocouple in bayonet
effluent line

Thermocouple 1n surge tank
influent line

AP across purge lines
Liquid head in tank

Lube pressure, temperature,
or level awltch on either
circulating pump

AP across orifice mefter

Lube pressure, ftemperature,
or level swltch on seal
water pump




Ttem

TABLE 1-IV {Continued)

Tentative Setting

Actuating Signal

Boiling Loop
Process water activity

Gas activity

Seal pressure abnormal

Pump power

Seal pump power
Process water [low

Quencher AT

Surge tank level
Seal tank level

Pump lube abnormal

Cooling water flow

Seal pump lube abnormal

Bayonet AP

Both Loops

Storage tank level

0 to 100%, adjustable
0 to 1C00%, adjustable

-5 to 45 pei

Power loss

Under voltage

-5%
-29

-5 to +5%

6 inches below overflow

10%

-25%

-5 to +6 inches

- 17 -

Process water gamma
monltor

Gasecus flssicn product
monitor

AP across seal water
supply and suctlon of
downstream pump

Loss of power to DC motor
of either cilrculating
pump

Loss of power to seal
water pump

AP across oriflce meter

AT across thermocouples
in guencher influent and
effluent lines

AP across purge lilnes
Liguld head in tank

Lube pressure, temperature,
or level switch on either
clrculating pump

AP across orifilce meter

Lube pressure, tempsrature,
or level switch on seal
water pump

AP azross taps in bayonet
influent and effluent
lines

AP across purge lines
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Liquid Dz0 Loop

Line MHe. 1 2 2 4 5 6 7 8 9 10 11 1z 13 14
1 Mat'l. Dz0 Da0 D0 Da0 Dg0 D20 D0 D0 - D0 Bgd Dad D8 D0
2 Oper. press. psig or as noted 1463 1463 1hig 1449 1446 1487 1523 1500 - 1623 1523 1530 1530 1488
3 Max. press. pslg or as noted 2200 2200 2200 2200 2200 2200 2200 2200 - 2200 2200 2200 2200 2200
4  Operating temp,, °C 274 274 274 250 250 250 250 250 - 250 30 30 30 20
5 Maximum temp., °C 2g4 294 291 270 270 270 270 270 - 270 45 45 L5 45
6 Oper. flow, gpm, or as noted 260 As Reg'd As Req'd 260 261 261.5 262 260 - 2.0 2.0 2.0 0.5 1.5
7 Max. flow, gpm, or as noted 300 300 300 300 %00 300 300 300 - 4.0 k.o 2.0 2.0 2.0
8 Seram flow, gpm, or as noted - 27 234 - - - - - - - - - - -
1 Line No. 15 16 17 18 15 20 21 22 23 24 25
1 Mat'l. D0 Dx0 D0 D0 - - He + Dp He He + Dp He He
2 Qper. prees. pslg or as noted 1463 1463 1488 10" H0 - - 1460 1460 1460 1460 1lo00
3 Max. pressa. pslg or as noted 2200 2200 2200 10" HaO - - 2200 2200 2200 2200 1500
4 Operating temp., °C 30 30 30 30 - - Anb. Amb . Amb.  Amb.  Amb.
\ 5 Maximum temp., °C hs [0 45 80 - -~ Amb . Amb . Amb . 294 204
6§ Oper, flow, gpm, or as noted 1.0 1.0 0.5 Neg. - ~ As Req'd - Neg. - -
7 Max. flow, gpm, or as noted 2.0 2.0 2,0 1.0 - - 8.0 SCFM 4.0 SCFM 8.0 SCFM - -
8 Scram flow, gpm, or as noted - - - - - - - - - - -
) Bailing D0 Loop
|
Line No. 26 27 28 29 30 21 22 33 34 35 36 T 38 3% Lo
1 Mat'l. He D0 D20 Dyl  Da0 Dy0 Dg0 Dp0 Dz D0 DO - - D20 D0
2 Oper. prese. psig or as noted 780 T80 T80 77T Bid 856 B1s &1z 790 T8O T80 - - 815 Bim
3 Max. press. psig or as noted 1500 1500 1500 1500 1500 1500 1500 1500 1500 1500 1500 - - 1500 1%00
4% QOperating temp., °C Amb 2h9 258 a8 258 258 258 258 258 258 134 - - 258 30
5  Maxlmum temp., °C 300 300 300 300 300 300 300 300 300 300 300 - - 300 45
& Dper. [low, gpm, or as noted - 45500 152 1853 153.5 154 107 105 L7 0 ¥4 - - 2.0 2,0
#/HR
7 Max. flow, gpm, or as noted - 71000 300 300 300 ro0 164 162 220 200 250 - - 4,0 4.0
#/HR
8 Scram flow, gpm, or as noted Qualisy - - - - - - - - - - - - _
148
Line No. 41 Lz 43 L L5 [T u7 48 L9 50 51 52 53 54
1 Mat'l. Da0 D0 D20 D0 D0 D0 D20 - - He + D He He He + Dp He + Dg
2 Oper. press. peig or as noted B#7 847 Bos 780 780 805 10" H0 - - 780 1700 780 780 780
3 Max. press. psig or as noted 1500 1500 1500 1500 1%00 1500 10" Hy0 - - 1500 2000 1500 1500 1500
4 operating temp., °C 30 30 30 30 30 30 Z0 - - Amb . Amb. Amb. Amb. Al .
5 Maximum temp., °C 45 45 b5 45 45 45 8 - - Amb. Amb.  Amb. 300 Arb.
6 Oper. flow, gpm, or as noted 2.0 Q.5 1.5 1.0 1.0 0.5 Neg. - - Neg. Neg. Neg. Neg. Neg,
7 Max. flow, gpm, or as noted 2.0 2.0 2.0 2.0 2.0 =2.¢ 1.0 - - &.0 L0 40 70 CFM b.o
SCFM SCFM  SCFM SCFM

8 Scram flow, gpm, or as noted - - - - - - - - - - - - _ _

Cocling Water

Line Ho. 55 56 57 58 59 0 61 62 63 64 65 66

1 Matr'l. C.W., C.W. C.W. C.W. C.W. C.W, C.W. C.W. C.W, C.W. C.W. C.W.

2 Oper. press. psig or as noted 50 L1e] 50 10 50 40 50 40 50 4o 50 40

3 Max. press. psig or as noted 50 50 50 50 50 50 50 50 50 50 50 50

4 Operating temp., °C 22 52 22 52 22 52 22 52 22 28 22 =8

5 Maximum temp., °C 22 52 z2 52 22 52 2z 5z 22 28 2z 28

6 Oper. flow, gpm, or as noted 180 180 225 225 50 50 [e] 50 20 20 20 20

T Max. flow, gpm, or as noted 200 200 250 250 50 50 50 50 20 20 20 20

8 Scram flow, gpm, or as noted - - - - - - - - - - - -

Purification

Lire No. 57 68 &9 TO Tl T 3 T4 75 16 T7
1 Mat':. Dg0 D20 D0 D0 Da0 D0 b0 D,0 D20 He + Dg -
2 Oper. press. psig or as noted 10" Hp0 10" Kx0 10" Hp0 50 50 50 10" Hy0 10" Ha0 50 10" HLO -
3 Max. press, pslg or &8 noted 10" H0 10" Hz0 10" H0 50 50 O 10" H,O 10" HaO 50 10" Hg0 -
4 Operating temp., °¢ 30 20 30 30 30 30 3¢ 30 30 Amb. -
5 Maximum temp., °C g 45 4g k5 45 45 45 45 30 Amb . -
& Oper. flow, gpm, or 48 noted 2.0 2.0 k.o 4.0 o o 4.0 4.0 A Reg'd Neg. -
T Max. flow, gpm, or as noted k.0 .0 5.0 6.0 6.0 6.0 6.0 k.o 15 4.0 SCFM -
8 Scram flow, gpm, ¢r a8 noted - - - - - - - - - - -
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76" diameter inside shield

C) Driver fuel assembly {enriched uranium)

C) Test fuel assembly (natural uranium)
{(Outer six positions can hold bayonets)
Contrel Rods
e DBlack full rod
o Black half rod
® (Gray full rod
o Safety rod

®@ TInstrument positicn

FIG. 1-2 LATTICE DIAGRAM
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FIG, 1-3 REACTOR ARRANGEMENT
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Stainless Steel

Ni - Fe Transition Sections

Gasket

Zircoloy

Collar (Stainless Sieel)

Quter Tube {Zircoloy)

Insulating Tube (Zircaloy)

Inner Tube (Stainless Steel)

FIG. 1-5 PROPQSED IN-LINE ZIRCALQY-TO-STAINLESS-STEEL CONNECTION
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Cap Screw \
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FIG, 1-6 PROPOSED TOP CLOSURE
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General Notes

P - Pressure, pslpg, with respect to 0 floor in reactor Bldg., unless noted.
0 floor = 289.67' grade elevation.

T - Temperature, °C

Q - Flow in 1b/hr for steam, Na,PzO7, 1lignin and NasS05; gpm for water

Conditions for minimum design D0 temp of 2259 leaving reactor

Conditicons Tor normal design Dg0 temp of 239°C leaving reactor

Conditions for maximum deslign Dp0 temp of 285°C leaving reactor

Based on 0.0003 foullng factor on light water slide of steam generator tubes

Based on clean tubes on light water side of steam generator

System is designed for maximum of 30% continuous blowdown

Operating maln reactor only

Operating main reacteor and liguid Du0 loop

Operating maln reactor, liquid Do0 loop, and bolling Dp0 loop

10 Operatlng maln reactor, liguld D0 loop, boiling D0 loop, and purge cooler emergency flow
12 Pressure at & generator feed pump suctlon

13 Pressure at well pump gauge

14 Well pump flows and pressure are hagssd on 1959 Test data. Pipe friction is based on €=115
although above tests indicate ¢=138 which 1s 0.71 x friction at C=115

o~ W Eu o

15 Flow from standpipe durlng startup and shutdown when generator pressure 1s below 25 psig

16 Flow when reactor is being recharged and steam generators are used as water to water heat
exchanger

17 Steam generator pumpdown. Used after 16 to prepare for startup

18 PR = Required pressure when control valve bypass 1s cleosed and butterfly valve 1s open 60°

19 Butterfly valve 73% open with bypass valve closed

General - where dupllcate circults exlist flow data are glven for one clrecult only

FIG. 1-7 SECONDARY COOLING SYSTEM
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EQUIPMENT IDENTIFICATION

Reactor 186-14& 186-2
Main Circulating Pumps 187

Main Purge Coolers 150

Main Storage Tank 192-1 & 192-2
Main System Daionizer 193

Main System Afterfilter 194

Main System Seal Water Pump 185

Drain Tank 197

Drain Tank Pump Items not shown
BoHing Loop Purge Cooler 176

Boiling Loop Surge Tank 177

Boiling Loop Circulating Pumps 181

Boiling Loop Ssal Water Pump 191

Bayonets 198

Ligquid Loop Circulating Pumps
Liquid Loop Heat Exchanger
Liquid Loop Surgs Tank

Loop Deionizers

Loop Afterfilter

Loop Storage Tank

Liguid Loop Seal Water Pump
Leoop Purification Pump

Boiling Loop Quencher in Right Generdter Roum
Beoiling Loop Heat Exchanger in Right Generator Reem
Boiling Loop Seal Supply Tank in Dome

Liquid Loop Purge Cooler in Left Generator Reom
Liguid Loop Seal Supply Tank in Dome

FIG. 1-8 REACTOR BUILDING ELEVATION

{Looking North)
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2. LOOP PHYSICS

2.1 REACTIVITY COEFFICIENTS

2.1.1 Test Assembly Design

The effect on plle reactivity of changlng the design of all 12 test
assembiles was determined experimentally. The correlatlon between
reactivity and the material buckling of an 1nfinite trlangular lattice
of test assemblies on a T-lnch lattice spacing 1s shown 1n Figure 2-1.
If the buckling 1s known for the two loop test assemblles (assuming
they are identlcal), then the reactivity effect is approximately one-
sixth the wvalue obtalned from Flgure 2-1. For example, two test
asgemblies having a buckling 400 uB lower than the buckling of the
standard test assemblies would decrease the reactivity by 0.02/6, or
0.003.

For test assemblies with bucklings outslide the range of the experimental
data, the reactivity effect may be estimated wlth the two-group
diffusion theory method described in References 1 and 4. Replacement
of all 12 "standard” test assemblies with 19-rod clusters of U0z rods
results in an estimated reduction in Kgep of 0.03. Thus, 1f only the
two fuel assemblies in the loops were changed from the standard

deslgn to the UOp rod clusters, k,pp would be reduced by 0.005.

2.1.2 Operation wlthout Test Assemblles

If operation of the pile with rno test assemblies 1n the two loops 1s
desired, the reactivity effect may be estimated from HWCTR critical
experimentst4). Removal of a test lattice having zero buckling from
the central reglon so that only Dp0 was present caused an increase 1n
Kepp 0f 0.016. Thus, removal of the test assemblies from the two
isclated loops would result in an estimated increase of 0.0027 in

kepf.

2.1.3 Vold Coefficients

Severe bolling might result in the complete removal of the D0 from
the coolant channels of a test assembly, with a concomitant Increase
in plle reactlivity. Expulslon of the coolant from a single test
assembly (tubular U metal) gave a measured increase of only 0.00013 in

keff'“”

2.2 POWER DISTRIBUTION

With the standard type of test fuel assembly 1in all 12 positions, the
reactor power is limited at the start of a cycle by the burnout safety
factor (BOSF) of the driver elements. When a different type of fuel
assembly 1s lcaded in an 1solated coolant loop, the power generated in
that assembly is limlted so that the BOSF 1n both the drliver and the
test assembly 1s at least 1.8,
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To facilitate the calculation of power generation 1n test assemblles
of different types, the ratio of the average flux 1n a test assembly
to the average flux 1n the driver assemblles has been caleculated for
several test assembly designs. The flux ratios were obtalned from the
Pa approxlimation to transport theory; the extreme values 1n thils ratlo
ranged from 1.6 to 2.1.

2.3 TRANSIENTS FOLLOWING A REACTOR SCRAM

2.3.1 Method of Calculation

Models of the liquid—DEO-cooled loop and the bolling-Ds0-cooled leoop
that were assumed for the calculations are shown in Flgures 2-2 and

2-3. A heat balance equation 1s written for each component of the loop,
and the system of equations 1s solved using numerlcal integration for

a perturbatlion in flow from some initial, steady-state condition. For
the liquid loop the method 1is similar to that described 1n Appendix B,
Reference 1; for the bolling loop, the derivatlon of the equations 1is
glven in detall in DP-485, (%)

2.3%.2 Liquid Loop

It was assumed that prilor to the scram the reactor was operating at a
power of 50 MW, that 87.35% of the D:0 coolant flow through the loop
bypassed the heat exchanger, that the loop pressure was 485 psl above
the reactor pregsure and that the steam valves on the reactor boilers
were set at 22.2 in.2., Transient pressures and temperatures 1n the
reactor and 1n the loocp were calculated for 35 seconds followlng a
scram. An example of temperature and power varlations isg shown 1in
Figure 2-4. The following quantities were varled in the calculation:
the initilial He-Dgz0 gas volume in the loop surge ftank, the fraction of
the Dg0 coolant that bypassed the loop heat exchanger, and the steam
valve settling on the HWCTR steam generators.

In order to avold rupturing the protectlve seals between the loop and
the reactor gas systems, 1t 1s desirable that the pressure differential
between the two systems remaln as nearly constant as possible after a
reactor scram. The fransient calculations 1ndicate that the simplest
method of achieving this nearly constant pressure differential 1s to
speclfy a gas volume of 55 gallons 1n the loop surge tank and to leave
the steam valves in the operating positions.

The loop pressure, the reactor pressure, and the pressure differential
are shown in Figure 2-4 as functions of time followlng a scram for the
optimum conditlons. Alsc shown are the two cases that produced the

extreme changes in pressure differentlal compared to the optlimum case.

An alternative mode of operation that would control the differential

pressure translent would be to close the steam valve from its initial
setting of 22.2 to 2.0 1in.®. The reactor then cools more slowly and
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the differential pressure between the reactor and the loop agaln changes
only slightly.

In conclusion, the calculations indlcate that if the gas volume 1In the
loop surge tank is 55 gallons, then no damage to the 1liguid-Dy0-cooled

loop will result from a reactor scram.

2.%3.% Bolling Loop

The changes in varlous temperatures in the bolling loop following a
resctor scram are shown in Flgure 2-5. In this calculation, 1t was
assumed that prior to the scram the reactor was operating at a power
level of 30 MW (steam valve setting of 13.2 in.%) and that the total

D0 flow through the loop was 154 gpm. To achieve the nomlnal operating
conditions for the test assembly (258°C inlet temperature and 16% exit
steam quality), 60% of the Dg0 passed through the test assembly and 40%
passed through the heat exchanger. Followlng the scram, no changes were
made in the steam valve setting or in the valves that control the flow
of Dg0 coolant through the test assembly and through the loop heat
exchanger. Thirty-five seconds after the scram, the temperature of the
D50 at the bayonet outlet was 240°C; no boiling would cccur, since the
vapor pressure at this temperature 1s well below the pressure 1in the
reactor.
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3. LOOP OPERATION

3,1 OPERATING LIMITS AND CONTROLS

3.1.1 Fuel Asgsembly Power

The reactor power level will be limited by the maximum power that may

be generated in a single fuel assembly, elther a driver assembly or one

of the tegt assemblles. The maxlimum power per assembly may be limlted

by coolant ftemperature, heat flux, cladding temperature, or fuel
temperature. The earller hazards report‘l discussed thege limits 1in
detail. The exceptlon to the limlts described previously 1s that bollling
will be permitted in the assembly belng lrradiated in the 1solated bolling
loop. Here, the heat flux will be 1limited by a minimum burnout safety
factor (BOSF) of 1.8, )

3.1.2 Pressure

The pressure 1ln the bolllng loop wlll egual the pressure in the reactor
since the gas spaces 1n the two systems are connected by lines that
contaln no valves. The dlfference in the pressure between the isolated
liqulid locp and the reactor 1s limlted to the range of -200 to +700

psl by rupture discs 1In the lines connecting the gas spaces of the two
systems. The nominal operating pressure difference wlll be +500 psi
and willl be controlled by a signal frem a dlfferentlial pressure
controller that measures pressures in the lines connecting the two
systems. Gases that escape from the systems through evolution from
purge streams and through other losses will be made up by additions

to the liquild loop and thence to the reactor through the differential
pressure control valve.

3.1.3 Coolant Temperature

The maximum temperature of the coolant in the boiling loop will be

the saturatlon temperature of the Dy0 at the reactor operating pressure.
The temperature of the coolant in the liquid loop wlll be controlled

at a value legss than the saturation temperature at the operating
pressure of the reactor. Thus, if the rupture discs between the
lsolated liquld loop and the reactor should break, the DL0 in %the
liquid lcop will not boil.

3.2 STEADY-STATE QOPERATING CONDITICNS

3.2.1 Liguid Loop

Flgure 3-1 shows the effect of changlng the fraction of D0 flow that
bypasses the locp heat exchanger on the test assembly lnlet and ocutlet
temperatures and on the heat exchanger outlet temperature. When more
than 80% of the D,0 flow bypasses the heat exchanger, these temperatures
are very sensltlve to changes 1n the amount bypassed. The calculatlions
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indicate that if 87.35% of the flow bypasses the heat exchangers the
nominal wvalues of the test assembly inlet and cutlet temperatures, 250
and 274°C, respectively, would be attained.

3.2.2 Bolling Loop

Analysls of the boiling-D.0-cooled loop for several cholces of operatlng
conditions is 1llustrated 1n Figure %-2. For the results in this figure,
the following conditions were assumed: (1) the surge tank pressure was
780 psig; (2) no Do0 was bypassed around the heat exchanger; and (3) Hz0
flow and temperature at the heat exchanger inlet were constant, The

Ds0 flow through the test assembly was taken to be 25, 50, 100, and 150
gpm. The steam quality 1n the test assembly effluent DZ0 1s shown as

a functlon of the D0 flow through the loop heat exchanger for several
values of the power generation in the test agssembly. For example, with
100 gpm through the test assembly, the maximum steam gquallty is about
23% and the minimum power generation in the test assembly to produce

any Steam in the coolant channels is 0.80 MW. The maximum power
generation 18 limlted to 1.83 MW in all cases to ensure that all the
sfteam 1ls condensed 1ln the steam guencher.

3.3 QOPERATING PROCEDURES

3.3.1 Startup Procedures

The startup procedures described 1n the previocus report(l) wlll be
followed whenever either or both isclated locps are to be operated in
conjunction with the reactor. At the time that all conditilons are
established to permlt nuclear startup, flow of ccolant in excess of
nominal will exist 1n the isclated lcops and the block valve 1n the '
gas line between the reactor and the liquid loop will be open so that
all pressures in the entire system will be eqgual.

When control rods and steam valves have been adjusted to bring the
reactor up te operating temperature and power, both loops wlll be
operating at the pressure of the reactor and at cooclant temperatures
below the final operating levels. The flow of coolant in The bolling
loop at this time will bhe gufflcient %o maintaln all the coolant in
this loop below the bolling polnt.

The boiling loop will be brought to the bolling condltion by adjustment
of the flows of Dy0 to the fuel assembly and to the heat exchanger that
supplles coolant to the steam guencher. Thege adjustments will have
negligible effects on fusl agsembly power and the other operating
parameters of the reactors. The alternate adjustment of the two flows
of coolant will resul% in the desired quallty of the effluent coolant
from the fuel assembly and the subcooling across the steam gquencher.
When these parameters are established at their deslired values, they

are thereafter controlled by either manual or autcmatice ‘control. The
flow to the fuel assembly is malntained constant by the signal from a
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flowmeter controlling the throttling valve, and the subcoollng 1s
maintained constant by the signzl from the AT measurement across the
quencher controlling the throttling valve to the heat exchanger. The
ranges of Interest of these two parameters are steam qualities from O
to 30% and subcoolings greater than about 5°C. However, the steam
quality 1is limited only by the allowable heat flux of the fuel, which
1s 1n turn limited by the EBOSF.

The desired operatling conditions in the liguid-cooled loop will be
egtablighed by 1scolatlng the pressurizing system of the loop from the
pressurlzing system of the reactor, raising the pressure in the ligquid
loop, and adjJusting the flow in the bypass around the loop heat
exchanger. After the two pressurlzing systems are lsolated, the
differential pressure contreoller wlll be set at the desired wvalue,
nominally +500 psl. Hellum wlll then be admitted to the loop system
to establlsh the desired differential, which wlll thereafter be
maintalined as described above. The temperature of the coolant 1n the
ligquid loop will then be raised by increasing the flow of coclant in
the bypass around the heat exchanger. Thereafter, the flcw through
the bypass will be automatically controlled to malntalin the coolant
to the fuel assembly at a constant temperature.

3.3.2 Shutdown Procedures

During a normal shutdown of the reactor and the 1sclated loops, the
reverse of the above operations will result in smooth reducticns in
coclant temperatures and pressures. The transients that cccur in the
loops during a scram are discussed 1n Section 2.
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4. SAFEGUARDS ANALYSIS
4,1 GENERAL

Possible equipment fallures and operating errors were postulated, and
their consequences were determined. The accidents described in

sections 4.2 and 4.3 were ilnvestigated by the use of methods similar

to those described in Appendix B, Reference 1. Flgures 2-2 and 2-3 show
the models of the isolated coclant loops that were employed.

i .2 ACCIDENTS TO THE LIQUID LOQP

L. 2.1 Loss of Ho0 Cooclant

The initial conditlons postulated for calculating the transients
following the loss of HoC ccolant were: (1) reactor power level of

50 MWw; (2) 87.35% of the DgC coolant flow bypassing the loop heat
exchanger; and (%) loop pressure 485 psl above the reactor pressure.

A typical case is shown 1In Figure 4-la; 1t was assumed for thils problem
that the reactor dld not scram after the accident. Under this ccndition
and with an initial surge tank gas volume of 55 gallons, the loop
pressure lncreases to 700 pel above the reactor pressure in 35 seconds,
rupturing the seal between the locp and the reactor gas systems. The
resultant decrease in pressure in the loop, together with the rise 1In
D0 temperature in the loop, would cause boiling, and eventually would
melt down the test fuel assembly.

The accldent just described requires two independent system failures:
interruption of the Hy0 coolant flow and failure of the reactor scram
system. Normally a scram would occur automatically due to the reductlon
in Hs0 coolant flow or to the temperature rise in the loop Dz0 coolant.
Thus, a more realistic condition 18 that the reactor scrams following
the loss of H,0 coolant. Figure 4-1b shows the result under these
conditions: the loop temperatures rapidly approach values about 5°¢
above the initial inlet Do0 temperature, and the pressure differential
between the loop and the reactor increases from the initlial value of

485 to 625 psi in %5 seconds. This pressure differentlal 1s well below
the value required %o rupture the seal, and sufficient time 1s avallable
to adjust the pressures 1n the loop and reactor as they cool.

Figure 4-1lc shows the temperature of the test assembly effluent DZ0 as a
function of time for three conditions: (1) ne D0 1s bypassing the loop
heat exchanger and the reactor does not scram after loss of HZ0

coolant; (2) 87.35% of the D,0 is bypassed and no scram occurs; and

(3) 87.35% of the D0 1s bypassed and the reactor is scrammed.

The results of these calculations indicate that if Hp0 coolant is
stopped and the reactor is sgerammed, either automatlcally or manually,
no damage to the loop or to the reactor will result. If no correctlve
action 1s taken and if the scram system falls, then bolling of the

Do0 would ensue.
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L. 2.2 AC Power Fallure

For the calculatlon of these transients, 1t was assumed that affer an
AC power failure, the D0 coolant to the loop decreases linearly to
one-third its initial value within 30 seconds and then remalins constant.
This assumption is based on a slow decrease in pump speed due to the
inertia of the pump flywheel, followed by resumptlon of pump operation
cn the DC emergency power.

Figure 4-2a illustrates typlcal loop temperature and pressure transients
under the conditlons that the reactor continues operation at 50 MW and
that 87.35% of the loop D0 flow conbtlnues to bypass the heat exchanger.
The consequences of thils accildent are less sericus than those considered
in Section 4.,2.1; with a 55-gallon gas velume in the surge tank, the
pressure differential between the loop and the reactor increases from
L85 to 566 psl after 35 seconds so that the protectlve seal is not
ruptured, even if the reactor continues to operate.

Normally, the reactor would be scrammed after AC power fallure;
Figure U4-2b shows the transient behavicr in this case., The pressure
differential increases to 535 psi after 35 seconds, compared to 566
psl that was obtalned when the scram system falled.

In Fligure 4-2¢ the change in the test assembly effluent temperature with
time is plotted for three conditlons: (1) no Dx0 is bypassing the loop

heat exchanger and the reactor does not scram after an AC power fallure;
(2) 87.35% of the D0 is bypassed and no scram occurs; and (3) 87.35%

of the flow is bypassed and the reactor is scrammed.

4,2.3 Changes in Dg0 Bypassing the Loop Heat Exchanger

4.2,%3.1 Decreagsed D0 Bypassing

The inersased cooling caused by increasing the amcunt of D0 through
the heat exchanger results in the translents that are 1llustrated in
Figure 4L-3a. Continusd operatlicon of the reactor at 50 MW was assumed.
The calculation indicates that this accident results 1n a slow
decrease 1n the pressure differentlal between the locp and the reactor,
but seal rupture (at a differential of -200 psi) i1s not threatened.

4.2.%.2 Increased D0 Bypassing

Typical transients followlng a sudden lncrease in D0 bypassing are
shown 1in Filgure *-3b. It 1s apparent that i1f the reactor were not
scrammed, the pressure differential would rise to about 700 psi in 30
seconds, 1f the initial volume of gas in the surge tank is 55 gallons
and the bypass flow increases from 87.35% to 99%. However, the
temperature rise in the effluent D.0 would inltlafte a scram slgnal
after about 3 seccnds, 1n which Interval the pressure differential
would not exceed the rupture value.
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Figure U4-3c shows the varilation of the temperature of the test assembly
effluent D,0 for four possible conditicns.

Only if the scram system falls does thils type of accident result 1in
breaking of the rupture disc and possible damage to the system. This

would require about 30 seconds.

L. 2,4 Effect of Reactor Translents

The response of the liguid loop temperatures and pressures to reactor
transients was calculated for both step and ramp reactlvity additlons.
Results for step additions of 0.4% and 0.6% k and a ramp addition of
0.0%% k per second are shown in Figure 4.4, The following assumptlons
were made: (1) the initial reactor power was 50 MW; (2) the Hy0 coolant
temperature at the inlet of the loop heat exchanger was 229¢; and (3) the
fractlon of Ds0 flow that bypassed the loop heaf exchanger was 0.90.

For these cases, the pressure differentlal between the loop and the
reagctor does not approach the value that causes the rupture disc to
fail. Therefore, thls type of accident does not result 1in damage to

the loop. The effect of reactivity transients on the reactor itself

are discussed in Reference 1.

4.3 ACCIDENTS TO THE BOILING LOOF

4.%.1 Loss of H0 Coolant

A 20% reduction in the flow of HZ0 coolant to the loop heat exchanger
normally causes a reactor scram. Complete cessation of coolant flow
might result from an accldental break in the HxC line. The system
transients followlng such a break are shown in Figure 4-5a. A reactor
power of 30 MW was assumed prior to the accident. After L seconds all
the Hp0 boilg out of the heat exchanger, and after 35 seconds the
temperature of the D0 from the heat exchanger rises from an initial
value of 171 to 2129C. However, the temperature of the D0 from the
steam quencher changes very little after 10 seconds. Thus, 1f the
scram system functions, no damage to the reactor or loop results.

In the event of a simultaneoug loss of Hzp0 coolant and fallure of the
scram system, the steam quencher outlet temperature rises 1n approximately
19 seconds to the saturatlon temperature of Dx0 at 780 psilg, and the

steam 18 not completely condensed. The quallty of the steam issulng

from the test assembly increases, untll, eventually, meltdown of the

test fuel occurs. The transient behavior under these condlitions 1s
illustrated in Figure 4-5Db.

4,%,2 AC Power Fallure

The assumptions that were made for the calculation of the transilents
after AC power fallure are the same as those glven in Sectlon h.z2.2.
The results are shown in Figure 4-5a; no damage would be caused by AC
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power fallure 1f the acram system functilored normally and pump
operation continued on the emergency DC power supply.

For translents shown 1n Flgure 4-6b, 1t was assumed that the scram syatem
failed to operate after AC power fallurse. The steam quencher outlet
temperature rises in approximately 11 seconds to the saturation tempera-
ture of Dz0 at 780 psig, and the steam is not completely condensed.
Eventually meltdown of the test fuel would occur under these conditions.

4.3.3 Change in D,0 Bypassing the Loop Heat Exchanger

The result of bypassing part of the flow through the heat exchanger
while malntalning a constant flow through the test assembly is shown
in Flgure %-7. It was assumed that 60% of the D0 flow passed through
the test assembly and that the reactor power was 30 MW. TFor the case
consldered, a 10% decrease in flow through the heat exchanger in b
seconds, the outlet temperature from the steam quencher comes within
29C of the saturation temperature at the loop operating pressure. Thus
very llttle additional bypassing would result in incomplete quenching.

4.3.4 Erfect of Reactor Transients

The respense of the boiling locp to inadvertent changes in plle
reactivity 1s 1llustrated in Flgure 4-8. The cases that are shown
include step increases of 0.1 and 0.2% and a ramp increase of 0.03%
k/sec. An inltial pile power of 30 MW (corresponding to a steam valve
opening of 13.2 in.®) was assumed. The D:0 flow split 1n the loop was
assumed to be 0.6 through the fuel assembly and 0.4 through the heat
eXchanger.

The effecta of reactor transients are more serious in the bolling loop
than in the liguid loop. For example, the ramp reactivity additilon
causes the temperature of the Dy0 at the cutlet of the steam quencher
to increase to the saturation temperature in 5 seconds. After this
time, the D0 steam would not be completely condenssd. If the reactor
power continued to increase, pump cavitation would likely occur and
meltdown of the fuel in the loop would follow.

An accldental step increase of 0.4% k (not shown in Figure 4-8) also
results in incomplete quenching of the D0 steam after cnly 0.5 second.
Thus 1t appears from the calculaticns that the bolling loop 1s more
Sensltive to reactor transients than ig the 1ligquid locop {see

Section 4.2.4}.

4.4 ACCIDENTS TO EITHER LOOP

4.4.1 D0 Leaks from High Pressure System

Small leaks that develop during operation of the loops are not hazardous
and wlll be detected promptly. Leaks of less than 2 gallons per minute
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will be made up by the seal pump and will be detected by a decrease in
the purge flow and a decrease 1n the loop storage tank level. A low
level alarm will sound when the volume of DZ0 in the storage tank
decreases by about 50 gallons.

Leaks of more than 2 gpm will result in decreases I1n the surge tank
level and 1n the system pressure. A scram willl be initlated by a lcss
of about 12 gallons from the surge tank and a loss of about 100 psil in
pressure.

The system can cope with sudden leaks of up to about 40 gpm if the D0
addition valve 1s opened before the loop is pumped dry (about 3
minutes). With the main system makeup pump operating, Ds0 1s supplled
to the loop from the reactor purge line until the system has cooled to
100°C and the reactor 1s depressurized manually (about 30 minutes).
The leak will have diminished to less than 5 gpm as a result of the
decrease in pressure, and emergency Hx0 can be added to the system 1T
necessary. The limlts on the size of leak that can be handled are the
capacity of the makeup pump (30 gpm) and the volume of Dp0 in the main
storage tank (normally about 1000 gallong).

For leaks of more than 40 gpm, the reactor level will fall below the
purge nozzle and the loop willl draln before the moderator has coocled
to 100°9C. Since emergency cooling cannot be provided immedlately, it
is probable that a metallic fuel element 1in the loop will melt and
release fission products to the contalnment buillding. When the loop
drains, the ensuing gas release will depressurlize the reactor and some
flashing of the moderator will cccur.

For sudden leaks of more than about 100 gpm, the loop will be pumped
dry while the moderator is still at a hlgh temperature. The resulting
rapld depressurization will lead to the maximum eredible accldent
described in Reference 1.

4.4.2 Helium Leaks from High Pressure System

Leaks of less than 8 standard cublc feet per minute from the high
pressure gas system will be made up by the He-Dp recompressor. Leaks
will be detected by an increase in flow through the gas meter 1in the
low pressure helium supply line and by abnormal operaticn of the mailn
helium compressor. Leaks of more than 8 SCFM will be indicated by a
loss in system pressure, and the reactor will scram 1f the pressure
drops gbout 100 psl.

Gas leaks are tolerable 1f the resulting pressure decrease 1is slow
enough to prevent flashing of the moderator. It 1g estimated that for
an initial leakage rate of about 400 SCFM, pressure will be maintalined
1in the system until the moderator has cooled to 100°C. Leakage of much
more than 400 SCFM willl cause rapid depressurlzation and willl lead to
the maximum credible accident.
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4,4.3 Break 1n Bayonet

TLeaks of lesg than 2 gpm Inte the reactor from the bayonet slde
connections or a break in the bayonet will be detected by a decrease

in the purge flow and a decrease in the storage tank level. A leak of
more than 2 gpm will result in a scram from the decrease in surge

tank level, and leaks in the liquld loop bayonet will also cause a

low pressure scram. In addition, 1f the leak 1s upstream of the fuel
assembly 1t will be detected by a high effluent temperature In the
liquid loop or a low bayonet AP in the bolling loop. A scram will be
initiated by an increase of 5°¢ in the 1liquid loop effluent temperature
or a decrease of 50% in the boilling locop bayonet AP.

Since there is no loss of Dy0 from the high pressure system, leaks of
any slze can be handled if the D0 addition valve can be opened before
the loop 1s pumped dry. For a leak of 100 gpm this would tzke about a
minute., If a large leak occurs and the valve 1s not opened, 1t 1s
expected that melting will result 1f a metalllc fuel element 1s 1n the
loop.

In the event of a sudden large leak upstream of the fuel, burnout of
the fuel could occur before the reactor scrams. After the power 1s
down flow wlll be re-established to the fuel assembly unless the
coolant channels are bleccked by deformed fuel or there is a clean
break in the system. Any radloactivity released in this accident
will be contained in the hlgh pressure system.

4.4.4% Pump Shaft Break

In the event that the shaft of one of the clrculating pumps breaks
between the pump and the flywheel, flow wlll continue to be provided
by the other pump. When the pumps are operating in series, the loop
flow willl drop rapidly to about 75% of 1ts normal value, and a reactor
scram will be initlated by the reduction in flcw. No burnout will
occur. Scrams wlll alsc be caused by a high effluent temperature in
the llquld lcop and a low bayonet AP 1n fhe bolling loop.

When the pumps are operating in parallel, backflow through the idle
pump 1s prevented by a check valve, and the flow remalns high enough
to prevent burnout of the fuel. Should the check valve fall, most of
the flow will bypass through the disabled pump and burnout could occur
vefore the reactor scrams. Agaln, any radioactivity released wlll be
contained in the high pressure system.

B,4,5 Break in Rupture Dlsc

The accidental rupture of one of the dlscs separating the gas spaces
of the liguild loop and the reactor will not lead to a serious accldent.
The liguid locp will be cperated 0 that the vapor pressure of the D30
in the lcoop 1s less than the reactor pressure, so that no flashing of
the locp coolant will occur when the disc breaks.
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3. MAXIMUM CREDIBLE ACCIDENT

The maximum credible acecldent was defined and discussed 1in the previous
report(l). This accldent follows a major break in the hlgh pressure
system. The operatlon of the loops in conjunction with the reactor
increases the probability of thls accident only to the extent that they
increase the slze of the high pressure D0 or gas system. The loops are
designed to pressure specilfications equal to or greater than those for
the maln reactor. Each lcop 1s protected agalnst overpressure by the
relief devices on the main reactor. The gas space 1n the bolllng D0
loop is connected directly to the gas space 1n the maln reactor. The
gas space of the liguld D0 lcoop is separated from the maln reactor
system by rupture discs. The ratio of the gas space in the llguild

loop to that in the maln reactor 1s about 0.1 830 that the rupture of a
disc at +700 psi differential ralses the reactor pressure only slightly.
Thus, the addition of the loops does not add to the severity of the
maximum credible accldent and can, at most, lncrease only slightly the
probabllity of 1ts occurrence.
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