. 2 NATURAL CIRCULATION
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Keep reactor.core cool by natural circulation mode.

Assurptions
1. Heat removal on secordary side with or without power.

. Pump seal can be kept at temperature to avoid demage without seal flgw.

. Makeup is available to compensate any leakage or loss from primary system.

- wN

. Prior to natural circulation, plant is degassed enough to avoid gas
bubble formation which can block circulation at selected operating
pressure.

Alternates

A. All liquid system

1. Natural circulation at 1500 psig
2.. Natural circulation at current pressure
3. HNatural circulation at less than current pressure

B. Boiling System

1. Closed system
2. Open system (feed and bleed at reduced flow rate, being investigated
by others)

Control and Instrumentation

A. Pressure mafntenance

1. High pressure maintained by pressurizer heater
2. High pressure maintained by high pressure pump
» 3, Pressure below current pressure maintained by accumulation
4. Pressure below current pressure maintained by low pressure pump

B. Makeup and Boron Control

1. At high pressure, high pressure pump
2. At reduced pressure, low pressure pump

C. Degassing

1. Pressurizer vents ‘ ' N \66 090

2. Letdown system
3. Add or open vent to top of steam generator
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: D. Instrumentation
M

i 1. Essential .
A. LN |Iﬂ.l£
’ Assurznce of adequate water reveré:ZQ in primary loop.
a) Solid system - need cne in order of preference

pressure measurement
purcp discharge head (charging rate useful)
pressurizer level

b) Boiling system

ccre temperature
pump flow and prassure (?)

2. Desirable
~a) Removal of heat cn secondary side

core outlet temperature
steam generator temperature

b) Degree of gas in primary system

employ present method of measurement
gas balance with time

Advantages

Natural circulation

Minimum operating equipment

Operation without offsite power e
Minimum instrumentation

Inherent self regulation (temperature up, more flow)

A1l liquid

Absolute minimum instrumentation
Verified in PWR operaticn

Greater assurance of adequate inventory
Better predictability

No boron boiloff

Less possibility of flow instability

Boilings \66 09\

Low pressure
Greater flow
Reduced makeup



igh Pressure - current and above up-to.1500 psi

einfcum gas probles
Eargin agovg local boiling in core

" Los Pressure - below current

lower leakage Rk
easfer and more makeup options

Disadvantages

Natural Circulation :
Uncertainty of gross reactor core cooling and -local core coolings

Uncertainty fn gas effect .
Greater susceptibility to loss of pressure and assurance of closing
vent valves
A1l Tiquid
Greater susceptibflity to gas
Bofling, :
See advantages of all liquid
High Pressure
Greater makeup and control
Greater impact on fuel dedding in event of sudden depressurization
leakage to steam generator
Low Pressure

Mue
Méme gas problem
Less margin to boiling

Recommendations

Natural circulation use is recommended only when recirculation pumps
not available
A1l liquid natural cicrulation preferred over boiling and 1s recormended.
Boiling mede should be used only as a last resort.
Recommend current pressure to minimize impact on potential brittle
dedding of fuel
Recommend steam generator fudl and as cold as possible 092
Recommend refill accumulator and put them on. Accumulator pressu"éé
high (recognize disadvantage in event of big leak)
Hold pressure with pressurizer heater, no vent in pressurizar and degas

" through letdown. (try to accelerate degas)
Keep all seafs running as long as seal water temperature {s below cold
leg temperature except when pumps are permanently non operable.
Backup to pressurizer 18 high pressure pumps,
Recoomend following calculations to verify feasibility
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(a) do calculation with B loop not available due to potential leak
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(b) evaluate range of pressure to verify feasibility at differant
pressures

c; study sensitivity to core qressure drop

Ed evaluate sensitivity to all recirculation and fnjection to pusp
seal temperature

(e) calculate tolerable gas level at various pressures to avoid gas
blockage.

(f) calcu]ate to see if this system can be depressurized and cocled
down over long period of time to cold shutdown mode throush
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10. Deve1op contingency procedure for loss of pressure

11. Assure adequate maintenance of high pressure pumps and low pressure purps.

Prerequisites
1. Provide secondary codiing both with and without offsite power

2. Continue to reduce gas level and maintain below level vhich will
give ty di?§1cu1ty at set accumulator pressure.
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