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CASE 1: Loss of Core Cooling During Heat Removal via Decay Heat Removal 

System 

I. RCS Pressure Boundary Intact, Filled or Drained

SYMPTOMS 

RCS temperature increasing.

DH system low flow alarm or DH pump tripped.  

High DH cooler inlet or outlet temperature.  

RCS pressure increasing.

Low suction pressure on DH removal pump.  

IMMEDIATE ACTIONS 

If DH pump is not running, determine cause and 
restart.  

If OH pump is running, ensure adequate cooling 
DH cooler.

attempt to 

water flow through

Stop any operations that would decrease RCS inventory.  

PRECAUTIONS - Not Applicable 

FOLLOWUP ACTION 

If RCS pressure increases to'maximum pressure for DH pump line per 
Plant Limits and Precautions, ensure drop line valves are shut.  

Trip DH pump if suction pressure drops to minimum required per 
Plant Limits and Precautions.  

Check for proper valve line up.  

If the DH pump cannot be restarted, place alternate DH train pump 

and cooler in service and restore normal cooling.  

If normal DHR cannot be restored and RCS is drained, refill RCS 
with MUJ/HPI pumps from BWST, then close RCS vents. Establish 
secondary cooling either with natural circulation or increase 
RCS pressure and start one RC pump. The atmospheric dumps or 
turbine bypass valves, if there is a vacuum in main condenser, 
can be used.,
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4.5.1 If secondary cooling cannot be established immediately, an alter
nate flow path can be established to give more time until a DH train 
or secondary cooling can be placed into service.  

4.5.1.1 Refill and pressurize RCS to 200 psig and letdown via the DHRS drop 
line, use a flow path through one idle DHR pump and its cooler to 
the HU system cross connect valve, through this valve to the suction 
of the MU pump, and then into the RCS via normal MU line.  

CAUTION: This method will not be adequate to keep the core cool 
in all decay heat load conditions, so a DHRS should be 
returned to service or secondary cooling should be 
established as soon as possible.  

NOTE: Do not overpressurizer the DH drop line.  

II. RCS Pressure Boundary Not Intact, RV Head Detensioned 

1.0 SYMPTOMS 

1.1 Low DH pump suction pressure.  

1.2 DH system low flow alarm or DH pump tripped.  

1.3 High DH cooler inlet or outlet temperature.  

2.0 INMEDIATE ACTIONS 

2.1 If DH pump is not running, determine cause and attempt to restart.  

2.2 Ensure proper cooling flow through DH cooler.  

3.0 PRECAUTIONS - Not Applicable 

4.0 FOLLOWUP ACTIONS 

4.1 Trip DH pump if suction pressure drops to minimum required per 
Plant Limits and Precautions.  

4.2 Check for proper valve line up.  

4.3 If the DH pump cannot be restarted, place alternate DH train pump 
and cooler in service and restore normal cooling.

DATE : 12-12-79 PPAGE 5



BWNP-20007 (6-76)

BABCOCK & WILCOX NUMBER 
NUCLEAR POWER GENERATION DIVISION TECHNICAL DOCUMENT 69-1106921-00 

4.4 If the DHRS cannot be restored, throttle M/HPI pump discharge 
and open MU/HPI pump suction from BWST. Start MU/HPI pump and 
open discharge slowly until water is observed coming from RV 
flange. Close DH drop line valves.  

NOTE: This may cause flow into incore tank. Ensure 

watertight door is shut.  

4.3 Re-establish containment integrity.  

4.6 Increase MU flow as necessary to keep core cool. Verify water vs.  
steam flow from RV flange.  

4.7 Restore a DHR train to service as soon as possible.  

III. RV Head Removed, Fuel Transfer Canal Filled or Empty 

1.0 SYMPTOMS 

1.1 DH system low flow alarm or DH pump tripped.  

1.2 High DH cooler inlet or outlet temperature.  

1.3 Low DH pump suction pressure.  

2.0 I!EDIATE ACTIONS 

2.1 If DH pump is not running, determine cause and attempt to restart.  

2.2 If cooler outlet temperature high, increase cooling water flow 
through DH cooler.  

3.0 PRECAUTIONS - Not Applicable 

4.0 FOLLOWUP ACTIONS 

4.1 Trip DH pump if suction pressure drops to minimum required per 
Plant Limits and Precautions.  

4.2 Check for proper valve line up.  

4.3 If the DH pump cannot be restarted, place alternate DH train, pump 
and cooler, in service.  

DATE: 12-12-79 PAGE 6
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4.4 If the DH system cannot be restored and the seal plate is not 
installed, if possible, use bleed transfer pump to maintain core 
covered until seal plate is installed. If bleed transfer pump 
cannot be used, throttle M/HPI pump discharge and open suction 
from BWST. Use MU/HPI pump to maintain core covered.  

CAUTION: Boron concentration in bleed hold tank may limit 
use of bleed transfer pump for makeup.  

4.5 Re-establish containment integrity.  

4.6 When seal plate is installed, throttle MU/HPI pump discharge and 
open suction from BWST.  

4.7 Start MU/HPI pump.  

NOTE: Visually insure that core is covered with water. Increase 
flow if steam is observed in the core and allow overflow into 
refueling canal.  

4.3 Return DHRS to service as soon as possible.  

4.9 If DH system operation cannot be restored before BWST water is 
exhausted and canal is full, use spent fuel system coolers to 
cool and recirculate refueling canal via fuel transfer tube.  

NOTE: Flanges have to be removed from fuel transfer tube.

DATE: -12- 1-79 PAGE
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Case 2: Loss of RCS Inventory During Heat Removal via Decay Heat Removal 
System 

I. RCS Pressure Boundary Intact or Head Detensioned 

1.0 SYMPTOMS 

1.1 Decreasing pressurizer (PRZR) level if RCS is filled.  

1.2 High or erratic DH system flow.  

1.3 DH system low flow alarm.  

1.4 Increasing containment sump level.  

1.5 Possible increase in containment radiation.  

1.6 Possible increase in containment humidity.  

1.7 Decreasing RCS pressure.  

1.8 High activity in service water.  

2.0 IMMEDIATE ACTIONS 

2.1 Maintain RCS inventory with water from BWST and, if possible, 
with bleed transfer pumps.  

2.2 Establish containment integrity.  

2.3 Determine if the leak is in DHRS and, if possible, locate and 
isolate.  

3.0 PRECAUTIONS - Not Applicable 

4.0 FOLLOWUP ACTIONS 

4.1 Trip DH pump if suction pressure drops below minimum pressure 
required by Plant Limits and Precautions.  

4.2 If operating DHRS had to be removed from service to isolate leak, 
restore normal DH removal by placing alternate DH train in service.  

DATE: 12-12-79 PAGE
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4.3 If the leak is in the RC System or cannot be isolated, start 
the other DH pump in the LPI mode to maintain, if filled, PRZR 
level or, if drained, water flow out the RV flange.  

4.4 When RB sump has sufficient water for NPSH on LPI pump, suction 
can be switched to RB sump, only on pump that is in LPI mode.  

II. Head Removed 

1.0 SYMPTOMS 

1.1 Decreasing RCS level.  

1.2 High or erratic DH system flow.  

1.3 DH system low flow alarm.  

1.4 Increasing containment sump level.  

1.5 Possible increase in containment humidity.  

1.6 Possible increase in radiation level.  
/ 

1.7 High activity in service water.  

2.0 IMMEDIATE ACTIONS 

2.1 Maintain RCS inventory with water from BWST and, if possible, with 
bleed transfer pumps.  

2.2 Establish containment integrity.  

2.3 Determine if the leak is in DHRS and, if possible, locate and 
isolate.  

3.0 PRECAUTIONS - Not Applicable 

4.0 FOLLOWUP ACTIONS 

4.1 Trip DH pump if suction pressure drops below minimum pressure 
required by Plant Limits and Precautions.  

4.2 If operating DHRS had to be removed from service to isolate leak, 
restore normal DH removal by placing alternate DH train in service.  

DATE: 12-12-79 PAGE 9
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4.3 If the leak is in the RC System or cannot be isolated, maintain 
removal of DH with one DH train.  

4.4 Maintain RCS level with water from BWST or, if possible, with bleed 
transfer pumps until the seal plate is installed, fuel transfer tube 
flange can be removed, and fuel transfer tube flange drains are shut.  

4.5 Flood refueling canal from BWST.  

4.6 If leak is large enough to maintain water in RB sump for a NPSH 
for DH/LPI pump, start other DH/LPI pump in recirculation mode when 
sufficient water is in RB sump.  

4.7 If leak is not large enough to maintain NPSH for a DH pump, the 
other DH pump will have to be cycled as necessary to maintain 
water level in refueling canal above minimum required for fuel 
movement.  

CAUTION: Additional borated water sources may be required to 
maintain refueling canal level and provide a NPSH 
in RB sump for DHR pump. Do not allow DH pump to 
cavitate.  

4.8 When it is determined that refueling canal level can be maintained, 
both fuel transfer tube valves can be opened for fuel movement.

DATE: 12-12-79 A 1I PAGE 10
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1.0 BASES 

The decay heat removal (DHR) system is placed in operation at 
primary system conditions of about 300 psig and 280F. The DHR 
system will remain in operation throughout the refueling period 
until the reactor vessel (RV) head is reinstalled, the reactor 
coolant system (RCS) is repressurized and a heatup is started.  
Plant conditions during refueling can be divided into three 
basic categories. They are: 

State 1: RCS pressure boundary intact, filled or drained; 
DHR system operating.  

State 2: RCS pressure boundary not intact, RV head off or 
detensioned; RV water level at or below flange.  

State 3: RV head off; fuel transfer canal filled.  

Inadequate core cooling can result while in any of the three 
plant conditions; State 2 provides the operator with the least 
time for action. One of two occurrances will be the cause of the 
inadequate core cooling. First is a loss of the DHR system.  
Second is a leakage of RCS Inventory due to break. The loss of 
RCS inventory will cause inadequate core cooling only if RV water 
level is decreased below the bottom of the hot leg nozzles.  
This results in a loss of the DHR system by uncovering the DHR 
system suction line. A loss of the DHR system will allow reactor 
coolant (RC) temperature to increase. If a leak is below the 
core, continued leakage will permit core uncovering. If the plant 
is in State 1, the coolant will boil and the core may go through 
a DNB transient. If the plant is in State 2, the coolant will 
boil off until the RV water level is at the top of the core, at 
which point inadequate core cooling exists. If the plant is in 
State 3, the coolant temperature will rise locally, but bulk boiling 
in the fuel transfer canal is not probable.  

The following sections describe the conditions which could cause 
inadequate core cooling during refueling, the action necessary 
to recover, the reasons for that action, and the instrumentation 
necessary to detect potential inadequate core cooling. Loss of 
the DI-R system and loss of RCS inventory are addressed separately.  
During any of the transients, THE OPERATORS PRIME CONCERN MUST 
BE TO KEEP THE CORE COVERED WITH COOLANT.  

1.1 Loss of Decay Heat Removal System 

There are several conditions which may cause the DHR system to 
be lost. They are:

DATE : 12-12-79 1 AE iI PAGE 11
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TECHNICAL DOCUMENT 
A. DH letdown suction valves fail shut.  

B. DH cooler discharge valves fail shut.  

C. DH pump fails.  

D. Loss of cooling water to DH cooler.  

E. Loss of liquid level due to improper draining of the system.  

F. Inappropriate valve line up with other system (e.g., makeup 
and purification (MU&P), sampling, spent fuel cooling (SFC, 
vents on coolers and pumps).  

G. Decay Heat system relief valve lifts but does not reseat.  

H. Inadvertant opening of dump to sump valves (not on all plants).  

I. A leakage of coolant either from the primary loop or attached 
piping which drains the RCS below the hot leg DH suction 
nozzle (this is a special case and is addressed in 
Section 5.2).  

1.1.1 Actions for State 1: A loss of the DHR system can be countered 
by either using the redundant train of the DHR system or by shut
ting the DH letdown suction valve and utilizing once-through steam 
generator COTSG) cooling. Ensure any planned draining is isolated.  
If the RCS is partially drained, the system will have to be refilled 
in order to utilize OTSG cooling.  

1.1.2 Actions for State 2: The DHR system may be lost through either 
of two methods. For the loss of the DHR system which is due to 
a loss of inventory (i.e., Items E through H), secure any plant 
operations in progress which might have caused the loss of inventory 
and isolate the faulty component. Once those operations are se
cured, the DH system will be functional again and the RV can be 
refilled from the borated water storage tank (BWST).  

For a loss of the DHR system which is due to a loss of heat removal 
ability, (i.e., Items A through D), secure the operating DH pump 
and realign the DH system so that the unaffected DH train will 
provide core cooling. (If not secured within five minutes of 
a loss of suction, the pump will fail.) For the worst case (decay 
heat production 48 hours after shutdown and water level at the 
RV nozzle belt) these actions must be completed within 15 minutes 
of the initiation of the event in order to prevent core boiling.  
If the initial RV water level is at the RV flange, boiling will 
start about 26 minutes with a 48 hour after shutdown decay heat.  

DATE: 12-1-79 PAGE 12
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If the DH system is lost due to a failure of the letdown suction 
valve, there is no way to retain a closed DH system. Both the 
BWST and the spent fuel pool are available sources of coolant.  
That coolant will have to be pumped into the core and allowed to 
fill the fuel transfer canal.  

The BWST is the prefered source of water to be used, and is pumped 
into the fuel transfer canal through the RV by a DH or HPI pump.  
When the fuel transfer canal is full, use one SFC pump to pump 
coolant from the fuel transfer canal to the DH recirculation and 
test line and into the RV. The system will use one SFC pump and 
cooler to remove DH until the DH letdown suction valve can be 
repaired. The spent fuel pool is a secondary source of coolant, 
but it can only be recycled with the fuel transfer tube and fuel 
tilt pit gate open.  

1.1.3 Actions for State 3: The core cannot be inadequately cooled.  
The redundancy in the safety grade DHR system will provide core 
cooling for all cases except a failed shut letdown suction valve.  
In this event, cooling will be through the cross connect with the 
SFC system.  

1.1.4 There are several instrumentation devices which will provide in
dication of a loss of heat removal ability. The primary indi
cation of a loss of DH cooling are DHR system flow, DH pump suction 
pressure (if available), DH pump discharge pressure (if available) 
and DH pump differential pressure (if available). Other indica
tions-of the loss are DH pump motor current (if available), 
audible sounds of DH pump cavitation, DH cooler inlet or outlet 
temperature, valve position indication, reactor building (RB) 
sump level, and incontainment radiation monitors.  

1.2 Loss of RCS Inventory 

While the plant is being cooled by the DHR system, a loss of 
RCS inventory will cause inadequate core cooling only if the 
leak will allow draining the system to a level where the DH 
pump loses suction. If the leak is below the core (for example: 
incore nozzles) continued leakage can uncover the core.  

1.2.1 Actions for State 1: Operator action to recover from these 
conditions is provided in Appendix A of the Small Break Operating 
Guidelines. Those guidelines require coolant injection from the 
BWST using the LPI system or the HPI system (throttled) for coolant 
injection depending on the RCS pressure.  

DATE: 12-12-79 PAGE 13
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1.2.2 Actions for States 2 or 3: A leak in the DH system or the incore 

nozzles can reduce the fluid level below the DH suction nozzles 

so coolant must be added to the system. The analysis and recom

mendations assume that inventory will be reduced as if there were 

a break of equivalent size to the cross sectional area of one incore 

nozzle. While in State 2, the break area will cause a maximum 

outflow from the system of 42 gallons per minute. The outflow 

may be up to 84 gpm while in State 3. The State 2 outflow is 

equivalent to a RV level decrease of less than one-half inch per 

minute. At this rate, it will take over 3 hours for the system 

to be drained down to the RV outlet nozzle. Action should be taken 

to investigate the cause of the loss of level as soon as possible, 

and action must be taken within 2 hours of the break initiation, 

if the initial RV water level were at the RV flange. This time 

may be reduced to as low as 15 minutes when the initial water level 

is at the RV nozzle belt as would be the case for maintanence in 

the steam generator lower head region. Water must be added to 
the system to maintain the RV water level above the RV outlet 
nozzles so that the DH system can remain functional.  

If actions to refill the RV are delayed, indications to confirm 

the loss of inventory may become more noticable. The RB sump level 

alarm will activate indicating the presence of water there. DH 

cooler outlet temperature may increase due to the heat capacity 
loss of the discharged coolant. But the primary temperature may 

be reduced by increasing cooling water to the DH cooler. The 

incontainment radiation monitors may also provide an indication 
that RV water level is decreasing.  

1.2.3 There will be a noticable increase only when RV water level is 

such that the radiation levels from the core are approximately 

equal to the other radiation sources in the containment.  

1.3 Special Precautions 

Several special precautions must be observed by the operator 

while the RCS is experiencing these transient conditions. They 
are: 

A. The DH pump must be secured within five minutes of a loss 
of pump suction to preclude failure.  

B. The DH pump must be secured and the DH system letdown 

suction valves shut if the RCS repressurizes to a pressure 
greater than DHR system design pressure.  

C. Ensure that the DH suction nozzle remains convered to prevent 
loss of the DH pump and subsequent loss of core cooling.  

DATE: 12-12-79 PAGE 14
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2.0 PLANT RESPONSE 

The RCS response will be presented for both a loss of DHR system 
and a loss of RCS inventory in each plant condition. The plant 
response, both with and without operator action will be discussed.  

2.1 Loss of Decay Heat Removal System 

When heat removal ability is lost, the coolant which is in the 
RV will heat up. With no operator action, the coolant will con
tinue to increase in temperature until it reaches the boiling 
point. If the plant is in State 1, the plant will go through 
a DNB transient, and operator action will be required to restore 
core cooling. If the plant is in State 2 with initial RV water 
level at the RV flange the water in the RV will begin boiling in 
about 26 minutes. The coolant will continue to boil off until 
it reaches the top of the core in about 2-1/4 hours. At this point 
the core is considered to be inadequately cooled and core damage 
may occur. At lower initial RV water levels the coolant will reach 
the boiling point faster and although the coolant will boil off 
at the same rate, it will take less time for coolant level to reach 
the top of the core due to decreased system volume. If the plant 
is in State 3, the coolant temperature in the RV will begin to 
increase, but the large volume of water in the fuel transfer canal 
will prevent bulk boiling in the system.  

Operator action is required in all states in order to prevent core 
damage. While in State 1, natural circulation will begin, but 
if the OTSGs are not in operation the coolant will continue to 
heatup until it reaches the saturation temperature for the system 
pressure. The operator must either restore the DH system or 
initiate OTSG cooling to prevent core damage. If the condenser 
is not available, maintain secondary steam pressure with the 
atmospheric dump valves. If the RCS is partially drained, the 
operator must either restore the DH system or refill the system 
(using either LPI or HPI pump) and initiate OTSG cooling. The 
RCS may repressurize above the decay heat system design pressure.  
The operator must insure that the DHR system remains isolated while 
RCS system pressure is above the design pressure of the DHR system.  

While in State 2, the operator must restore DH removal to prevent 
core damage. With RV water level at the RV flange, RC average 
temperature will increase from 140F to 18OF within 15 minutes of 
the loss of the DH system. This time may be reduced to about 10 
minutes should maintanence which requires a significantly reduced 
RV water level be in progress. If DH removal capability is re
covered by then, the system can be safely cooled back down to 140F.  
If the system temperature reaches the boiling point, fluid will 
be boiled off at a maximum rate of 81 gallons per minute based on 
48 hour DH levels. By restoring the DH system with a makeup 
flowrate greater than 31 gpm, the system will become subcooled 
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again. The higher the makeup flowrate, the more quickly the system 
can be returned to normal conditions. A minimum flowrate of 250 
gpm is recommended as that flowrate will fill the RV from the top 
of the core to the ledge in about 50 minutes. A 3000 gpm flowrate 
will fill the RV in 3 minutes.  

While in State 3, bulk boiling in the fuel transfer canal is not 
probable. However, the operator should attempt to restore the 
DH system or cross connect the SFC system to the DH system in 
order to remove DH.  

2.2 Loss of RCS Inventory 

A loss of RCS inventory may occur within the reactor loop or in 
attached piping systems inside or outside the containment. The 
leak size is expected to be small because pressures are low and 
no large component failures are expected. To illustrate the effects 
of a leak a break in the reactor vessel of equivalent size to 
the cross sectional area of one incore nozzle is shown.  

While in State 1, the RCS pressure is low so the leak rate is low.  
The most evident reactor response will be a gradual reduction of 
hot leg water level (e.g., a 50 gpm leak will lower the water level 
about 1/2 inch per minute when water is in the vertical part of 
the hot leg). If planned draining is occurring, the leak will 

be imperceptable by system level indication, but other symptoms 
will be gradually changing. Considerable time is available to 
take corrective actions at a comfortable rate. If the reactor loop 
is full, several hours are required to uncover the core. The 
operators goal is to keep the core covered. This may be done by 
isolating the leak (if known) or by adding makeup to keep the DH 
suction and the core covered. The proper choice of actions is to 
keep the core cooled by adding makeup, then attempt to find the 
leak.  

If the RCS is partially drained, the time to core uncovery will 
be less. A leak rate of 50 gpm will lower the RV water level from 
the RV flange to the bottom of the hot leg in about 3 hours.  
DH pump suction will be lost when the bottom of the hot leg is 
uncovered and core boiling will begin about 15 minutes later.  
Repressurization of the RCS by steam will occur if no vents are 
open. The operators goals are the same as above.  

While in State 2, the plant response will be similar to State 1 
except it may take less time to uncover the DH suction. With the 
RV head removed, evaporation in combination with the leak will 
reduce water level from the RV flange to the bottom of the hot 
leg in about 2-1/2 hours. Operator action is required to replace 
the coolant discharged out the break so that the core is covered
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and core damage can be prevented. If the reduction in RCS inventory 
cannot be stopped, the operator must start filling the refueling 
canal with water from the BWST. Coolant will continue to be circu
lated through the core by one DH pump, while the other DH pump is 
filling the canal. Now coolant will flow out of the break at a 
somewhat greater rate due to the increased static head. As soon 
as the refueling canal is full, fuel transfer to the spent fuel 
pool should begin. More than one BWST tank volume may be required 
to complete the operation in order to minimize radiation exposure 
to personnel on the fuel handling bridge. Leaked coolant will 
collect in the RB sump and basement and should be pumped back to 
the fuel transfer canal by a DHR pump operated in the LPI mode.  

W1hile in State 3, the plant response will be extremely slow because 
of the large amount of water stored in the canal. The only possible 
large leak is via the vessel flange seal plate, but this cannot 
cause inadequate core cooling as the DH suction is not uncovered.  
The operator action is to recycle coolant to ensure that the core 
remains covered.  

3.0 REFERENCES 

The model plant used in developing Sections 5 and 6 was Arkansas 
Nuclear One. Each other plant has different cross connects between 
the DHR system and SFC system, but the operators objective is always 
the same. He must keep the core covered and attempt to attain 
coolant flow through the core.  

The solutions presented for inadequate core cooling assume operation 
of certain essential equipment. For a loss of inventory, it is 
assumed that both the DH pumps and coolers are in operation along 
with both spent fuel pumps and coolers. For a loss of the DH 
system, only the component causing the loss of the DH system is 
assumed to fail.  

Existing instrumentation is also required to function. The essen
tial instrumentation is DH system flow and DH system temperature.  
Additional instrumentation, which will provide the operator with 
the data to fully identify the problem, is valve position indication 
of motor operated valves in the DHR system, DH pump differential 
pressure, dump-to-sump flow (if capability is present), incontain
ment radiation monitors and RB sump level.  

DATE: 121279 PAGE 17



Enclosure 1 

LO -IntrodL~tion and Summary 

NUREG 0578, "MI-2 Lessons Learned Task Force Status Report and Short

Term Recommendations" required an analysis of the symptoms of inadequate 

core cooling and required actions to restore core cooling. At a sub

sequent meeting with the staff on August 9, 1979, the staff expanded the 

scope identified in NUREG 0578 to include in these investigations the 

potential for inadequate core cooling while operating at power. B&W has 
completed its evaluations into the potential for inadequate core cooling 

at power and concluded that no additional procedures are necessary since, 
for the possibilities evaluated and discussed in this report, inadequate 

core cooling could only be obtained by the operator ignoring numerous 

already existing alarms, or by the existence of substantial damage to 

the reactor internals.  

2.0 Analysis - .,; 

The investigation into the potential for inadequate core- cooling required 

an evaluation of potential means for the reactor to reach an inadequate 
core cooling state while maintaining 100% power. As a result of these 

evaluations, two potential modes of achieving inadequate core cooling 

at power have been identified as, 1) an increase in core radial peaking, 

and 2) a decrease in core coolant flow.  

2.1 Increased Radial Peakina 

In the case of increased radial peaking (increased power production 

from a local region of the core), the core exit thermocouples in the 

region of increased power generation would indicate an increasing 

trend, up to some temperature level representative of saturated 

coolant conditions. These conditions would also be indicated by 

core power distribution measurements, control rod position alarms, 

etc.  

2.1.1 Analysis 

Two parallel analyses were performed to determine how signi

ficant radial peaking increases could occur and to define



the core thermal-hydraulic response to various assumed 

radial peaking increases.  

2.1.1.1 Thermal-Hydraulic Analyses 

Analyses were performed to determine the Departure 

from Nucleate Boiling Ratio (DNBR) response to in

creases in core radial peaking. Starting from a 

nominal, 100% power condition with a design peaking 

distribution, power in the hot assembly and the 

surrounding eight assemblies was assumed to increase, 

relative to the core average, until a DNBR of 1.0 

was attained. The resulting hot assembly radial 

peaking factor was 2.45 (that is, the power generated 

in the hot assembly was 2.45 times that of an" average 

assembly).  

2.1.1.2 Nuclear Analysis 

The FLAME code was used to investigate the radial 

peaking behavior of B&W cores for a number of 

typical fuel cycles. B&W plants normally have 

three banks of control rods (5, 6 and 7) with 8-12 

rods each, designated as regulating banks. For 

each of the core types analyzed, the regulating control 

rod banks were positioned at various locations 

throughout their full range of movement (0-300% with

drawn) and the resulting power distributions at 100% 

FP were recorded. The maximum increase in the radial.  

peak above the nominal value for steady state opera

tion was found to be 24% for any position in the 

0-300% range. However, the maximum increase before 

a rod position alarm would be activated was found to 

be less than 3%. The maximum value of the assembly 

radial peak for nominal steady state operation for B&W 

cores has been 1.55 for all past and present cycles.



If.in addition it is postulated that a radial tilt 

is induced, the established relationship between 

tilt and peaking is a 1.5% increase in total power 

for a 1% increase in tilt. The maximum peak in

crease prior to a tilt alarm in any B&W plant would 

be 7.5%, which could be assumed to be totally applied 

to the radial peak.  

Thus within the imbalance, rod position and tilt 

alarm limits themaximum anticipated assembly 

radial peak would be 1.55 x 1.03 x 1.075 = 1.72 and 

the maximum value with the control rods exceeding 

.their alarm limit would conservatively be 1.55 x 

1.24 x 1.075 = 2.07. Escalation of the indicated 

tilt toward its maximum allowable value within 

Technical Specifications before a significant 

power reduction is required could increase this 

conservative estimate of the radial peak value to 

2.25. However, at this point, at least two and 

possibly three alarms would be activated, and 

following the existing action statements of the 

applicable Technical Specifications will ensure 

that no condition will be allowed where the assembly 

radial peak will exceed the DNBR limit. No steady

state condition was found within the RPS, for any 

amount of regulating rod insertion, which would pro

duce an assembly radial peak large enough (2.45) to 

result in an MDNBR : 1.0. For these reasons, no 

additional procedures or action statements are required 

to preclude DNB during core power operation.  

2.1.2 Plant Response to Increased Radial Peaking 

The response of the core to regulating bank motion is a change 

in the indicated power imbalance. As the rods are driven into 

the core from the nominal full power position (-, 290% withdrawn 
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for unrodded operation,.-. 200% withdrawn for rodded operation), 

the imbalance will initially become increasingly negative and 

in most cases the RPS imbalance trip limit would be reached.  

In order to stay at full power while this insertion was occur

ring, a continuous deboration would be necessary. In most 

instances, operation at full power with bank 7 (unrodded) or 

banks 6 and 7 (rcdded) inserted could only be achieved without 

a trip by positioning the banks at low power and then deborat

ing to increase the power level while holding the rods fixed.  

In the latter case, the rod insertion alarm would be activated, 

while possibly the imbalance alarm would not (i.e., a low 

imbalance with deep rod insertion is possible). In the case 

of rod insertion at full power, both rod insertion and imbal

ance alarms would be activated after rod motion of 1 I0-20% 

withdrawal.  

The quadrant tilt alarm would be activated by any tilt-pro

ducing mechanism which produced a tilt larger than the allow

able steady-state limit. The range of indicated tilt levels 

which would produce this alarm is approximately 2.5-4.0%, 

depending on the core and the age of the symmetric detectors.  

In addition to the alarms discussed above, core exit ther

mocouples, called In-Core Thermocouples (ICTC's), would 

indicate a departure from nominal core operation. ICTC's 

typically indicate a range of temperatures which are related 

to core power distribution. For a localized increase in 

power generation, the corresponding ICTC's would indicate 

an increase in outlet temperatures, and, if this condition 

were severe enough to approach a DNB situation, ICTC's in 

the region of increased power would reach saturation tem

perature. Three or more ICTC's, in close proximity to each 

other, having temperature levels significantly above normal 

would be indicative of a potential local peaking increase.  

However, this situation would not be expected to occur



* without other "abnormal"-indications, such as an indicated 

core power tilt or high. indicated relative assembly power 

levels for the same core region.  

2.2 Reduced Core Flow 

For the case of decreased core coolant flow, all core exit thermo

couples would be expected to show an increasing trend, leveling 

out a value representative of saturated coolant conditions.  

2.2.1 Analysis 

A reduction in core cooling flow, with no corresponding reduc

tion in Reactor Coolant System Flow, was postulated. Since 

RCS hot leg and cold leg temperatures would not-be affected, 

this situation would not be detected by the Reactor Protec

tion System.  
0 

Analyses were performed to determine the Departure from 

Nucleate Boiling Ratio (DNBR) response to reductions in core 

coolant flow. Starting from nominal, full-power, operating 

conditions the core coolant flow was reduced until a DNBR = 

1.0 was attained. The resulting core coolant flow was 45% 

of the initial value (a reduction of 55%).  

2.2.2 Plant Response 

The primary response to a reduction in core coolant flow 

would be an increase in the core exit temperature level.  

Since this could. be postulated to occur as a result of the 

opening of an undetected core bypass flow path, RCS tem

perature (hot leg and cold leg) and flow measurements would 

not be expected to respond. However, in-core thermocouples 

(ICTC's) would respond, with all working ICTC's showing 

Increased (relative to nominal) temperatures. A potentially 

severe situation, approaching DNB, would be indicated by 

ICTC's in high-powered core regions approaching saturation 

(sat).
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3.0 Conclusions 

As a result of the evaluations described above, no substantive changes to 

existing operating procedures are necessary. The investigations indicated 

that to obtain inadequate core cooling at power, the operators would need 

to ignore numerous already existing alarms, or ma.jor non-mechanistic 

damage to reactor internals would need to occur.



Enclosure 2 

Operator Orientation for Inadequate Core Cooling due to DNB at Power 

1. Increased Radial Peaking causing DNB at Power 

Analyses show that Departure from Nucleate Boiling (O.NB) does not occur 
until a radial peak of 2.45 occurs. A radial peak of 2.45 means that 
the hottest fuel assembly is generating 2.45 times more power than the 
average assembly. Analyses were then attempted to force a peak of this 
size by manipulating control rod position and power tilt. The maximum 
peak which occurred, while control rod position, power tilt, and imbal
ance were at Plant Technical Specifications limits was 1.72 and Reactor 
Protection System limits was 2.07. In both cases, this was far from 
the value required for DNB.  

The radial peaking necessary to reach DNS at power is clearly outside 
the limits for operation per Plant Technical Specifications and pro
tective functions provided by the Reactor Protection System. There
fore, no additional operator instructions or guidelines are necessary.  

2. Reduced Core Flow causing DNB at Power 

Analyses were performed to determine the amount of reduction necessary 
to cause Departure from Nucleate Boiling .(DNB). T t was necessary to 
reduce total core flow to 45% of normal flow to get DINS at normal 
operating pressure and temperature. By the postulated inCre'ased core 
bypass flow method, the only direct indication ofl inadequate core 
cooling would be increasing core outlet thermocouple readings. But 
with the massive bypass flow necessary for DNB occurring, no further 
instructions would be valid for monitoring core exit thermocouples 
under this condition.  

The amount of reduced flow through the core necessary to have ONB is 
so large that it would take a major rearrangement of mechanical com
ponents inside the reactor vessel for this situation to occur. Con

* tinued operation with this major rearrangement would be incredible.  
Since a smaller reduced flow through the core will not cause DNB, 
additional operator instructions or guidelines are not necessary.
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Rod lengths were taken on each assembly face at specified 

locations. By predetermining which four rod's were to be 

measured, the results should be interpreted as typical and 

not biased. The rod lengths measured for the seven assem

blies are summarized in- Table lland shown in- Table 13.  

TABLE i1 

ROD LENGTH*7STATISTICAL ' RESULTS 
(Uncorrected for Temperature) 

Assembly 
(inches)

Item 

X Max.  

X Min.  

Range 

Mean 

Variance 

Skewness 

Kurtosis 

N

B 

150.6078 

149.9967 

.6111 

150.2978- .  

.0128 

.2255 

141.5806 

32

C 

150.4533 

149.5012 

.9521 

150.1614 

.0568 

-1.5334 

6.1971 

32

149.5699 

148.9369 

.6330 

149..2556 

.0253 

-- 0 -a337 

62.3799 

32

E 

149,5149 

148.9434

.5715 

149.1l433 

.0363 

.7451 

-2.7051 

16

D* &- E 

149.5149 

148.9021 

.6128 

.0264 i 

.8727 

-1i183 

S 48

The mean rod length for the "B" assemblies was 150.2978 inches.V 

This indicated an average rod growth for "B" assemblies during 

the first 3 Cycles of 0.928 inches (Cycles I and 2 growth, 

0.682 inches and Cycle 3 growth of 0.246 inches) as compared 

* Results from 1978 examination after first cycle burnup. See 
"discussion on page 77.
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with an initial rod length of 149.370±0.035 inches. Figure 

30 is a frequency histogram of the measured rod lengths of the 

"B" assemblies and shows the standard deviation at the one 

sigma level to be 0.1146 inches. The mean rod length 

for the "C" assemblies was 150.1614 inches, which indicated an 

average rod growth during the first three cycles of 0.791 

inches (Cycles 1 and 2 growth, 0.621 inches, Cycle 3 growth, 

0.170 inches) as compared with the initial rod length of 

149.370±0.035 inches. Figure 31 is a frequency histrogram 

of the measured rod lengths of the "C" assemblies and shows 

the deviation at one sigma level to be 0.2383 inches. The 

mean rod length for the "D" assemblies (Figure 32) was 

149.2556 inches, which indicated an average rod growth during 

its first two cycles of exposure of 0.665 inches (Cycle one 

growth, 0.518 inches) as compared with the initial fuel rod 

length of 148.591 inches. The mean rod length for the "E" 

assembly (Figure 33) is 149.1433, which indicated a growth 

during the first cycle of 0.497 inches as compared to an 

initial length of 148.646 inches.  

Additionally, in order to increase the E assembly sample size, 

values measured on "D" assemblies during the 1978 inspection 

(at similar burnup 13000 MWD/MTU) were combined and analyzed 

with the measured values for the "E" assemblies, the mean rod 

length for this sample was 149.1206 inches with one sigma 

deviation of 0.1625 (Figure 34).
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The- stAtistics and precisionlindices presented in Table 11 

V are general and apply to any type of frequency distribution.  

The third and fourth moments about the mean, skewness, and 

kurtosis, are presented mainly for completeness. Their values 

are very sensitive to the number of measurements (n) and 

unless n is large, the values are unreliable because of 

their high sensitivity to fluctuations in the tail regions 

of the distribution. With the exception of the measurements 

of the C assemblies, a chi square test (X 2 at the 95% con

fidence level indicated that the sets of measurements were 

normally distributed. However, if the 4 low measurements on 

Face 2 of C'06 are discounted, this set also appears to have 

a normal distribution.  

To correct for temperature differential between the system 

qualification and the time of inspection, one has to con

L sider both the temperature expansion of stainless steel and 
ircaloy-4. The following formula can be used to correct 

for temperature: 

L (15.8 10 6  
- (-2.506 T + 2.2.2 X 10- 6 Tf T 2 

0 

As shown in the above formula, to determine the rod length at 
0 . 75°F, the correction factor for stainless steel encoder racks 

* Coefficient of thermal expansion for 304 Stainless Steel 

per OC.  

•* Coefficient of thermal expansion for Zircaloy -4 per °C, 
per p. 179, TREE-NUREG-i005, MATPRO-VERS2ON 09, A Handbook 
Sof Material Properties for Use in the Analvsis of Light 
Water Reactor Pod Beavior.  
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would be added and the correction factor for zircaloy rod 

expansion would be subtracted from the rod lengths taken at 

elevated temperatures.  

Table 12 lists the temperature correction zircaloy that should 

be applied to the individual rod length measurements.  

TABLE 12 

TEMPERATURE CORRECTION FOR ROD LENGTH MEASUREMENTS

Assembly 
Number 

B-41 

B-49 

C-23 

C-06 

D-11 

D-17 

E-38'

Mesurement 
Temperature, OF 

93 

95 

95 

95 

95 

95 

97.5

Correction 
Inches 

-0.131 

-0.150 

-0.150 

-0.150 

-0.149 

-0.149 

-0.173
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TA5±E--

ROD LENGTH SU~MARY 
(Uncorrected for Temperature)

Assembly 
N\1umbe r

Rod 
No. Face 1 Face 2

B-41 
B-49 
C-06 
C-23 
D-11 
D-71.  
E-38 

B- 41 
B-49 
C- 06 
C- 23 
D-11 
D-71 
E- 38 

B-41 
B-4 9 
C-06 
C-23 
D-11 
D- 71 
E- 38 

B-41 
3-4 9 
C-0 6 
C- 23 
D-11 
D-71.  
E- 38

3 150.6078 
150.24 96 
150.1840 
150 .2 971 
149.4129 
149.2442 
149.0816 

8 149.9967 
150. 3222 
150.1916 
150 .4 002 
149 .4 023 
14 9.2507 
149.0725 

10 150.3292 
150. 4453 
150.243-6 
150.2771 
149. 4103 
149.2412 
149.0986 

15 150. 4 2 68 
150.3 087 
150.2891 
150.3667 
14 9.4199 
149. 1576 
149.0165

150.2221 
150.2356 
149 .6111 
150. 2766 
149.5699 
148 .9624 
148 .9434 

150.2081 
150.4097 
149.7586 
150.3377 
149.1934 
14 9.1406 
149 .3428 

150. 2766 
150. 4423 
149. 6553 
150.3337 
148.9369 
149.3203 
148.9760 

150.36 67 
150. 1951 
149.5012 
150.4533 
149.5100 
149.0690 
149.0956

150.2151 
150. 2856 
149.7546 
150. 2941 
149 .3368 
148 .9815 
148.9579 

150.1996 
150.2471 
150. 1435 
150.2696 
149 .2957 
149.0565 
149.0605 

150.3722 
150. 2376 
150. 1445 
150.2396 
149.2937 
149. 0130 
148.9880 

150.2466 
150. 4193 
150. 1325 
150.3312 
149 .3518 
149 .1731 
148. 9859
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Face' 3 Face 4

150. 3006 
150.3962 
150.1415 
150. 2346 
149 .4028 
149.2372 
149. 3548 

150.2401 
150.4283 
150.1981 
150.2131 
14 9.3748 
14 9.3208 
149.3968 

150.2196 
150.1991 
150. 1835 
150.2211 
149. 3863 
149.1791 
149,4073 

150. 1986 
150.,2806 
150.1210 
150.3657 
149.3278 
149.2072 
149. 5149
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Assembly Bow 

Table 14 is a summary of the assembly bow of individual assem

blies measured. Figures 35 through 41 show the assembly bow of 

the individual faces measured. Assembly D-71 appeared to have 

the most significant bow on the face measured, .185 inches.  

No problems were encountered during the handling of assembly 

D-71 and subsequent placement of this assembly in to its designated 

spent fuel storage rack location. This bow measurement would 

be typical of the bowing seen when the assembly is free standing, 

i.e., in storage racks or in reactor core. During the movement 

of the assembly, the assembly is no longer free standing and, 

because of its elasticity, would have a tendency to straighten 

itself out and reduce the actual bow of the assembly.  

TABLE 14 

MAXIMUM ASSEMBLY BOW 

Inches 

B-41 .118 

B-49 .042 

C-06 .163 

C-23 .129* 

D-11 .148 

D-71 .185 

E-38 .079 

* 0.64 inches in positive direction and 0.65 inches in negative 

direction.
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Guide Thimbles Length 

Guide thimble length measurements were made on each face'of 

the seven fuel assemblies inspected. The measured values are 

shown in Table 16 and summarized in Table 15.  

TABLE 15 

AVERAGE GUIDE THIMBLE LENGTHS MEASURED 

FOR THE 7 FUEL ASSEMBLIES EXAMINED 

(Uncorrected for Temperature) 

Measured 
Assy. Type Guide Thimble Length Standard Deviation Design Value 

(Inches) (One Sigma) (Inches) 

B 150.499 +0.056 150.417 

C 150.557 +0.092 150.417 

D 150.558 +0.117 150.577 

E 150.858 +0.086 150.577 

Using the existing system, it was impossible to measure the actual 

assembly length because both the upper and the lower nozzle are 

partially covered from the view of the television camera system.  

Because of the inability to measure actual assembly length, the 

distance between the two nozzles known as the guide thimble length 

-was used. Thus, the actual assembly length for these assemblies 

would be measured guide thimble length, plus the known lengths of 
* 

the upper and lower nozzles. Since the guide thimbles and encoder 

racks are both stainless steel, no temperature correction was 

* applied or is necessary.  

*Combined upper and lower nozzle fabrication lengths are 9.683" for 
the B and C assemblies, and 9.518" for the D and E assemblies.
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TABLE 16

GUIDE THII-BLE LENGTH 
(Uncorrected for Temperature-) 

Assembly No. Face Readings (Inches) 

B-41 1 150.5774 
B-41 2 150.5389 
B-41 3 150.4633 
B-41 4 150.4052 
B-49 1 150.5304 
B-49 2 150.5304 
B-49 3 150.4963 
B-49 4 150.4538 
C-06 1 150.5544 
C-06 2 150.4896 
C-06 3 150.4978 
C-06 4 150.4163 
C-23 1 150.6588 
C-23 2 150.6958 
C-23 3 150.5462 
C-23 4 150.5947 
D-11 1 150.6324 
D-11 2 150.5026 
D-11 3 150.9670 
D-11 4 150.5359 
D-71 1 150.4658 
D-71 2 150.4603 
D-71 3 150.4618 
D-71 4 150.4353 
E-38 1 150.9585 
E-38 2 150.8695 
E-38 3 150.7478 
E-38 4 150.8565
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Assembly Twist 

Seven assembly twist measurements (one per assembly) were made 

during the examination. Table 17 summarizes these measurements 

and Table 18 shows the raw data. The maximum twist measured 

0 
was 5.12.  

TABLE 17 

INDIAN POINT #2 FUEL ASSEMBLY TWIST 

Assembly No. Degrees Twist 

B-41 5.11 

B-49 2.05" 

C-06 2.17 

C-23 1.83 

D-11 1.67 

D-71 1.56 

E-38 2.46
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