
A4LCLEAR POWER GENERATbON DIVISION ..  

Akcw4t ThAI4sima~ 

O-tRATbtDIES 

~ PART II 

WILLIE 2 

DISCUESION;FOF SE=r TR&9SIEMr 

UOLTRN' TQ RKGULA1ORY CENTRAL FILES 

8206110255 820331 
PDR ADOCK 05000287 

p PDR 

D T :- 3-23-82 - .,..' D~TE 7



BWFF-20607 (6-76) 

SABCOCK & WILCOX 
UCLEAR POWER GENERATION DIVISION NUMBER 

* ECHNICAL DOCUMENT 76-1123298-00 

ATOG GUIDELINES 

PART II 
VOLUME 2. DISCUSSION OF SELECTED TRANSIENTS Tab 

INTRODUCTION 

A. Excessive Main Feedwater Excessive MFW 

B. Loss of Main Feedwater Loss of FW 

C. Steam Generator Tube Rupture SGTR 

D. Loss of Offsite Power LOOPt: 

E. Small Steam Leak Steam Leak 

F. Loss of Coolant Accidents LOCA 

DATE: 3-23-82 PAGE 3.



BWNP-20007 (6-76) 

ABCOCK & WILCOX 
UCLEAR POWER GENERATION DIVISION NUMBER 

fECHNICAL DOCUMENT 76-1123298-00 

VOLUME 2 DISCUSSION OF SELECTED TRANSIENTS 

LIST OF FIGURES 

FIGURE NUMBER TITLE 
A-1 Excessive Feedwater Terminated by ICS 

A-2 Excessive Feedwater Not Terminated by ICS 

A-3 Actual Plant Response During an Excessive Main 
Feedwater Transient (RCS and Feed Flow Parameters) 

A-4 Actual Plant Response During an Excessive Main 
Feedwater Transient (Steam Generator Parameters) 

A-5 Typical Excessive Feedwater Transient 

A-6 Time Relationship of Key Parameters 

A-7 Excessive Feedwater Logic Diagram 

B-1 Loss of Feedwater (Initial Stage) 

B-2 Loss of Feedwater (Mid Stage) 

B-3 *Loss of Feedwater (Final Stage) 

B-4 Time Relationship of Loss of Main Feedwater with 
Failures 

B-5 Loss of Feedwater Logic Diagram 

C-i Steam Generator Tube Leaks - Operator Action 
Outline 

C-2 Typical Steam Response for Large SGTR Which 
Results in a Reactor Trip 

C-3 Steam Generator Tube Rupture Logic Diagram 

D-1 Loss of Offsite Power - 2/22/75 
Loop A RC Temperatures vs. Time 

D-2 Loss of Offsite Power - 2/22/75 
Loop B RC Temperatures vs. Time 

DATE: 3-23-82 PAGE 3-1



BWNP-20007 (6-76) 

BABCOCK & WILCOX 
NUCLEAR POWER GENERATION DIVISION 

.I." HNICAL DOCUMENT 76-1123298-00 

FIGURE NUMBER TITLE 

D-3 Loss of Offeite Power - 2/22/75 
Loop A Pressure vs. Time 

D-4 Loss of Offsite Power - 2/22/75 
OTSG Full Range Level vs. Time 

D-5 Loss of Offsite Power - 2/22/75 
OTSG Steam Pressure vs. Time 

D-6 Loss of Offsite Power - 2/22/75 

D-7 Typical Parameter Trends for LOOP 

D-8 Typcial Parameter Trends for LOOP/Loss of 
Secondary Inventory Control (Low) 

D-9 Loss of Offsite Power Logic Diagram 

D- 10 Typical Loss of Offsite Power P-T Response 

E- Small Steam Leak 

Typical Small Steam Leak Transient 

E-3 Time Relationship of Key Parameters 

E-4 Small Steam Leak Logic Diagram 

F- Fluid History During a Large Break 

F- 2 System Response for Large Break in Cold Leg Pip: 

*3 System Response for Large Break in Hot Leg Pipii 

D-1 Typical System Response During Flow Circulation 
Phase of a Small Break 

F-5a System Response for Small Break Which Continuall 
Depressurizes the RCS (0.5 ft2 Break in Cold i 
Pipe) 

F-5b System Response for Small Break Which Continuall 
Depressurizes the RCS (0.1 ft2 Cold Leg Break) 

DATE 3-23-82 
PAGE 3-2



BWNP-20007 (6-76) 

kBCOCK & WILCOX NUMBER 
:LEAR POWER GENERATION DIVISION .CHNICAL DOCUMENT 76-1123298-00 

FIGURE NUMBERS TITLE 

F-6 System Response for Small Break Which Stabilizes 
At Secondary Side Pressure.  

F-7 'System Response for Small Break Which Repressurizes 
in a Saturated State 

F-8 System Response for Small Break Which Depressurizes 
the RCS Without Feedwater 

F-9 System Response for Small Break That Stabilizes at 
High RCS Pressure Without Feedwater 

F-10 System Response for Small Break That Repressurizes 
If Feedwater Is Lost 

F-11 System Response for Small Break Within Pressurizer 
Steam Space 

F-12 Post LOCA Corrective Action for Lack of Adequate 
Subcooled Margin 

F-13 Post LOCA Corrective Action for Lack of Primary to 
Secondary Heat Transfer 

DATE: 3-23-82 PAGE 3-3



BWNP-20007 (6-76) 

kBCOCK & WILCOX 
:LEAR POWER GENERATION DIVISION NUMBER . ECHNICAL DOCUMENT 76-1123298-00 

DISCUSSION OF SELECTED TRANSIENTS 

INTRODUCTION 

To develop the ATOG approach to integrated plant transient control six 

initiating events were studied. The results of these studies are given as 

examples: 

1. Excessive Main Feedwater 

2. Loss of Main Feedwater 

3. Steam Generator Tube Rupture 

4. Loss of Offsite Power 

5. Small Steam Leak 

6. Loss of Coolant Accident 

These events show how the procedures of Part I are applied to specific 

transients and they amplify the general guidance given by the first volume 

of Part II. After reviewing these individual transients in detail, the 

operator should be able to see that regardless of (1) the initial event, 

or (2) whether or not he can immediately identify the initial event, or 

(3) how many additional failures occur, he can keep the core and the plant 

in a safe condition by following Part I of these guidelines.  

Each appendix discusses the plant design response to its initiating event 

and, if available, gives an example of an actual transient. The 

discussion points out what operator actions are required and how Part I 

directs the operator to those actions.  

DATE: 3-23-82 PAGE 4
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Next is a review of the initial event compounded with other equipment 

failures. These are generally broken down into the failures of the 

fundamental methods of heat transfer control that are important to that 

event. Again the appropriate operator action for that particular se

quence of failures are given. Part I is referenced so that the operator 

can see how the basic procedure covers many multiple failures.  

Each appendix contains a logic diagram which is a summary sheet for the 

transient being discussed. It is a simplified event tree which has been 

modified to show how correct operator actions will influence the outcome 

of the transient. The central vertical block diagram is the initiaing 

event without additional failures. The failure paths branch out to the 

right and the left. The details on the diagram show identifying symptoms 

including P-T, the corrective actions, and the limits to be considered for 

each additional failure that might occur. References are made to the 

appropriate parts of Part I and Part II. Nearly every kind of plant con

dition is-covered either in the initiating event path or in the branches.  

Even if the initiating event is different from the examples, the 

principles to be used are the same, and therefore these examples 

illustrate how various other plant conditions can be handled.  

Plots of various parameter trends are also provided. The times can only 

be approximate because they vary with such things as decay heat, initial 

power level and the size of the leak involved. However, they will give 

the operator a feel for the timing involved in these transients.  

DATE: 3-23-82 PAGE 5
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The operator should give special attention to the sections on LOCA and 

steam generator tube rupture because very detailed information has been 

prepared for these two events.  

E 

0 

0 
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APPENDIX A 

EXCESSIVE MAIN FEEDWATER 

1.0 GENERAL TRANSIENT DESCRIPTION 

Excessive main feedwater is a failure to control secondary inventory.  

It is an overcooling transient that results in too much primary to 

secondary heat transfer.' 

- Excessive main feedwater is defined as the sustained addition of more 

water to the steam generator than can be boiled off by the available 

core heat to make superheated steam. This mismatch between heat 

source and heat sink will cause the steam generator level to rise and 

will cool the reactor coolant down. The severity and rapidity of the 

transient will vary with the size of the mismatch. Under worst case 

conditions (i.e., maximum mismatch and failure of the automatic MFW 

pump trip on high SG level) the excessive main feedwater flow must be 

terminated within two minutes to prevent water spillage into the 

steam lines. Thus, this is a transient that may require fast 

operator action.  

As the reactor coolant temperature decreases, the RCS water volume 

will shrink, dropping pressurizer level. This in turn causes RCS 

pressure to drop. In the secondary side, while at power, the 

excessive feedwater will cause a loss of superheat and may cause a 

slight reduction of steam pressure. A reactor trip may occur 

)ATE: 3-23-82 Appendix A, Page A-1
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on low pressure or high flux. If a trip occurs and the excessive 

feedwater continues, the mismatch will be much larger (less core 

heat) and the steam generator fill rate and RCS cooldown rate will 

increase. If the shrinkage of the RCS water volume is sufficient to 

drain the pressurizer, the RCS will approach saturation conditions 

and ES will occur. A loss of subcooling margin will require that the 

RC pumps be tripped and MFW be directed to the upper nozzles or EFW 

be started. MFW or EFW will automatically raise SG levels to 50% and 

this additional FW flow will make the overcooling of the primary 

system worse. However, FW flow can be throttled to obtain a gradual 

increase in SG level and thereby limit the overcooling. If the loss 

of subcooling margin is caused only by the overcooling it will be 

temporary. When the subcooling margin is restored HPI can be 

throttled and RC pumps can be restarted.  

If the excessive addition of feedwater to the steam generator is not 

stopped, water will spill into the steam lines. The ability of the 

steam system to maintain its integrity with water spillage is not 

known; therefore, it is very important that the excessive feedwater 

transient is terminated before spillage occurs. In addition, it is 

highly desirable to stop the RCS cooldown before the pressurizer is 

drained and ES actuates. This will significantly reduce the 

magnitude of the transient and number of operator actions required, 

as well as limit challenges of protection systems and allow for 

quicker recovery to stable plant conditions.  

DATE: 3-23-82 Appendix A, Page A-2
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In general, main feedwater overfeed can happen in three ways: 

1. A failure of the Feedwater Control System to run back after 

reactor trip.  
2. An operator error of feedwater control wVile in manual.  

3. Equipment failure when the plant is in au:tomatic operation.  

Excessive feedwater can occur at any time the main feedwater system 

is in operation. The plant may be tripped or at power. The steam 

generator will fill at different rates depending on what the plant 

power level is when the high flow begins. The rate of fill of the 

generator will be greater when the reactor is at low power (or trip

ped) than at high power. The overcooling effects on the reactor 

coolant system will be greater at low power. The reasons are that at 

low power less core heat exists to boil off the additional feedwater 

and the feedwater system (valves and pumps) has a lot of capacity 

left to overmatch the low reactor power. At full load, the valves 

and pumps are near full capacity and cannot open much. more to 

increase feed flow.  

Because the effects of excessive feedwater are different across the 

power range and because it can be caused by different failures, the 

rate of the Reactor Coolant System response will be different depend

ing on what has happened. But all excessive feedwater additions will 

look similar.  

)ATE: 3-23-82 Appendix A, Page A-3
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The P-T diagram and sequence of events shown in Figure A-1 depict a 

typical main feedwater transient that is terminated by the ICS before 

water enters the steam lines or the pressurizer is drained. The tran

sient shown is also applicable if terminated early by the operator.  

The P-T diagram and sequence of events shown in Figure A-2 depict an 

excessive main feedwater transient that is not terminated before 

water enters the steamlines or before the pressurizer is drained.  

The tranient is initiated by a reactor trip from 100% power with a 

failure of feedwater to runback on the A steam generator.  

Several important points should be noted regarding this transient: 

- The affected steam generator can fill very rapidly, in this case 

three minutes after the reactor trip. Thus, if the failure caus

ing the excessive feedwater condition is not corrected by the ICS 

the operator has little time available to prevent spillage into 

the.steam lines. The high OTSG level trip of the MFW pumps pro

vides backup to the ICS runback of MFW. However, due to the 

rapid nature of this transient and the potentially severe conse

quences, the operator should not rely on this trip. For this 

case the automatic trip was assumed to fail.  

- The operator is required to trip the RC pumps and raise OTSG 

levels to 95% on the operate range if the subcooling margin is 

lost. The additional cooling worsens the transient.  

DATE: 3-23-82 Appendix A, Page A-4
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However, the operator should throttle FW flow to obtain a gradual 

level increase. (See Part II, Chapter E, "Best Methods for Equip

ment Operation".) 
- Excessive MFW flow to OTSG A was allowed to continue for almost 

three minutes after the steam generator was full. Thus a signifi

cant quantity of water was spilled into the steam lines with the 

potential for severe consequences. Since the consequences are 

not known, this discussion does not describe those effects.  

- Even though the operator started HPI early in the transient, the 

HPI flow was not sufficient to overcome the shrinkage due to the 

cooldown and the pressurizer was drained.  

- Once the overcooling transient has been terminated, the RCS will 

reheat and the water volunn 11. Since a large quantity 

of cold HPI water was added to the RCS, the operator must act to 

prevent the pressurizer from going solid. This will be discussed 

in more detail later.  

Actual Plant Excessive Feedwater 

On 3/18/77, an excessive feedwater transient occurred at an operating 

plant. The transient was not serious and the plant ended in a good 

condition because the operator recognized what was going on and took 

control quickly and the excessive feedwater was terminated automatic

ally by the ICS after reactor trip. The steam generator did not fill 

and spill water into the steam lines; that is the most important 
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limit for this transient. The operator also turned HPI on and 

prevented the pressurizer from draining and that is another important 

limit. Because the cooldown was stopped early in this transient, the 

operator did not have to take fast action to prevent filling the 

pressurizer solid due to reactor coolant reheating. After trip, the 

HPI flow was throttled.  

The plant was operating at 75% in a power escalation sequence. Be

cause of the power escalation sequence, the overpower trip setpoint 

was set at 85%. The overfeeding started because main feedwater pump 

"A" failed and went to full speed.  

The plant data shows main feedwater abruptly increasing to full flow 

on generator "A" and, within about 30 to 45 seconds, its affects 

appear in other parameters: "A" generator level goes up, Tav drops 

(because of the increased heat transfer), pressurizer level drops 

(because of shrinkage due to lowered Tav), and RC pressure lowers 

(because of the lowered pressurizer level). These parameters are 

shown in Figures A-3 and A-4. When Tav began to drop, the ICS pulled 

rods to try and keep temperature steady. The operator sensed the 

change in plant conditions almost immediately and quickly diagnosed 

the problem and took the appropriate action. He tried to cut back 

feed flow. He did this by manually reducing the feedwater demand; 

this did not work (more about this later).  

DATE: 3-23-82 Appendix A, Page A-6
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He then put rod control into manual to try to raise Tav, and he 

also started HPI to stabilize the pressurizer level. The reactor 

then tripped at 85% power because of the low overpower trip set

ting. When the reactor tripped, the ICS switched into track and 

controlled the feedwater on level; because of the high steam 

generator level, the "A" main feedwater valve closed stopping the 

transient (the "A" start-up flow also closed down). and the "B" 

generator startup and main valves controlled to maintain the OTSG 

level after trip. When the plant tripped, the large inventory of 

cold water in the "A" generator cooled down the reactor coolant 

considerably (illustrating the effect on core heat removal due to 

the boil off of the extra inventory in the generator). The re

actor-steam generator heat transfer interplay is shown well by 

this example. After the trip, the reactor pressure increased and 

the pressurizer level increased; this is largely due to HPI.  

A look at steam pressure (Figure A-4) shows a very slight re

duction (before trip) because of the cooling and condensing 

effect of the excessive feedwater on the steam in the generator.  

This illustrates the magnitude of steam pressure loss to be 

expected because of excessive feedwater; a greater locs would 

indicate an additional failure that the operator would have to 

correct. The reason "A" pressure is lower than "B" after trip is 

mostly because of one mis-set safety valve; the water in the gen

erator would have some pressure reduction effect, but it would be 

)ATE: 3-23-82 
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small. The lower steam pressure did have some effect on overcooling, 

but because it was only about 100 psi low, the effect was small.  

This steam pressure loss was mostly an inconvenience; if it had been 

greater (about 200 psi), the pressurizer could have drained.  

When the transient was over, the "A" steam generator was about half 

full. It took about two minutes to increase the level about 200 

inches; most of the filling took place before trip when a high 

reactor power (75% to 85%) was available to boil the water off. The 

steam generator level increase was about 150" during this time (or 

about 3/4 of the total increase). If the main feedwater failure had 

occurred after trip, the rate of level rise would have been much 

faster. Excessive feedwater is probably the one transient the 

operator must react to faster than any other transient. The steam 

generator can fill and water can spill into the steam lines in as 

little as 3 to 4 minutes (after trip). The operator must act fast to 

stop feedwater and the equipment he chooses to use is important. He 

should understand that the equipment he elects to use may be the 

component that failed causing excessive feedwater and therefore may 

not respond. Thus he must be prepared to switch to an alternate 

device if necessary to terminate feed flow.  

DATE: 2-23-82 Appendix A, Page A-8
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When the operator tried to correct this transient, he made the right 

choice of action: cut back feedwater. But the equipment he used did 

not respond. He used the ICS feedwater demand to try to run back the 

feed pump and valves. A post trip review showed that the feedpump 

controller had failed. It was essentially dead, and no signal would 

have made it respond. Excessive main feedwater is a complex accident 

which can be caused by about 20 different equipment failures (opera

tor error with the feedwater control in manual can also happen). The 

ICS can have several failures. The accident can be too fast to try 

to figure out what failure has occurred. Therefore, the best way to 

correct a very fast overfill is to use the direct controls to trip 

both main feedwater pumps. Adequate time will be available to regain 

MFW or EFW to at least one SG.  

Tripping both MFW pumps is the fastest method to stop excessive MFW 

flow and should prevent water entering the steam lines for even the 

most severe MFW transient. However, for much slower fill rates, or 

if a pump should fail to trip, the operator should isolate feedwater 

to the SG with the high, increasing level by closing the MFW control 

valves.  

The following figures show actual plant data from the above trans

ient. Note the large disparity between levels and feedwater flow

rates for the two steam generators. This magnitude of mismatch 

should, and did, facilitate rapid recognition and response by the 

operator.  

DATE: 3-23-82 Appendix A, Page A-9
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2.0 OPERATOR ACTIONS SUMMARY 

Immediate Actions 

- Attempt to close feedline control valves if the overfill 

is slow and the affected generator is obvious.  

- Trip running MFW pumps to stop fast overfills.  

- Start EFW and verify operation; control EFW to limit 

overcooling.  

- Start HPI if pressurizer level is less than 50" and RCS 

pressure is decreasing.  

- Follow remainder of Part I, Section III.C.  

Identifying Symptoms 

- Excessive feedwater is an overcooling transient as shown below: 
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Figure A-5 TYPICAL EXCESSIVE FEEOWATER TRANSIENT 
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- Other identifying symptoms to distinguish excessive 

feedwater from other overcooling transients are: 

- High steam generator level 

- High main feedwater flowrate 

NOTE: Rapid excessive feedwater transients, e.g., large MFW flowrate 

after reactor trip, will result in the pressurizer being in a 

near-drained condition by the time Th/pressure exceed the 

post-trip window. Drainage and RCS saturation will occur very 

soon after the post-trip window boundaries are exceeded 

(dotted path in Figure A-5) and water will enter the steam 

lines. Therefore, it is very important that the operator 

recognize the overcooling transient before the window 

boundaries are exceeded by checking MFW flowrates and SG 

levels. He should discover that excessive feedwater is in 

progress in Step 5.0 of Part I, Section II, "Vital System 

Status Verification".  

The previous section discussed three of the many possible examples for 

excessive main feedwater transients. However, it can be seen from that 

discussion that the primary transient of concern is the rapid filling of a 

steam generator that is not automatically terminated early by the ICS run

back or high level trip of the MFW pumps. Such a transient requires rapid 

response by the operator. In addition, the operator must exercise caution 
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whenever feedwater is in manual control to prevent large feedwater mis

matches from developing. Historically, oversights while in manual control 

have been a significant contributor to the frequency of excessive 

feedwater transients.  

This section will discuss how operator actions in accordance with Part I 

will terminate the overcooling transient and provide recovery to stable 

shutdown conditions. The assumed transient will be the same as that used 

for the second transient discussed in the previous section. A reactor 

trip occurs (for whatever reasons) and the MFP's run back to the low speed 

stop. However, the main feedwater valve for the "A" steam generator 

sticks partially open and thus allows a continuous excessive feedwater 

flow to that generator on the order of 8,000 gpm. This transient was 

'selected because the ICS will not correct the excessive feedwater addition 

(assuming failure of the high level trip) and the "B" MFP will provide 

flow to the "A" steam generator longer if uncorrected since water in the 

"A" side steam lines will not affect operation of the "B" MFP turbine.  

After performing the immediate actions of Part I, Section I, the operator 

will verify vital system status in accordance with Section II. Step 5.0 

of Section II requires the operator to verify that feedwater has runback.  

He should check steam generator levels and feedwater flow rates and note 

that level and flow for the OTSG "A" are high. The corrective action 

noted is to trip the running feedwater pumps and start and verify proper 

operation of the EFW system. These actions will terminate the excessive 

feedwater and return the plant to stable conditions.  

DATE: 3-23-82 Appendix A, Page A-12
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However, for illustrative purposes it is assumed the operator fails to 

note the abnormal conditions at this time. Step 10.0 of Section II re

quires the operator to verify that primary to secondary heat transfer is 

not excessive. The operator should note by RCS response on the P-T 

diagram that an overcooling transient is in progress (see Chapter C in 

Volume 1 of Part II) and therefore primary to secondary heat transfer is 

excessive. He does not need to concern himself at this time whether the 

overcooling is due to excessive feedwater or loss of steam pressure 

control. The procedure directs him to Section III.C of Part I.  

Step 1.0 of III.C requires the operator to start HPI if pressurizer level 

goes below 50" and RCS pressure is decreasing. While full HPI flow will 

not maintain pressurizer level during this magnitude of shrinkage due to 

overcooling, it will slow down the rate of pressurizer level decrease and 

provide additional time for the operator to terminate the overcooling 

transient before the pressurizer drains (see Figure A-6).  

If it is obvious which steam generator is the cause of overcooling, the 

operator will isolate that steam generator and terminate the transient.  

He can then restore feedwater to the isolated steam generator while 

controlling DH removal with the unaffected steam generator. The affected 

steam generator may be obvious by observing MEW flowrates and SG levels.  

In addition, if the overcooling is severe, Tcold in the affected loop may 

be significantly lower than Tcold in the unaffected loop, thus aiding the 

* detection of the affected steam generator.  
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If it is not obvious which steam generator is causing the overcooling, the 

operator will isolate both SG's and monitor levels and pressures to deter

mine the affected SG.  

In this case, OTSG "A" level is high indicating excessive feedwater had 

occurred, therefore, the operator will restore FW and controlled primary 

to secondary heat transfer. Maintaining RCS temperature at the present 

value by lowering the TBS setpoint will prevent filling the pressurizer 

solid due to RCS reheating and swell. This is especially important since 

RCS inventory has been increased due to HPI. However, HPI is still in 

progress and must be throttled or stopped when the subcooling margin is 

restored. Establishing FW flow to maintain OTSG levels will restore 

stable primary to secondary heat transfer.  

If the operator follows the guidelines in an expeditious manner and per

forms the actions such that MFW is isolated within two to three minutes 

following reactor trip, he will probably prevent water entering the steam 

lines and drainage of the pressurizer. In fact, the RCS will probably stay 

within the post trip window and recovery to stable shutdown conditions can 

be quickly achieved. If, however, the cooldown is allowed to continue to 

the point of pressurizer drainage, the RCS will approach saturation condi

tions and further operator actions and precautions are in order.  

When the subcooling margin is lost the operator will trip the RC pumps, 

verify MNW transfers to the upper nozzles, and begin to raise SG levels.  

For this particular transient these actions will worsen the overcooling by 
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removing pump heat input and spraying FW into the steam space (decreasing 

the heat source and increasing the heat sink). However, the operator 

should immediately throttle FW flow to obtain a steady, gradual increase 

in SG level thus minimizing the overcooling due to FW. (See "Best Methods 

for Equipment Operation" in Volume 1 of Part II, Chapter E).  

. With FW throttled steam pressure should not decrease significantly. How

ever, by this time the operator should recognize the overcooling transi

ent. He will follow Section III.C of Part I and, in Step 14.0, terminate 

the excessive MFW.  

With the overcooling transient terminated, HPI flow will overcome the 

shrinkage of the RCS and rapidly recover RCS pressure and pressurizer 

level. The operator must again respond to prevent HPI refill, and reactor 

coolant swelling due to reheating, from filling the pressurizer. He 

should perform the following actions: 

- Lower the TBS setpoint to a value near the corresponding satu

ration pressure for the existing cold leg temperature. This will 

limit RCS heatup and thus limit the resultant swell of the RCS 

inventory.  

- Throttle HPI as soon as the subcooling margin is regained. This 

action will reduce the injection rate and allow a more gradual, 

stable recovery of pressurizer level. Throttling should be 

accomplished by using one HPI pump (preferably the normal makeup 

pump) and one injection line (preferably the normal makeup nozzle 

with the thermal sleeve).  
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- When pressurizer level returns on-scale low (with the RCS above 

the subcooled margin) and is increasing above 100" the operator 

should terminate HPI and realign for normal makeup/letdown 

operation.  

- If desired, the operator can return the plant to normal post-trip 

conditions by gradually increasing the TBS setpoint and regu

lating RCS pressure with makeup and pressurizer heaters. He 

should also restart RCP's once the subcooling margin is restored.  

The excessive feedwater transients discussed herein all involve a reactor 

trip. If a feedwater excursion occurs while at power that does not result 

in an automatic reactor trip, the operator should attempt to locate the 

failure causing excessive feedwater and correct it while at power if possi

ble. A manual reactor trip at this time would result in a much larger 

mismatch between heat source and heat sink and thus make the transient 

more severe..  

3.0 EXCESSIVE MAIN FEEDWATER WITH OTHER PLANT FAILURES 

Introduction 

The previous section described excessive main feedwater in general, 

but did not discuss other failures that might also happen at the 

same time. This section will show what symptoms to look for when 

other equipment fails and will show what steps the operator should 

take to restore the heat transfer from the core to the steam genera

tors. The event that was chosen for simulation starts with the 
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reactor at 100% power; a failure in feedwater system allows main 

feed to run away in one generator; automatic ICS corrective action 

to control main feedwater does not happen; the plant is tripped 

automatically on high flux or low pressure, and excessive feedwater 

continues. All the data that is shown starts from the time of plant 

trip.  

Remember that all feedwater transients will not start from high 

power. They may look different than the examples used. The reason 

for these examples is to provide understanding, so close study of 

the effects is required.  

Branch Discussion 

Figure A-7 has separate failure branches for loss of reactor inven

tory control (high and low), loss of secondary inventory control 

(high and low), and loss of secondary pressure control. Significant 

failures in RC pressure control, such as those due to overcooling or 

excessive HPI, are adequately covered by these branches; therefore, 

separate branches specifically for loss of RC pressure control are 

not shown. Minor failures, such as loss of pressurizer heaters, are 

discussed at the end of the main transient path. This section will 

discuss each of these additional failure branches and illustrate how 

operator actions in accordance with the procedures in Part I and 

with the "Best Methods for Equipment Operation" in Volume 1 of Part 

II, Chapter E, will restore proper control of the parameter in 

question.  
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These branches are structured to address the particular function 

failure in question even though the excessive feedwater transient 

may still be in progress. However, since some additional failures 

result in further overcooling of the RCS, actions to correct such 

failures may also correct the excessive feedwater condition. In any 

case, it should be understood that Figure A-7 and this discussion 

are provided as tools to promote familiarity with expected plant 

responses. Another valuable tool to facilitate operator recognition 

and identification of overcooling transients is Figure 22, "Over

cooling Diagnosis Chart," in Volume 1 of Part II, Chapter C. The 

operator should become familiar with this chart.  

Figure A-6 is provided to show key distinguishing parameters for ex

cessive main feedwater that have a time dependency important to the 

operator in identifying both the type and severity of transient.  

The parameter plots show typical responses to a large excessive main 

feedwater transient. Arrows, where used, show the effect of other 

failures and operator actions on the time relationship.  

One item of particular note on Figure A-6 is the effect of large ex

cessive feedwater transients on steam pressure in the unaffected 

generator. The pressure is reduced because the primary system has 

been cooled so rapidly that the unaffected SG becomes, temporarily, 

a heat source and loses heat (and thus pressure) to the primary 

system.  
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Loss of Reactor Coolant Inventory Control (High) 

A loss of reactor coolant inventory control (high) exists whenever 

makeup or HPI flows are excessive causing the pressurizer to fill 

and overpressurizing the RCS for the existing plant conditions.  

Severe excessive feedwater transients involving large mismatches 

between feed flow and primary heat input will result in RCS 

cooldowns and shrinkages that cannot be compensated for by full HPI 

flow. Thus, while the excessive feedwater transient is in progress, 

pressurizer level will continue to drop, although full HPI flow will 

slow the rate of level drop. This can be seen in Figure A-6 where 

manual initiation of HPI early in the transients (before automatic 

initiation by ES) shifts the curves for RCS pressure and pressurizer 

level to the right, i.e., more time is available before pressurizer 

drainage occurs. However, for smaller feedwater transients, and 

when the excessive feedwater has been terminated, full HPI flow will 

more than compensate for the coolant shrinkage and result in a rapid 

increase in pressurizer level and RCS pressure. Rapid operator 

response will be required to prevent a solid pressurizer and RCS 

overpressurization.  

The operator should perform the following actions to restore proper 

RCS inventory and pressure control: 

1) Throttle HPI as soon as the subcooled margin is restored and 

RCS pressure is increasing. Throttling should be accom

plished using one HPI pump (preferably the normal makeup 
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pump) and one injection line (preferably the one utilizing 

the normal makeup nozzle with the thermal sleeve).  

2) If the RCS is reheating and thus swelling, lower the TBS 

setpoint to a value near the corresponding saturation 

pressure for the existing cold leg temperature. This will 

stop the RCS heatup and swell. If desired, the operator 

can then gradually increase the setpoint to allow a gradual 

heatup while controlling pressurizer level.  

3) When pressurizer level returns on-scale low (with the RCS 

above the subcooled margin) and is increasing, the operator 

should terminate HPI and realign for normal makeup/letdown 

operation.  

NOTE: Throughout Part I the operator is required to throttle HPI 

as soon as the subcooling margin is restored and to reduce 

TBS setpoints to maintain RC temperature. Thus, adhering 

to these guidelines will prevent a loss of RCS inventory 

control. This is discussed in more detail in Volume 1 of 

Part II, Chapter E, "Best Methods for Equipment Operation." 

Loss of Reactor Coolant Inventory Control (Low) 

A loss of reactor coolant inventory control (low) exists whenever 

makeup or HPI flow is insufficient to overcome a primary leak rate 

or the coolant contraction rate, resulting in drainage of the pres

surizer. As stated previously, full HPI flow will be insufficient 

to maintain pressurizer level during severe excessive main 
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feedwater transients, but will rapidly refill and repressurize the 

RCS once the overcooling is terminated.  

Too little makeup or HPI flow, while undesirable, is not a major 

concern for this particular transient. If the overcooling is 

terminated before the pressurizer empties, the RCS will reheat and 

the resultant swell will restore pressurizer level. If the over

cooling continues, ES will actuate and HPI will initiate. It is 

extremely unlikely that at least one HPI pump will not start; how

ever, should that occur the RCS will lose subcooling margin. The 

operator will trip the RC pumps.  

Control of FW to attain and maintain 95% level on the operate range 

will provide adequate core cooling while the problem with HPI is 

being corrected. The operator should throttle the FW flowrate to 

obtain gradual SG level increases and limit further overcooling.  

Following the actions specified in III.A of Part I will restore 

primary system inventory control and subcooled margin.  

Loss of Secondary Inventory Control (High) 

A loss of secondary inventory control (high) exists whenever 

significantly more feedwater (main or emergency) is being injected 

into one or both steam generators than is required by existing 
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plant conditions. It is an overcooling transient and is very 

similar to the main initiating event covered in this section 

(excessive main feedwater). However, there are basic 

differences in definition and plant response.  

Excessive main feedwater was defined in Section 1.0 of this 

Appendix as basically supplying more feedwater than could be 

boiled off to make superheated steam. The definition for 

excessive emergency feedwater (or excessive MFW after reactor 

trip) must differ slightly in that 1) the steam generator is at 

saturation conditions and 2) more importantly, whenever the 

natural circulation setpoint is in effect, EFW (or MFW) will 

provide more flow than can be boiled off in order to raise SG 

levels to the appropriate setpoint. However, the rate at which 

FW builds SG levels can be excessive and overcool the primary 

system.  

In addition, excessive emergency feedwater will cause 

depressurization of the affected SG to a larger extent than 

excessive main feedwater. This is due primarily to the 

increased condensing action introduced by spraying colder EW in 

near the top of the tube bundle (into the steam space).  

Thus, even when the EFW (or MFW) system performs as designed, it 

can cause overcooling of the primary system, particularly when 
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achieving the natural circulation level setpoint (20 ft) with 

low decay heat. Therefore, the operator should throttle FW to 

obtain a gradual increase in SG levels and to maintain SG 

pressures. This will minimize the overcooling effects on the 

primary system. This action should only be required when the 

natural circulation setpoint is in effect since EFW or MFW 

cannot cause significant overcooling while attaining the low 

level setpoint for forced circulation. It should also be noted 

that automatic level control of EFW flow will only occur if the 

motor-driven pumps receive an automatic start signal. Manual 

initiation of EFW will require manual flow control.  

Should EFW or MFW flow control fail, the operator should 

recognize the overcooling as well as high FW flow and SG level 

higher than the appropriate setpoint. Following the actions in 

Part I, Section III.C for excessive primary to secondary heat 

transfer will terminate the excessive FW. III.C requires the 

operator to close the EFW regulating valves and to isolate MFW.  

The operator should not restore FW to the generator with high 

level until the failure causing excessive FW has been identified 

and corrected. Restoration of FW to the "good" generator will 

provide DH removal. The operator should align the EFW or MFW 

system to allow feeding of the good generator with both EFW or 

both MFW pumps for reliability while FW is being corrected and 

restored to the affected SG.  
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Figure A-6 shows the impact of excessive main feedwater over

cooling compounded by overcooling due to excessive EFW. The 

curves for RCS pressure and pressurizer level will shift to the 

left, i.e., pressure reduction and drainage of the pressurizer 

will occur faster.  

Loss of Secondary Inventory Control (Low) 

A loss of secondary inventory control (low) exists whenever too 

little feedwater is being supplied to the steam generators 

resulting in too little primary to secondary heat transfer and 

overheating of the RCS. This is an unlikely event since the 

initial condition was excessive main feedwater with too much 

primary to secondary heat transfer. In any case, should a total 

loss of both main and emergency feedwater subsequently occur, the 

operator will have more time available for corrective actions due 

to initial SG inventory increase caused by the excessive main 

feedwater transient. A detailed discussion is provided in Appendix 

B, "Loss of Main Feedwater".  

Loss of Steam Pressure Control 

A loss of steam pressure control exists whenever one or both steam 

generators undergo a pressure reduction significantly below the TBS 

reseat setpoint. It is an overcooling transient and will look 
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the impact of excessive feedwater overcooling compounded by over

cooling due to loss of steam pressure control. The curves for RCS 

pressure and pressurizer level will shift to the left, i.e., pres

sure reduction and drainage of the pressurizer will occur faster.  

When the overcooling transient is terminated, the operator must 

react to prevent overpressurization of the RCS and possible viola

tion of NDT limits.  
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the impact of excessive feedwater overcooling compounded by over

cooling due to loss of steam pressure control. The curves for RCS 

pressure and pressurizer 1,evel will shift to the left, i.e., pres

sure reduction and drainage of the pressurizer will occur faster.  

When the overcooling transient is terminated, the operator must 

react to prevent overpressurization of the RCS and possible viola

tion of NDT limits.  
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Figure A-3. ACTUAL PLANT RESPONSE DURING AN EXCESSIVE MAIN FEEDWATER TRANSIENT 
(RCS AND FEED FLOW PARAMETERS) 
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Figure A-4. ACTUAL PLANT RESPONSE DURING AN EXCESSIVE MAIN FEEDWATER TRANSIENT 
(STEAM GENERATOR PARAMETERS) 

1050 

450-' 
.0 \S/G B 

1000 400 

350 E A 

950- 30 -" yS/G A PRESS . 950 300 

250 

900 200 

150 

850 100 
S /G 

50 B 

800 
30 60 90 120 150 180 210 240 

Rx Trip
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Figure A-7 EXCESSIVE FEEDWATER LOGIC DIAGRAM 
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APPENDIX B 

LOSS OF MAIN FEEDWATER 

1.0 GENERAL TRANSIENT DESCRIPTION 

Loss of main feedwater is a failure to control secondary inventory.  

Loss of Main Feedwater (LOFW) is not by itself a severe transient.  

The plant was designed to respond automatically to this event so 

that the important plant parameters, like RC pressure and tempera

ture, will stay within acceptable limits.  

However, when main feedwater is lost, some important backup systems 

like the Emergency Feedwater System are called into play. If these 

backup systems fail to function correctly, a much more severe transi

ent may start. The important plant parameters may go outside their 

limits and the operator will have to step in to control them. So 

even though loss of main feedwater is not by itself a bad transient, 

it can be the starting point for some severe abnormal transient.  

This section will discuss what can cause a loss of feedwater and how 

the plant will behave.  

iATE: 3-23-82 Appendix B, Page B-f
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Causes for a Loss of Main Feedwater 

The most common cause for a loss of main feedwater is a trip of the 

main feedwater pumps. This can be caused, for example, by low pump 

suction pressure which, in turn, could have a number of causes in

cluding a loss of the condensate pumps. Main feedwater pump trip is 

significant because it always results in an anticipatory reactor 

trip. The anticipatory trip helps reduce the severity of the transi

ent because it quickly drops the production of heat in the reactor 

core. Without the anticipatory trip, the core will continue to 

produce heat for up to 8 seconds after a LOFW before the reactor 

trips on high RC pressure.  

LOFW can also be caused by inadvertent closure of the main feedwater 

control valves, the main feedwater isolation valves, or by a feed

water line break. If these failures occur, they may not result in 

an anticipatory trip. However, they are much less likely than a 

main feedwater pump trip. So for the remainder of this discussion, 

we will assume that the LOFW has been caused by a main feedwater 

pump trip and that an anticipatory reactor trip also occurs.  

Plant Behavior Following a LOFW 

For the first few seconds following a LOFW, RC pressure, pressurizer 

level, and steam pressure all "spike" upwards. This happens because 

within a second after the main feedwater pumps trip, the reactor and 

DATE: 3-23-82 Appendix B, Page B-2
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turbine also trip, and the effects of the turbine trip are seen more 

quickly than the reactor trip. The turbine trip causes steam pres

sure to increase and reduces primary to secondary heat removal. The 

reactor coolant gets hotter and expands slightly causing an increase 

in pressure and pressurizer level. This initial spike is shown on 

the following P-T diagram to indicate its direction. In actual 

practice the spike is so small and so quick that the operator 

probably won't see it. (Note: Only for the case where there is no 

anticipatory trip does the spike become significant. In that case 

RC pressure will rise to 2300 psig before causing a reactor trip).  
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Quickly the effects of the reactor trip become dominant. The loss 

of power generation in the core ends the overheating spike. As the 

steam generator inventory is boiled away, heat is removed from the 

secondary side faster than it is being supplied by decay heat in the 

core and the RCS cools. This part of the transient takes much 

longer and will probably be the first system behavior observed by 

the operator. The following P-T diagram shows the trend that he 

will see. Reactor coolant pressure, temperature and pressurizer 

level will fall as a result of the RCS cooling down. Pressurizer 

heaters will come on and makeup flow will automatically increase.  
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Steam generator levels in both generators will continue to drop as 

the inventory is boiled away. At the same time, steam pressure will 

peak as the main steam safety valves lift. After the excess energy 

has been vented, steam pressure drops and these valves close. The 

turbine bypass valves will control steam pressure near the 1010 psig 

setpoint.  

Because the reactor trip and turbine trip occur so quickly after the 

main feedwater pumps trip, the transient up to this point will look 

almost identical to a normal reactor trip. For positive identifica

tion of a LOFW, the operator must rely on other indications such as 

the main feedwater pumps have tripped or the emergency feedwater 

pumps have been turned on. Main feedwater flow rate is a fast 

indication which also should be checked.  

The emergency feedwater pumps are actuated early in the transient, 

but no EFW flow will occur until the steam generator levels have 

dropped to the low level setpoint. When this occurs, the EFW flow 

will be automatically controlled to maintain a nearly constant level 

and the heat removed from the steam generator will closely match 

the core decay heat. When this happens, RC temperature will remain 

nearly constant. Pressurizer level will slowly increase in response 

to the additional makeup flow, and operation of the pressurizer 

heaters will cause RC pressure to go up. This represents the final 
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stage of the LOFW transient as the system approaches its desired 

post-trip conditions. The P-T diagram below shows the expected 

system behavior during this period.  
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2.0 OPERATOR ACTIONS SUMMARY 

Immediate Actions 

Confirm emergency feedwater system is providing feedwater flow 

to the steam generators. If not, start EFW pumps and check EFW 

valve alignment. Control EFW flow rate to prevent overcooling.  

(EFW throttling should only be necessary when all RC pumps are 

off and the higher level setpoint for natural circulation is in 

effect.) 

Identifying Symptoms 

- Main Feedwater Flow Rate 

- Main Feedwater Pumps Tripped Alarm 

- EFW controlling OTSG levels 

NOTE: The RC pressure and temperature behavior is almost 

identical to a "normal" reactor trip.  

If the plant responds normally, there is no need for the operator to 

take any immediate actions other than his normal post-trip response 

(Part I, Sections I and II). If the loss of main feedwater is com

pounded by other failures, Sections I and II of Part I will help the 

operator identify these situations and take the appropriate actions.  

3.0 LOSS OF MAIN FEEDWATER WITH OTHER PLANT FAILURES 

Introduction 

The previous section describes the loss of main feedwater without 

additional plant failures. The plant is designed to automatically 

DATE: 3-23-82 Appendix B, Page B-7
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handle the simple loss of main feedwater events without immediate 

operator action (although to limit overcooling effects when in natu

ral circulation the operator should control EFW when it starts).  

However, a number of other plant failures can also occur at the same 

time which will compound the LOFW event and increase the complexity 

of the transient. These compound events require operator recogni

tion and corrective action to mitigate the transient. This section 

will show what symptoms to look for when other equipment fails and 

will show what steps the operator should take to /restore the heat 

transfer from the core to the steam generators.  

There are three significant failures which may compound the loss of 

main feedwater event. These are: 

- Loss of Secondary Inventory Control (Low) 

- Loss of Secondary Inventory Control (High) 

- Loss of Secondary Pressure Control 

These events are shown on the Loss of Feedwater Logic Diagram 

(Figure B-5) and are discussed separately below.  

Loss of Secondary Inventory Control (Low) 

Loss of main feedwater is already a loss of secondary inventory con

trol. If the LOFW is compounded by a failure of the EFW system, the 

steam generators will dry out and a loss of heat transfer will 

result.  

DATE: 3-23-82 Appendix B, Page B-8
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The operator can recognize the total loss of feedwater by the lack 

of both MFW and EFW flow indication on the flowmeters and by the low 

steam generator level which will be decreasing below 30 inches on 

the startup range. Secondary steam pressure will decrease below the 

post-trip setpoint of 1010 psig once the steam generator dries out 

and can no longer produce enough steam to hold the setpoint 

pressure. Also, by following the steps in Part I, Sections I and 

II, the operator will identify that inadequate primary to secondary 

heat transfer exists at Step 10.0 of Part I, Section II. This step 

directs him to Section III.B of Part I where instructions for 

establishing HPI cooling, if necessary to protect the reactor core, 

and for restoring proper primary to secondary heat transfer are 

given. Use of HPI cooling protects the core while providing the 

operator the time necessary to correct EFW and/or MNFW problems and 

restore feedwater to at least one steam generator. HPI cooling 

should be started when the loss of heat transfer is noted (Tcold 

decouples from steam generator saturation temperature and steam 

pressure drops). Also at that time all but one RC pump should be 

tripped to reduce the heat input while maintaining some forced flow 

to promote thermal mixing; if the subcooling margin is lost the 

remaining RC pump should be stopped. After HPI cooling has been 

established, the operator should continue attempts to feed at least 

one SG.  

DATE: 3-23-82 Appendix B, Page B-9
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Figure B-4 is provided to show how RC hot leg temperature and RC 

pressure typically change as a function of time. On a loss of main 

feedwater with no EFW both RC temperature and pressure respond 

initially like a normal LOFW trip but then within minutes both 

parameters increase due to the inadequate primary-to-secondary heat 

transfer.  

Loss of Secondary Inventory Control (High) 

The loss of main feedwater may be compounded by a failure in the EFW 

system resulting in EFW overfeed. This is an overcooling event 

because too much primary to secondary heat removal occurs; however, 

it is different from the excessive feedwater event of Appendix A 

because main feedwater has tripped off and cannot be causing the 

overfeed. Therefore, this transient will be much slower.  

Excessive emergency feedwater can be recognized by the following 

symptoms: 

- High steam generator level in one or both generators 

- Continuous EFW feed flow indication above the correct level 

setpoint in one or both generators 

- Falling steam generator pressure in the "bad" (overfed) OTSG 

DATE: 3-23-82 Appendix B, Page B-10
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By following the instructions in Part 1, Sections I and II, the 

operator will identify the excessive primary to secondary heat trans

fer at Step 10.0 of Section II. This step directs him to Part 1, 

Section III.C. Following those actions will terminate the excessive 

EFW. A more detailed discussion of Loss of Secondary Inventory 

Control (High) is provided in Appendix A.  

Figure B-4 shows the behavior of RC hot leg temperature and RC pres

sure versus time for the LOFW event compounded by excessive EFW.  

Steam pressure will decrease in both OTSG's and RC cold leg tempera

ture will follow steam generator Tsat throughout the transient.  

Loss of Secondary Pressure Control 

A loss of main feedwater event may also be compounded by a loss of 

secondary pressure control. The loss of secondary pressure control 

can be caused by such things as a turbine bypass valve or a main 

steam relief valve failing in an open position. Any of these ini

tiating causes will result in an overcooling transient.  

Symptoms of a loss of secondary pressure control caused by steam 

leakage through an open safety or turbine bypass valve are: (1) 

rapidly falling steam generator pressure in both OTSG's with the 

"bad" generator pressure falling more rapidly; after a few minutes 

the "bad" generator pressure may be as much as 200 psi lower than 

the good generator pressure, and (2) low steam generator level in 

the "bad" generator and/or higher EFW flow to the "bad" generator.  

DATE: 
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The operator should follow the instructions in Part I, Sections I 

and II. Step 10.0 in Section II will identify the overcooling event 

and direct him to Section III.C which provides the explicit instruc

tions for identifying and dealing with the steam leakage.  

These steps include isolating all feedwater to the "bad" OTSG by 

closing the control or isolation valves and verifying the TBV's are 

closed, and if the leak cannot be isolated then boiling the "bad" 

OTSG dry.  

With a loss of secondary pressure control caused by a stuck open 

turbine bypass valve or main steam safety valve, the reactor coolant 

hot leg temperature and pressure decrease very rapidly. The time 

dependence of these parameters for a stuck open MSRV is shown in 

Figure B-4.  

DATE: 3-23-82 Appendix B, Page B-12
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- APPENDIX C 

STEAM GENERATOR TUBE RUPTURE (SGTR) 

1.0 INTRODUCTION 

A SGTR is a loss-of-coolant accident (LOCA) that allows reactor 

coolant to leak into the secondary side of the once through steam 

generator (OTSG) where it is released into the steam plant. A 

SGTR can become a serious accident; it contaminates the secondary 

plant and can lead to significant offsite doses if steam from the 

affected steam generator(s) is released to the environment. It 

can have the complications associated with a normal small break 

LOCA (see Appendix F).  

A SGTR is a loss of integrity of the steam generator tubes. It 

can be a small leak of one tube or failures of more than one 

tube. SG tube failure can be caused by corrosion (bad water 

chemistry), excessive thermal or hydraulic loadings during severe 

plant transients, or mechanical wear due to foreign objects in 

the primary or secondary system. Tube failure can occur by 

itself or it can be combined with another severe plant transient.  

The leak rate during a SGTR can be small (a few gpm) or quite 

large (several hundred gpm). The major factors which influence 

the leak rate of reactor coolant into the steam generators are: 
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1. The number of defective tubes, 

2. The size (break area) of the tube failure(s), and 

3. The pressure and temperature conditions in the primary and 

secondary systems.  

Small tube ruptures, with leak rates< 20 gpm, are more frequently 

encountered than large tube ruptures. However, larger leak rates 

can occur. For a complete severance of one SG tube, a leak rate 

of approximately 400 gpm at normal system pressure and tempera

ture conditions would be expected. SGTR events with high leak 

rates have occurred at commercial nuclear plants.  

The leak from a failed tube cannot be isolated and reactor 

coolant will continue to be lost until the plant is completely 

cooled and depressurized and the primary system loops have been 

drained. Hot shutdown is not a safe end condition for a SGTR.  

The requirement to maintain an RCS subcooling margin will prevent 

the equalization of the primary and affected OTSG pressures. The 

primary to secondary elevation difference will also prevent 

termination of the tube leak until the RCS is drained.  

Therefore, a plant cooldown and depressurization is required for 

accident mitigation. Higher RCS pressures result in higher tube 

leak flows and ultimately higher offsite doses, so early 

detection and diagnosis of this accident is very important.  
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The RCS must be at cold shutdown before the BWST is depleted 

because recirculation from the sump is not possible; injection 

water will be lost through the broken tube. Therefore, the RCS 

cooldown and depressurization must be initiated as soon as safely 

possible and preparations should be started to provide for 

replenishing the BWST should it become necessary. Since a tube 

leak is a small break LOCA, the general procedures for LOCA 

mitigation must be also followed -(see Appendix F). Some modi

fications to the LOCA rules are required for this unique 

accident: 1) the leak rate through the tube will increase as 

subcooling margin increases, therefore a minimum subcooling 

margin should be maintained, and 2) delays in cooldown and 

depressurization must be avoided.  

Delays of cooldown and depressurization can happen if failures 

occur in plant systems in addition to the tube leak. If 

possible, the additional failures should be corrected before 

final cooldown and depressurization to cold conditions. However, 

to minimize delays in the RCS cooldown and depressurization, the 

failures may have to be corrected during the cooldown.  

This appendix will show characteristics of and corrective actions 

for large and small tube leak rates, with and without additional 

failures.  
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2.0 GENERAL OPERATOR ACTIONS 

The most important stages in the treatment of steam generator 

tube leaks are to: 

1. Diagnose that a SGTR is in progress and identify which steam 

generator has the leak.  

2. Bring the plant to a stable, zero power condition by: 

* Performing a plant runback, or 

* Performing the Immediate Actions and Status Verification 

of Part I if a reactor trip occurs.  

3. Rapidly cool down and depressurize the RCS so that the RCS 

pressure is below the main steam safety valve setpoint.  

4. Once the RCS temperature is below approximately 540F isolate 

feedwater to the generator with the tube leak. Isolate all 

steam extraction lines from the steam generator with the tube 

leak except the turbine bypass line. Leak rates of 5-20 gpm 

are, small and will probably not fill the generator before 

complete plant cooldown if RCPs are running. Slightly larger 

leaks can be accommodated depending on the time it takes to 

completely cool down. Isolation of the generator will help 

prevent contamination of the secondary plant and the cleanup 

efforts associated with it. For all large leaks and small 

leaks without RCP operation, secondary plant contamination 

will occur because the generator with the leak will have to 

be steamed periodically to prevent filling. The operator 

should make every effort to limit the degree of contamination 

in the secondary plant without inhibiting mitigation of the 
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SGTR event. This includes isolation of the auxiliary steam 

supply and the steam supplies to the MFW and EFW pump 

turbines and the second stage reheaters from the affected 

generator.  

5. If additional component failures have occurred which will pre

vent a) plant depressurization with the spray or PORV, or b) 

prevent the use of both generators, then repair or bypass the 

failures if possible.  

6. Cooldown and depressurize the plant to cold shutdown 

conditions while maintaining the reactor coolant subcooled 

and minimizing the offsite releases.  

These steps are shown in the block diagram (Figure C-1). The 

text follows the outline of the diagram. The first part of the 

text shows actions for tube leaks without failures; actions to 

take if other failures occur with the tube rupture are discussed 

in Section 9.0.  

During these stages, the tube leak must be treated to correct for 

the LOCA and also to limit the radioactive steam release. Since 

LOCA's are discussed at length separately (Appendix F), the fol

lowing discussion will be focused on treatment of the tube 

rupture as a unique accident and will only discuss the LOCA as it 

relates to plant control.  
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Figure C-3, which is at the end of this appendix, summarizes the 

general operator actions for a SGTR. Sheet 1 of Figure C-3 summa

rizes those actions required to identify the accident and t 

bring the plant to a stable zero power condition and Sheet 21 

addresses plant cooldown. Table C-3 outlines actions to minimize 

offsite releases for SGTR's with additional equipment failures.  

These figures should be studied as a supplement to the follow-on 

sect ions.  
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3.0 EVENT DETECTION 

The first stage for mitigation of steam generator tube leaks is 

prompt detection and determination of which generator has the 

leak. It is mandatory to know that a tube rupture has occurred 

and it is very important to know which generator is affected.  

Table C-1 summarizes the ways a SGTR and the affected steam 

generator can be detected. Secondary plant radiation levels are 

the best and most timely indicators of a SGTR. The other SGTR 

symptoms (LOCA or asymmetric high water level in one generator) 

are best used as back up methods in case the plant's radiation 

detection equipment is inoperative. Figure C-2 shows the P-T 

diagram and a sequence of events for a large tube leak without 

operator intervention prior to trip; as expected, the tube leak 

looks like a small break LOCA (see Appendix F).  
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4.0 PLANT CONTROL AT POWER FOLLOWING A SGTR 

The second stage for mitigation of a SGTR is to stabilize reactor 

coolant (RC) pressure and pressurizer level so that the plant may be 

run back without tripping. Tube leaks will result in decreases in 

RC pressure and pressurizer level. The makeup (MU) system will 

automatically increase MU flow to stabilize pressurizer level and 

the pressurizer heaters will come on to restore RC pressure. Let

down storage tank (LDST) level will drop, but must not be allowed to 

drain. Action must be taken to supply the LDST with a water supply 

with a boron concentration equal to or greater than RCS boron 

concentration.  

Larger tube leaks or a complete rupture of a tube will require 

starting a second makeup pump or manual initiation of HPI. Action 

to start HPI should be taken if pressurizer level cannot be 

maintained with MU. Shift HPI pump suction to BWST if unable to 

maintain LDST level. If the leak rate is greater than the MU or HPI 

flow rate, pressurizer level and RC pressure will drop, the heaters 

will turn off on the low level interlock, and a reactor trip will 

occur. A complete severence of one SG tube (approximately 400 gpm) 

will result in a reactor trip in approximately 10 minutes if the 

operator does not initiate HPI (refer to Figure C-2). For tube 

ruptures with a flow greater than approximately 700 gpm (more than 

one tube ruptured), the rate of RCS depressurization will be too 

rapid to prevent a reactor trip, even with initiation of full HPI.  

Letdown should be secured as rapidly as possible for all SGTR's.  
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Once RC pressure and pressurizer level have been stabilized by any 

of the above actions, the third stage of actions (Section 5.0) 

should be followed. By achieving RC pressure and inventory control, 

the plant may be manually run back. If a reactor trip does occur, 

the minimum RC subcooling margin and pressurizer level must be 

re-established in accordance with the actions described in Section 

5.0.  
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5.0 PLANT CONTROL TO HOT ZERO POWER (See Sheet 1 of Figure C-3) 

The third stage for mitigation of a SGTR is to bring the plant to 

hot shutdown (unless the leak is large enough to depressurize the 

plant to a low pressure and automatically trip the plant). It is 

preferable to run back as much as possible, even if a reactor trip 

is imminent, to avoid or limit lifting the steam safeties and 

releasing radioactive steam to the environment.  

Tube leaks can occur alone or with other plant failures. If other 

plant failures occur at the same time, it may be difficult to 

establish hot shutdown and to proceed with cooldown and depressuri

zation. Generally, the best course to follow, if possible, is to 

fix the other failures while taking actions to cool the plant down.  

This section will show how to establish hot shutdown and prepare for 

cooldown with tube leaks only. Treatment of other failures is dis

cussed in Section 9.0.  

Action should be initiated to stablize pressurizer level and RCS 

pressure while conducting a plant runback to low power without 

tripping. RCS inventory should be closely watched during the plant 

runback and subsequent cooldown.  
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Upon reaching a low power level where the available turbine bypass 

capacity is sufficient to avoid lifting the steam safeties, the 

plant can be tripped as follows: 

1. Place TBV's in manual and open to unload turbine.  

2. Unload turbine generator and trip the turbine.  

3. Trip reactor 

4. Place TBV's back in automatic with appropriate pressure 

setpoints or control header pressure in manual (at operator 

discretion).  

If pressurizer level has not been maintained and a reactor trip 

should occur, there is a good chance that the pressurizer will 

drain, ES will actuate on low RCS pressure, and the reactor coolant 

subcooled margin will be lost. If this happens, the operator's 

actions are to: 

1. Ensure full HPI flow.  

2. Trip the RC pumps immediately following the loss of subcooled 

margin.  

3. Ensure that MFW flow is diverted through the upper nozzles and 

is controlled.  

4. Throttle HPI once the reactor coolant subcooled margin is 

regained and maintain pressurizer level at 100 inches or 

greater.  

Once the reactor is shutdown and the turbine is offline, immediately 

begin cooldown and depressurization as described on the following 

pages.  
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6.0 COOLDOWN AND DEPRESSURIZATION 

Once the plant has been brought to a hot zero power condition by a 

runback or a reactor trip, a cooldown and depressurization of the 

RCS should be started while maintaining the reactor coolant near the 

minimum subcooled margin.  

This action is required to minimize the offsite dose because: 

1. By reducing RCS pressure, the primary to secondary leakage will 

decrease and 

2. By decreasing RCS temperature and steam pressure, radioactive 

steam release through the steam safety valves is less likely.  

The initial objective of the cooldown is to bring the RCS hot leg 

temperature to a value (<540F) that corresponds to a saturation 

pressure which is below the steam safety valve setpoint. This 

action will prevent inadvertent lifting of the steam valves and will 

limit atmospheric radiation releases. Below 540F the SG with the 

tube rupture can be isolated without lifting the safety valves. The 

selection of the cooldown method to be used ("normal" or "emer

gency") is discussed in Section 8.0.  

TE: 3-23-82 Appendix C, Page C-12



BWNP-20007 (6-76 

BABCOCK & WILCOX NUMBER 
NUCLEAR POWER GENERATION DIVISION 

TECHNICAL DOCUMENT 76-1123298-00 

The plant cooldown and depressurization should be continued to cold 

shutdown conditions because the primary-to-secondary leak will not 

stop completely until the loops are drained.  

Prior to and during the cooldown and stabilization period, the opera

tor should check the status of several things so that he can decide 

on the best method for cooldown.  

1. Estimate leak size by maintaining constant pressurizer level.  

Normal makeup will be adequate for a small tube leak. A large 

tube leak will require initiation of HPI.  

2. Verify the operability of all TBVs. Any leaking or stuck open 

valves should be manually blocked closed (refer to SGTR with 

other failures section).  

3. Verify the availability of both OTSG's. Assure both can be fed 

and are able to maintain pressure. If not, refer to SGTR with 

other failures section.  

4. Verify operation of RC pumps for use of pressurizer sprays. If 

tripped and the RC conditions permit, restart one pump per OTSG 

(one in spray loop) as soon as possible.  

DATE: 3-23-82 
Appendix C, Page C-13



BWNP-20007 (6-76) 

SCOCK & WILCOX NUMBER 
EAR POWER GENERATION DIVISION . CHNICAL DOCUMENT 76-1123298-00 

7.0 ISOLATION OF AFFECTED SG 

During the cooldown (normal or emergency) and depressurization of 

the plant, isolation of the affected steam generator is recommended 

once the reactor coolant temperature decreases below 'I-540F. Below 

this temperature, steam pressure will be below the secondary safety 

valve lift setpoints and reactor coolant subcooling requirements can 

be met. Isolation is defined as: 

1. Stopping MFW and EFW to the affected generator; only enough 

water should be added to maintain level at the low limit. If in 

natural circulation enough water should be added to induce and 

maintain natural circulation.  

2. If the condenser is available, the TBV's should be used if steam

ing is needed. Therefore, the TBV's should be closed (until 

needed) but the steam flow path upstream of the TBV's should 

remain open and available.  

3. Switching the turbine-driven emergency feed pump and other steam 

supplies to the unaffected SG, or to another operating unit.  

The reactor coolant which leaks into the steam generator may eventua

lly require steaming to limit the water accumulation in the genera

tor. Steaming must be done when 95% on the operate range is 

reached. Steaming may also be needed to maintain natural circula

tion so that a reasonable rate of RCS cooldown to cold shutdown can 

be achieved. The decision to steam should be based on the actual 
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situation; RCS cooling, steam generator level, tube-to-shellA T, and 

the need to add feedwater for natural circulation will help make 

this decision.  

Feedwater should be isolated to the affected SG until the leak size 

is known. Small leaks will not provide enough water to the 

generator to maintain a minimum level and therefore periodic feeding 

will be required to keep the shell cool and rate of cooldown 

constant. Large leaks will provide enough water without feedwater 

addition. Feedwater may be initially required to establish and 

maintain natural circulation in the loop with the tube leak. A 

decision to add feedwater must be based on the actual plant 

situation; RCS cooling, steam generator level, tube-to-shell AT, and 

the natural circulation condition will help make this decision.  

If the plant is in natural circulation, feedwater addition and steam

ing will be required (at least periodically) from both loops to pre

vent the reactor coolant in either loop from going saturated in the 

"candy cane" of the hot leg and forming a steam bubble which will 

interrupt natural circulation and prevent depressurization. Further 

plant cooldown and depressurization will be significantly reduced.  

Although the intent of isolation is to "bottle up" the affected SG 

and to use it as a storage tank for the additional reactor coolant 

that escapes during the remainder of the plant cooldown and depres

surization, total isolation is not always possible. For large tube 
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leaks steaming may be required; feedwater may have to be added for 

some other situations. Level control in the steam generator and a 

high rate of RCS cooldown will provide a lower radioactive release 

for large leaks than a slow cooldown. A faster rate of cooldown 

will limit the total water that leaks into the steam generator, 

limiting the offsite releases. A timely cooldown will also allow 

the plant to be brought to a cold, depressurized condition before 

the BWST is drained. Therefore, a sustained rate of cooldown near 

10OF/hr should take priority over isolation of the OTSG.  

Specific isolation actions for various plant conditions are 

addressed below (additional failures that may occur are covered in 

Section 9.0): 

A. Small Leaks with RC Pumps Running 

For this condition, the reactor coolant pumps will force 

circulation through the isolated loop so it will not stagnate 

and flash; a continuous uninterrupted cooldown with the other 

generator is mandatory. The cooldown rate should be close to 

normal and the tube-to-shell temperature difference should be 

monitored and maintained within normal limits (00F) to avoid 

excessive tube stress. Feed addition should be as required to 

maintain level at the low level limit to keep the lower shell 

covered. A continuous depressurization of the RCS is required 
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to maintain a minimum subcooling margin while proceeding with 

RCS cooldown. If heat removal does become interrupted, then a 

path to the condenser from the affected OTSG should be opened to 

prevent radioactive release through the safety valves of the iso

lated generator. Intermittent feeding to the isolated generator 

may be required to maintain a minimum water level if a minor 

tube leak occurs. A leak of this size may not be large enough 

to fill the generator before the cooldown and depressurization 

are completed; however, the leak rate and the steam generator 

level should be monitored at all times. If the level increases 

or the leak rate changes, the generator may have to be steamed 

(preferably to the condenser). Steaming of the affected OTSG 

may be required at lower RC temperatures to maintain a 

reasonable rate of cooling. (COOLDOWN MODE 1 should be used for 

the entire transient if the condenser and RCP's are available 

See Figure C-3, Sheet 2.) 

B. Small Leaks with RCP's Off 

Intermittent or minimal continuous feeding and steaming may be 

required to maintain natural circulation in the affected loop 

and to prevent stagnation and flashing in the RCS. The cooldown 

rate should be close to 10OF/hr (below 500F) but may have to be 

lowered so that makeup can keep up with the leak and the RCS con

traction. Pressurizer level should be maintained at approxi

mately 100 inches. The tube-to-shell temperature difference 
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should be maintained within the emergency limits (150F). Con

tinuous feeding and steaming of the affected OTSG, at low flow 

rates, may be required to maintain 10OF/hr cooling and the 

tube-to-shell limits. (Cooldown Mode 2 should be used for 

duration of transient - See Figure C-3, Sheet 2.) 

C. Large Leaks/Ruptures with RCP's On or Off 

If the tube leak is large enough,'the affected OTSG will contri

bute significantly to RCS cooling. If the affected OTSG begins 

to fill, steaming should be increased to limit level to 95% on 

the operate range. If this action is required, then steaming of 

the unaffected SG should be decreased, as necessary, to maintain 

the total RCS cooldown rate at 10OF/hr (below 500F). Once the 

95% level is reached, continuous steaming of the leaking OTSG, 

without feedwater addition, will be required to maintain a con

stant rate of RCS cooling and to prevent overfill. If isolation 

of feedwater and adequate steaming of the affected OTSG is begun 

early in the transient, the difficulties associated with OTSG 

overfill can be. avoided. Toward the latter stages of the 

cooldown, the affected OTSG may begin to fill because the 

boiloff needed to remove decay heat is less than the leakage 

from the RCS into the OTSG. If this occurs, most of the heat 
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removal should be transferred to the affected OTSG. Inter

mittent feeding and steaming of the unaffected OTSG may be re

quired to maintain natural circulation (if RCP's are tripped), 

10OF/hr cooling, and the emergency tube-to-shell limit. (Cool

down Mode 2 should be used - See Figure C-3, Sheet 2.) 
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8.0 COOLDOWN AND DEPRESSURIZATION TO COLD SHUTDOWN 

The final step for mitigating tube leaks is to bring the plant to a 

completely depressurized condition. The tube leak rate will be the 

lowest when the RCS pressure is approximately equal to the steam 

generator pressure. To achieve this condition, the RCS must be 

depressurized so that the decay heat removal system can be started.  

The RCS subcooling requirements will not allow equalization of RCS 

and secondary system pressures while the steam generator is removing 

heat. When the decay heat removal system is started for heat 

removal, the steam pressure can be allowed to remain slightly higher 

than the RCS pressure. Reverse leakage will occur, but the effect 

is minimal if this condition is not maintained for extended periods 

of time.  

Although the leak flow will be lower when the RCS is placed on the 

decay heat removal system and the steam pressure is then increased 

by OTSG steam isolation, further cooldown and depressurization is 

required. Since the elevation of the hot leg "candy cane" is always 

higher than the tube leak, elevation head will cause the leak to 

continue. Special actions for handling the leak after the decay 

heat system is placed in the decay heat removal mode of operation 

will be described in Section 11.0.  
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Control of plant depressurization is needed to bring the plant to 

cold conditions; methods of depressurization are described in 

Section 11.0.  

The approach chosen for cooldown to the decay heat removal system 

will depend on the conditions of the plant at the start of cooldown.  

To determine the mode of cooldown the leak size, condenser avail

ability, RC pump availability, and other factors must be known.  

The following subsection describes the various factors to be con

sidered for final cooldown: 

8.1 Selection of Plant Cooldown Mode 

Figure C-3 shows the three modes of plant cooldown to be select

ed. There are two basic cooldown rates shown in this figure; 

"normal" and "emergency".  

A "Normal" cooldown is defined by limits as: 

- A close-to-normal cooldown rate is used (S100F/hr) 

- Tube-to-shell temperature limits do not exceed 100F 

- Fuel pin decompression limits are not violated deliberately.  
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A n "Emergency" cooldown is defined by: 

- Tube-to-shell temperature limits do not exceed 150F 

- Fuel pin decompression limits may be deliberately violated 

- The RC temperature should be dropped to 50OF as fast as 

possible (<240F/hr) 

- After 50OF is reached the cooldown rate should be 10OF/hr., 

as long as that rate can be held. Steaming of both OTSG's 

will be required at lower RCS temperatures. The cooldown 

rate should be reduced when the tube-to-shell temperature 

limit approaches 150F (unless there is danger of running out 

of BWST inventory).  

The mode of cooldown to be selected is primarily based on three 

conditions: leak size, RC pump status, and availability of the 

condenser. These two conditions take into account the severity 

of the event. If the leak is large or the condenser or RC pumps 

are not available, offsite releases will be large and the 

emergency approach is chosen. Small leaks with the condenser 

and RCP's available will not allow a significant release so a 

normal approach is selected.  

Mode 1 (near "normal" cooldown) is selected when: 

a. The condenser is available, and 

b. The tube leak is small, and 

c. The RC Pumps are operating.  
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Note that all conditions must be satisfied to use the "normal" 

mode.  

Mode 1 is a "normal" cooldown except that the affected SG is 

isolated when the reactor coolant temperature (Thot) is reduced 

to less than 540F. It should be used for SGTR's where the leak 

rate is small (well within the capacity of the MU system) and no 

additional equipment failures have occurred. For this mode, all 

normal plant equipment or systems (condenser, RC pumps, pres

surizer spray, etc.) must be available. The plant should be 

cooled within normal plant cooldown limits (fuel compression 

limits, 100F tube-to-shell AT's, etc.). This cooldown mode will 

most likely be preceded by a plant runback since the leak rate 

is small. This cooldown mode is the most likely condition which 

will be faced, based on tube failure histories with the OTSG.  

The entire cooldown can be performed using the unaffected steam 

generator. To cooldown with one generator under these conditions 

the following apply: 

1. RC Pumps will keep circulation in both loops thus preventing 

flashing and void formation in the RCS. The RC Pumps also allow 

spray depressurization which is more rapid and controllable than 

PORV depressurization.  
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2. The leak is small enough and the cooldown is fast enough with 

one generator so that the water accumulation in the isolated 

generator will not build up and require steaming to lower the 

water level. The generator may instead be used to store the 

leaking reactor coolant. The level should still be closely moni

tored and steaming should be started if the water level ap

proaches 95% on the operate range.  

3. Continuous heat removal by the single generator will be 

required. The single generator will not only remove heat from 

the reactor coolant and core but also from the secondary fluid 

in the isolated generator, which will act as a heat source. At 

lower RC temperatures, the additional heat removal requirements 

on the good OTSG may result in a significant reduction in the 

rate of RCS cooling. If the rate of cooling is significantly 

reduced or interrupted, the isolated generator TBV's should be 

opened to increase RCS heat removal. This will prevent overfill 

of the affected OTSG.  

4. Depressurization should be controlled so that it closely follows 

the subcooled margin curve. A minimum reactor coolant subcooled 

margin should be maintained so that the leak rate is as small as 

possible. Do not, however, violate RC pump NPSH requirements 

when the RC pumps are running.  

5. Feedwater to the ruptured generator should be isolated after a 

normal level is established. The feedwater will be cooled as 

heat is removed from the generator and shell heat will reduce in 
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the region contacted by the water in the generator. Steam gene

rator tube-to-shell AT should be monitored and normal limits 

maintained. The rate of cooldown should be controlled to 

maintain normal limits.  

The "emergency" mode is selected when: 

a. the condenser is not available, or 

b. the leak is large , or 

c. the RCP's are not available.  

Note that if any of the above conditions exists, the "emergency" 

mode must be used.  

Figure C-3 (sheet 2) shows emergency modes for conditions when one 

generator.or both generators are available.  

Cooldown mode 2 should be used for a SGTR when HPI must be used to 

compensate for the leak rate and both steam generators are 

available and removing heat when the plant cooldown is initiated.  

This cooldown mode can be preceded by a reactor runback or by an 

automatic reactor trip (if the SGTR is large or other equipment 

failures occur). The general actions used for this cooldown mode 

are as follows: 
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1. Once the plant has been rapidly cooled down ( <240F/hr) and 

depressurized to about 500F and 1000 psi, pressurizer level has 

been stabilized, and isolation of the affected SG has been 

performed: 

* If the condenser is not available the ADV's must be control

led manually to continue the cooldown. If the condenser is 

available, then the TBV's should be used.  

* If the RC pumps were tripped on loss of subcooling margin 

they should be restarted if subcooling is regained; restart 

of the pump in the spray loop should take precedence to 

make the pressurizer spray available (See Pump Restart 

Criteria in Part II "Best Methods of Equipment operation).  

If the RC pumps cannot be restarted then the PORV must be 

used for depressurization.  

2. From 500F and 1000 psig, continue the plant cooldown and depres

surization at up to 10OF/hr with the unaffected or both OTSGs, 

as required to maintain cooling, until the decay heat system 

can be started..  

* Maintain minimum subcooling margins to minimize the leak.  

Do not violate RC pump NPSH requirements if the RC pumps 

are running.  

* Monitor the water level in the isolated SG and initiate 

steaming if the water level rises above 95% on the operate 

range.  
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* If the leak does not provide enough water to keep a minimum 

level (natural circulation or forced circulation level as 

appropriate), then feed the ruptured generator as required.  

* If the plant is in natural circulation, both generators 

will have to be fed and steamed as necessary to maintain 

natural circulation in both loops.  

* Monitor tube-to-shell limits and slow the plant cooldown so 

as not exceed a AT of 150F (See Part II, "Cooldown With One 

Steam Generator Out of Service".).  

3. After the decay heat removal system has been started, continue 

to cooldown and depressurize to cold shutdown so the loops can 

be drained and repairs started.  

The above cooldown procedure is an emergency measure. Its goal is 

to get the plant to a depressurized state as quickly as possible to 

stop the leak and minimize offsite releases. In this mode, fuel 

compression limits do not apply. Mode 2 can be applied when all 

plant systems are available or under more degraded conditions such 

as a loss of offsite power. Figure C-3 outlines this cooldown 

mode; it shows the ways the plant can be controlled and identifies 

monitoring and corrective actions which are unique to a SGTR.  

Mode 3 cooldown is identical to Mode 2 except that only one steam 

generator is available for heat removal when the plant cooldown is 
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Table C-1. WAYS T) DETECT A SGIR 

1. Abnormal Radiation Level in The secondary plant radiation monitors give 

Steam Plant the best indication of a primary to secondary 
lek. They are ef fect ive both when the SMT is 

" High readings and alarm the only accident and when a SGIR occurs along 

of condenser radiation with another acident. Both the steam line 

rinitor and condenser radiat ion mnitor will indicate 1SG; but the individual steam line mni

e High readings and alarm tors will shw wich steam generator is leak
of main steam line ing. Typically, a condenser radiation alarm 

radiation monitors. anT an alarm on one of the steam line goni
tors will sound if a SG occurs.  

wiTE: A local frisk of the steam lines using 

portable equipent can also be done 
to find the af fected l .  

2. dCA Symptoms Te a LnCA symptoms depend o n the size of the 
SGpR (leak rate) and may not show up imnedi

* Decreasing RCS Pressure ately if the leak rate is within the capacity 

* Decreasing Pressurizer Level of the normal MU system. These symptoms are 

* High MU FLow (or HPI initiation) best utilized as confirmatory indicators of 

* Low Letdown Storage Tank Level a SGrR.  

NUTE: A S2R can be distinguished from a 
normal anall break LOCA in that normal 
RB conditions (pressure, temperature, 
and radiation) should exist unless 
additional equipment failures occur.  

3. Asymmetric SG Conditions Oce the plant is tripped, asymmetric 0150 water 
levels may develop. Wh~en feedwater is stopped 

* Increasing water level with and water level is at or above the appropriate 

zero feedwater addition. control setpoint, the water level in the affected 
SI may continue to rise becase of the primary 
to secondary leakage. This inthd of detection 

should be used only as a bnkup becase it is 
effective only for very large leak rates. For 
Omall leaks asynm tric water level conditions 
will not develop; the reator coolant will simply 

boil off as if it sre normal feedwater. The 
differences in indicated feedwater flows between 
the unaffected and affected CY1SG may not be 
significant enough to detect.  

" High activity levels or The affected SC can also be identified by drawing 

boron concentrations in a Gc water sample. The affected SC will contain 

the secondary water sme activity and boron due to the presence of 
inventory. reator coolant. This Th ethod of detection suld 

be used only as a last resort because it is time 

consumi and reuires ation outside the control 
room. Coolant sampling becomes less effective 

the transient evolves and the reator coolant 
is mixed with the secondary coolant.
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started. As indicated in Figure C-3, this could result from equip

ment failures that result in a loss of feedwater to one SG or a 

loss of steam pressure control on one SG. The failed steam genera

tor may or may not contain the tube rupture. The actions required 

for Mode 3 are the same as Mode 2 except that isolation of the 

affected SG at less than 540F is not required. For Mode 3, 

significant offsite releases can occur under some failure modes.  

Figure C-3 outlines this third cooldown mode and the circumstances 

when large offsite doses could occur.  

Since the Mode 3 "one generator cooldown" will only be required be

cause of failures, it will be discussed in more detail in the 

following sections which address failures.  

A summary of the SGTR conditions and appropriate cooldown modes 

follows: 

SGTR Conditions Cooldown Comments 

Normal 

Small Leak, RCP's On Mode 1 Isolate Affected OTSG 

(Condenser Available) 

Emergency 

Small Leak, RCP's Off Mode 2 Isolate Affected OTSG 

(And/or Condenser 

Unavailable) 

Large Leak, RCP's On Mode 2 Isolate Affected OTSG 

Large Leak, RCP's Off Mode 2 Isolate Affected OTSG 

One Generator Cooldown Mode 3 Refer to Section 9.0 
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9.0 PLANT CONTROL FOR TUBE LEAKS WITH OTHER FAILURES 

Plant equipment failures during a tube leak transient can make 

plant control very difficult. Some failures will make it difficult 

to establish a stable condition for cooldown; some will cause the 

cooldown rate to be much slower than desired. Some failures can 

cause the offsite releases to be large. Some failures can be 

repaired or bypassed and some cannot. All of the failures that can 

make plant control difficult will be of two kinds: 

- Those that limit the heat removal of the steam generator(s) 

(these failures will limit the ability to establish hot 

shutdown and will limit the cooldown rate).  

- Those that limit the ability to depressurize the RCS (these 

failures will limit the depressurization rate and may 

require the cooldown rate be limited in order to stay 

within NDT limits).  

Table C-3 summarizes the major failures and the actions required to 

correct them. The general approach for correcting other equipment 

failures that occur in addition to the tube leak is as follows: 

* Simultaneously: 

a. Rapidly depressurize and cool the reactor coolant system 

(if possible) and bring the system to the point where the 

RCS pressure is below the setpoint of the steam safety 

valves. Most failures will not prevent this step and may 

even cause the depressurization.  
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b. Diagnose the additional failures in accordance with the 

principles shown elsewhere in these guidelines.  

Correct the failure prior to or during the final cooldown to 

cold shutdown. Do not delay the cooldown even if the failure 

limits the rate of RCS cooling and depressurization. Details 

of the effects of and corrections for failures are shown in 

Tables C-2 and C-3.  

* If the failures cannot be corrected to enable both generators 

to be used or the RCS cannot be depressurized with use of spray 

or the PORV, then the cooldown will be difficult. In general, 

these kinds of failures are limited to: 

a. Failure of a steam safety valve (open) will not allow a 

"normal" rate of feedwater addition (excessive RCS cooling 

rates will result). Turbine bypass failures may be cor

rected by isolating the failed valve(s) and do not apply; 

MSRV failures cannot be easily isolated (although it may be 

possible to gag shut a leaking HSRV). The plant must be 

cooled down with the remaining generator even if it has the 

leaky tube.. Radiation dose release may be high if the open 

steam valve is in the same generator as the tube leak.  

During cooldown, the generator with the steam failure (low 

pressure) must be continuously fed at approximately 100 

gpm, preferably through the main feedwater nozzles.  

Feeding will maintain cooling of the lower shell and keep 

the tube-to-shell temperature difference within limits. If 

the generator is completely depressurized, extreme care 
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must be exercised when feeding. A flow path through the 

warmup valve can be used to achieve low feed flow rates 

(100 gpm). If the RCP's are tripped, it is important to 

provide some feeding of the depressurized generator to 

establish or maintain natural circulation. If the steam 

failure is in the affected (ruptured) generator and the 

leak flow is large, the tube leak may provide adequate 

cooling without feedwater addition. Unlike any other 

transients which do not recommend feeding a depressurized 

generator, a SGTR requires RCS cooldown to terminate the 

transient; therefore, careful feeding of a depressurized 

generator is allowed.  

Steam leaks will most likely be caused by valve failures 

outside containment rather than piping failures (TBS, 

MSRV's, etc). If the steam leak occurs inside containment, 

it will likely be a piping failure in a steam, feed, or 

drain line. If the steam failure is on the steam generator 

with the tube leak and is inside the containment, the 

reactor coolant from the tube leak will be returned to the 

containment sump. Although adverse containment conditions 

may result, the offsite releases will be minimal after the 

RC temperature reaches 540F. The time requirements for 

termination of the SGTR transient may then be relaxed 

because HPI sump recirculation can be utilized and offsite 

releases are minimized.  
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b. A loss of all feedwater to one OTSG will normally require 

cooldown on the remaining generator. The rate of RCS 

cooling must be slow to prevent violation of the 

tube-to-shell temperature limits on the OTSG without 

feedwater. If the RCP's are tripped, the rate of cooling 

will be even slower; reactor coolant will not naturally 

circulate in the idle loop. The stagnant loop must be 

closely monitored for saturation in the hot leg. Releases 

offsite will be significant because of the slow rate of RCS 

cooling and depressurization. Every effort should be made 

to realign feedwater to both generators. If realignment 

cannot be made, plans should be arranged to replenish the 

BWST inventory to avoid loss of injection water. If 

feedwater is lost to the ruptured OTSG and large leak flows 

are present, the leak will provide enough water to maintain 

cooling of the affected OTSG.  

c. Pressurizer valve failures (open or leaking) will require 

constant HPI to maintain subcooling. Failures in the pres

surizer steam space will cause HPI to fill the pressurizer.  

RCS depressurization from this solid water condition will 

require throttling of HPI without loss of subcooling.  
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The BWST inventory should be carefully monitored when this 

mode of depressurization is utilized for extended periods 

of time.  

d. Total loss of feedwater (MFW and EFW) will require a solid 

water cooldown without the benefit of secondary heat re

moval. Attempts should be made to obtain feedwater from 

any available source. For cases of this type which require 

excessive cooldown times, BWST inventory should be care

fully monitored. HPI inventory from the BWST will flow 

into the affected OTSG and will not be returned to the 

reactor building sump. Therefore, backup water supplies 

for the BWST may be necessary and should be prepared. Off

site releases will be very significant.  
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10.0 LIMITS FOR RCS COOLDOWN 

The following is a summary of the basic limits which the operator 

should be aware of while proceeding with the RCS cooldown for all 

SGTR's: 

1. Fuel pin compression limits apply to the case of small leaks 

with RC Pumps running and the condenser available ("normal" 

cooldown); they may be violated if necessary during an 

emergency cooldown.  

2. Normal tube-to-shell temperature limits (100F) apply during the 

normal cooldown. Emergency tube to shell temperature limits 

(150 F) apply during the emergency cooldown, except: 

The emergency limits may be violated at management discre

tion, if loss of core cooling injection water is imminent 

(BWST draining). The steam generators are likely to be 

unusable if the emergency limits are violated, however core 

cooling takes priority.  

3. Cooldown rate is near "normal" for small leaks with the conden

ser available and RC pumps running. Cooldown rate is <100 F/hr 

except where tube-to-shell temperature limits restrict cooldown 

rate. Overcooling should be avoided and the pressurizer should 

not be allowed to drain. If the plant is on natural circula

tion, the cooldown rate may have to be reduced to avoid RCS 

voiding. Cooling with both OTSG's may be required to maintain 

100 F/hr cooling.  
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4. The minimum subcooling margin should be maintained. Excessive 

subcooling should be avoided to keep a minimum leak rate.  

However, at lower pressures and temperatures, NPSH requirements 

for the RC pumps become more restrictive and should not be 

violated if RC pumps are operating.  

5. The plant should be completely cooled down and depressurized 

before the BWST is drained.  

6. It is desirable to place the plant on the decay heat removal 

system before poor quality backup feedwater is injected into 

the steam generator.  
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11.0 SPECIAL TOPICS RELATED TO COOLDOWN 

11.1 Ways to Depressurize the RCS 

Two ways are available to depressurize the primary system.  

The first way is to use the pressurizer spray, and the se

cond is to open the PORV. Use of the pressurizer spray is 

the preferred method since PORV operation can result in a 

quench tank rupture, abnormal reactor building pressure and 

temperature, and additional RB cleanup efforts. Pressuri

zer spray also provides better control and more rapid de

pressurization in comparison to cyclic PORV operation.  

Therefore, RCP operation should be maintain whenever 

possible.  

If the RCP's have been tripped, the RCP's should be re

started as soon as the restart criteria are satisfied 

(refer to RCP restart guidelines in "Best Methods for 

Equipment Operation" in Volume 1). The priorities for 

which RCP's should be restarted (with preference to spray) 

are as follows: 

1) One RCP in each loop.  

2) Two RCPs in one loop.  

3) One RCP in spray loop.  

4) One RCP in loop opposite spray.  
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If an RCP operating combination must be selected which provides 

only a limited amount of spray flow (refer to Table C-3, sheet 

3, RC pressure 1), then periodic use of the PORV may be used to 

augment spray depressurization. PORV and spray depressuriza

tion is preferable to use of the PORV alone.  

In the event the pressurizer spray is off or the RC pumps 

cannot be restarted, the pressurizer PORV must be used to 

depressurize the plant. In general, it will not be possible to 

open the PORV and still maintain pressurizer level and pressure 

control. Instead, cyclic operation (open-shut) will be neces

sary. The best way to maintain plant control is to continue 

the RCS cooldown and depressurize with the PORV in a sawtooth 

manner between the subcooled margin line and 1'30F below the 

subcooled margin line, as shown on the P-T diagram on the next 

page.  
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When the PORV is opened, pressurizer conditions should be 

closely monitored. A drop in pressurizer level should 

occur because, as pressure drops, some of the water within 

the pressurizer will flash to steam. To counteract this 

effect, adjustments in the MU/HPI flow may be necessary to 

maintain an adequate pressurizer water inventory and to 

prevent a loss of subcooling margin. Also, monitor the 

quench tank conditions, and, if possible, adjust the PORV 

"open" time to prevent failure of the rupture disc.  

However, RCS cooldown and depressurization should take 

precedence over quench tank disc rupture.  

11.2 Placing The Decay Heat Removal System into Operation 

Once the plant has been cooled down and depressurized, the 

decay heat removal system (DHRS) is used for final cooldown 

and depressurization. Special actions must be taken for 

tube leaks when the decay heat system is actuated to 

continue SGTR mitigation. Special actions must be taken to 

place the DHR system into operation during a natural 

circulation cooldown.  

The most important items are (also refer to Appendix F): 
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1. As a general rule, if the RCS is saturated (which will 

only occur if several tubes are failed), it may not be 

possible to place the DHRS into operation; (liquid 

level above the drop line is not known and a loss of 

decay heat suction would cause pump cavitation). How

ever, if it is definitely known that no LOCA other than 

a tube leak exists, the decay heat removal system can 

be placed into operation. The reason is that the leak 

location is such that liquid will be trapped in the 

lower parts of the hot leg and the RCP internal "lip" 

will trap water between the pump and the vessel. When 

the RCS is saturated and the decay heat system is 

engaged, the decay heat pumps must be locally monitored 

for cavitation. The pumps must be shut down within 2-5 

minutes after loss of suction to prevent cavitation 

damages.  

2. One decay heat pump should be aligned in the decay heat 

removal mode; the other in the injection mode from the 

BWST or. the HPI pump should be placed in "piggyback" on 

the decay heat pump for injection. Injection flow rate 

needs will determine the choice.  

3. Due to the location of the decay heat removal drop line 

and return line, the system will not adequately cool 

the higher portions of the reactor coolant loop, 

especially if the plant has been cooled down on natural 
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circulation. Cooling of the lower portions of the loop and 

continued RCS depressurization can permit the reactor 

coolant flashing in the high parts of the hot leg which 

will inhibit further depressurization. This effect will be 

more pronounced if a natural circulation cooldown rather 

than a forced circulation was used. To avoid this 

possibility, the plant should be operated as follows: 

Decay heat removal system startup after forced circulation 

cooldown: The following options may be available: 

- Continue RC pump operation until the hot leg temperature 

is lower than 212F or 

- After the DHRS is placed into operation, stop the RC 

pumps, monitor hot leg temperatures for saturation, and 

control cooldown rate to avoid saturation. If 

saturation occurs, "bump" a pump. A slight pressure 

rise may occur and pump "bump" should be avoided if the 

decay heat system can become overpressurized.  
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Decay heat removal startup after natural circulation 

cooldown: 

In general, the steps are similar to the forced circula

tion method; however, it is not likely that the hot leg 

reactor coolant can be cooled to 212F using the steam 

generators. Consequently hot leg flashing is more 

likely. To avoid hot leg flashing: 

- Just before placing the DHRS into operation "bump" a 

pump, if possible.  

or 

- When the decay heat system is placed into operation, 

control the rate of cooldown and further depressuri

zation to avoid hot leg saturation.  
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Operator Actions During DHRS Operation: 

Isolate the steam generator with the tube leak at the 

steam and feed lines. Steam pressure 
may rise for 

short time, but thereafter will drop since the reactor 

coolant temperature will be lower than the steam genera

tor liquid temperature; lack of heat transfer into the 

generator will not permit steam pressure to build up.  

- Add nitrogen to the isolated steam generator to provide 

a slight overpressure. When the RCS is completely de

pressurized, the nitrogen pressure should be about 2-3 

psi greater than RCS pressure.  

- Do not isolate the remaining generator; it may have to 

be used for heat removal if the RCS repressurizes and 

reheats.  

- Since the hot leg is at a higher elevation than the 

steam generator, a small leak rate can occur into the 

generator after the RCS is depressurized. Liquid can be 

allowed to accumulate in the isolated generator as long 

as continued heat removal occurs and reheat and 

repressurization is avoided. It may be desirable to 

manually drain liquid accumulation to avoid complete 

filling (600 inches on the wide range level) if a 

radioactive waste reservoir is available. Draining 

should not be performed above the design pressure of the 

waste systems.  
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APPENDIX D 

LOSS OF OFFSITE POWER 

1.0 GENERAL TRANSIENT DESCRIPTION 

Loss of offsite power is a failure to provide power to the plant 

auxiliaries from an offsite source. It is not an "abnormal" 

transient or a failure to control the plant unless coincident 

failures occur.  

This transient is initiated by the plant separating from the grid 

due to a grid upset. The unit auxiliaries are powered by the main 

generator through the Unit 1 auxiliary transformer during both 

normal operation and grid separation. Therefore, power is still 

supplied to all plant auxiliaries and the ICS (by design) begins to 

run the plant back to 15% power.  

Since the turbine was supplying 100% power and "house loads" are 

only about 4% full power, the turbine protection system must par

tially close the turbine throttle valves to prevent overspeed. This 

results in a sudden increase in secondary pressure and temperature 

and consequently an increase in primary pressure and temperature.  

The steam produced during the runback will be dumped to the turbine 

through the turbine throttle valves, to the condenser through the 

turbine bypass system, and to the atmosphere through the code safety 

valves. The atmospheric dump valves are manually operated and 

therefore will not open.  
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With the present pressurizer electromatic relief valve setpoint 

(2450 psig) and high pressure trip setpoint (2300 psig), the plant 

will trip during the runback. The plant auxiliaries will switch 

automatically from the auxiliary transformer to the startup 

transformer which now has no power. Therefore, all power is lost to 

the plant auxiliaries except those components loaded on the 125V DC 

battery banks and 120 VAC vital bus.  

The Hydro Generators start automatically if the external transmis

sion system is lost (or if engineered safeguards actions is 

required). One hydro generator feeds through the 13.8 kv under

ground feeder. The other hydro generator feeds to the 230 kv 

switching station.  

Approximately 23 seconds after starting, the Hydro generators will 

begin to accept loads. After the Hydro loading is complete the 

operator should start a makeup pump to re-establish makeup and RCP 

seal' injection and start an instrument air compressor to maintain 

air pressure.  

Because the reactor coolant pumps have lost power, natural circula

tion must be used for decay heat removal. To establish natural 

circulation the steam driven and both electric driven emergency 

feedwater pumps are automatically started. Water from both the 

steam and motor driven EFW pumps will be automatically directed to 
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the steam generators. This EFW is desirable when establishing 

natural circulation because it enters at the top of the OTSG and 

will provide a higher thermal center for heat removal.  

However, the injection of EFW from the EFW pumps into the top of the 

OTSG's will slowly quench or condense the steam. As a result, the 

OTSG steam pressure will decrease at a rate dependent on the EFW 

flow rate and the decay heat rate.  

Therefore, EFW should be throttled by the operator to prevent this 

overcooling of the RCS. Following the EFW throttling guidelines the 

operator should throttle flow such that: 

1. OTSG level is continuously increasing; and 

2. Steam pressure does not decrease more than 100 psi below its 

target value.  

The main condenser continues operation after a loss of offsite power 

(LOOP) because the circulating water flow will continue by automatic 

valve operations to allow gravity flow to the tail race.  

Because of this, the turbine bypass system will dump to the 

condenser. The steam safeties will reseat in .less than a minute 

after the LOOP and thereafter, the TBS will relieve steam to the 

condenser as necessary.  
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As the plant approaches steady state, the OTSG level will reach its 

setpoint and EFW flow will modulate to maintain this level. Steam 

pressure and temperature will return to the TBS setpoint. Primary 

temperature will increase slightly as steam temperature increases.  

Primary pressure will also increase as makeup flow raises pressuri

zer level back to its normal setpoint. When secondary pressure has 

increased to the TBS setpoint and pressurizer level is at its normal 

setpoint, primary to secondary heat transfer will again be equal and 

the plant will be at steady state.  

Actual Plant Loss of Offsite Power 

On February 22, 1975, Arkansas Nuclear One, Unit I was operating at 

100% power when a storm blew down a 500 kv transmission line near 

Little Rock, Arkansas. This resulted in a loss of offsite power.  

The reactor, and consequently the turbine generator, tripped due to 

under voltage to the control rod drive breakers. The reactor did 

not trip on high RC pressure as would be expected. The control rod 

drives are normally powered from startup transformer #1 and make a 

transfer to the auxiliary transformer upon LOOP. During this trip, 

there apparently was a momentary delay in this transfer and the 

control rods fell into the core. Buses H-1, H-2, and A-1 trans

ferred to startup transfer #1 which had lost power due to the LOOP.  

Bus A-2 transferred to startup transformer #2.  
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Following the reactor trip, the reactor coolant and main feedwater 

pumps tripped placing the plant in a natural circulation mode. The 

diesel generator (DG1) started automatically and emergency feedwater 

and makeup flow was initiated in about 30 seconds after the LOOP.  

After approximately 4-1/2 minutes, bus H1, H2, and Al were switched 

to startup transformer #2 which was powered and one RC pump was 

started in each loop.  

Figures D-1 to D-5 show the plant data. Figures D-4 and D-5 show 

the OTSG full range level and steam pressure versus time. Since 

OTSG level was slowly decreasing, the EFW flowrate was probably very 

small. Although the OTSG level is to be raised to 50% on the oper

ate range after a LOOP, the failure to do so in this case did not ad

versely affect the transient for the first five minutes. However, 

failure to raise the level for an extended period of time could have 

led to loss of natural circulation.  

The slow oscillations in steam pressure are probably due to the 

steam safety valves lifting and blowing down. Steam pressure 

leveled off at about 1010 psig which is the setpoint of the ADVs.  

Figure D-1 and D-2 show the hot and cold leg temperatures versus 

time for loops A and B. The initial decrease in RC temperature 

after trip is followed by a slow rise in the hot leg temperature.  

The hot leg temperature should be approximately 20-40F higher than 
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the cold leg when natural circulation is developed. The cold leg 

temperature will approach the saturation temperature for the exist

ing steam pressure.  

Figure D-3 shows the loop A RC pressure versus time after trip.  

After an initial decrease due to Tave decrease following a reactor 

trip, the pressure begins to increase. This is caused by the 

injection of makeup and the reactor coolant expansion due to the 

inreasing hot leg temperature.  

Figure D-6 is a P-T diagram of the ANO LOOP of February 22, 1975.  

This plot is similar to but not exactly the same as Figure D-10.  

Since the plant tripped on loss of power to the control rod drives, 

there was no initial spike in pressure.  

Figure D-10 shows a temporary increase in both pressure and tempera

ture before OTSG level reaches 50%. This increase is due to the 

increase in the T required to establish natural circulation. The 

plant data for the February 22, 1975 LOOP does not show a similar 

trend. This difference is due to the long time interval used 

between plant data points.  
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Figure 0-2 LOSS OF OFFSITE POWER 2/22/75 
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Figure 0-3 LOSS OF OFFSITE POWER - 2/22/75 
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Figure 0-4 LOSS OF OFFSITE POWER - 2/22/75 
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Figure 0-5 LOSS OF OFFSITE POWER - 2/22/75 
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Figure 0-6 LOSS OF OFFSITE POWER-2/22/75 
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2.0 OPERATOR ACTIONS SUMMARY WITH NO OTHER PLANT FAILURES 

Major Operator Action 

- Verify both Keowee hydro generators have started and are loading.  

If not start Lee station.  

- Verify EFW has started to both OTSG's then throttle flow to both 

OTSG's such that: 

a. OTSG level is increasing to 50% on operate range and 

b. Steam pressure does not fall, more than 100 psi below its 

target value.  

- Start a MU pump, establish makeup and RCP seal injection 

- Start instrument air compressor 

Identifying Symptoms 

- A loss of offsite power is a failure to provide power to the 

plant auxiliaries from the offsite source. It is not a failure 

to control the plant unless additional failures occur. A typical 

P-T plot for a loss of offsite power is shown in Figure D-10.  

- Other identifying symptoms to help distinguish a LOOP from other 

transients are: 

- RC and MFW pump trip 

- Under frequency or under voltage on the 230 kv buses 

- Trip of condensate and circulating water pumps 

- Automatic start of hydro generators 

- Trip of instrument air compressors 

DATE: 3-23-82 Appendix D, Page D-7



BWNP-20007 (6-76) 

BABCOCK & WILCOX 
NUCLEAR POWER GENERATION DIVISION NUMBER 

TECHNICAL DOCUMENT 76-1123298-00 

Discussion 

This section will discuss how actions in accordance with Part I of 

ATOG will help the operator recognize a loss of offsite power and 

obtain a stable shutdown after it occurs.  

As was pointed out, most of the plant response is automatic. The 

operator must take four actions: 1) restart of at least one makeup 

pump, 2) throttle EFW, 3) establish seal injection, and 4) start an 

instrument air compressor. The first two actions are intended to 

prevent draining of the pressurizer which would result in a possible 

loss of subcooling and a consequent loss of natural circulation 

cooling. Restoring seal injection is also required for reactor 

coolant pump protection. Starting the air compressor is needed to 

supply air to numerous control valves and instrumentation.  

An operator using the guidelines for the event described would first 

perform the Immediate Actions of Part I, section I; then go to Part 

II, Vital System Status Verification. The first verification which 

might require action is to verify that letdown is flowing through 

the block orifice only. If the bypass valve is open it should be 

closed. Step 5.0 requires the operator to verify that feedwater has 

runback. However, both MFW pumps will trip after a LOOP and EFW 

will be automatically initiated. Therefore, the operator does not 

need to take any remedial action.  
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Step 7.0 is the crucial step for diagnosis of a LOOP. The 6900V and 

4160V buses will auto transfer to the startup transformer after a 

turbine generator trip. If voltage is not regained on all buses 

after this transfer, a LOOP has occurred. This step requires verifi

cation of voltage on all buses; the voltage will not be on all 

buses, therefore, the operator will take the required remedial 

action.  

The remedial actions to be taken for Step 7 are: 

a. Start or verify the auto start and loading of the hydro genera

tors (automatic); this should occur within 23 seconds after 

turbine generator trip.  

b. Verify that both the motor driven EFW pumps and the steam driven 

EFW pump started then raise OTSG operate level to 50% (auto

matic) while throttling EFW (manual) as needed to keep steam pres

sure within 100 psi of its target value. The LOOP will cause the 

condensate pumps to trip which will cause both MFW pumps to trip 

on low suction pressure. Tripping both MFW pumps will auto 

initiate the EFW system.  

c. Restart at least one makeup pump and provide seal injection to 

the RCP's.  

The instrument air compressor will not be operating since it is not 

powered from the standby bus. The operator must get power to the 

compressor from the standby bus. The air compressor supplies air to 

many major air operated controls and instrumentation.  
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3.0 LOSS OF OFFSITE AC POWER WITH OTHER PLANT FAILURES 

Introduction 

The previous section described loss of offsite power with no coinci

dental failures. This section will show what symptoms indicate other 

equipment has failed and what steps the operator should take to 

correct the heat transfer from the core to the steam generators.  

In addition to a possible failure of one of the major control func

tions discussed throughout these guidelines, both hydro generators 

can fail to start after a LOOP. While this is not one of these con

trol functions, it can result in loss of RC Inventory and Pressure 

Control.  

Branch Discussion 

The Loss of Offsite Power Logic Diagram (Figure D-9) has separate 

failure branches for loss of all power except batteries, loss of 

reactor inventory control (high and low), loss of secondary inventory 

control (high and low), loss of primary pressure control, and loss of 

secondary pressure control. This section will discuss each of these 

additional failure branches and illustrate how operator actions in 

accordance with procedures in Part I will restore proper control of 

the parameter in question.  
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Figures D-7 and D-8 show typical primary and secondary pressure and 

pressurizer and OTSG full range level trends for each of the failure 

branches.  

Loss of Reactor Coolant Inventory Control (Low) 

A loss of reactor coolant inventory (low) exists whenever makeup or 

HPI is insufficient to overcome a primary leak rate. The most 

probable primary leak is a failure to stop letdown, except through 

the letdown orifice, after a reactor trip.  

The makeup pump buses are automatically loaded onto the diesel gener

ators. However, the operator will need to manually start the pumps.  

If he does not do so, the pressurizer will drain unless letdown is 

completely isolated. The instructions of part one only require iso

lating the block orifice bypass valve. Draining the pressurizer is 

especially likely if excessive EFW occurs and overcools the primary.  

In either of the above cases (excessive letdown or inadequate make

up), the symptoms will be the same, decreasing pressurizer level and 

pressure with eventual draining of the pressurizer. The primary 

pressure will then approach the saturation pressure for the existing 

primary temperature. As long as primary temperature has been main

tained below 600F (which corresponds to a saturation pressure of 

1500 psig), ES will actuate HPI.  
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The symptoms of uncontrolled reactor coolant inventory (low) will be 

very similar to those of uncontrolled secondary inventory (high).  

The distinguishing characteristics of the two events is that primary 

temperature as well as pressure will decrease for the uncontrolled 

secondary inventory (high). As shown in Figure D-9, the P-T 

diagrams are considerably different. Figure D-8 shows typical 

parameter trends for this case.  

The appropriate actions for an operator to regain control of primary 

inventory are as follows: 

- Isolate letdown 

- If pressurizer level continues to decrease, manually initiate HPI 

- If the uncontrolled letdown occurs in conjunction with an exces

sive cooldown, eliminate cause of cooldown. (i.e., throttle feed

water, isolate the stuck open steam line valve, etc.) 

Following the remedial action of step 11.7 of Part I will correct 

the problem. If that is missed, subcooling will be lost and the 

operator can use III.A to regain inventory control.  

Loss or Reactor Coolant Inventory Control (High) 

A loss of reactor coolant inventory control (high) can result from 

excessive makeup or HPI. These excesses could be caused by: 
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1. Pressurizer level is controlled by varying makeup using the make

up control valve; therefore excessive makeup can occur by the 

failure of the makeup control valve (in an open position) or 

failure of inputs into the valve (i.e., erroneous pressurizer 

level measurements).  

2. If HPI is initiated, the operator is required to throttle the 

flow when subcooling margin is regained. If he does not, 

excessive HPI can occur.  

An operator using ATOG, Part I, section II only, would not be able 

to directly diagnose excessive makeup. However, a slowly increasing 

pressurizer level will indicate the problem. It should be 

emphasized that excessive makeup is an extremely slow transient and 

there should be ample time for the operator to recognize and correct 

the problem. Several indications, such as high makeup flow and 

pressurizer level alarms, are available to assist him.  

If RPI has been started manually or automatically due to loss of sub

cooling margin, Section III.A of Part I will direct the operator to 

throttle the HPI once subcooling margin has been regained.  

Figure D-7 shows typical parameter trends for loss of reactor cool

ant inventory control (high).  

DATE: 3-23-82 Appendix D, Page D-13



BWNP-20007 (6-76) 

BABCOCK & WILCOX 
NUCLEAR POWER GENERATION DIVISION NUMBER 

TECHNICAL DOCUMENT 76-1123298-00 

The actions the operator can take to regain control of the reactor 

coolant inventory are as follows: 

1. Throttle or stop makeup using inline valves.  

2. Increase letdown to maximum by opening both the letdown cooler 

isolation valve and bypass valve.  

3. Trip the makeup pumps.  

Caution: The makeup pumps should only be tripped after all 

other actions have failed to stop the excessive 

makeup. Tripping the makeup pumps makes RCP seal 

injection unavailable.  

Loss of Secondary Inventory Control (Low) 

A loss of secondary inventory control (low) exists whenever there is 

too little EFW being injected into the steam generators to remove 

the decay heat output of the core. This can result from such things 

as: 

1. The steam and motor driven EFW pumps have both failed to start.  

2. EFW isolation valves have failed to open if closed.  

The symptoms will be typical of a loss of primary to secondary heat 

transfer. OTSG level will decrease with eventual dry out of both 

OTSGs. RC temperature will increase along with a rise in pres

surizer level and pressure. (See Figure D-8.) Some RC flow may 

continue even after the OTSGs are dry (i.e., not removing any heat).  

The increasing hot leg temperature maintains a density difference 

between cold and hot legs. However, this is not stable natural 

circulation nor does this flow adequately cool the core for long 

periods of time.  
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At Step 10.0 of Part I, Section II, the operator will see that pri

mary to secondary heat transfer has been lost. Step 10.0 will 

direct him to follow Section III.B for loss of heat transfer. EFW 

will be regained or the plant will be placed into HPI cooling and 

brought to a stable shutdown.  

Loss of Secondary Inventory (High) 

A loss of secondary inventory (high) exists whenever significantly 

more emergency feedwater is being injected into one or both steam 

generators than is required to remove the existing decay heat. The 

symptoms and corrective actions for excessive EFW are discussed in 

Appendix A and will not be repeated here. However, it should be 

emphasized that draining of the pressurizer due to overcooling may 

result in void formation in the primary. This may lead to an accumu

lation of steam at the top of each hot leg and a loss of natural 

circulation cooling. Chapter D in Volume 1 of Part II discusses 

methods of recovery from this condition and following the procedures 

in Section III.B of Part I, "Lack of Primary to Secondary Heat 

Transfer," will restore natural circulation or lead to core cooling 

with HPI.  

Loss of Primary Pressure Control (Low) 

During a LOOP, a loss of primary pressure control (low) can be the 

result of: 

(1) Power being lost to all presurizer heaters.  

(2) The pressurizer draining.  

DATE: 3-23-82 Appendix D, Page D-15



BWNP-20007 (6-76) 

BABCOCK & WILCOX 
NUCLEAR POWER GENERATION DIVISION NUMBER 

TECHNICAL DOCUMENT 76-1123298-00 

All pressurizer heaters are powered after a LOOP by the hydro 

generators. These heaters will compensate for ambient heat losses.  

If all heaters are lost, the steam bubble in the pressurizer will 

cool and condense. Eventually the bubble will collapse, the pres

surizer will fill and primary pressure control will be lost.  

0 
An operator using Part I, Section II, will not diagnose the loss of 

heaters until subcooling margin is lost. However, this is a very 

slow process and the operator should have ample time to diagnose the 

event using a P-T diagram. The required operator actions are to 

regain the pressurizer heaters or increase makeup to compensate for 

the collapsing steam bubble.  

The pressurizer may drain on an overcooling event (excessive EFW or 

stuck open steam line valve). If it does, control of primary pres

sure will be lost. RCS pressure will then approach the saturation 

pressure of the primary temperature. As long as the primary tempera

ture is less than 600F (saturation pressure equals 1500 psig), ES 

will actuate and HPI cooling will begin.  

An operator using Part I, Section II, will diagnose the overcooling 

at Step 10.0. Section III.C will then instruct him on how to regain 

subcooling margin (if it was lost) and how to take steps to stop the 

overcooling and terminate the transient.  
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Loss of Steam Pressure Control (Low) 

A loss of steam pressure control exists whenever one or both steam 

generators undergo a pressure reduction significantly below the 

safety valve or TBS reseating set point. This is an overcooling 

transient and will look similar (on the P-T diagram) to the small 

steam line break transient discussed in Appendix E. There is 

nothing unique about loss of this control function coupled with a 

loss of offsite power; therefore, it should be identified and 

treated as discussed in Appendix E.  

Loss of All Power Except Batteries 

A loss of all power (or station blackout) exists when both hydro 

generators fail to start after a LOOP. Thereafter, until the Lee 

station is on line or one of the Keowee generators is started, the 

only power available to the plant auxiliaries are the 125V DC 

battery banks. This results is a loss of power to the following 

major components in addition to those lost due to the LOOP.  

- All EFW isolation valves (however, the valves are normally open) 

- The motor driven EFW pump 

- All makeup pumps 

- Pressurizer heaters 

- Instrument air compressors 
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This event is one of the most serious that can happen to a pressur

ized water reactor. The main feedwater pumps have tripped placing 

the plant into a loss of feedwater transient. The plant relies on 

only the steam driven EFW pump for the injection of EFW into the 

steam generator for natural circulation. The HPI pumps are not 

powered and thus HPI cooling cannot be initiated. However, the 

operator must establish cooling water flow Co the steam driven tur

bine within 12 minutes.  

This situation cannot be maintained indefinitely because of the lack 

of primary inventory control and a finite supply of good quality 

secondary water. Therefore, the operator should get at least one 

hydro generator running or lineup power via the Lee station 100 kv 

feeder so that EFW and makeup can be remotely initiated and 

controlled.  

Since the pressurizer heaters and makeup pumps have lost power, the 

operator has no control of primary pressure or inventory. Any voids 

that form in the primary will tend to accumulate in the hot leg and 

obstruct natural circulation. Therefore, the plant may windup in 

the boiler-condenser cooling mode. The operator should monitor 

natural circulation and, if necessary, raise the steam generator 

levels to 95% on the operate range.  

An operator using the guidelines for a LOOP with no hydro generators 

would first perform the immediate actions of Part I, Section I and 
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verify vital system status in Section II. At Step 7.0 he will be 

directed to start the Hydro generators and initiate emergency 

feedwater. These are the two most important steps he can take to 

regain control of the plant. In the long run, offsite power must be 

regained or a hydro generator or the Lee station started before 

primary inventory control is lost.  

0 
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Table C-2 ACTIONS FOR A SGTR IN COMBINATION WITH A 

NON-ISOLABLE STEAM LEAK 

Large SGTR' with Small SGTR2 with 

Large steam leak' on Small steam leak4 on Large steam leak' on Small steam leak4 on 

Affecteds SG Unaffected6 SG Affected5 SG Unaffected6 SG Affected5 SG Unaffected6 SG Affected 5 SG Unaffected' SG 

Steam Leak Stop FW to af- Maintain mini- N/A N/A Maintain minimal Maintain minimal N/A N/A 
Mitigation fected OTSG mal FW to un- FW to affected FW to unaffected 
Actions (tube leak will affected OTSG9  OTSG9  0TSG9 

provide cooling) 

OTSG(s) removing Both OTSGs Predominantly Both OTSGs Both OTSGs Predominantly Predominantly Both OTSGs Both OTSGs 
heat when cooldown affected OTSG Unaffected OTSG affected OTSG 
and depressuriza
tion started 

SGTR Isolation N/A N/A Stop or reduce Stop or reduce N/A N/A Stop steam Stop steam 
Actions feedwater to feedwater to from and FW to from and FW to 

affected OTSG affected OTSG affected OTSG affected OTSG 
when Thot % when Thot " when Thot < when Tgot < 
50OF (tube 50OF (tube 540F.1 540F.1 
leak will pro- leak will pro
vide cooling)9  vide cooling)9 

Cooldown Rates Emergency' Emergency Emergency Emergency Emergency Emergency7 if Emergency Emergency' if 
condenser is condenser is 
not available. not available.  

Normal' if con- Normal8 if con
denser is work- denser is work
ing. ing.  

Notes: 

1. Large SGTR corresponds to a primary to secondary 5. Affected OTSG is the OTSG with the SGTR. 8. Normal cooldown means: 
leak rate which requires HPI to control RCS in
ventory. 6. Unaffected OTSG is the 0TSG without the SGTR. - Fub ell c mpeion 'limits houl not be violate 

- The cooldown is at a "normal"' rate 
2. Small SGTR corresponds to a primary to secondary 7. Emergency cooldown means: 

leak rate which is within the capacity of the - Tube-to-shell temperature limits do not exceed 9. Provide minimal or periodic feeding to maintain tube-to
normal MU system. 15OF shell AT andjor natural circulation if RCPs are tripped.  

- Fuel pin compression limits may be violated 
3. A large steam leak reduces steam pressure more - The RC temperature should be dropped to 'x500F 10. If RCPs are tripped, rovide minimal or periodic feeding 

than 200 psi.p tha 20 pi.at a rate < 240 F/hr. and steaming to maintain natural circulation in affected 

- After 5OOF is reached, the cooldown should be loop.  
4. A small steam leak reduces steam pressure less at lOOF/hr as long as that rate can be held.  

than 200 psi and allows the reactor coolant to 
stabilize at a slightly reduced temperature to-shell temperature limit approaches 15OF 
condition.  

(unlfestedeOTS is daeof riningh STheB.T)



Table C-3 EFFECTS OF FAILURES ON STEAM 

GENERATOR TUBE LEAK CONTROL 

SHEET 1 OF 4 

FAILLRES WHICH AFFECT STEAM PRESSURE CONTROL 

FAILURE EFFECT ON TUBE LEAK CONTROL AND PLANT COOLDOWN CORRECTIVE ACTION TO ALLOW A CONTROLLED COOLDOWN FAILURE EFFECT ON TUBE LEAK COrTROL AND PLANT CO-ODWN CORRECTIVE ACTION TO ALLOW A CONTROLLED COOLOGIN 

OTOG PRESSURE 1. - TIE STEAM PRESSURE DECREASE WILL CAUSE REACTOR COOLANT - ONE SWAM LEAK WILL COOL THE REUCTOR COOANT TO 50OF (OR OTTO PRESSURE 2. 7SE EFFECTS OF ONE STEAM SAFETY TULVE FAILING OPEN T EET T O L R AS OCLIS 
TBS FAILS OPEN CONTRACTION AND IN COMBINATION WITH THE TUBE LEAK WILL LOWER DEPENDINO THE LEA RATE). OF TOO GOOLORN RATE IS - STP THE SVECM TRAS IE IV STOPUE  

NEARL YSE ALWAYS CAUSE PRESSURIZER DRAINING REGAROLESS OF THE RELATIVELY SLOW, TOO OPERATOR CUR DEPRESSURIZE WI E V OTOO TENERORLITT TOONSTAM LEAN.  
NIBER OF VALUES OPEN. VERY SMALL LEAKS (VALVE DDES NT RESEAT T THEONTAINF OPE VALV CRT WECSET O ALMCKET.  R VLVS EN CNTOLOFH T BOCE PRO TEENEAT R WONE TER A M COLEOASUIE O O 
TIGHTLY) WILL AE LITTLE EFFECT. PRESSURIZER LEVEL OS NEEE. OF TOO COOLTTLN RATE IS FAST IT IS NEST TO RESTORE STEAM PRETSURE CONTROL REFORE -S LINT AS FED.E COTIUE TO TNE DEPRESSURZED RBEST METHODS" CI-APTER ATTO PART TO.  
THE TIME TO DEPRESStURIZE THE GENERATOR TO ABOUT 600 PSIG FORGERAOVRCLIGWLCNTU, 

EXAPIE, WILL DEPEND ON THE NUMBER O AE T OP O OR DEPRESSURIZING THE RCS. SINCE TNE STEAM SAFETT VALVE CANNOT WE REPAIRED, CORRECTIVE ACTIONS FOR HOOTS SOOPLE E PERFORSEEV OF 
EOBATIONS WIL FALRE S ON E TOOIB FLVES PN EEA TO DETERMINE WHICH GENERATOR LOOP HAS TOO STEAM LEAK: AOEGENERATOR COOLSERN MILL BE REQUIRED. TOOTY OCCUR US OUTLINED IN OTTO PRESSURE 1.  COMBINATIONS OF FAILLRES ARE POSSIBLE: 

- CHECK STEAM PRESSURE, DETERRINE WHICH GENERATOR HAS THE LOWEST THE GENERATOR TWE USET FOR COOLTORN MAT OR MAY NOCT 
A. A SINGLE VALVE CAN FAIL TO CLOSE AFTER OPENING; STEAM PRESSURE PRESO . OR NE THE TH T T 

( IN ONE GENERATOR) WILL COP TO AROUND 600 PSIG 15 TO 20 SU 
MINUTES VENERATRILI - STOP FEETWATER TO ROTH GENERATORS (WHEN LEVEL EXISTS IN ROTH); IF THE TARE LEVIS ON THE SANE VENERATOR AS THE FAILE MINTS FTR RI.THE GENERATOR WITH THE FASTEST LEVEL DECREASE OS LEAKING. (ANTE: SAFESTY VALVE TUEN RATIONCTOVE RELEASES WILL RE VETO HOOT 

B. A CONTROL SIGNAL ERROR CAN CAUSE THE VALVES IN ONE STEAM LINE IF A LARGE TORE LEAR EXISTS ON TOO DEPRESSURIZED GENERATOR IT AS LONE NO THE TONE LEAK CORTINUES AND TOE GENERATOR 
TO FAIL OPEN; STEAM PRESSURE (IN ONE GENERATOR) WILL DROP TO MILL COL FASTER ND GEPRESSURIZE MARE THAN TOO "SEAR" SENERATOR, STEAMS.  
600 PSIG 8 TO 12 MINUTES AFTER TRIP. RUT LEVEL MAY ROT LONER SIWNFICANT).  

C. A CONTROL SIGNAL ERROR CAN CAUSE ALL VALVES IN BOTH STEAM LINES - ONCE ORE GENERATOR WITH TOO STEAM LEAK HAS BEEN DETERMINED. STOP 
TO FAIL OPEN: STEAM PRESSURE (IN BOTH GENERATORS) WILL DROP TO FEETWATER TO THAT GENERATOR (OR OF ALL FEETRATEM AO REIN STOPPED.  R00 POS 3 TO 5 MINUTES. RESTORE FEETWATER TO SHE GOOD GENERATOR) AND STAWILIZE TOO REACTOR OTTO PRESSURE 3. FAILURES RESOLTING ON CLOSURE OF THE TWV'CA AT LEAST ORE TWV MUWST WE OPEMATIONAL TO COOLSERN THE PLANT COOLANT WITH HI-P CONTROL MEHEAT WEPMESSAROZATIOR WV CONTOLLING HI-F FAILED CLOSET PRODUCE THE FOLLOWING CONDITIONS: SINCE OPERATION SF TOO NOV'S IS PRESENTLY QGESTONABLE. IT 

- THE EFFECT ON TE AMOUNT OF RCS CONTRACTION ANo PRESSURIZER DRAINING AN WV CONTMOLLIN STEAM PRESSRE MOOR TI- TWS ON THE TWV(s) U. ALL TWV'S ON ROTH OG'S FAIL CLOSET. OS ALSO DESIRABLE TO RESTORE CONTROL TO US RANT TV'S US 
BILL DEPENC ON THE NUMBER OF VALVES OPEN. WHETHER FEEDWATER IS STOPPED GENERATOR THAT SEES NOT NAVE THE STEAM LEAK. POSSIBLE TO ACHIEVE MAXVMUM COOLSEWN RATES AN USE OF REAM 
OR CONTINUED, AND THE. AMDUNT OF HPI FLOW. - TO DETERMINE WHETHER TOO LEAK IS THROGH TOO TWS OR THE STEAM SAFETY- 3. ALL TWV FAIL CLOSE T. NORMAL COGERNN ACTONS. OF TNT FAILURES ARE INCATED, 

- SUBCD0LING MARGIN WILL NOT BE LOST FOR SINGLE VALVE OPENINGS IF IPI OS VALVES.  
STARTED, BUT IT MAY BE LOST WHEN ALL TOE TURBINE BYPASS VALVES FAIL OPEN. ATTEMPT TO MANALLO CLOSE TOO TAN VALVES TN TOO GENERATOR LOOP CLOSLRE OP THE RE ENTS SE O L O T CREO N NOTER 
IF THE SUBCOOLING MARGIN IS LOST RECOVERY WILL OCCUR WHEN WPI IS ABLE TO WITH THE STEAM LEAK (MAT: OF TOO TAN'S ARE VERIFIED AS REO 
REFILL THE SYSTEM AND RESTORE PRESSURIZER LEVEL. SANS ARC THE 0500 REPRESSLRIZES, THEN THE SAFETY VALUES CAN NE VALUES TO CONTROLAIRIS STEAM PRESSURE. 2. CHECK TOO STATUS OF THE AIM SUPPLY SYSTEM ARC START T 

-IF WPI IS OW. THE SARGOOLIAN MAROON WILL RU RECOVERED (IF IT WAN LOST) AN ELIRINATED. CLOSORE OF ALL TOO TAN' S AR BOTH STEAM GENERATORS RELUES RUCUP NOR COMPRESSOR IF NECESSARY.  
UUTCFNNTPCSTEAMPRESSTEHEOTROLCOLELITOGTHARGIN S.WOLLLLBEV'REREOFELERDCOSER ITC IEMSlLOAST) FANL 

TI- AMOUNT OF SUBCOOLING WILL INCREASE. THE TUBE LEAK FLOW WILL GET LARGER VISUALLY EXAMINE TOO TRS VALUES LOCALLY. AUTWMTICTEA F RSNURECOTRIPSTHIS FTILTHE SS AO TO REAI TO O TO IE 1ANALOE AI 
WRN REACTOR COOLANT TEWERATURE DROPS. THE TABE LEAK FLOW WILL GET LARGER OACE TI- PUNT AS BE STABILIZED, CORRECTIONS CAN RE MUTE TO IET LE FOLLORINA REATOR (AN TSARE OS AI -E 
IF BOTH REACTOR COOLANT TEMPERATURE DROPS AND TOO REACTOR COOLANT PRESSURE PERMIT CLLEN. TOO METIO FOR EWLOWN MILL DEPEND IN WHETHER OVERHEATING TRANSIENT). PLANT COOLOOWN IS NOT POSSIBLE, 4. OF ARE AR MORE TRV ARE OPERATIVE ON ARE SO, U PLANT 
INCREASES.TCOL NPRTEOEGNRTRMTOOULNDITH INERENSES. TOO~~~~~~~~~H STEAM LEAK CAN RE CONTROLLED AND WILL DEPEAND ON WHICH HOWETER, UNOOL VARIABLE STEAM PRESSURE' CONTROL OSCOLONPRTOAEGEAORFT TOULETITO 

- IF PI AND OVERCOOLING CONTINUE AN NDT VIOLATION WILL OCCUR. ENRATOR AS TOO TUBE LEAK. (THE "IODE" FOR COOLEPI IS GIVEN IN RESTORED. OF PLANS COOLOON OS DELATED FO AN EXTEROED "REST METHOD" SECTION SULT NE CIRCUCTEE (EYES IF"! F 
- LEF NIE CN FRMBECNSEOFTHESTAM RESOR FALAR; HE ARELEK MLLFIGURE C-I. SHEET 2). BEFORE COOLSEWN IS BEGUN TOO TAN MAST TINE PERIOD, THE FOLLORING CONSEQUENCES CNN EVLVE: AFFECTER SO MAST RE CONTINOUSLY STEAMFTSO COOLOWNLOOP VOIDS CAN FORM BECAUSE OF THE STEAM PRESSURE FAILURE THE TUBE LEAK WILLLANT).  

ALSO TENO TO REDUCE SUC00LING. THE SIZE OF THE VOIDS FORFED WILL DEPENE ON T. THE LEAK RATE WILL CONINLE. AN WRT INVENTORY WILL 
THE NUMBER OF VALVES OPEN, THE SIZE OF THE TUBE LEAK AND PI FLOW. NATURAL TO RESTORE SHE TAN TO SERVICE ATTEMP MNUAL CONTROL MITT THE OLS DECREASE. THE EVENTUAL LOSS OF AN IF TO OPERATION IS TEMORARILY LOST, PREPARATIS 

ULATION CAN BE LOST IF VOIDS IN THE LOOP ARE L.ARGE ENDUGH, AO VOIDS CAN ANCOALTT TATOR OF THIS SEES ROT WORK T BLOCK VALVES SOLD CAPABILITY CAN LEAD TO AN ICC CONDITION. GUE N BACKUP SLFPLY OF RORATERATER THE BESTTNAN 
FORM IN THE REACTOR VESSEL HEAD FOR THE LARGEST STEAM PRESSURE LOSSES. IFBBE ALCROEALLYICFNTRVA 
VOIDS ARE FORMED IN THE EAD ANO REACTOR COOLANT PUMPS ARE NOT OPERATING. THE GENERATOR WITH THE TLE LEAK SN V BE OVEILI THE AN TE R T E FOR S S SIED N II OE CONT 
STEAM BUBBL WILL LIMIT THE CODLDDWN BECAUSE IT WILL NOT PERMIT DEPRESSURIZATION. WATER LEVEL ND TOO VALUES SHOLONLO RE OPENED AS NECESSARY TO T 

KERMVTW H TA EEAO EEP THE WATER LEVEL LOW. COOLDOWN 51010L RE WITH TOO GENERATOR LEAKAGE, CAMEO RE PREVENTER.CO-WNA DERSUITONHULBETRE.  HPI ALONE CANNsOT ELIMINATE THE VOIOS; HEAT MUST BE REMOVED BY THE STEAM GENERATOR 3 EDAE ORE ILB LWYDPEE;ALS 
TO COMLETELY ELIMINATE VOIDS, BUT HPI WILL REDUCE THE VOLWE OF THE VOIDS. ANTI-UT THE TARE LEAK UNLESS THE PROPER RATE OP COOLOORN FWE N 

CANOT BE MAINTAINED. OF ALL FLEORUTER WILL REQUIRE SEREANNE ON WPI TO 
LARGE STEAM LEAKS WILL CAUSE AN UNCONTROLLED COEDOWN. COOLDOWN WITH OPEN TB5 VALVES KEEP SHE CORE COOLED.  
WILL REQUIRE THAT THE FAILED TBV(S) BE B.OCKED CLOSED, TIE VALVES BE REPAIRED SO THAT - IF AT ANY TINE DURIN TOO CWLDOIN THE MUTER LEVEL IF TIT FAILURE OF ALL THE TRV'S ON ONE GENERATOR WILL REGEIRE 
THEY CAN BE USED FOR A CONTROLLED COOLDOWN, OR THAT FEEDRATER BE VERY CAREFULLY UFFECTED GENERATOR NPROUCOOS R5% AR TOO OPERATE RANGE U ONE SO COOLSERN. IF TOO AFFECTED SO ROSS RE WET FOR 
CONTROLLED TO A DEPRESSURIZED GENERATOR. REACTOR COOLANT OVERCOOLING CAN VIOLATE THE BECAUSE OF SHE TARE LEAK, SA GENERATOR ROSY BE STEAMED TO PLAT C HITHER STEAM PLANT CONTAMINATION AMC 
TLHE-TO-HELL AT LIMITS AND PLACE THE TUBES IN TENSION. THIS MAY INCREASE THE TUBE REDUCE TOO LEVEL. FETORATER SI-CLD WE LIMITETO TOO FANISE ASESWILL O R. FUILURE OF ARE OWV SEES MAT 
LEAK RATE IF THE TUBE CRACK IS PERPENOICLLAR TO THE CENTERLINE OF THE TUBE. GENERATOR BITT THE TARE LEAK TO AVOID FILLING TOO GENERATOR IWAIR PLANT EOORN CAPABILITIES IN THAT ENGR LOOP AS 

- IF THE COFENSER IS WORKING. THE FAILED TURBINE BYPASS VALVES WILL DISCHARGE TO THE ENDC WATER LEVEL SIOLD RE ININED TO KEEP TOO TORE-TO- AMPLE ADDITIONAL CAPACITY.  
CONOENSER; RADIATION RELEASES WILL BE REDUCED BY PARTITIONING. IF THE CONDENSER IS NOT SELL T ON LIMITS N SO MAINTAIN MARAL CIRCOLATIOW.  
AVAILABLE, TOE TURBINE BLOCK VALVES ILL ISOLATE THE LEAK AND RESTORE STEAM PRESSURE.  
BUT RELEASES BILL AN TO THE ATMDSPHERE TROUGH THE STEAM SAFETY VALVES AN TOO MADVS IF THE OVERCCOLING A GUSET VOIDS TO FORM IN LOOFS THEM 
(IF OFERABLE). CO0LDON WILL BE VERY SLOW. HOWEVER. LOSS OF THE CONOENSER IS VERY SATLRATIAR HAS EXISTED N TOO RE PLMP RAVE BEEN TRIPPET. THE 

(H.IKELY SINCE THE GRAVITY FEED CIRCULATING WATER SYSTEM BILL SUPPLY BACKUP COOLING WI SYSTEM SHOLD RE STARTED TO REFILL TI- SYSTEM NC TO RESTORE 
BATER. LOSS OF GRID POWER WILL AUTOMATICALLY SWITCH TO THE BACKUP SUPPLY FROM THE OLEC LNG. ALTIOUG SARCGELAN IS RESTORED. THE SWAM WARBLES 
NORM1L CIRCULATING WATER PLAPS. HOWEVER, LOSS OF GRID POWER WILL TRIP THE AIR MAT STILL EIST ON TE LPER LOOS OR N THE NEA. ROOTS CAN E 
COWRESSOR SLIPLYING AIR TO THE TN5; WHEN THIS OCCURS THE TBS WILL SHUT. EITHER THE CVEO WY COOING WITH TOO STEAM GENERATORS. IF TOO SYSTEM IS 
NORMAL AIR SLFPLY 'WST BE LOADED ON THE HYDRO BUS MANJALLY OR THE BACKLP AIR SUPPLY SARCCCLET, TOO RC PUMPS CA BE RESTARTED AN RW TI "MUST" TOO 
MBST BE STARTER AN THAT TI-f TNT CAN RE CONROLLED. STEAM BUBBWLE INSTO TI-F STEAM GENERATOR WHERE IT CNN RE CONDELNSED 

WV SWTAM GENERATOR COOLING. IN NEARLY ALL CASES FOR TGBE LEAKS 
THE WI SYSTEM BILL RESTORE SRC OOL.IN; SUANTIAR MILL CON ME 
ONLO WF VER LARGE TARE LEAKS EXIST (IORE THAN OE TURE OR IF 

RATIER LOO AO ALSE OCCRRET. IN THESE RERTE CASES THE "PLA 
RESTART CRITERIA" OF T REST METOS" CHAPTER O F TOS PANT II 
SI-OULD R3E USES.  

RF S RC PLVS CANIS BE RESTARTER, AN THE OVERCOAIN 
AIS CAUSE T TIS. THEN EPRESSUREIZAION CARO T BRE ACCOMLISHD.  
SUCKP SLEPLIES OF SRUTE RATER FOR NERCTIOR SHOLD RE 

PREPSRED.  

- ST FEEWATE TO OTHGENEATOR (WHN LVEL XIST IN OTH
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FAILURES WHICH AFFECT STEAM GENERATOR INVENTORY CONTROL 

FAILURE EFFECTS ON TUBE LEAK CONTROL AND PLANT COOLDOWN CORRECTIVE ACTIONS TO ALLOW A CONTROLLED CIOLIORN FAILURE EFFECTS ON TURE LEAK CONTROL AND PLANT COOLOORN CORRECTIVE ACTIONS TO ALLOR A CONTROLLED COOLDORM 

OTSG INVENTORY 1. LOSS OF MAIN FEEDRATER HAS NO EFFECT ON PLANT COOLDOWN, RHEN MAIN FEESBATEN IS LOST THE OPERATOR SI-ULl A FAILURE WHICH CAUSES EXCESSIVE MFR TO ONE OR ROTH CORRECTIVE ACTIONS TO STOP EXCESSIVE PEEOMATER ARE 

LOSS OF MAIN IF EMERGENCY FEEDWATER IS STARTED. VERIFY THAT EMERGENCY FEEONATER STARTS SRI I-E OVERFEED GENERATORS IAN RESLT ON RATER IN THE STEAM LINES SI-URN IN ATOG APPENDIX S AN[ GTHER INFORMATION OS 

PEEOWATER DELIVERS FLOW TO THE CORRECT STEAMI GENERATOR. SAND CAUSE RCO OVERCSOLING. PRESSURIZER ORA I NON SF-ERR ON THE ".ACCIDENT DIAGNOS AND MITIGATION 

EDERAENCY FEEEATER MST BE CONTROLLEG IF THE RC MAY OCCUR. CHAPTER. IN SUMMARY TI-SE ACTIONS ARE: 

PUMP'S ARE TRIPPED AND A HIGH OTS LEVEL IS REQUIRED THE EXCESSIVE FEEORATER ADDITION MUST BE STOPPED 1) ATTEMPCT TO CLOSE THE FEEORATER CONTROL VALVES 

SO THAT OVEROOLING EFFECTS RHFCH RIGHT CAUSE PRIOR TO START OF TOOLSORN TSGF OVERFILL OS SLOW AND TI- AFFECTED SO OS 
PRESSURIZER DRAINING ROLL BE AVOIOED. A NOON LEVEL -OBVOUS.

OSSULGO BE AVODED ON TI- OTSG ROTH TI- TOE LEAK TO IF EXCESSIVE FEERATER OX ADOES TO THE GENERATOR 

LIMIT THE RATER ACEO-OLATWN; SLB ICFENT LEVEL R TH THE TUBE LEAK, THE EXCESSIVE LEVEL MUST BE 2) IF THE GVERFILL OS FAST GR THE CONTROL VALVES 

SISULC BE BUILT TO PROVLE SUCOOLE NATURAL STEDOEW TO LGWER THE LVEL TG NO MCRE THAN % ON CANNOT BE CLOSELOPTI- MER PLB4S 

CBECLATON THE TUBE LEAK ROLL CONTINUE TO A THE OPERATE RANGE. DURING THIS STE ING PERIO START EA AN VERIF OPERATION 

WATER TO THE OTOG AND I F THE EFR LEVEL IS HOON. RADOOACTIVE RELEASES ROLL CONTINUE.- CONTROL EFR1 TO LIMIT OVERCOOLING 

STEAMING MAY MEREUIBEP TO PREVENT RATER ACCUMLATON WHEN SWAM GENERATOR LENEL REACTEf 90% ON THE TF THE PRESSURIZER AG RAINED, RI MUST ME USE TO 

OR THE SFAM LIMES. OPERATE RANE, THE HOE LEVEL LIMITER ROLL TRIP MESTORE LEVEL.  

OTI-f NNONGFEERATOERTHENCNOACOOTHEGEFRLPIN'SUROLL 

WHNEN EFR-I STARTED, THE STEAM SLPPLT TO THE EFR TEMATNOC ALL TART PUP-N H ENPMSML TO LIMIT MELEASES AND TO LIMIT RATER ENTERING INTO 

PTHE TURBINE GRVER N LLO ME SWTCHE FRUU THE 
THE STEAM LINES THE GENERATOR ROTH TI- TUBE LEAK 

EENERATOR RGTH THE TRE LEAR TO THE "0 
SIDULK ( E STEAHEP TO LOWER THE RATER LEREL To AT 

GENERATOR To AO RACLOACTVE RELEASES FROM THE LOSE G ON THE OPERATING RANGE INTERMITTENT 

TURBINE EXHAUST TI THE ATHOPHERE OR CONTINUOUS STER S MAT BE REQAIRE TO I-MAINTAIN THE 

RATER LEVEL AS THE LEAK CONTINUES TO AH RATER AS THE 

COOLEOWN CONTINLES. IF THE EPCESSIVE FEEIRATER WAS 

AAIB TOI 
f THE GENERATOR WITHOT THE TUBE LEAK IT MAT E 

LOSS OF EFRI TO OTS THE RATE OF ESOLSOWN WILL ME SLOWER OF ONLY ONE -THE EFW CROSSOVER VALVES MUST ME REALIGNED SO 
STEAMED TO TI-f APPROPRIATE RATER LEVEL FOR OPERATONR 

(MIW IS OFF) GENERATOR OS SE FOR C AEL RUNN. THE EFFECTS WILL THAT BOTH GENERATORS CAN E FE. CONTROL OF 
(RB PEMPS "ON" OR "OFF"). PLANT COOLOWN SEHRLA ME 

BE IFFEMENT TEPEIONO ON AVAILABILITY OF OTHER ELL SOUL BE AS LSTED ON "OTS INVENTORY " 
CONTROLLE BY THE '0000' STEA GENERATOR 

EQUI-ENT CC PRINER THE GENERATOR NAG THE TUBE ABOVE. 
TO PERMIT CTL-ON AT A REASONABLE RATE WATER IUST ME 

LEAK TR 
IF EP CANNOT ME RESTOED TO ROTH GENERATORS ADED TO THE STEAM GENERATOR WITH T G Of LEAK TO MAINTAIN 

OFI THE RC POS ARE OFF AN EFR IS AVAILABLE TO THEN THE PLANT MOST ME COIES SOWN ASINO THE 
AN ACCEPTABLE TUBE-TO-SHELL AT. IF T- OVERFEED WAS 

IFLY ONE GENERATORTHEN NO COOLO NG WILL OCCUR IN ONE ENERATOR HETHOF OUTINED IN THE "NEST 
IN TAT GENERATOR, THERE SI-UL D ME NR PROBLEM SINCE 

THE OTHER GENERATOR ANLESS THE GENERATOR WITHOUT MET ECTION. 
A LARGE INVENTORY HAS ACCLN SLATEE. SOREVER. IF ALL 

FW AS S TAME LEAR (LEAK WILL PROVI E COOLINU) S 
EORATER WAS XTOPPE TO ONE ENERATOR AN IT BOIL 

THE REACTOR COOANT ON THE IDLE GENERATOR LIOP 
DRY, THEN A WATER LEVEL MAST ME INDET TO ALLOW A 

WILL NOT CIRCULATE AND THE SYACNANT REACTOR CORCIANT 
REASONABLE RATE OF COALLORN. IF MEW CANNOT BE USE 

MAT FLASH INTO STEAM AS TI T RO T OPRESSURIZEH. OF EE R CAN ME STARTE.  

VEIF THATATE EMERENC FEEDWATE STARTS ANDRFWOVEFEE 

PEPRESSLEIZATION WILL ME SLOW. MERDUSE TRW IALE AOT 

LEO W ILL CONTROL THE PRESSURE.- IF EFAN IS ONLY 

AVAILABLE To THE GENERATOR WITH THE TUBE LEAK, 

RELEASES ROLL ME HIGH. 
OTG INVENTORY S. THE EFFECTS GE EFW OVERFEE AWE MICH THE SANE AS CORRECTIVE ACTIONS FOR EFW OVERFEE AME MUCH THE SAE 

IRECOCOLNPUPARRUNNTBTEPRTRSEFR OVERFEED IMFA MEW OVERFEED (OTOG INVENTORY 4). AS FOR HEW. THEY ARE SUIMNARIZED HERE: 

HIL CLO HEColDRNBT TEMGEEATRSHL COIN TOPPED) EFR OVERFEED WILL HAVE A GREATER OVERCOOLINA AND 1) MANUALLY CLOSE THE EFR CONTROL VALVE TO THE OVERFILLING 

WILL PILLOWDTHE CEWLBUNLBATOTEAMVGENERATOROSHELLNCTULAL 

MOLL NOT OCCUR IN THE DRC GENERATOR. THE TUBE-TO-SHELL 
CONTRACTION EFFECT THAN MEW CONSEUENTLY STEAM GENERATOR 

TEMPERATURE LIMITS ON TI-f DRY GENERATOR MAY ME VIOLATED PRESSURIZER DRAINING IS NONE LIKELY. 2) IF TI-f CONTROL VALVE CARROT ME CLOSED. THEN MANUALLY 

OURONGWTHERCTOITHE OTSESANTHEFCTHESEWN RATELISSSLIWEG 

STEA G- IF THE OVERFEEDING CONTINUES, SWAM PROCTION CLOSE TH ISOLATION VALVE MNSTREAM OF THE CONTROL VALVE.  

IF TI-f CLOR RATE OS SLOWED THEN T-f POSSIBILITY OF 
I-AY STOP;: R THIS OCURS THE EA D T FEEH PEAPM-S 

RUNNING ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ GNEAO WITH THE TUBE LEAKTOR TORASS THEE TH"GOOD"SBE SOPD TEGNEAOADFE 

RTURBINE RIVER MAY SLOW SOWN. ANA PTOPER PLOW SYSTEM IUST ME RETURNED TO SERVICE FOR CORECAEN. FEE ATER 

OTOG IN'ENTORY 3. 
RATE MAT DECREASE. (THIS EFFECT DEPENDS ON THE CONTROL MUST ME TE-ESTABLISHE. WHEN FEECWATER WAS STOPPE 

LOSS OF EFW/I-EW TO PLANT CIMOLOOWN CANNOT ME MANUJALLY STARTED LRLTIL HI-CO COLING (SEE "BACKUP COOLING") MUST ME INITIATED VOLUME OF STEAM TRAPPED IN THE STEAK LINES). THE GENERATOR WILL PRORABLY DRY OUT, UN'LESS QUICK MANUAL 
H 'S. FE EAR IS RESTORED. COME COOLING MUST ME TOMAINTAIN CORE COL-G. WITH A TOTAL LOSS OF HOWEVER. WHEN THE EXCESS EEOATER IS STOPPED. CONTROL STOPPED THE FEEATER ND ALSO CONTROLLEH TBE CONTROL 

MAINTAINED BY CONTINUEDI INJECTION OF PI. GUIDANCE FEEIBA'PER. THE 55'S WILL BOIL DRY AND DEPRESSURIZE. TEEFA PUMP' WILL RESUMf NORMAL SPEED AS STEAK VALVE. TO PREPARE FOR COOLSOWIN A RATER LEVEL I-UST ME 

FOR IO Coot-ING OS PROVIDED IN THE "BACKUP COOLING" SOEFW CSOLNG OR RETENTION OF A SO WATER LEVEL IAT PRODUCTION PICKS IIT RE-ESTABLISHE IN ROTH GENERATORS. N WATER LEVEL A  

SECTION OF THE ATO GUIDELIHES. GOCCR IN THE AFFECTED SO DE TO THE PRIMARY-TO- ME ESTABLISHE IN THE STEAM GENERATOR WITH TI-f TUME 

SECONARY LEAKAGE . EED ATER (MAIN H EF) S OLD 

ME OESTOREN To AT LEAST ONE SO AS SOON AS POSSIBLE. TTLECTOERMIT LL C OINO ( NTROLLED CLOW 

A TIMELY RESTORATION OF PRIMART TO SECONDARY HEAT IVAITUBESHELLAT) F R TC C S E CORX MOLFEOWOW 

RIOO CMAA U T ON BEIT INVENTORY. SNICE THE LST 

0 - TRASFER I NECESARY MECUSE I-O CCBO.ANDRCPLACESRCS AVALABLEDOLTHE.0000"SGNERATOEFORRCAINIWN 

INVENTORY IS NOT ECOVERABLE (I.E.T LOST TO THE 
IN ORER TO RESTORE THE FEEATER CONTROL THE FOLLOWING MAY 

PRIOR~~~B TOSTROONCODON 

SITH PLANT THROLKT E S THE LEAK),STHE POTENTIAL M 

FO OPO CORE COONS CAPABILITY INCREASES 
O1)- MANUJALLY CONTROL THE CONTROL VALVE 

PROPORTIONATELY WITH THE TIME PERIOS THAT IWE TEL OPEN THE CONTROL VALVE EVEE, AN MAUALLY CONTROL 

COTLINS IS OAINTAINER IF AONS TERM RELIANCE ON SIT 

COOLINR EUIREA, THE FOLLOWING DCTIONS/PRECAIIONSLT 
WHEUNL S NE RETEMEEREA.  

1. ME PREPARED To ENGAGE A SUPPLY OF BORATE. RATER 
TO RACKAG THE BASY.  

O2T THE CORA 
FEET 

TDERRPPLES SA 
HEEE P IITOREL 

OF THE REACTOR COOLANT RETASUT SOBCMOAET.  APPROPROATE ACTION (RRI TEVTTOTCEINTE TO PEEVENT 

RN BRITTLE FRACTURE SAOTOG E TAKEN (SEE 

"BEST HETINOTS FOR EDUIPHENT OPERATION"A 

NM T 

1EC 

ALI)N EPT STEPLY PROW ONE OF THE OTHER TWO 

OCONEE UOITS.  

- TR EWADVEIYOPRTO 
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Talie C-3 EFFECTS OF FAILURES ON STEAM 

GENERATOR TUBE LEAK CONTROL 

SHEET 3 OF 4 

FAILURES WHICH AFFECT RC PRESSURE CONTROL 

FAILURE EFFECT ON TUBE LEAK CONTROL AND PLANT COOLOOWN CORRECTIVE ACTIONS TO ALLOW A CONTROLLEO CO0LDOWN FAILURE EFFECT ON TUNE LEAK CONTROL AND PLANT COOLDOWN CORRECTIVE ACTIONS TO ALLOW A CONTROLLED COOLDOWN 

RC PRESSURE 1 NC PRESSURE 3.  

SPRAY VALVE FAILS THE UNCONTROLLED ADDITION OF PRESSURIZER SPRAY WILL CAUSESRPOATLFLOWRCONTROLEWITHRNCUPLH HSILNUNNINIUISFPREFENRED 

ON" A SLOW DEPRESS URIZATION OF THE RCS BECAUSE THE OR PRESSURIZATION O SEPA T NE SN ( FAILED "ON" PRESSURES THE SPRAYS WILL OVERCOME THE HEAVENS SO TRIES. IF THAT FAILS THE REAKERS CAN NC THROWN 
CAPACITY IS HIGHER THAN THAT OF THE HEATERS. THE DPESRZTO H OLWN TP A EDN I 

TRNSEN S LO; U, F T ATSLOG NUG TE REROFPROIMA:N EFFECT WILL NE FELT, RUT THE SPRAT FLOW WILL To PCUTOFF POWER. IF SUNCOOLONI MARIN IS 

TRANSIENT IS SLIM; NUT, OF IT LASTS LOWS ENDUGH THEONESFPORTI NALANCC THE HEATERS AT - 1300 POOGRNC PRESSURE AND APPROACHES THEN THE BREAKERS CAN NE RESTORES TO 

SUBCODLING MARGIN CAN BE LOST IF CORRECTIVE ACTION IS NOT 1. ATTEMPT MANUAL CONTROL OF SPRAY VALVE 

TAKEN. THE EFFECTS SF THE SPRAYS MAY RE COUNTERED NT 2. CLOSE THE SPRAT NLOCK VALVE. DEPRESSURIZATION FOR SPRATS ARE OFF NC PRESSURE WILL LOWLF TNCREEUE AS 

STEAM GENERATOR CDOLING; IF THE PLANT IS CONTINUALLY COOLD0WN CAN BE NT OPENING AND CLOSING THE NLOCK LONG AS THE HEATERS ARE COVERED NT WATER; AUTOMATIC 

COOLED AND RC TEMPERATURE IS LOWERED THE SUBC0LING VALVE TO DEPRESSURIZE ON "STEPS" AS THE STSTEM OS INTEWLOCKS MILL CUTOFF THE HEATERS IF PRESSURIZER 

MARGIN MAY E MAINTAINED. THE TIME TO LOSS OF SUBCOOLING COLES NY REDUCING STEAM PRESSURE. A HIGHER THAN LEVEL OS LOW (UNLESS THE INTERLOCKS HAVE FAILED), 

MAROON WILL DEPEND OR THE DECAT HEAT RATE, HI-F (MAKELP) "NORM4AL" PRESSURIZER LEVEL WILL RE HELPFL SINCE TI-E DEPEMAING ON THE TUBE LEAK NATE THE HEATERS MOGHT HZ'/E 

FLOW AND THE SIZE OF THE TUBE LEAK. THE RATE OF PRESSURIZER LEVEL SHIL STAT ON SCALE. TO NE USES TO CONTROL SURCOINS. ESPECIALLY TOWARD THE 

DEPRESSURIZATION WILL ALSO DEPEND ON THE RATE OF SPRAY 3. TRIPPING SELECTED NC PLNPS TO RESUCE THE SPRAY LATER STASES OF COOL-OWN WHEN THE COOLSS(N RAW IS 

FLOW, THE SPRAY TEMPERATURE, THE STEAM SPACE IN THE FLOW (NUT KEEPING AT LEAST ORE NC PLMP ON TO REDUCE[. HWEVER, FOR MAST COOLSOWNO THE HEATERS ARE 

PRESSURIZER (A SMALL STEAM VOLUME WILL ALLOW A GREATER RATE MAINTAIN FORCES CIRILLATION WHEN THE IUNCO..INI MAT REQUIRES.  

OF DEPRESSURIZATION), AND THE NUMBER OF HEATERS OPERATING. MAROON EXISTS). THE FOLLOWING TANLE WILL GIVE 

AS SUBCOOLING IS REDUCED THE LEAK RATE WILL LOWER; BUT GENERAL GUIDANCE FOR THE EFFECTS OF RUNNING 

HEN THE MARGIN IS LOST THE RC PUMPS MUST BE TRIPPED (SPRAY VARIOUS S (SPECIFIC GUIDANCE CANNOT RE GIVEN PRESSURE HE 

WILLPRESSURIZER 
HEATERS THIS IS MRE LIKELY TH THE AOVE. FOR MST CASES LOSS 

BUT UNLESS THE SPRAY CAR BE REPAIRED AMA CONTROLLED, THE VOLUNE. AMA SPRAY TEMPERATURE WILL MANE DIFFERENT FAILED 'OFF' OF THE HEATERS WILL MAT AFFECT CBLEN, NUT OF THE TONE AN C L T 

PORN I-RST NE USES To DEPRESSURIZE TI-C PLANT. EFFECTOS). THIS TANLE VIAS CALILL-ATES FOR NORMAL .LEAK OS LARGE AND SURC(YJLONO MARIN OS LOST THEN HPO WILL HEATERS CARROT BE POWERED, COLORN AMA DEPRESSURIZE 

OPERATING CONDITOMS. HAVE TO BE USES TO REGAIN SURCOOLONS MAROON DURNG THE THE PLANT NORMALLY. IF SUNCOLNS MARIN OS LOST THEN 
SCOLOWN. PRESSURE CONTROL WILL RE PIFFCLT OF THE START MI AMA ATTET TO KEEP SUFCOELRNR WITH A 

NR NRSF NC PLRUS S URONO R F PRESSURI ZER FILLS SOLO; THE TE LEAK RATE WILL INCREASE PRESSURIZER NUEALE NT REINCIRG RIO TEMERATURE WITH THE 
(S FSLL FLOW) As RI PRESSURE ROSES OR SUCOLE MAROON OS INCREASES. STEM I ENERATOS. OF THE NUDE OS LOST SPRAYS NECOME S LOSINEFFECTIV A THE PORN MOT WE OOE FOR DEPEESSURPZATRON 

2 2 O (AMA TO RELIEVE ANI CLATER). A SOLOS WATER COBLLOWN IS 

V A NO REQUIRES. IN MAST CASES CONTSNTEE COALINS WITH THE STEM 

2 0 84 GENERATORS WILL KEEP TI-E SUNISOLES MAROON.  

S)SPRAT LINE NEST TO 2 NO 

CUNNINO PBY ) RI PRESSURE S.  

"SPRAT LONE NEXT TO 1 PORN (OR NLOCK AEPLESSURIZATON IS OT POSSALLE; TOME LEAK ROLL COATLINE. PREPARE AALITONAL SOURCES OF WRIT AMA 
H FOUENSATE.  

RUNNING PLMPF) VALVE) CLOSES 

ISPRAT LINE NEST TO 2 SHOAMA SPMATS OFF 
SOLE P N S) 

F(SPRAT LONE NEIT TO 0 41 

RUAINTN P F C T U) 

MSPRAT LINE NEXST TO S HE RI PRESSURE N. THIS IS AN LISOLAWLE LOCA; I AMA REACTOR COOLANT A SOLOS WATER COGLIOVN WILL NE REQUIRES WITH THE RIO 

SLE POUP ) PRESSURIZER SAFETY EPANSION FILL THE PRESSURIZER SOLOS WITH WATER. EAGLT IEPDESSURAZATNON 
RATE CONTROLLEB NE THE 

GISVEARNE 

ECRAY LONE NEXT TO S 2B VALVE FAIL OPEN; ON THE TRANSEENT THE REACTOR COOLANT MAT E SATURATES PRESSURE OF TI-f 
UIRZ 

PERM 

D ILE PUMP 2') OR PONA FAILS (DEPEMAINGOSN NLUMNER OF HI-F PLUMPS OPERATING, THE DFIAT 

VUOPEN AMA LOCK HEAT LOAD . P STEAM ENERATO TETIERATLEED. THE TUNE 
P O VALVE CANNOT NE LEAK WILL COTNUE AN ROLL EPE OR THE AMAUT OF 

As A RULE OF THL TRIPPING ONE PUM ON EACH LOOP WILL CLOSES. SUCOSLONI (WHICH DEPEMAS SN I INJECTION RATE 

PRONME A OOD BALANCE NETWEEN THE SPRAY FLOW RATE AMA AMA STEYM GENERATOR SATURATES TELOERATURE.  

TI-f HEATER CAPACITY. IT WILL ALSO PROVIDE SOOD FORCES 

CIRCLLATON FOR C(%LDOOLN.  

RS PRESSREA  

PRESSURIZER SPRAYS NORMAL RIO PRESSURE CONROL OS LOST. TONE LEAKN WILL TO DEPRESSURIZE THE PLANT USING THE PORN. RN OPEN-S-UT 

FAIL. "OFF" (NE CONTINUE AT A HIOR RATE AS LOWS AS RIO PRESSURE OS OPERATION MAST NE UTILIZES. THE PLANT SI-OULS NE CONTINUALLY 

PIMP OFF ANDMAN'T MOOR. TO DEPRESSUIZE TI-f PLANT THE PORN IMST BE COOLED AMA THEN DEPRESSURIZED INTERMITTENTLY NETWEEN TI-f 

RESTART OW SPRAY UTILIZES. 
SUNCOOLE MAROON LINE NX -3SF MANE SUNCOLINS. WHEN THE PORN 

IS OPENEDS. ROTH PRESSURIZER LEVEL AMA REACTOR COOLANT 

VAWL'EFIE SR OLISNS. SI-OULS BE WMOTRE. OF PRESSLR1IZER LEVEL 
SHUT ORIDO NELO" - 40" OR TI-F REACTOR COOLANT SUNCOELES 

1(SPEYSLNEIZXTET 1I5 

RTSIER OL S MAROON IS APPROACHES, THE PORN SHOLD BE CLOSES. AN 
(SRALE F THE PREFERRED P-T CONTROL TETOIS S2O5N 

IN FIGURE 1-2 (SEE MOlE 3 COCLOWN).  

IF THE PRESSURIZER IS WATER SOLS MTPH A UBBLE IUST 

E SRAWN EFINE EPRESSURIZIN WITH T41 PRN. IF A 

NUNLE CANNOT NE RAWN (HEATERS OFF) THEN TIf RATE SF 

SEPRE SSURIATIN WITH WATER RELEASE T38O THE PORN 

WILL NE SLOW.
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FAILURES WHICH AFFECT RC INVENTORY CONTROL 

(NOTE: OVERCOOLING AND OVERHEATING TRANSIENTS CAN CAUSE REACTOR COOLANT 
EXPANSION OR CONTRACTION AND POSSIBLY RESULT IN LOOP VOIDING; 
THESE ARE COVERED IN THE STEAM GENERATOR INVENTORY AND PRESSURE 
CONTROL CHARTS) 

FAILURE EFFECT ON TARE LEAK CNTROL AND PLANT COOLDOWN CORRECTIVE ACTIONS TO ALLOW A CONTROLLED COOLDOWN FAILURE EFFECTS ON TARE LEAK CONTROL AND PLANT COOLOWN CORRECTIVE ACTIONS TO ALLOW A CONTROLLED COOLDFOWN 

RC INVENTORY 1. RC INVENTORY 3.  

LOSS IF NORMAL THE LOSS OF LETDOWN PREVENTS THE USE IF FEEL AND BLEED -ATTEMPT TO RESTORE LETDOWN; CASSES OF FAILURE CDLND NOT ENOUGH IPI/MAKELP - FAILURETOSIPPLY ENOUGH HPD TO MAKEUP FOR THE I F ONLY ONE [PD PLMP IS STARTED. AHE THE SUREDOLED 

LETDOWN TO INCREASE THE RCS BORON CONCENTRATION OURING COOLDOWN. INCLUDE CLOSED VALVES OR LOSS OF CCW TO THE LETDOWN (AUTOMATIC INITIATION PRIMARY To-SECONDARY LEAKAGE AND THE RCS RGN IS LOST. START THE SECOND HPI PLMP (IF 

IT ALSO PREVENTS THE USE OF NORMAL BORON SAMPLING. IN COOLERS. - OF ONLY ONE PUMP; CONTRACTION VOLLE DARING COOLDORN WILL RESLLT POSSIRLE); DR IF ROTH PUPS ARE RUNNING ENSURE 

SOME CASES THE COOLDOWN CONTRACTION MAY NOT PROVIDE - ADDITION OF BORON WITHOUT LETDOWN CAN BE DONE BY MANUAL INITIATION OF IN A LOSS OF PRESSURIZER LEVEL AND REACTOR THT THEY ARE RUNNING AT THE HIGEST POSSIBLE FLOW 

ENOUGH ADDITIONAL VOLUME TO ADD BARON WITHOUT BLEED AN METHODS DEPENDING ON THE RCS INVENTORY AND WHETHER ONLY ONE PUP; COOLANT SUACIOLED MARGIN. (- 250 1PM PER INJECTION LINE).  

FEED (FIR EXAMPLE. DY COOLOOWN STARTS WITH THE PRESSURIZER IT HAS DR DIES NOT HAVE ADEQUATE SURCOOLING. IN OPERATOR THROTTLES .WHEN THE REACTOR COOLANT SATURATES, THE TARE .IF IT IS NOT POSSIBLE TO START A SECOHE HPI PUMP , 

AT A HIGH LEVEL). EACH CASE BORON SAPLING IS NOT POSSIBLE SI THE BORON PREMATURELY; FLOW LEAK RATE WILL DECREASE AND NATURAL CIRCLATION OR IF THE MAXIMU POSSIBLE FLOW CANNOT BE ATTAINED 

CALCULATIONS SHOULD ASSUME THAT THE CONCENTRATION IN BLOCKAGE IN INJECTION REV STOP. THROUSH THE INJECTION LINES (- 250 1PM PER LINE), 

THE RCS IS THE SAME AS IT WAS PRIOR TO THE ACCIDENT LINE) THEN THE RCP'S RUST RE TRIPPED WHEN THE SANCIOLED 

EVEN THOUGH HPI MAY HAVE INCREASED IT. DEPENDING ON THE TUBE LEAK RATE, ONE -PD PUMP 
WILL RESTORE THE SIRCOOLING RERGIN, BIT THE MRN IS LOST. THE PLANT COOLORN HETHOD WILL 

S I SUCDN..NG S PPL. RDUE TE RKEP/W FLW IH WILRCOSDABYONETANFTO DEPEND IN WHETHER SURCOOLINI IS RESTORED AND 
1. IF SUBCOOLING IS AMPLE, REDUCE THE MAKEUP/HPI FLOPUM 

AND COOL THE REACTOR COOLANT TO OBTAIN A VOLUME 

CONTRACTION; ADD CONCENTRATED BORIC ACID TO THE 

MAKEUP TAPK AND INJECT TO OBTAIN A HIGH PRESSURIZER COOLDOWN MAY RE BLOWER IF THE REACTOR COOLANT IS IF THE RC PUPS CANNOT BE RESTARTED THE REACTOR 

LEVEL (NOTE: IF HPI IS OPERATING, THEN ONE MAKEUP SATURATED, OR IF THE RETURN TO SU1CODLING IS COOLANT SYSTEM MUST RE DEPRESSLRIZED USING THE PORR.  

PUP MUST BE REALIGNED TO THE MAKEUP TANK, THE OTHER DELAYED.  

HPI PUW SHOULD STAY ALIGNED FOR ECCS INJECTION FOR IS RESTDRATION OF THE SUBCIDLINS RERGIN; NATURAL 

THE TUBE LEAK). THIS VOLUME CONTRACTION APPROACH CIRCULATIN WILL PROBABLY EXIST AT ALL TIMES DINING 

CAN BE REPEATED AS REQUIRED. STARTUP NEUTRON THE COILDIWN (SATARATED OR SURCOaED). IF THE 

MONITORS SHOULD BE CHECKED; IF THE COUNT RATE SURCOOLING MARGIN IS RESTORED, THE NC PUPS CAN RE 

INCREASES THE COOLDOWN SHOULD BE HALTED. RESTARTED AND COOLDORN CAN PROCEED IN A STRAIGHT 
FORWARD FASHION.  

2. IF TIE SYSTEM IS SATURATED OR NEAR SATURATION OR IF 

HPI COOLING HAS BEEN USED AND THE SYSTEM IS WATER 

SOLID AND A PRESSURIZER BUBBLE CANNOT BE DRAWN, THEN 

THE CONTRACTION METHOD CANNOT BE USED. CONTINUDUS 

HPI INJECTION FROM THE MAST AND FLO OUT THROUGH 

THE PORV OR BREAK WILL ALLOW A FORM OF BLEED AND FEED 

THAT WILL INCREASE THE CONCENTRATION SUFFICIENTLY FOR 

SHUTDOWN (IF A LARGE VOLUM OF THE BAST IS PUPED INTO 

THE RCA).  

BC INVENTORY 2.ANODRYPNTCLON 

TOO 
ONCH 

WI 
E CTOO 

'RO 
ANI 

ROLL REPL IN RATER SOLID CONDITIONSA 
N TI 

MUST RE CONTROLLED, TO ALLOWC 

(OPERATOR ERROR- WATER RELIEF OUT OF THE PRESSLURIZER, AND NIGH RC AND DEPRESALRIZATION, PER THE GUIDANCE PROVIDED IN TIE "REST 

FAILLRE TO THRPOTTLE PRESSURES. THIS TENDS TO INCREASE THE PRIMARY-TO- METHODS" SECTIDN. SHOULD A SOLID RATER SYSTEM EVOLVET A 

WPI AFTER SUBCOVLED. SECONDARY TIRE LEAK RATE. IF TOO MUCH MU IS ADOED PRESSURIZER STEAM BUBBLE CAR RE RE-ESTABLISHED (TURN ON 

MARGIR REQUIREMNTS AT REDUCED RCS TEMPERATLRES, HEY LIMITS CAN ALSO RE HEATERS WHILE COOLING DOWN SLIGHTLY). IF A NOR-ISOLABLE 

A R E S A T I S F I E D ) . V I O L A T E D .

C O L D W W I L L R E S U I ..T 

DEPRESSURIZATIIN WILL RE NECESSARY. WHEN SOLIDL ROS PRESSUPE 

- A RESLTANT PORH/SAFETY VALVE FADLCRE TO RESEAT CAUSED WILL BE CONTROLLED BY THE DISCHARGE HEAD OF THE OI PUMPS.  

BY WATER RELIEF ILL RERUIRE CONTINCED WI, THE BATT 
INVENTORY WILL RE DRAINED FASTER SINCE A PATHIN -L RATEL 

ADDITION TO THE TURE FAILLURES, EXISTS THRO WHICH RACELERATED TO ENGAGE THE CORE FLOOD TANKS AND THE DIP 

REACTOR COOLANT CAN RE LOST. ALTHOUGH WATER WILL BE SYSTEM.  

RETLRNED TO THE SLAP THROUGH THE PRESSUIZER LEAK (I.E..,- BACKUP SOORCES OF BOTATED WATER SOOLD HE PREPARED FOR 

CAN RE RECIRCLLATED). COOLOWN WILL BECOME MORE IFFICLT INJECTION.  

BECAUSE STATEM SATURATION WILL MOST LIKELY OCCUR EARLY IN 

TIE TRANSIENT AND WHEN SSCOOLING IS RESTORED THE 

PRESSLMIZER ILL RE WATER SOLID. RECIECLLBATION FROM THE 

SLMP REV DR MAT NOT BE POSSIBLE DEPENDING IN THE TRADE 

OFF 
TETWEEN 

TUNE LEAK FLOW AEAR PREASLAGZER VALVE LOSS.  

(~ 20 GM PE INECTIN LNE) 
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Figure C-2 TYPICAL SYSTEM RESPONSE FOR LARGE 
SGTR WHICH RESULTS IN A.  
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1000 __ _ _CIRCULATION (THOT TOLO) AND FOR 
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8 NORMAL OPERATING POINT-POWER 

600 OPERATION (THOT) 

40SUBCOOLED MARGIN END POINT-POST TRIP WITH 
400 LINE NATURAL CIRCULATION (THOT) 
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Reactor Coolant And Steam Outlet Temperature-F 

Reference Time 
Points (Seconds) Remarks 

10 A SGTR occurs from 100% FP. (Initial leak rate -. 400 gpm)4 

1-2 0-440 RC pressure and pressurizer level slowly drop.  
* Pressurizer heaters come on; 
* High MU flow alarm occurs.  

Steam line and condenser radiation alarms sound.  

2 440 Pressurizer level falls below 40 inches; pressurizer heaters 
turn off automatically.  

2-3 440-660 RC pressure and pressurizer level continue to drop because 
the leak rate exceeds MU.  

3 660 Reactor trips on variable low pressure (PRCS \, 2000 psig).  

3-4 660-680 The turbine trips; MFW runs back; the reactor coolant sub
cooled margin is lost (RC pump trip required); ESAS actuated 
on low RC pressure; HPI starts.  

4 680 The pressurizer completely drains and the reactor coolant 
is saturated.  

4-5 680-900 The RC pumps are tripped and MFJ is diverted to the upper 
nozzles. The operator throttles MFW to prevent overcooling.  
The reactor coolant subcooled margin is reestablished, and 
the operator throttles HPI to stabilize pressurizer level 
and system repressurization.  

5 >900 The plant is stable with decay heat being removed by 
natural circulation. The RC pumps can be restarted and a 
plant cooldown and depressurization can be initiated. A 
minimum subcooled margin is maintained to keep RC pressure 
and leak rate low.



Figure C-3 STEAM GENERATOR TUBE 

RUPTURE LOGIC DIAGRAM 
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Figure C-3 STEAM GENERATOR TUBE 
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Figure 0-7 TYPICAL PARAMETER TRENDS FOR LOOP 
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Figure D-8 TYPICAL PARAMETER TRENDS FQ9 
LOOP/LOSS OF SECONDARY 
INVENTORY CONTROL (LOW) 
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Figure 0-9 LOSS OF OFF-SITE POWER 
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Figure D-10 TYPICAL LOSS OF OFFSITE POKER 
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by steam safety valves and to condenser by TBS.  
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APPENDIX E 

SMALL STEAM LEAK 

1.0 GENERAL TRANSIENT DESCRIPTION 

A small steam leak is a failure to control secondary pressure. It 

is an overcooling transient that results from too much primary to 

secondary heat transfer.  

A small steam leak is defined as loss of steam up to about 25% of 

full flow. The largest leak assumed is that due to equipment 

failure (failed open turbine bypass valves). Larger steam leaks 

could exist only with piping failures; these are not as likely as 

component failures. However, the basic principles and sequence of 

events to be discussed also apply to larger breaks.  

The steam leak causes a power mismatch between the heat source (the 

core) and the heat sink (the steam generators) and will cool the 

reactor coolant down. The ICS will pull rods to increase core power 

and maintain Tav. If initially the plant is operating at much less 

than full power, the plant will stabilize with reactor power greater 

than megawatt demand by an amount equal to the size of the steam 

leak. Depending on the leak location and size the operator may be 

able to locate and isolate the leak without tripping. For example, 

DATE: 3-23-82 Appendix E, Page E-1
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if the leak results from a stuck open TBS valve, the mass flow 

through the leak goes to the condenser and the plant could operate 

indefinitely. The only indication will be the reactor-turbine power 

mismatch. An atmospheric leak will require makeup to prevent the 

hotwell from draining. Hotwell level and condensate level as well 

as visual inspection will indicate the leak. If, however, the leak 

is inside containment, an ES signal on high RB pressure will occur.  

ES actuation will happen in about ten minutes for a leak equivalent 

to 1% full flow and in about twenty seconds for a leak equivalent to 

25% full flow.  

If the plant is initially near full power, the steam leak may result 

in a reactor trip on high flux. Small leaks will not cause a 

reactor trip (up to about 3% flow) if the reactor is at high power.  

After trip the RCS will continue to cool down and depressurize due 

to the leak. The rate of cooldown will depend on prior power 

history (decay heat level) and the size of the leak.  

Small steam leaks do not result in rapid overcooling and the reactor 

coolant temperature drop will not be severe. If no additional fail

ures occur and the leak can be isolated, the plant may recover from 

a leak as large as 25% with only a temporary loss of subcooled 

margin. HPI will be actuated by ES and will recover RCS pressure, 

although temporary drainage of the pressurizer may occur.  

DATE: 3-23-82 Appendix E, Page E-2
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After the leak is isolated, the operator would have to take manual 

control of HPI and the TBV's to limit the RCS refill by limiting the 

reactor coolant reheat and swell.  

The following transient example is based on a leak equivalent to 25% 

full flow and occurs with maximum decay heat. A larger leak or 

lower decay heat levels would result in a faster cooldown rate and 

could cause RCS saturation. As an example, refer to Figure 16 in 

Volume 1 of Part II, "Diagnosis and Mitigation", showing the 

expected response to a larger steam leak.  

If the leak is unisolable the operator must isolate FW to the broken 

SG and allow it to boil dry. In addition, other failures may occur 

which will require operator action. These are discussed in Section 3.0 

of this appendix. The operator should become familiar with the "Over

cooling Diagnosis Chart", in Volume 1 of Part II, "Diagnosis and 

Mitigation".  

The P-T diagram and sequence of events shown in Figure E-1 depict a 

typical small steam leak transient (stuck open TBS valves) that is 

terminated by the operator.  

DATE: 3-23-82 Appendix E, Page E-3
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2.0 OPERATOR ACTIONS SUMMARY 

Immediate Actions 

- Start HPI if pressurizer level is less than 50" and RCS pressure 

is decreasing.  

- If the leaking generator is obvious it should be isolated; but if 

it is not obvious then both SG's should be isolated as follows: 

- Close TBV's and common steam extraction lines (auxiliary steam 

and EFW pump turbine supplies).  

- Stop all feedwater to both SG's; watch levels; the generator with 

the fastest level decrease is leaking; isolate it and restart 

feedwater to the generator(s) which repressurize.  

- Follow remainder of Part I, Section III.C.  

Identifying Symptoms 

Small steam leak is an overcooling transient as shown below: 
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Other key parameters to distinguish small steam leaks from other 

overcooling transients are: 

- Decreasing level and pressure in one or both SG's without 

feedwater addition* (steam pressure will be lower than the 

960 psig steam pressure limit) 

- Near normal or low SG levels with feedwater addition 

*NOTE: Excess MFW can cause a slightly reduced steam pressure in 

the unaffected SG or slightly reduced pressure in affected 

SG if flow is through the upper nozzles; excess EFW can 

cause a large reduction of steam pressure in the affected 

SG; however, in both cases the SG with reduced pressure 

should have steady or increasing level indicating that 

inventory is not being lost.  

This section will present an example of a small steam leak and dis

cuss how operator actions in accordance with Part I will terminate 

the transient and provide recovery to stable shutdown conditions.  

The assumed transient will be the same shown in the previous 

section, i.e., failed open TBS valves from 100% FP.  

A failure of all TBS valves in the open position results in approxi

mately 25% excess steam flow. The reactor will trip on high flux 

within about eighteen seconds, the turbine will trip, and the ICS 
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will run back MFW. After the operator performs the immediate 

actions in Part I, Section I, he will verify vital system status in 

accordance with Section II. Steam pressure in both steam generators 

will decrease fairly quickly ( -. 70 seconds) below the normal 

post-trip pressure boundary of 960 psig. In step 12.0 of Section II 

the operator should note that primary to secondary heat transfer is 

excessive by observing lower than normal steam pressures and the 

overcooling trend indicated by the response on the P-T diagram.  

(Refer to Figure. E-2.) The procedure directs the operator to 

Section III.C.  

Step 1.0 in III.C requires the operator to manually start HPI if 

pressurizer level is below 50" and RCS pressure is decreasing. For 

this transient pressurizer level will go below 50" within about 60 

seconds (see Figure E-3, "Time Relationship of Key Parameters") 

after trip, thus the operator will initiate HPI. Full HPI flow will 

not compensate for the reactor coolant contraction rate for this 

size leak; therefore, pressurizer refill and RCS repressurization 

will not occur until the steam leak is isolated. Therefore, even 

with rapid isolation by the operator, a temporary loss of indicated 

pressurizer level may be expected. Note that the graphs shown in 

Figure E-3 represent automatic plant response, i.e., HPI is not 

started manually at 50".  
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Step 3.0 of III.C effectively isolates the steam generators from 

most failures that would cause overcooling. Step 3.3 requires the 

operator to place the TBV's in manual and close them. Successful 

completion of this step will terminate the overcooling transient in 

this case by isolating the leak. If the failure of the TBV's was 

such that it prevented manual closure (unlikely), the operator would 

recognize the failure and realize the cause for overcooling. Since 

the TBV's are failed open on both SG's he would have to close both 

TBS isolation valves to isolate the leak. If the operator can 

perform these actions within 90 seconds, subcooling margin will not 

be lost; therefore, the RC pumps will remain on and MFW will be 

establishing the low level setpoint. However, if subcooled margin 

is lost (as shown in Figure E-1), it will be quickly regained once 

the steam leak is isolated.  

Once the steam leak and overcooling has been terminated, the 

operator must perform a few actions to regain RCS inventory and 

pressure control. At this stage in the transient he still has HPI 

flow and the RCS is. slowly reheating and will continue to reheat, 

without operator actions, until steam pressure increases to the MSRV 

setpoint. The actions he should take are as follows: 

- Maintain RCS temperature at the present value by regaining 

control of the TBV's. If the TBV's had successfully closed 

under remote manual control then the operator can control 
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RCS temperature with manual TBV control. If, however, 

closure of the TBS isolation valves was required, he must 

correct the problem with individual TBV control before 

reopening the isolation valves. Since the HPI flow has 

increased the RCS inventory, allowing the RCS to reheat to 

the MSRV lift setpoints would result in a much higher 

pressurizer level and possibly a full pressurizer.  

- Throttle HPI when the subcooling margin is restored by using 

one HPI pump (preferably the normal makeup pump) and one in

jection line (preferably the normal makeup nozzle with the 

thermal sleeve). If the leak was isolated very rapidly and 

subcooled margin was not lost the operator could have 

throttled HPI as soon as RCS pressure began to increase.  

- When pressurizer level returns on-scale low and is increasing 

(and the RCS is above the subcooled margin) the operator 

should terminate HPI and realign for normal makeup/letdown 

operation.  

In the previous example, the operator followed the procedure in Part 

I and terminated the transient in a timely manner. For this particu

lar example, the steam leak was isolable and steam pressure was 

quickly restored.  

The transient of most concern for the operator is an unisolable leak 

in one SG upstream of extraction line isolation valves.  
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Turbine trip would ensure the leak is isolated from the good steam 

generator. However, continued feeding and blowdown of the broken SG 

would continue the overcooling (refer to Figure 16B in Part II). In 

this case the operator must take action to isolate feedwater to the 

broken SG and allow it to boil dry. He would then return to stable 

shutdown conditions by controlling DH removal with the good SG.  

If the steam leak is inside containment, it is likely an ES trip on 

high RB pressure (4 psig) will occur. The trip will cause isolation 

of LPSW and CCW for the RC pumps. A loss of LPSW for more than ten 

minutes requires tripping of the RC pumps (refer to RCP control in 

Part II, Chapter E, "Best Methods for Equipment Operation"). It is 

desirable, for this transient, to maintain forced circulation of 

primary coolant as, long as the RCS is above the subcooled margin.  

Therefore, following the ES trip on RB pressure (within ten 

minutes), the operator should take manual control and restore LPSW 

and CCW flow. If, for some reason, seal injection flow is lost 

along with CCW, the operator must restore seal injection or CCW 

within sixty seconds or trip the RC pumps.  
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3.0 SMALL STEAM LEAK WITH OTHER PLANT FAILURES 

Introduction 

The previous section described small steam leaks in general, but did 

not discuss other failures that might also happen at the same time.  

This section will show what symptoms to look for when other 

equipment fails and will show what steps the operator should take to 

restore the heat transfer from the core to the steam generators.  

Figure E-4, "Small Steam Leak Logic Diagram", condenses the event 

tree into the main transient path and branches for the major 

failures that can occur in addition to the main transient. The P-T 

diagrams are shown in Figure E-4. The effects on other parameters 

is shown in Figure E-3, "Time Relationship of Key Parameters".  

The event that was chosen for simulation starts with the reactor at 

power. A small steam leak occurs that may or may not result in a 

reactor trip on high flux. If a trip does not occur, the plant will 

stabilize with a power mismatch with the possible conditions given 

in Note 1 on Figure E-4. The main path assumes a reactor trip does 

occur. All the data that is shown starts from the time of reactor 

trip. The failures are shown to occur when a component has to oper

ate (for example, after a reactor trip the ICS should automatically 

run back MFW; the failure shown is that MFW does not run back).  
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It must be remembered that all steam leaks will not look exactly 

like the examples used. The primary purpose of these examples is to 

promote operator familiarity with the symptoms and effects of steam 

leaks.  

Branch Discussion 

Figure E-4 has separate failure branches for loss of reactor coolant 

inventory control (high and low), loss of secondary inventory 

control (high and low), and loss of secondary pressure control.  

(Minor failures, such as loss of pressurizer heaters, have 

relatively little impact on the overall transient. The operator has 

time to diagnose and correct such failures; therefore, they are not 

shown.) Another valuable tool to facilitate operator recognition 

and identification of overcooling transients is Figure 22, "Over

cooling Diagnosis Chart", in Volume 1 of Part II, Chapter C 

"Diagnosis and Mitigation". The operator should become familiar 

with this chart.  

* Figure E-3 is provided to show key distinguishing parameters for 

small steam leaks that have a time dependency important to the 

operator in identifying both the type and severity of transient.  

The parameter plots show typical responses to a steam leak 

equivalent to 15% full flow with automatic HPI actution. Arrows, 

where used, show the effect of other failures and of operator 

actions on the time relationship.  
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Loss of Reactor Coolant Inventory Control (High) 

A loss of reactor coolant inventory control (high) exists whenever 

makeup or HPI flows are excessive causing the pressurizer to fill and 

overpressurizing the RCS for the existing plant conditions. Steam 

leaks in the range of approximately 25% of full flow, even assuming 

maximum decay heat, will cause overcooling and RCS contraction rates 

greater than the full capacity of the HPI system. Therefore, 

pressurizer refill and RCS repressurization should not begin to occur 

until the steam leak is isolated (refer to Figure E-1 and sequence of 

events in Section 1.0 of this appendix). Larger steam leaks or lower 

decay heat levels would result in a faster cooldown rate and could 

cause RCS saturation even with full HPI flow (refer to Figure 16 in 

Part II, "Diagnosis and Mitigation", to see the expected response to 

a larger steam leak). However, for small steam leaks and when the 

overcooling has been terminated, full HPI flow will more than 

compensate for the coolant shrinkage and result in a rapid increase 

in pressurizer level and RCS pressure. Rapid operator response may 

be required to prevent a solid pressurizer and RCS overpressuriza

tion.  

The operator actions required to restore proper RCS inventory and 

pressure control are identical to those discussed in Appendix A under 

"Loss of Reactor Coolant Inventory Control (High)". To accomplish 

this objective, the operator must be able to control TBV's to limit 

reheating of the RCS.  
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Loss of Reactor Coolant Inventory Control (Low) 

A loss of reactor coolant inventory control (low) exists whenever 

makeup or HPI flow is insufficient to overcome the primary leak rate 

or (as in this case) the coolant contraction rate, resulting in 

drainage of the pressurizer.  

Again, as in Appendix A, too little makeup or HPI flow is not a major 

concern for this particular transient. If the overcooling is 

terminated before the pressurizer empties, the RCS will reheat and 

the resultant swell will restore pressurizer level. If the over

cooling continues, ES will actuate and HPI will automatically 

initiate.  

Following the actions specified in III.A of Part I will restore pri

mary system inventory control and subcooled margin.  

Loss of Secondary Inventory Control (High) 

A loss of secondary inventory control (high) exists whenever signi

ficantly more feedwater (main or emergency) is being injected into 

one or both steam generators than is required by existing plant con

ditions. It is an overcooling transient and response on the P-T 

diagram is very similar to that of a small steam leak. Excessive 

main feedwater can be distinguished from small steam leaks/by high 

MFW flowrates and high SC levels. Large feedwater mismatches can 

cause more severe effects on the RCS than small steam leaks and 
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must be corrected much faster. A detailed discussion of excessive 

main feedwater is contained in Appendix A.  

Excessive main feedwater was defined in Appendix A as basically 

supplying more feedwater than could be boiled off to make 

superheated steam. The definition for excessive emergency feedwater 

(or excessive MFW after reactor trip) must differ slightly in that 

1) the steam generator is at saturation conditions and 2) more im

portantly, whenever the natural circulation setpoint is in effect 

EFW (or MFW) must provide more flow than can be boiled off in order 

to raise SG levels to the appropriate setpoint. However, the rate 

at which FW builds SG levels can be excessive and overcool the pri

mary system.  

In addition, excessive emergency feedwater can cause depressuriza

tion of the affected SG to a larger extent than excessive main feed

water. This is due primarily to the increased condensing action 

introduced by spraying colder EFW in near the top of the tube bundle 

(into the steam space).  

Should the EFW or MFW flow be excessive, the operator should recog

nize the overcooling as well as high FW flow. Following the ac

tions in Part I, Section III.C for excessive primary to secondary 
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heat transfer will terminate the excessive FW.  

Figure F-3 shows the impact of small steam leak overcooling compound

ed by overcooling due to excessive feedwater. The curves for RCS 

pressure and pressurizer level will shift to the left, i.e., 

pressure reduction and drainage of the pressurizer will occur 

faster. Excessive EFW (and excessive MFW through the upper nozzles) 

will also cause the steam pressure curve to shift to the left.  

Loss of Secondary Inventory Control (Low) 

A loss of secondary inventory control (low) exists whenever too 

little feedwater is being supplied to the steam generators resulting 

in too little primary to secondary heat transfer and overheating of 

the RCS. The operator should recognize this condition by low 

feedwater flow rates and low SG levels.  

The operator may be required, by the procedures in Part I, to 

isolate all feedwater in order to determine which SG is leaking.  

However, he will also by procedure immediately restore feedwater to 

the good SG as soon as the broken SG is identified and isolated.  
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A detailed discussion concerning too little primary to secondary 

heat transfer is provided in Appendix B, "Loss of Main Feedwater".  

Loss of Steam Pressure Control 

A loss of steam pressure control exists whenever one or both steam 

generators undergo a pressure reduction significantly below the TBS 

reseat setpoint. It is an overcooling transient and, since a small 

steam leak is a loss of steam pressure control, it will look simi

lar (on the P-T diagram) to the main transient in Section 2.0 of 

this appendix. It can be caused by excessive emergency feedwater 

(discussed earlier) or by an unplanned steam flow through stuck open 

valves or a pipe break. EFW should be throttled to minimize 

pressure reduction while providing a gradual SG level increase as 

discussed in "Best Methods for Equipment Operation", in Volume 1 of 

Part II. Section 2.0 of this appendix already covered loss of steam 

pressure control due to steam leaks alone.  
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Figure E-1 SMALL STEAM LEAK 
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APPENDIX F 

LOSS OF COOLANT ACCIDENTS 

1.0 Introduction 

A loss of coolant accident (LOCA) is defined as any event during 

which reactor coolant escapes due to loss of integrity of the 

primary coolant system. A LOCA can occur at any time (power 

operation, cooldown, heatup, cold shutdown) and can be either an 

initiating event or a result of another accident. Usually LOCA's 

release reactor coolant to the containment environment; however, 

there are some LOCA's which can release reactor coolant to the 

secondary plant (steam generator tube leaks) or to the auxiliary 

building (leaks in the MU, letdown, or decay heat removal systems).  

LOCA's directly affect one of the five fundamental functions of 

reactor operation: "RCS Inventory Control". The loss of reactor 

coolant reduces the plant's ability to transport the core's heat to 

the steam generators. If the lost reactor coolant is not replaced, 

core cooling will be lost and fuel damage may occur. The Emergency 

Core Cooling Systems (ECCS) consisting of the High Pressure Injec

tion (HPI), Low Pressure Injection (LPI), and Core Flooding Tanks 

are used to supply emergency core cooling water to prevent fuel 

damage. The main feedwater or emergency feedwater system is also 

used for core heat removal and RCS depressurization for some sizes 

of small break LOCA's.  
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A LOCA is a unique accident. Some of the major factors which 

"single out" the LOCA from other abnormal transients are as follows: 

A. A wide range of leak sizes is possible: 

The rate at which reactor coolant is lost from the primary system 

depends on the break size through which the reactor coolant can 

pass. LOCA's can range from small leak rates (leaking pressuri

zer relief or safety valves, leaking RC pump seals, cracks or 

breaks in instrumentation lines connected to the primary system) 

to large losses of reactor coolant due to cracks in or a 

severance of the RCS piping or its attachments (letdown line, HPI 

lines, decay heat drop line).  

B. Abnormal system conditions are a natural consequence of the 

event: 

When reactor coolant is lost at a rate greater than it is re

placed, pressurizer level will be lost, the reactor coolant will 

become saturated, a loss of normal natural circulation (assuming 

the RCP's are tripped) is inevitable and boiler-condenser cooling 

may be the only means by which the steam generators can remove 

energy from the reactor coolant. For many LOCA's these condi

tions are temporary and can be prevented by operator isolation.  

For a LOCA which cannot be isolated, the evolution of the tran

sient to abnormal conditions is unavoidable.  
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C. Steam generator heat removal may be degraded: 

The transport of core heat to the steam generators may be 

severely reduced depending upon the size of the LOCA. Steam 

generator heat removal is needed for some small breaks, even 

though the break itself also removes energy from the primary 

system and uses the reactor building as a heat sink. If the 

break is large enough the steam generator is not needed as a heat 

sink. In some large breaks the RCS depressurizes below steam 

pressure, and the steam generator can even be a heat source if 

the temperature of the secondary inventory is higher than that of 

the reactor coolant.  

D. Maintenance of hot shutdown is not a safe end condition in most 

* cases: 

Some LOCA's can be isolated and the loss of reactor coolant stop

ped. Hot shutdown is a safe condition. However, when isolation 

is not possible the loss of reactor coolant cannot be stopped.  

Then the RCS must be depressurized to reduce the leak, increase 

the ECCS flowrate, engage the LPI system and establish long term 

cooling. It is also desirable to depressurize before the BWST is 

empty to avoid HPI piggyback operation. Depressurization is also 

desirable to engage the LPI system so the steam generators do not 

have to be used with service water when the condensate storage 

tank empties (unless supply is available from the other units).  

Depressurization is required for tube leaks to limit the offsite 

doses and to avoid emptying the BWST (tube leakage is not 

returned to the sump and recirculation is not possible).  
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E. The containment environment will degrade: 

If the break is inside the containment (most breaks will be) re

actor coolant water and steam will collect in the reactor build

ing. The pressure, temperature and radiation levels in the 

reactor building will increase, and use of emergency building 

cooling systems may be necessary. In addition to maintenance of 

core cooling, the operator must also control the reactor building 

environment to prevent or limit offsite radiation releases.  

Control of the environment is also desired to prevent equipment 

damage. Containment isolation is required to limit the offsite 

doses.  

LOCA's can be complicated events because of the wide range of 

system conditions that can happen. The plant's safety systems, 

especially the ECCS, are capable of safely limiting the LOCA 

effects. Core cooling can be maintained solely through use of 

the ECCS, but operator actions and other equipment can be used to 

enhance the performance of the ECCS and to achieve better 

results.  

The remaining portions of this appendix will describe the 

response of the RCS for the full spectrum of LOCA's, the general 

approach to accident mitigation and establishment of long term 

cooling, how the ECCS and other equipment are best used, and also 

outline control limits which apply to plant recovery.  
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2.0 LOCA CONCEPTS 

Loss of coolant accidents are classified in three categories: 

1. Large Break 

2. Small Break 

3. Small Leak 

These categories are used because the response of the RCS is differ

ent. Each category will be discussed separately.  

Large Breaks 

A large break is a major failure of the primary system pressure 

boundary which depressurizes the reactor coolant system rapidly and 

almost completely. This is a designer's event that establishes the 

size of the core flood tanks, the capacity of the LPI systems and 

the size of the containment cooling systems (sprays and coolers). A 

large break LOCA has never occurred at a commercial nulcear power 

plant.  

As a rule of thumb, a LOCA with a break area greater than that of a 

10-inch diameter hole is a large break. For breaks of this size or 

larger, the plant transient can be broken down into three distinct 

phases: blowdown, refill, and reflood.  

Blowdown: Blowdown is a rapid depressurization of the primary 

system as reactor coolant escapes in large quantities.  

Large pressure gradients are created in the primary 
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system and low pressure zones are created at or near the 

break. These pressure gradients disrupt the normal flow 

patterns within the primary system, and the reactor 

coolant will be drawn to the break (low pressure zone) 

from all regions of the primary system. The reactor 

coolant will saturate and change to steam due to system 

depressurization and core heat removal.  

Blowdown ends when the primary system and the contain

ment pressures are the same; the loss of reactor coolant 

stops. From start to finish, the blowdown period can be 

from 20 to 100 seconds depending upon the break size and 

location. At the end of blowdown, the reactor coolant 

system will contain very little water and will be mostly 

steam.  

Druing blowdown, RC pressure drops rapidly and falls 

below the secondary side pressure within a few seconds.  

The steam generators become a heat source as opposed to a 

heat sink because the temperature of the reactor cool

ant will be less than the secondary feedwater tempera

ture. The steam generators remove heat only as long as 

the primary temperature is above the secondary tempera

ture. Steam pressure will hang up initially and then 

slowly decrease as energy from the secondary is slowly 

transferred to the primary system.  
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Blowdown causes a reactor trip, and the fission process 

is shutdown to the decay heat level. But, because large 

quantities of steam are produced, the core will heat up; 

the fuel and cladding temperature will rise until cooling 

systems recover the core with water.  

During blowdown the HPI and LPI systems are actuated, and 

the core flood tanks discharge when the primary system 

pressure drops below 600 psig. These emergency core 

cooling systems have little or no impact on the blowdown 

phase of a large break. The blowdown transient is too 

fast, and the cooling water that does enter the primary 

sytem is "swept out" the break along with the reactor 

coolant. The ECCS systems restore core cooling during 

the second and third phase of a large break.  

The blowdown also has a severe impact on the reactor 

building. Rapid increase in the containment pressure, 

temperature, and radiation levels occur. The emergency 

coolers and sprays are started by the ES by high con

tainment pressure (4 and 10 psig) and water will accu

mulate in the reactor building emergency sump. The 

reactor building becomes the heat sink for the energy 

originally contained in the primary system.  
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Figure F-1 shows the primary system response during the 

blowdown transient for a large break.  

Refill: At the end of blowdown the primary system is at a low 

pressure, and little or no water is left in it (see end 

condition in Figure F-1). However, the CFT's, the LPI 

and the HPI will be adding water to the system. The 

emergency injection water entering the system accumulates 

and begins to refill the reactor vessel. Refill is 

defined as the time required to refill the reactor vessel 

lower head up to the bottom of the fuel (see end of 

refill in Figure F-1). This is a short time (10-12 

seconds) and for smaller breaks a refill period may not 

occur if enough water remains in the reactor vessel.  

The refill phase of a large break cannot be detected by 

any plant instrumentation. As shown in Figure F-1, no 

water exists in the core during refill and the core will 

heat up until ECCS water enters the core. When the core 

is uncovered the hot zircaloy clad chemically reacts with 

the oxygen of the steam to give zirc oxide and release 

hydrogen. Hydrogen may accumulate in the loop or it may 

be vented through the break to the containment.  

Reflood: The last phase of a large break is called reflood. Dur

ing reflood, water from the ECCS refloods the RV up to 
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the elevation of the inlet nozzles and refills the system 

up to the elevation of the break. This is a slow process 

because a lot of the emergency cooling water is boiled 

off as it enters the core since decay heat levels are 

still high.  

Within 5 to 10 minutes the core will be .recovered with 

water and the fuel clad temperatures reduced to within a 

few degrees of the saturation temperature (the core exit 

thermocouples should show approximately saturated condi

tions). Core cooling thereafter is maintained by con

tinuously adding injection water from the low pressure 

injection system so that the core reamins covered by 

water. The CFT will empty, and the HPI system can be 

secured (see Guidelines for HPI termination in "Best 

Methods for Equipment Operation").  

Figure F-1 shows the reflood phase. Two examples are 

given: one for a large break at a high location in the 

system and one for a large break low in the system.  

During the reflood phase, additional steam is created by: 

a) boiling of emergency injection water in the core, 

b) boiling of emergency injection water due to heat from 

the hot metal components, and 
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c) boiling of emergency injection due to heat trans

ferred from the secondary side of the steam genera

tors (this is a source of additional steam only if 

primary side water re-enters the tube region of the 

steam generators).  

This steam is vented out the break to the reactor build

ing. The reactor building pressure and temperature 

conditions may rise during the early stages of reflood.  

When decay heat and the heat from the hot metal and steam 

generators. drop, the steam release rate will decrease as 

the sprays and coolers can remove more heat than is being 

released.  

Figures F-2 and F-3 give a summary of the expected response 

(P-T diagram) of the RCS during large hot and cold leg 

breaks. The diagrams also outline the sequence of events.  

At the end of blowdown, the reactor coolant is in a saturated 

condition at or near the containment pressure. Thereafter, 

the core outlet thermocouples should be used to check the 

core outlet temperature for saturation. At the end of the 

blowdown the core outlet thermocouples may indicate super

heated conditions since the core may be completely void of 

water. As the ECCS refloods the reactor vessel, the fuel 

rods will be quenched and the core outlet temperature should 

return to saturation.  

DATE: 3-23-82 Appendix F, Page F-10



BWNP-20007 (6-76) 

BABCOCK & WILCOX NUMBER 
NUCLEAR POWER GENERATION DIVISION 

TECHNICAL DOCUMENT 76-1123298-00 

Small Breaks 

The second category of LOCA's are small breaks. Small breaks are 

not as severe as large breaks. The depressurization is much slower, 

the mass is lost at a lower flowrate, and the core cooling can be 

maintained throughout the accident as long as the ECCS is operating.  

For small breaks the operator can play a vital role in minimizing 

the consequences of the accident.  

As a rule of thumb, small breaks are between small leaks and large 

breaks: 

Small Leak Large Break 

Break for which the (Area approximately 

leak rate is within equal to or greater 

the capacity of the < SMALL BREAK < than that of a 

MU system (area 10 in. diameter 

approximately equal hole).  

to that of a 3/8" 

hole) 

Small breaks include cracks in the primary system piping, breaks of 

lines atached to the RCS (HPI lines, letdown line, spray line), and 

failed open pressurizer relief or safety valves. The reference hole 

sizes given above are not exact boundaries for small breaks. They 

are given only as physical reference points to promote a feel for 
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the spread in break size for this category of LOCA's. The response 

of the RCS during a LOCA is actually a better way to gauge whether a 

specified LOCA is a small leak, small break, or a large break.  

A small break transient is characterized by a slow depressurization 

relative to large breaks. Flow conditions in the RCS change gradu

ally and smoothly, and temperature and pressure gradients between 

different places in the primary system tend to be small. Rather 

than the distinct blowdown, refill, and reflood phases associated 

with large breaks, small breaks have a period of relatively high 

loop flow followed by a period of relatively low or no loop flow.  

The no loop flow conditions are a semi-stable period where circula

tion stops and the steam separates from the water. When the steam 

and water separate the reactor coolant system is in a "boiling pot" 

mode.  

Figure F-4 shows a small break, including P-T responses and sequence 

of events. Early in the transient reactor coolant will circulate 

from the core to the steam generator, and the steam generator will 

remove heat. This part of the transient is called the "flow circula

tion" phase. Flow can circulate by natural or forced circulation.  

For very small breaks natural circulation (normal or two phase) will 

not be lost, and the primary system will return to a subcooled 
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state. For "larger" small breaks, the flow circulation phase will 

end almost immediately after the RC pumps are tripped. For all 

small breaks, core cooling is maintained during the "flow circula

tion" phase.  

After the "flow circulation portion of a small break, the reactor 

coolant "settles out". The water falls by gravity and collects in 

the lower regions, and the steam bubbles up through the water and 

collects in the high points of the system. A "boiling pot" water 

level will exist that will vary depending on: 

* Break Size 

* Break Location 

* Primary to Secondary Heat Transfer (steam generator 

cooling) 

* Number HPI/LPI Pumps Operating 

* Decay Heat Levels 

These variables will cause the response characteristics of the RCS 

to change in different ways after the reactor coolant "settles" into 

the "boiling pot". The effects of these variables will be discussed 

next.  
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To illustrate the effects of break size, steam generator cooling and 

the other small break variables, the following five specific examples 

will be considered: 

1. Small breaks large enough to.depressurize the RCS 

2. Small breaks which stabilize at approximately secondary side 

pressure 

3. Small breaks which may repressurize in a saturated condition 

4. Small breaks without primary to secondary heat transfer 

5. Small breaks within the pressurizer steam space 

These discussions will also highlight the effects of break size on 

the "flow circulation" phase of a small break.  

Small Breaks Large Enough to Depressurize the RCS 

At the "large" end of the small break spectrum, the breaks release 

enough mass and energy from the system such that the primary system 

will continually depressurize to a stable low pressure condition.  

For these breaks the "flow circulation" period is over very rapidly.  

RCS pressure will also drop very rapidly below the secondary side 

pressure. Therefore, for these breaks primary to secondary heat 

transfer does not play a vital role in the accident. During the 

"boiling pot" period, the water levels in the system will quickly 

drop to the elevation of the break. When the water level drops below 

the break elevation, the rate of RCS depressurization will increase.  

This change in rate is due to the change in break flow from liquid to 

steam. Steam release through a given size break will depressurize 
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the RCS at a faster rate than water release due to both an increase 

in volumetric flowrate (steam has a much higher specific volume) and 

an increase in energy lost out the break (enthalpy of steam is much 

higher). Thereafter the water levels within the system will decrease 

until emergency cooling water flowrate exceeds the rate of RCS liquid 

loss due to flashing (if the RCS is still depressurizing) and water 

boiloff in the core. The net amount of water in the system will then 

increase slowly, and the water levels in the system will gradually 

build back up to the break elevation. For small breaks of this size 

the primary system will never refill water above the break.  

Figures F-5a and F-5b show two examples of the system P-T response up 

to the time where the lowest system water levels occur. These 

figures show that these breaks depend upon the HPI and CFT's to 

maintain adequate water in the system to keep the core covered. When 

the system finally depressurizes, LPI increases the water level up to 

the break elevation. The steam generators provide very little 

cooling for this size of break and are not very important for 

accident mitigation.  
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Small Breaks Which Stabilize At Approximately Secondary Side Pressure 

When the break size is smaller than that of the previous example, 

the leak rate and consequently the energy removal rate of the break 

decreases (the break removes energy when reactor coolant escapes).  

The smaller breaks cannot remove energy from the primary system fast 

enough to allow a continuous RCS depressurization. Following the 

"flow circulation" portion of the transient, the system will stabi

lize at or near the secondary side pressure. For these breaks, the 

steam generators can remove a significant amount of the core's decay 

heat by condensing primary system steam within the tube region.  

Steam generator operation is important for these break sizes. To 

promote reactor coolant steam condensation (commonly called boiler

condenser cooling) and to reduce RCS pressure, the SG water levels 

should be increased to 95% on the operate range. This must be done 

manually and is one .of the more important operator actions.  

The system response for small breaks within this size range is illu

strated in Figure F-6. As shown in Figure F-6, the "flow circula

tion period" is short-lived, and the system stabilizes slightly a

bove steam generator pressure. Because the RCS pressure remains 

high, HPI is the only means by which emergency cooling water can be 

supplied to ensure core cooling until the system depressurizes fur

ther. Since the generators are removing heat from the RCS by con

densing steam, another important operator action will be to begin a 

plant cooldown and depressurization by decreasing steam pressure.  

The primary system will depressurize because more steam will be con

densed. As system pressure is decreased the ECCS system will flow 
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at a higher rate, and a refill of the system becomes more likely.  

During the refill, RCS pressure may stabilize or increase slightly 

(while still saturated) as the RCS water level covers the condensing 

surface in the steam generators. For this break size range, a 

refill and repressurization is not likely until the RCS pressure has 

been lowered to the LPI pressure. Repressurization of the RCS when 

the RC is in a saturated state will be more likely for the next 

category of breaks in the small break range.  
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Small Breaks Which May Repressurize in a Saturated Condition 

For the sizes smaller than the two previous examples the loss of 

reactor coolant mass and energy is sufficient to initially 

depressurize the RCS and result in enough steam formation to 

interrupt loop circulation. When the flow stops and the reactor 

coolant "settles out", the RCS may gradually repressurize. The 

repressurization occurs because the break alone is not large enough 

to depressurize the RCS and the reactor coolant steam in the hot leg 

cannot be condensed because the reactor coolant water level is 

higher than the tubes. The primary system can repressurize as high 

as the pressurizer safety valve setpoint. Once enough RCS inventory 

has been lost and the reactor coolant water level drops below the 

upper feedwater injection level, reactor coolant steam will condense 

on the tube and the reactor coolant pressure will drop to the steam 

generator pressure. Figure F-6 illustrates this repressurization 

behavior as it would be observed on a P-T diagram. During the 

repressurization phase, pressurizer level may return on scale, as 

shown in Figure F-7, because the reactor coolant is heating up and 

expanding. For more severe cases, the pressurizer level may go off 

scale high. Because the reactor coolant is saturated, HPI flow 

should not be throttled. Two HPI pumps should be kept on full, and 

the PORV should be opened if RCS pressure increases to the PORV 

pressure setpoint. Reshut the PORV when RCS pressure gets within 50 

psig of secondary saturation pressure.  
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Summary 

The previous three examples highlighted the importance of small break size 

and steam generator cooling and showed how these two variables interplayed 

to change the reactor coolant system pressure. The reactor coolant system 

pressure is one of the most important factors in small break control.  

When the reactor coolant system pressure is high the leak flow will be 

high and the HPI flowrate will be low. The steam generator is valuable be

cause it condenses reactor coolant steam and lowers the RCS pressure. To 

get the best effect steam generator level should be raised and FW flow con

tinuously run through the upper nozzles until the steam generator level is 

at 95% on the operate range.  

Although decay heat level and HPI flow rate were not specifically address

ed for their effects, their influence is important. As the decay heat 

level lowers with time (or if it was low at the start) the heat input to 

the reactor coolant is reduced and the HPI flow can more easily "match" 

decay heat. Pressure will fall quicker with lower decay heat levels than 

with high. HPI flowrate is important because it will keep the core cover

ed and cooled when two HPI pumps are running. One pump will take much 

longer to match decay heat and if the system pressure is high the flowrate 

will be very low; steam generator cooling is desirable to reduce the RCS 

pressure to enable more HPI flow.  

The next three examples will repeat the first three, except that steam 

generator cooling is not available. The final example will illustrate the 

importance of break location.  
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Small Break Without Primary to Secondary Heat Transfer 

Steam generator heat transfer becomes more and more important as the break 

size gets smaller. This is due to the inability of the break to remove 

decay heat by release of reactor coolant. Without primary to secondary 

heat transfer, the RCS is more likely to repressurize or to depressurize 

more slowly. Figures F-8 to F-10 show system responses for three differ

ent break sizes. These break sizes are approximately the same as pre

viously illustrated; those had steam generator cooling and these do not.  

Figure F-8 shows the size where the break is large enough to continually 

decrease RCS pressure. For these breaks, which can depressurize the RCS 

below the normal secondary side pressure, the loss of secondary inventory 

has little or no effect on the transient. Core cooling is maintained by 

the ECCS. Because these breaks are fairly large, pressurizer level would 

rapidly fall and remain off-scale low.  

Figure F-9 shows the next size smaller break. The RCS quickly depressur

izes; the HPI's are actuated; and the RC pumps are tripped when the 

reactor coolant subcooled margin is lost. Pressurizer level also goes off

scale low. When flow circulation stops and the steam and water separate, 

the RCS pressure hangs up. RC pressure would normally drop to the second

ary side pressure if primary to secondary heat transfer were available. If 

feedwater is restored and primary to secondary heat transfer established, 

the RCS pressure would drop and boiler-condenser cooling would start.  

DATE: 3-23-82 
Appendix F, Page F-20



BWNP-20007 (6-76) 

BABCOCK & WILCOX NUMBER 
NUCLEAR POWER GENERATION DIVISION 

TECHNICAL DOCUMENT 76-1123298-00 

Figure F-10 shows the smallest break size. ES may not be automatically 

actuated and the RCS repressurizes when the secondary inventory is boiled 

off. It is possible for the RCS to repressurize to the pressure setpoints 

of the PORV or the pressurizer safety valves and for pressurizer level to 

go off-scale high. For any break size without secondary inventory, the 

operator should actuate the HPI (if not already on) and open the PORV when 

primary to secondary heat transfer is lost. The RC pumps should also be 

tripped if the RC subcooled margin is lost. The RCS is being cooled by 

"HPI Cooling". Figure F-10 shows a transient where no operator actions 

are taken for the first 20 minutes. After 20 minutes, Figure F-10 shows 

the effects of restoring feedwater and starting HPI. The RCS depres

surization causes an outsurge from the pressurizer. A complete loss of 

pressurizer level may result. Thereafter, the system response is similar 

to that of a small break with primary to secondary heat transfer.  
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Small Breaks Within the Pressurizer Steam Space 

For small breaks within the pressurizer, the system pressure-temperature 

response will be similar to that discussed previously. The initial depres

surization will be faster because steam, rather than water, is released 

(steam has a higher specific volume and enthalpy than water does). The 

big change for pressurizer breaks is the response of pressurizer level.  

Figure F-11 shows a P-T diagram and transient pressure and pressurizer 

level histories for a stuck open PORV. As shown in Figure F-11, pres

surizer level initially rises; this is due to the pressure reduction in 

the pressurizer and an insurge into the pressurizer from the RCS prior to 

reactor trip. Once the reactor trips, the reactor coolant contraction 

(normal post trip response) causes a decrease in pressurizer level. Be

cause RC pressure is dropping, flashing occurs in the hot leg (satura

tion), and the steam bubbles expand and force water into the pressurizer.  

The pressurizer subsequently fills and will remain full for the remainder 

of the transient. In the long term, the pressurizer may contain a 

two-phase mixture, and the indicated level may show that the pressurizer 

is only partly full. This peculiar behavior is the main reason that pres

surizer level cannot be relied on to measure reactor coolant inventory 

until the reactor coolant is subcooled. If the break in the pressurizer is 

fairly small and can't be isolated, the HPI can refill the system and the 

pressurizer can be water solid and subcooled. This would not be the 

expected response for a stuck open PORV since the PORV can be isolated.  

However, for unisolable breaks in the pressurizer, attempts to draw a 

pressurizer steam bubble will fail, and a solid water cooldown will be 

necessary.  
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Small Leaks 

Small leaks are events where the loss of reactor coolant is within the 

capacity of the normal makeup system. Several possible occurrences which 

could fall in this category are leaking pressurizer safety or relief 

valves, leaking RC pump seals or tiny cracks in the primary system piping 

or attachments (instrument lines, RTD hotwells, or auxiliary system 

lines). This category would correspond to a 3/8 inch or less diameter 

hole in the primary system.  

When the leakage rate is very small, there is no impact on the primary or 

secondary system. These very small leaks are discovered due to the 

necessity to add water to the letdown storage tank more frequently than 

normal. The action required is in the Technical Specifications.  

At the upper end of the leak rate for small leaks, more direct symptoms 

may be observed, such as: 

1. Excessive MU Flow 

2. Decreasing pressurizer level and pressure 

3. Reactor trip 

These symptoms would likely exist when the leak, combined with letdown 

flow, is greater than the capacity of the MU system. This transient is 

very slow, but pressurizer low level and pressure and letdown storage tank 

low level alarms show the imbalance in reactor inventory control. There 

is time to increase the makeup rate to the RCS and stop letdown. Sub

cooling should not be lost; but if a reactor trip occurs, the pressurizer 
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might drain and HPI will be started. The plant can be cooled down in a 

near normal manner unless a small leak in the pressurizer steam space 

occurs. If the steam release rate is greater than the steam production 

capacity of the pressurizer heaters, the pressurizer will fill and a solid 

water cooldown will be necessary if the leak is unisolable.  

3.0 POST LOCA - PLANT CONTROL 

The primary objectives during a LOCA are to maintain core cooling, to 

cooldown and depressurize, and to establish a stable long-term 

cooling mode. Maintenance of core cooling is the first priority and 

is achieved through operation of the ECCS. Maintenance of core 

cooling will limit fuel damage and thereby limit radiation release.  

With essentially no actions other than verifying the rods fully 

inserted following a reactor trip and tripping the reactor coolant 

pumps on loss of subcooling, the core can be cooled by ensuring that 

the ECCS works when required and can be run continuously until their 

safety function is satisfied. In addition to ensuring core cooling, 

the operator must make sure that containment cooling is working and 

that long-term cooling is established. The general things to be done 

after a LOCA are: 

Core Cooling 

1. Actuate HPI on loss of subcooled margin (if not automatically 

actuated).  
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2. Trip RC pumps on loss of subcooled margin.  

3. Verify automatic start and injection flow rate of LPI and HPI 

after appropriate ES setpoints are reached.  

4. Balance LPI and HPI as necessary.  

5. Verify that Core Flood Tanks release when RC pressure drops below 

600 psig. Isolate CFT's after discharge to prevent N2 from 

entering RCS.  

6. Locate and, if possible, isolate the break (check for steam 

generator tube leaks and leaks inside or outside containment).  

7. Control steam pressure and raise steam generator level to 95% on 

the operate range if the reactor coolant subcooled margin is lost 

(except for the "bad" generator for tube ruptures) for small 

breaks. If a large LOCA has occurred, both generators can be 

isolated.  

Containment Control (refer to Chapter G in Volume 1 of Part II for 

detailed discussion) 

8. Verify that containment cooling systems start (at 4 psig and 10 

psig).  

9. Verify that containment isolation has occurred and that cooling 

water services to important components (RC Pumps) are restored if 

they are to be used later.  
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Long Term Cooling 

10. Switch the suction of the LPI to the reactor building emergency 

sump when the BWST low level is reached. If the RCS is not de

pressurized enough to use LPI, place the HPI in piggyback on the 

LPI and use recirculation from the sump for injection.  

11. Turn off containment sprays when containment pressure reaches 4 

psig and is decreasing. Keep containment coolers running.  

12. For large breaks in the sump recirculation mode, stop one LPI 

train and leave one running so long as the core exit thermo

couples indicate the core is cooled. This will preserve one pump 

in case it is needed later. Continue to monitor LPI flow.  

13. Start hydrogen purge system when containment hydrogen samples 

show a 3.5% concentration.  

14. Take actions to prevent boron precipitation.  

For large breaks, maintenance of core cooling leads directly to a stable 

long-term cooling mode because the break is large enough to depressurize 

the RCS and secondary pressure and inventory control have little or no 

effect on the course of the accident.  

For small breaks, core cooling can be maintained using two HPI's. The core 

will be cooled, but reactor coolant will continue to be lost in large quan

tities as long as the RCS is at high pressure. Depressurization and cool

down using the steam generator is necessary to decrease the leak and to 
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allow for a potential refill of the primary system. Depressurization to 

cold conditions is essential for tube leaks because BWST water is lost out 

of the leak and cannot be recirculated from the sump; the plant must be 

placed on the decay heat removal system before the BWST drains.  

In the following sections, the general approach to accident mitigation 

(core cooling) and establishment of long-term cooling using the Abnormal 

Transient Operating Guidelines will be outlined for loss-of-coolant acci

dents. The full spectrum of LOCA's will be addressed with the exception 

of the very small breaks or leaks which would typically never result in 

loss of reactor coolant subcooled margin. For these accidents, the loss 

of reactor coolant can be matched by the normal makeup system or the HPI 

system; and plant control is essentially no different than any other ab

normal transient which results in a reactor trip followed by a plant 

cooldown and depressurization.  

General Overview 

Table F-1 outlines the general approach to post-LOCA plant control from a 

core cooling standpoint. This sequential breakdown of operator actions 

has many of the same features described in the accident mitigation chapter 

for non-LOCA's except that actions to cool down the plant and to establish 

long-term cooling that are unique to LOCA have been included. If a LOCA 

can be located and isolated, however, the plant can be stabilized at or 

near a hot shutdown condition since the loss of reactor coolant has been 
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stopped. Although not shown in Table F-1, the containment environment 

must also be controlled; both short and long term actions from a contain

ment integrity standpoint are discussed in Chapter G of Volume 1.  
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TECHNICAL DOCUMENT I 
Immediate Actions and Vital System Status Checks 

The operator actions required during the first 2-3 minutes of a LOCA are 

identical to those for any abnormal event. These actions include the 

immediate actions and verification that systems are working properly as 

outlined in the Abnormal Transient Diagnosis and Mitigation Chapter. For 

LOCA's, some of the required actions are of special significance: 

1. Verification that ES starts HPI and LPI and that containment 

cooling and isolation have occurred.  

2. Trip RC pumps if the reactor coolant subcooled margin is lost.  

The ES initiates and aligns the HPI and LPI systems for emergency injec

tion, starts emergency containment cooling systems (sprays and fan cool

ers) for high pressure containment conditions, and isolates non-vital con

tainment penetrations to limit offsite dose releases. Tripping the RC 

Pumps, as explained in the chapter on Best Methods of Equipment Operation, 

is a preventive action specifically for a small break. If the RC pumps 

are tripped on loss of reactor coolant subcooling margin, enough reactor 

coolant will be retained within the primary system (not lost out the 

break) and HPI will maintain the core covered and cooled. Both loss of 

subcooling margin and ES actuation are alarmed (visually and audibly) in 

the control room to alert the operator of the plant's status. By verify

ing that the ES-actuated systems automatically start (or by applying 

corrective actions in the event of failure in ES-actuated systems) and 

tripping the RC pumps, the operator ensures: 
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1. Adequate core cooling for the vast majority of possible LOCA's.  

2. Containment integrity so that the offsite doses will be within 

acceptable limits.  

Monitoring 

During and immediately following the immediate actions, the P-T diagram 

and other parameters should be monitored to determine if the abnormal 

transient is a LOCA and not some other accident. Many overcooling 

accidents will look like small breaks, and all small break LOCA's will not 

look the same. In some cases, a LOCA can only be determined by showing 

that some other accident is not underway. Usually the accidents that can 

be eliminated readily are overcooling accidents; these can often be 

eliminated by reviewing steam pressure, secondary water level, and feed 

flows.  

The operator should get a "feel" for LOCA's by comparing the examples of 

this section with other transients. LOCA's do have some unique character

istics; these are shown in Table F-2. (This is Table 4a from the "Ab

normal Transient Diagnosis and Mitigation" chapter, repeated here for 

convenient reference.) 
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Table F-2. HOW TO DISTINGUISH LOCA'S FROM OTHER TRANSIENTS 

Unique Characteristics of LOCA's 

* Rapid system depressurization to saturated conditions with little 

or no change of reactor coolant temperature (characteristic of 

all but the very smallest breaks) 

* Sustained saturation (HPI does not return the reactor to a sub

cooled state within 5-10 minutes after actuation) 

* Containment radiation (only for breaks in containment) 

NOTE: A steam or feed line leak inside containment will cause 

high pressure, temperature and humidity but will not 

cause high radiation.  

* Steam pressure, feed flow and steam generator level do not 

indicate overcooling (this helps to differentiate LOCA's from 

overcooling transients).  

* High steam line radiation alarms (tube leaks only) 

* Low letdown storage tank level (in the absence of all of the 

above, this indicates a leak outside the containment) 

NOTE: LOCA'S CAN BE DIFFICULT TO DETECT, ESPECIALLY IF THE 

BREAKS ARE SMALL. IF THERE IS ANY DOUBT THAT AN ACCIDENT 

IS A LOCA, ASSUME THAT IT IS AND TAKE APPROPRIATE LOCA 

ACTIONS UNTIL CLEARLY PROVEN OTHERWISE. THE GENERAL 

ACTIONS INCLUDE HPI COOLING, RC PUMP TRIP, AND COOLDOWN 

TO COLD CONDITIONS.  
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For most LOCA's the general symptoms shown in Table F-2 will be apparent, 

and other indications will supply additional evidence that a LOCA is in 

progress. Table F-3 scopes the characteristics of a wide range of LOCA 

break sizes and summarizes the other evidence to be used to diagnose that 

a LOCA is occurring. Table F-3 includes both the pressure-temperature re

sponse characteristics and other event or plant symptoms for the complete 

spectrum of LOCA's. Some LOCA's can be isolated. Table F-4 gives 

symptoms for LOCA's that can be located and isolated. (This is Table 4b 

from the "Abnormal Transient Diagnosis and Mitigation" chapter repeated 

here for convenient reference.) 

Some LOCA's (such as large breaks) have such distinctive characteristics 

that a quick diagnosis is assured. For small LOCA's the event may not be 

properly diagnosed for some time into the event, but core cooling is 

assured so long as the ECCS systems are flowing fully and the RC pumps are 

tripped on loss of subcooled margin. The symptoms in Tables F-2, F-3 and 

F-4 should be studied because some LOCA's can be isolated and the loss of 

reactor coolant stopped.  
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Corrective Actions for LOCA's - Introduction 

As outlined in the Abnormal Transient Diagnosis and Mitigation chapter, 

the actions to be taken in response to abnormal plant symptoms are aimed 

at restoring and controlling primary-to-secondary heat transfer or 

starting backup cooling methods. For LOCA's, in addition to restoring 

primary-to-secondary heat transfer, an RCS cooldown and depressurization 

must be started. The plant is not in a stable condition until it is 

depressurized and the ECCS systems are aligned for long-term cooling 

(unless the break is isolated). For large breaks, the plant will 

depressurize quickly and only actions to establish and maintain long-term 

cooling are required.  

The three symptoms for which operator actions are based during any 

abnormal event are: 

1. Lack of Adequate Subcooled Margin 

2. Lack of Primary to Secondary Heat Transfer (overheating) 

3. Too much Primary to Secondary Heat Transfer (overcooling) 

During a LOCA all of the above symptoms can exist at some time during the 

transient. Lack of adequate subcooling and/or primary to secondary heat 

transfer are the expected symptoms, because the loss of reactor coolant 

will result in saturated conditions and impede the transport of core heat 

to the steam generators. The following sections will show how to control 

the RCS for LOCA, control containment cooling and ensure isolation, and 

establish long-term cooling.  
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Corrective Actions for LOCA's - Loss of Subcooling Margin 

Figure F-12 outlines the symptoms of and general actions for a lack of sub

cooling margin for a LOCA. Tripping the RC Pumps is a preventive action 

for small breaks as discussed previously, and manual HPI actuation serves 

as a backup to the normal start feature provided by the ES. Verification 

of the HPI flows is a general action to be taken following HPI actuation 

at any time, and is required to ensure that the greatest amount of pumped 

flow enters the core. The chapter on Best Methods outlines specific ways 

to correct abnormal HPI flows. The third action in Figure F-12 is raising 

the steam generator water level to 95% on the operate range. Controlling 

the water level high in the steam generator is required for small LOCAs 

when the pumps are tripped because it aids boiler-condenser cooling (boil

ing in the vessel and condensing in the steam generator) for decay heat 

removal and can help to establish natural circulation. When raising the 

water level in the steam generators, full feedwater flow is not required.  

FW should be throttled and the water level raised in a continuous and con

trolled manner as described in the Best Methods chapter. The last action, 

which is to attempt to locate and isolate the break, should be taken when

ever a LOCA is suspected. Typically, the PORV and block valve should be 

routinely closed under these conditions as a precautionary measure. In 

addition, Table F-4 also outlines symptoms of other specific LOCA's which 

can be located and shows how they can be isolated. By performing the four 

actions given in Figure F-12, core cooling is assured for the full spec

trum of small breaks. If the reactor coolant returns to a subcooled state 

due to break isolation or system refill by HPI, the plant can be cooled 
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down in a near normal manner if no other abnormal plant symptoms exist.  

If saturated conditions persist with heat transfer to the steam generators 

(see example P-T diagram on Figure F-12), additional evidence to support a 

LOCA diagnosis should be gathered (see Tables F-2 and F-3). With evidence 

to confirm or suspect a LOCA, an immediate cooldown of the system to 

establish a stable long-term cooling mode should be started. If lack of 

primary to secondary heat transfer (overheating) exists, these conditions 

must be treated to restore use of the steam generators for plant cooldown.  
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Corrective Actions for LOCA's with Lack of Primary-to-Secondary Heat 

Transfer 

Figure F-13 outlines the symptoms of and general corrective actions for a 

lack of primary to secondary heat transfer (overheating) during a LOCA.  

Actions are shown for two types of overheating transients. The first type 

(right-hand portion of Figure F-13) is overheating due to a loss of second

ary inventory (no feedwater), and the corrective action is to use HPI cool

ing (open PORV with two HPI pumps on) until feedwater is restored. The 

second type is overheating due to reverse heat transfer (RC pressure drops 

below secondary pressure) or due to loss of steam condensing surface in 

the steam generators as the primary system refills. For reverse heat 

transfer symptoms to exist, a fairly "large" small break must be in pro

gress because the break is large enough to depressurize the plant. For 

these LOCA's the primary and secondary systems can be recoupled by lower

ing steam pressure. If RC pressure follows steam pressure, small break 

cooldown procedures should be followed to establish long-term cooling.  

For plant symptoms which imply a lack of primary to secondary heat trans

fer due to the inability to condense steam in the generators, methods are 

available to stimulate a return to "normal" natural circulation. The 

method used to start natural circulation is to lower steam saturation 

temperature about 50F below hot leg temperature and bump a RC pump (see 

pump restart criteria in the "Best Methods" chapter). When the pump is 

bumped, RCS pressure will drop to secondary pressure as primary steam is 

swept into and condenses in the steam generators. As a result of the 

reduction in primary system pressure, the HPI can add more water to the 
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primary system and the system may refill and establish natural circula

tion. If the primary and secondary systems do not recouple after four 

successive pump bumps, steam temperature should be dropped until it is 

100F below the hot leg temperature and a RC pump should be started and run 

continuously. After these actions, a cooldown can be started to establish 

a stable long-term cooling mode. If the RC pumps are not available, the 

PORV can be opened (HPI cooling) to minimize the RCS pressure increase and 

to increase HPI flow when lack of primary to secondary heat transfer 

symptoms exist.  
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Corrective Actions for LOCA's with Overcooling 

LOCA's are not overcooling events. Nevertheless, the P-T response of the 

RCS during a LOCA can resemble a severe overcooling event (too much pri

mary to secondary heat transfer) initially because the reactor coolant 

pressure and temperature will drop to saturation and steam pressure can 

also be low. Low steam pressure in both steam generators is possible 

(without equipment failures) because LOCA's can block the primary to 

secondary heat transfer process. This similarity between non-LOCA and 

LOCA events will be short-lived because the non-LOCA overcooling event 

will return to a subcooled condition fairly rapidly after HPI is actuated.  

Figure 22 in the Abnormal Transient Diagnosis and Mitigation chapter out

lines diagnostic techniques and corrective actions for too much primary to 

secondary heat transfer. Corrective actions are identified for high steam 

generator level (too much feedwater) and low steam pressure conditions.  

These actions are also appropriate for LOCA's because equipment failures 

can occur in conjunction with a LOCA to cause excessive heat transfer, 

even when the reactor coolant is saturated. If steam pressure or feed

water control in one steam generator is lost, that steam generator can be 

isolated and allowed to boil dry with no loss of core cooling capability.  

Cooldown for Small Breaks 

The actions identified in Figures F-12 and F-13 and Figure 22 of the 

Abnormal Transient Diagnosis and Mitigation chapter allow the operator to 

maintain the plant in a safe condition; but since the plant is still 
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at high pressure, the leak will continue (unless it has been isolated).  

Cooldown and depressurization is required. At this point into the acci

dent, the conditions can be one of the following: 

1. Isolated LOCA with the plant at hot shutdown (forced or natural 

circulation).  

2. Small break with HPI "on" and 

a. Saturated coolant conditions with primary to secondary heat 

transfer (RC pumps "on", restarted when treating lack of primary 

to secondary heat transfer, or "off"); or 

b. Subcooled coolant conditions with primary to secondary heat 

transfer (RC pumps "on" or "off"): or 

c. Saturated coolant conditions (RC pumps "off") with no primary to 

secondary heat transfer (HPI cooling).  

3. Large break with the primary system completely depressurized.  

Cooldown and depressurization from any of these conditions is possible 

with or without steam generator heat transfer. Steam generator heat trans

fer will permit a faster cooldown and depressurization, but the plant can 

be depressurized without it. Large breaks do not require depressuriza

tion, but long term cooling must be established. The following section 

will discuss cooldown from each of these conditions.  

DATE: 3-23-82 Appendix F, Pge F-39



BWNP-20007 (6-76) 

BABCOCK & WILCOX 
NUCLEAR POWER GENERATION DIVISION NUMBER 

TECHNICAL DOCUMENT 76-1123298-00 

Small Break Cooldown (With Primary to Secondary Heat Transfer) 

a. Subcooled Cooldown 

If the reactor coolant has a subcooled margin, the plant can be 

cooled in a near normal manner to get on the decay heat removal 

system for long-term cooling. The RC Pumps should be started (see RC 

Pump restart criteria) if the plant is in a subcooled natural 

circulation condition on at least one generator. With RC Pumps 

running and the reactor coolant subcooled, the steam generator water 

levels can also be controlled at the normal forced circulation 

setpoint. If the LOCA has been isolated, a pressurizer bubble can be 

drawn and cooldown can proceed normally. If the LOCA is not isolated 

and not in the pressurizer, a pressurizer bubble can be drawn using 

the pressurizer heaters. The HPI system must be throttled to match 

the leak and to maintain the reactor coolant subcooled as the plant 

is cooled and depressurized.  

If the LOCA is in the pressurizer, a solid water cooldown is 

necessary because RC pressure is controlled by the discharge pressure 

of the HPI pumps. To maintain plant control, HPI flow must be 

reduced slowly to reduce RCS pressure and coordinated with RCS 

temperature control (by the secondary system) to maintain desirable 

cooldown limits. Tight control of HPI is necessary at low RC 

temperatures to avoid a sudden flow increase and subsequent increase 

in system pressure.  
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For plant cooldown (with or without a pressurizer steam bubble) the 

depletion rate of BWST should be monitored. If low BWST levels 

occur, the LPI pumps must be aligned to take suction from the reactor 

building sump and the HPI-LPI systems aligned in the piggyback mode 

(HPI pumps take suction from discharge of the LPI pumps) so as to 

maintain continuous RCS inventory control. The CFT's may also be 

isolated if the plant is cooled down in a subcooled state.  

b. Saturated Cooldown 

For some small breaks, a plant cooldown with saturated reactor 

coolant conditions will be necessary. In this mode, the steam 

pressure controls the reactor coolant temperature and RCS pressure.  

Pressurizer bubble control is not possible when the RCS is saturated.  

When steam pressure is reduced, the RCS pressure will drop as long as 

primary steam can be condensed in the steam generator tube region.  

For saturated cooldown, a high steam generator level is required and 

the HPI cannot be throttled as long as the subcooling margin is lost.  

The RCS may refill and reestablish subcooling during saturated plant 

cooldown because (1) the leak flow decreases and HPI flow increases 

as RCS pressure is reduced, and (2) decay heat is slowly dropping.  

If the RC Pumps are off, the need to apply corrective action for loss 

of primary to secondary heat transfer (see left side of Figure F-13) 

may again be necessary. BWST level should be monitored and, if it 

gets low, the ECCS should be realigned to draw from the sump to 

maintain continuous HPI injection. If the RCS remains in a saturated 
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condition, the CFT isolation valves should not be closed unless the 

tank's water volume has been depleted. The plant cooldown and 

depressurization should be continued to acquire approximately 150 

psig to establish long-term cooling.  

When 150 psig is reached the normal decay heat removal system can be en

gaged if the reactor coolant is subcooled. The normal decay heat removal 

system cannot be engaged if the reactor coolant is saturated, because 

water level may not exist at the hot leg suction nozzle. When subcooled 

with the normal decay heat removal system started up, continued makeup 

either from the HPI or from the LPI (aligned to the sump or BWST) will 

probably be required. If the LPI is used for makeup, then one string will 

have to be aligned to the sump or BWST and the other aligned in the 

"normal" decay heat removal mode. Cooling in this configuration is re

quired until the reactor coolant temperature is below 212F. At this time 

the additional makeup can be stopped if the break location is above the 

hot leg suction of the decay heat drop line. If it is below this level or 

it is not known where the break is, makeup should continue.  

Small Break Cooldown (Without Primary to Secondary Heat Transfer, HPI 

Cooling) 

If a LOCA occurs and primary to secondary heat transfer is not possible 

due to a total loss of feedwater, HPI cooling is used to maintain the core 

cooled. Generally, as discussed in the Backup Cooling Methods chapter, 

this is not a preferred method of plant control and alternative actions to 
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restore primary to secondary heat transfer should be started at once.  

Should long-term reliance on HPI cooling be necessary, the operator's 

primary responsibilities while the system is saturated are: 

1. To open the PORV and leave it open.  

2. To monitor the performance of the HPI system and realign the HPI in 

piggyback with LPI to draw from the sump on recirculation if the BWST 

runs out.  

While saturated conditions and no primary to secondary heat transfer 

exist, it is not possible to make the plant depressurize. Depending on 

the break size and location, the number of HPI pumps operating, and the 

plant decay heat level, some different system trends that can occur are: 

1. A slow but continuous depressurization as decay heat drops and the 

break is able to remove more energy.  

2. Repressurization to the PORV or pressurizer code safety valve 

setpoint followed by a slow depressurization as decay heat drops.  

3. Either of the above followed by reestablishment of subcooled 

conditions (some small breaks will never allow a system refill and 

re-establishment of subcooled conditions) 

Should the RCS return to a subcooled condition, HPI can then be throttled 

to slowly depressurize the plant as the reactor coolant temperature drops.  

Because there is little or no circulation within the RCS, the incore therm

ocouples must be used to gauge the reactor coolant subcooling margin. The 
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HPI must be carefully controlled to maintain the primary pressure and 

temperature conditions to the left of the subcooling margin curve but to 

the right of the RV brittle fracture limits (see Figure 25) until the DHR 

system can be engaged.  

HPI cooling will eventually allow establishment of a long-term cooling 

mode where the DHR System (normal or LPI mode) can be used to keep the 

core cooled. This mode of core cooling (HPI cooling) should be maintained 

only until alternate means of cooling are possible.  

Long Term Cooling 

Long-term cooling is defined as the time after a LOCA where the Decay Heat 

Removal System, either in a normal or emergency mode (LPI), is operating 

and can be used for core heat removal. The duration of long-term cooling 

is the period between the onset of long-term and the end of core cooling 

requirements by the ECC system. The end of core cooling requirements is 

the time when the core is removed from the reactor vessel or other perma

nent means are used for core heat removal. The exact duration of 

long-term cooling will vary depending on several factors, including the 

size of the break and the radiation release. For the worst case LOCA 

(i.e., a large break), the duration of the long-term cooling period may 
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vary from one month to a maximum of one year depending upon the resulting 

accident consequences. For large breaks, long-term cooling could begin as 

soon as 30 minutes after the break occurs. For small breaks, long-term 

cooling conditions may take days to achieve depending on how fast the 

plant can be cooled and depressurized.  

Table F-5 presents a summary of actions required to establish and maintain 

long-term cooling following a loss-of-coolant accident. Table F-5 in

cludes both core cooling and containment related actions.  

To Establish Long-Term Cooling 

To establish long-term cooling after a small break, the decay heat removal 

system can be aligned with one train in the decay heat removal mode (sub

cooled only) and the other train in the LPI mode (possibly with HPI piggy

back from the sump or from the BWST). If the system is saturated, recircu

lation from the sump in the LPI mode (possibly with HPI piggyback) estab

lishes long-term cooling. To establish long-term cooling for large 

0 breaks, the LPI system is placed in the recirculation mode from the sump.  

0III 
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Boron Precipitation 

Within twenty-four hours after a LOCA, actions should be taken to preclude 

the possibility of boron precipitation. If the RCS is subcooled and one 

DHR train is successfully operating in the normal decay heat removal mode, 

then no further actions are required to prevent boron precipitation. How

ever, if the RCS is not subcooled, other actions will be required. With a 

large hole in certain areas of the RCS, the reactor can, acting like a 

distiller, boil off almost pure steam and leave impurities (mostly boron) 

to concentrate in the vessel. If enough boron accumulates, core flow 

blockage might occur. To limit the boron concentration, the following 

steps should be taken: 

1. Open the series dump-to-sump valves located upstream of the DHR drop

line isolation valves. Verify flow through this dump line.  

2. If Step 1 is not successful, open the DH drop line isolation valves 

and the alternate sump flow path (LP-105 on Unit 1; backflow through 

'B' train sump suction line for Units 2 & 3).  

3. If Step 2 is not successful, open the auxiliary spray to the pressuri

zer. This will route relatively diluted injection water to the area 

above the core. The flow path is through the auxiliary spray line 

into the pressurizer, out of the pressurizer through the surge line 

into the hot leg and then into the vessel.  
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Preserving the LPI System for Long Term 

If a large break LOCA has occurred, or if a small break LOCA has occurred 

that is in a location that does not permit use of the decay heat system in 

the normal mode (for core cooling or prevention of boron precipitation), 

it may be desirable to take one decay heat pump (in addition to the stand

by pump) out of service to preserve it for the future (so it can be placed 

back in use if the operating train develops problems). One decay heat 

pump can be removed from service safely if sump recirculation is in 

progress and the LPI flow in each train (from the remaining pump through 

the cross-connect line) is equal to or greater than 1000 gpm.  
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Table F-1 GENERAL POST-LOCA CORRECTIVE ACTION 
TO MAINTAIN CORE COOLING 

LOCA 

IMMEDIATE ACTIONS 
& 

VITAL SYSTEM 

STATUS CHECKS 

MONITORING 

1. REVIEN PLANT SYMPTOMS VIA P-T RESPONSE AND OTHER 

IMPORTANT PLANT VARIABLES 

2. IDENTIFY THAT A LOCA IS IN PROGRESS 

RESPOND TO ABNORMAL TRANSIENT PLANT SYMPTOMS 

LACK OF LACK OF PRIMARY TOO MUCH PRIMARY 

ADEQUATE TO SECONDARY TO SECONDARY 

SUBCOOLING HT TRANSFER HT TRANSFER 

MARGIN 

ATTEMPT TO LOCATE & ISOLATE THE LOCA 

ISOLATED LOCA BIG LOCA 

NON-ISOLATABLE 1SMALLLOCA 
HAS PRIMARY TO SECONDARY 

HT TRANSFER BEEN 
RFS;TORFD HAS PRIMARY TO SECONDARY 

YES NO HT TRANSFER BEEN 
[ESTABLISHED 

NO YES 

PLANT CORE COOLING 
STABILIZATION BY BACKUP 

(HOT SHUTOOWN) 

COOLDORN & 

DEPRESS 
THE PLANT 

ESTABLISH 

LONG TERM 

CODLING



Table F-3 SUMMARY OF GENERAL LOCA SYMPTOMS 

A. INITIAL P-T DIAGRAM CHARACTERISTICS 

2600 

2400 

~ 2200POST TRIP 

WOCOLD INDlOW 

180 - SUBCOOLED THOT SUPERHEAT a Rapid system depressuriza
REGIN REIONtion to saturated reactor 

SREGION coolant conditions.  
1600 

1400 b. Sustained saturation (i.e., 
~ 120 SEAM RESUREHPI does not return the 1200 -STEAll PRESSURE 

LIMIT END POINT-POST TRIP WITH FORCED reactor coolant to a sub
S-o-o - - f CIRCULATION (TROT & ToLo ) AND cooled state within 5-10 

FOR NATURAL CIRCULATION(TCLD) 

'; NORMAL OPERATION POINT-POWER 

600 -HOPERATION T) 

L SUOCOOLE0D r_ END POINT-POST TRIP WITH 
400 MARGIN LINE '.. NATURAL CIRCULAION (THOT) 

H d o 

400 450 500 550 600 650 700 

Reactor Coolant And Steam Outlet Temperature-F 

B. POSSIBLE EVENTS OR OTHER PLANT LEVEL SYMPTOMS (EXTRACTED FROM LOCA CONCEPTS SECTION) 

SMALL SMALL BREAK LARGE 
LEAK Small Large BREAK 

1. Excessive Makeup X X 

2. Decreasing Pressurizer Level and Pressure X X X X 

3. Reactor Trip X X X X 

4. ES Actuation (Low RC Pressure) X X X 

5. Loss of Subcooled Margin X X X 

6. Lack of Primary to Secondary Heat Transfer X 
(System Repressurization along Saturation 
Curve) 

7. Reverse Primary to Secondary Heat Transfer X X 

8. Rapid Depletion of CFTs X 

9. Rapid Drop in RCS Pressure to where LPI X 
System becomes Operative 

10. Rapid Increase in RB Pressure and Temperature* X X 

11. Increasing RB Radiation Levels* X X X X 

12. Inadequate Core Cooling Symptoms** X 

*Degraded containments conditions can occur for other events such as steam or feedwater line breaks 
inside containment. These non-LOCA events would not have high containment radiation levels. High 
containment radiation levels are thus a good indicator that a LOCA is in progress.  

**For large breaks, the core exit thermocouples can indicate superheated coolant conditions from 
approximately the end of blowdown to up to 10 minutes into the reflood portion of the event. This 
is an expected condition. Because the RC pressure is reduced to where the LPI system is fully 
operational, actions specified for ICC are not required. The core's temperature excursion will 
be terminated when CFT and LPI water reflood the reactor vessel.



Tanle F-4 SYMPTOMS FOR LOCAs THAT CAN BE LOCATED 
OR ISOLATED 

THIS CHART WILL AID IN LOCATING SOME BREAKS; ALL BREAKS CANNOT BE LOCATED. SOME BREAKS WHICH CAN BE LOCATED CAN ALSO BE 
ISOLATED AND THE LOCA CAN BE STOPPED. IT MAY BE DIFFICULT TO DISTINGUISH SMALL STEAM LINE LEAKS INSIDE CONTAINMENT 
FROM LOCA'S; BUILDING ENVIRONMENT WILL CHANGE FOR BOTH AND THE STEAM PRESSURE WILL NOT ALWAYS BE LOW. HOWEVER, A LOCA 
WILL CHANGE BUILDING RADIATION LEVELS.  

SYMPTOMS FOR LOCA'S THAT CAN BE ISOLATED SYMPTOMS FOR LOCA'S THAT CANNOT BE ISOLATED 

(Symptoms or alarms most likely to show location are underlined) (Symptoms or alarms most likely to show location are underlined) 

FAILURE LOCATING SYMPTOMS ISOLATING HARDWARE FAILURE LOCATING SYMPTOMS 

Makeup and - Low letdown storage tank Letdown valve 1) Steam Generator Tube(s) - High steam line radiation 
purification level upstream of - High steam generator level 
system outside - High component cooling coolers - High condenser radiation 
containment and water surge tank level 
letdown coolers (for breaks in letdown 

cooler) -Lcol er) evls Pressurizer Safety Valves - Flow Monitor Alarm 
- Local sump levels,HiIqunhtklel 

radiation alarms H quench tank temer e 
- High CC discharge tempera- (The l n beg e te 

ture from letdown coolers (hs ilol ego hl h 
turefro ledowncooersquench tank rupture disk is good) 

Seal return - Low letdown storage tank Seal return**l) 
line and seal level isolation valve HPI Injection Line Break Flow imbalance between injection**3) 
return cooler - High RCW radiation 
outside contain- - High RCW surge tank level (High flow will be through broken 
ment (for breaks in seal return line) 

cooler) 
- Local sump levels, 

radiation alarms RC Pump Seal Failure High seal return temperature (,,850 
- High seal return flow combined with: 
- High RCW seal return cooler Low stage nd upper stage pressures 

discharge temperature are equal and high 
(local) 

Pressurizer - Flow Monitor Alarm PORV isolation valve RCS Instrumentation Lines 
electromatic - High quench tank level - Pressurizer Level -_Falselowlevelreadin 
relief valve - High quench tank temp- - Pressures - False low pressure 

erature -RC Flow - False high or low flow compared with 
(These will only be good known pump operation 
when the quench tank 
rupture disk is good) 

Makeup-letdown - High letdown storage tank Letdown control**l) **Footnotes: 1) Do not allow letdown storage tank to drain or operating 
imbalance (this is level valve makeup pump will lose suction and fail.  
not a break, but is - Bleed holdup tank level 2 
a loss of coolant) - Makeup flow rate (+) seal hea r ova shol be ipl ned.  

injection flow (-) letdown 
flow 3) Break cannot be isolated to prevent either loss of reactor 

Decay heat removal - High or low decay heat Decay heat letdown** coolant or loss of injection water, but the orifice will 
line break outside removal flow drop line valve limit the HPI flow out the break. Balancing the two main 
containment (decay heat -Low oumD suction Press. iection lines for maximum flow, which is done after any 

(doalsseca inLocalsumpandlocal HPI actuation, will ensure adequate pumped flow enters the 
removal system in - Local sump and local 
operation-plant is radiation alarms core. It should be noted that with three HPI pumps started 
cooled down) automatically, Train A flow will be 40-50% higher than 

Train B flow regardless of RCS pressure.  
Decay heat cooler - High LPSW temperature at Cooler isolation 
tube leak (decay DH cooler outlet. valves 
heat removal sys.  

'in operation- plant 
is cooled down)



Figure F-I FLUID HISTORY DURING A LARGE BREAK 

FROM COR FROM COREFOMCR 

~~FLOOD TANKS FLODTA SFLO TANKS 

MFW/EFW < F LPI MFW/EFW : MPI MFWFW E 

MAIN STEAM MAIN STEAM 

MAIN STEAM 

MMAIN MAIN o 

NOTE: ARROWS IMPLY RC FEEDWATER 0 0 0 0 0 

F1E EDATERFEDAE FE ATRPUMPS ARE 'ON' FEEOATE 000 0000 
0 0 0 a 0 000 0 0 

00 000 00 0000 

FROM HPI C> -J 
FROM HPI 

FROM HPI - YSE 
SY STEM SYSTEM SYSTEM 

PRE-LOCA INITIAL CONDITION END OF BLOWDOWN END OF REFILL 

RCS INVENTORY IS NORMAL WITH THE REACTOR A L ARGE BREAK HAS OCCURRED AND NEARLY ALL OF THE I NI T IAL REACTOR COOLANT THE ECCS HAS REFILLED THE REACTOR VESSEL 

AT POWER AND THE RC PUMPS 'N'. INVENTORY HAS ESCAPED TO THE Re. BLOWDOWN LASTS ANYWHERE FROM 20-200 UP TO THE BOTTOM OF THE CORE REGION.  

SECONDS DEPENDING ON THE BREAK SIZE AND ENDS WHEN THE RCS AND R 

PRESSURES EDUALIZE. AT THE END OF BLOWDOWN THE CFT'S WILL BE OPERATIVE 

AND THE HPI/LPI SYSTEMS WILL BE FUNCTIONAL WITHIN 35 SECONDS FOLLOWING 

ESAS ACTUATION.  

FROM CORE 
FLF00 TANKS 

MFW EFW FROM LPI 
TO SYSTEM 

MAIN STEAM 

O OO TIK LGN 

0 0 
0 0 

000 

FEEWATER 0 

NDTE: COOLING WATER WOULD 0 0 [O <hO PASE SI 

IOVERFLOW THE 00WNCOMER 

SYSTEMAND SPILL OUT THE 

BREAK.  

0~~~~~- STEAMAI TEMOp

ENDSYSTEMWDOW 

D U R IGG R EE A K H A S O C C U R R E D A NDEN E A R LYO 
DL 

LHE 
R EH 

EO 
RNVTSA 

L R E A C T OREC O O L A 

RESTORESNCOREOCYOLINGSAADEREFILLSETHESYSTEMWUPWNOLAHESELEYATIRN SYSTEM0-O00 

OFECONDSBOEPENDTNG ONTTHEEBREAKDSRZEGANOFENDSWHEN THE RCS ANOTRM 

P IRESTEUS EQOU ATTE THE STE OF B O THE CFO W B WILL OPE HOT RATI BR 

AND THAHPTAIINSYSEMSSWLLNBEFUNCTLNAL FTHON 5SSECODSTFOLOEIN 
FROM ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ FO COREjOERLWTEDWNOE 0 1LQI 

AND~~~FLO TANKSTTH 00/ 

SYSTEMT SYSTEM 0 
BREAK. MAIN S WTEM 0 0 0 

0 0 

00 00 oTA 

REFLOODMAI -.OL LEORA 0 o o 0 0 

FEEDWATERT0M 

RESTORES~~~~~~~~~~N OFR REFNILLEFLSTH YTE PTOTEELVTO 

OF ~~~~~~~~ ~~~ ~ ~ ~ ~ H ECCS BASREFLLE THE ' REACTO VESSELLOAD H P YSE ELODHTLG RA YSE OF 

PROVIDES~~~U TOE THEIN BOTTOM OF THEIL CORE REGION.R OOIN WL 

BE~~~~~RMR SIDEANE SEONAR SIDE LIFOWI ONIUD



Figure F-2 SYSTEM RESPONSE FOR LARGE 

BREAK IN COLD LEG PIPING 

DOUBLE-ENDED COLD LEG BREAK AT DISCHARGE OF RC PUMPS 
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Figure F-3 SYSTEM RESPONSE FOR LARGE BRIEAK 

IN HOT LEG PIPING 

DOUBLE-ENDED HOT LEG BREAK 
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LENEL RAC PESSURE CANTINUE To DROP. THE SYSTEM PRESSURE IA DROPPINGO.TE IWCRUATO"PAEI VR 

SSTEAM CAN POSSIBLY NE TORMED IN THE CORE IF THE REACTOR 
COOLAN T IN THE CORE SATURATES AHO BOILING OCCURS.  

A. TWO-PHASE NATURAL CIRCULATIAN IS IN PRAGRESS.  
NOTE: AT THIS POINT INTO A SMEALL AREER,.THE S YSTEM 

RESPOGNSE CA N GO IN TWO SIRECT,.NS ITFH 

BREAR IS VERY SMALL, TH E STEAM WIHIN THE PRIMARY SYS TEM CAN ECNI]ENTEU WI'THIN THE 
STEAM GENERATOR OR WY COLA HPI WATER. AND THE 
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Table F-5 SUMMARY OF LONG-TERM 
COOLING ACTIONS 

ACTIONS TO MAINTAIN CORE COOLING 

1. ECCS Alignments 

a. For saturated reactor coolant conditions (RCS pressure < 150 psig): 

* When BWST reaches low level limit, transfer suction of LPI pumps to containment sump.  

* If LPI flow in each train is > 1000 gpm, HPI can be stopped. If LPI flow in each train can be main
tained > 1000 gpm with one LPI pump, the other LPI pump can be stopped to preserve it for future use.  

* If neither or only one LPI train flow is > 1000 gpm, run two HPI pumps in the piggyback mode.  

b. For subcooled reactor coolant conditions (RCS temperature < 280F): 

* If both LPI pumps are operative, place one LPI train in normal decay heat removal mode. Cool 
down to 10OF with decay heat coolers.  

* If only one LPI pump is operative, maintain SG cooling. Control RCS inventory using HPI with 
suction from BWST or in piggyback mode. Start normal decay heat removal when second LPI pump 
becomes available.  

2. Start Action within 24 Hours to prevent boron precipitation following large breaks.  

a. Try to establish normal decay heat removal if two LPI pumps are available, or 

b. Establish gravity draining from the hot leg to the reactor emergency sump, or 

c. Start the auxiliary spray to the.pressurizer.  

CONTAINMENT ENVIRONMENT ACTION 

1. Containment Sprays 

a. On low BWST level, switch suction of spray pumps to RB sump (switched when LPI pump suctions are switched).  

b. Once containment pressure turns around and decreases below 4 psig, the sprays can be shut off.  

NOTE: Emergency coolers should be kept running.  

2. Hydrogen Purge 

a. Draw samples of containment atmosphere and monitor hydrogen concentration.  

b. Start hydrogen purge system when hydrogen concentration exceeds 3.5%.



Figure F-5a SYSTEM RESPONSE FOR SMALL BREAK WH ICH 

CONTINUALLY DEPRESSURIZES THE RCS 
0.5 FT2 BREAK IN COLD LEG PIPE (0.5 FT2  BREAK IN COLD LEG PIPE) 

REFERENCE TIME 
POI.NTS (SECONDS) REMARKS 2600 

0 LNOTE: STEAM PRESSURE AND TEMPERATURE WOULD 0 LOCA OCCURS WITH REACTOR INITIALLY AT POWER; BREAK IS SLOWLY DROP AFTER REFERENCE POINT 4.  
EQUIVALENT TO 9.5 INCH DIAMETER HOLE. -2400 (REVERSE HEAT TRANSFER WOULD BE 

1-2 0-.2 PRESSURE DROPS DUE TO RELEASE OF REACTOR COOLANT OUT 2200INDICATE) 
THE BREAK. WINDOW 

2 0.2 RPS TRIP SETPOINT IS REACHED: A REACTOR TRIP IS 2000T 
INITIATED.REGION 

2-3 0.2-0.5 BREAK IS LARGE ENOUGH TO DEPRESSURIZE THE RCS TO 1800 SUBCOOLED REGION 
SATURATED CONDITIONS BEFORE PRESSURIZER EMPTIES. APPROXIMATE 
WITHIN 0.5 SEC. ES IS ACTUATED AND THE RC PUMPS RESPONSE OF 
SHOULD BE TRIPPED BECAUSE SUBCOOLING IS LOST. 1600 TCOLD 3 

3 0.5 HOT LEG SATURATES. 1 
S1400 

3-4 0.5-40 RC PUMPS ARE TRIPPED AND MFW FLOW IS DIVERTED TO THE UPPER NOZZLES.  
THE RCS CONTINUES TO DEPRESSURIZE IN A SATURATED STATE AND 1200 S 
THE HPI BEGINS TO DELIVER FLOW TO THE RCS. STEAM PRESSURE LIMIT 

4 40 THE "FLOW CIRCULATION" PERIOD ENDS, AND THE PRIMARY 10004 
SIDE PRESSURE AND TEMPERATURE DROP BELOW THE PRESSURE 1 
AND TEMPERATURE OF THE SG's. THE SG's BECOME A HEAT 0END PINT-POST TRIP WITH FORCED 
SOURCE. 0CIRCULATION (THOT & TCOLD) AND 

4-5 40-110 BOTH THE HOT AND COLD LEG ARE SATURATED, AND RC PRESSURE 600 - SUBC00LED 5 FOR NATURAL CIRCULATION (TCOLD) 

CONTINUES TO DROP. MARGIN LINE NORMAL OPERATING POINT-POWER 
aOPE RATION (THOT) 

5 110 RC PRESSURE HAS DROPPED TO 600 PSIG AND THE CFT's BEGIN 400 - OP INTHOT 
ADDING WATER TO REACTOR VESSEL. rO END POINT-POST TRIP WITH 

L_1 NATURAL CIRCULATION (THOT) 
5-6 110-200 RCS PRESSURE CONTINUES TO DROP. ES ACTUATION AT 500 PSIG 200 6 

STARTS LPI.  
O 

6 200 RCS PRESSURE IS BELOW 200 PSIG AND THE LPI PUMPS BEGIN 200 300 400 500 600 700 
TO DELIVER FLOW TO THE REACTOR VESSEL.  

7 >200 THE RCS BEGINS TO REFILL BACK TO THE ELEVATION OF THE Reactor Coolant And Steam Outlet Temperature. F 
BREAK. CORE COOLING WILL BE MAINTAINED SO LONG AS LPI 
IS CONTINUED.  
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0 1 0 I 

0 50 100 150 200 250 0 2 4 6 8 10 12 14 
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Figure F-5b SYSTEM RESPONSE FOR SMALL BREAK 

WHICH CONTINUALLY DEPRESSURIZES 
0.1 FT2 COLD LEG BREAK 

THE RCS (0. I FT2 COLD LEG BREAK) 
REFERENCE TIME 

2600 
POINTS (SECONDS) REMARKS 

I POST TRIP 
1 0 LOCA OCCURS WITH REACTOR INITIALLY AT POWER, BREAK IS EQUIVALENT 2400 - WINRW 

TO 4.3 INCH DIAMETER HOLE.  

1-2 0-5.0 RCS PRESSURE AND PRESSURIZER LEVEL DROP DUE TO LOSS OF REACTOR - 2200 - SE P-U-D-E-RL I 1 .  NOTE: STEAM PRESSURE ANO TEMPERATUR E B L 3 
COOLANT OUT THE BREAK. * WOULD SLOWLY DROP AFTER REFERENCE 

a 2000 - POINT 5. REVERSE HEAT TRANSFER 2 SUPERHEAT 
2 5.0 RPS TRIP SETPOINT IS REACHED; REACTOR TRIPS. WOULD BE INDICATED. REGION 

2-3 5-18 RCS DEPRESSURIZES TO SATURATED CONDITIONS; ES IS ACTUATED ON LOW 1800 

RC PRESSURE; AND THE PRESSURIZER EMPTIES.  

- 1600 - SUBCOOLED 
3 18 PRESSURIZER IS COMPLETELY EMPTY AND THE HOT LEG IS SATURATED. .  

REGION 3 

3-4 18-140 THE RCS CONTINUES TO DEPRESSURIZE. THE RC PUMPS ARE TRIPPED; MFW 1400 
FLOW IS DIVERTED TO THE UPPER NOZZLES; AND TWO-PHASE NATURAL * 4 END POINT-POST TRIP WITH 
CIRCULATION EVOLVES. 1200 - STEAM PRESSURE FORCEO CIRCULATION (THOT 

H & TCOL0) ANO FOR NATURAL 
4 140 THE "FLOW CIRCULATION" PHASE ENDS; THE RCS IS IN BOILER-CONDENSER COOLING.  

-- 1000 - _CLTO TO0 
4-5 140-270 THE RCS CONTINUES TO DEPRESSURIZE. STEAM PRESSURE DROPS DUE TO 0 5N 

NORMAL OPERATING POINT-POWER 
REDUCED PRIMARY TO SECONDARY HEAT TRANSFER. 800 - OPERATION (THOT) 

5. 270 PRIMARY PRESSURE DROPS BELOW THE SECONDARY PRESSURE. THE SG'S SATURATION F END POINT-POST TRIP WITH 
ARE NOW A HEAT SOURCE. 600 - 6 j' NATURAL CIRCULATION (THOT) 

5-6 270-910 RCS PRESSURE CONTINUES TO DROP. SUBCOOLED 

6 910 RCS PRESSURE HAS DROPPED TO 600 PSIG AND THE CFT'S BEGIN ADDING 

WATER TO THE REACTOR VESSEL. 0 I I I 

400 450 500 550 600 650 700 
7 >910 THE RCS WILL CONTINUE TO DEPRESSURIZE SLOWLY UNTIL THE LPI SYSTEM 400 450 and 55a 600 650 7 

Reactor Coolant and STeam Outlet Temperature, F 
BECOMES OPERATIVE.  
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0 200 400 600 800 1000 1200 0 5 10 15 20 25 30 

Time, sec Time, sec



Figure F-6 SYSTEM RESPOHSE FOR SMALL BREAK 
0.04 FT

2 
COLD LEG BREAK 

WHICH STABLLIZES AT SECONDARY 
REFERENCE TIME 

POINTS (SECONDS) REMARKS SIDE PRESSURE 

1 0 LOCA OCCURS WITH REACTOR INITIALLY AT POWER; BREAK IS EQUIVALENT TO 2.7 INCH 
2600 

DIAMETER HOLE.  

1-2 0-15 RCS PRESSURE AND PRESSURIZER LEVEL DROP DUE TO THE LOSS OF REACTOR COOLANT. 2400 - PIN D 

2 15 PRESSURE DROPS TO RPS SETPOINT; THE REACTOR TRIPS.  

2-3 15-23 RCS PRESSURE CONTINUES TO DROP AND SUBCOOLING MARGIN IS LOST. AN RC PUMP TRIP I2200 

IS REQUIRED.  
2000 - SUBCOOLED 2 RHEAT 

3 23 ES ACTUATED ON LOW RC PRESSURE. REGION 

3-4 23-30 THE PRESSURIZER EMPTIES AND THE HOT LEG CONDITIONS APPROACH SATURATION. 1800 

4 30 HOT LEG SATURATES. 6 z 1600 

4-5 30-340 THE RC PUMPS ARE TRIPPED; MFW FLOW IS DIVERTED TO THE UPPER NOZZLES: AND HEAT 3 

CONTINUES TO BE TRANSPORTED FROM THE CORE TO THE SG BY TWO-PHASE NATURAL 1400 

CIRCULATION; RCS PRESSURE AND TEMPERATURE ARE SLOWLY APPROACHING THE SECONDARY ENO POINT-POST TRIP WITH 

SIDE SATURATION CONDITIONS. 1200 - STEAM PRESSURE FORCED CIRCULATION THOT 

340 ~~~~~~~~~~ ~II TEFO CICLTOPHSENSTHSYTMIINABIE9 COLO> AND FOR NATURAL 
SYTE S N OIE-CONDENSER COOLING MODE. LIMIT 

340 THE FLOW CIRCULATION PHASE ENS; THE 10006 CIRCULATION TCOLO 

6 >340 THE RCS STABILIZES AT OR NEAR SECONDARY SIDE CONDITIONS. OTSG LEVELS SHOULD BE 

SLOWLY RAISED TO 95% ON OPERATE RANGE. THE RCS WILL REMAIN IN THIS CONDITION NORMAL OPERATING POINTPOWER 

FOR A LONG TIME PERIOD AND THEN BEGIN A SLOW COOLDOWN AND DEPRESSURIZATION AS 0 A O R 
SATURATION 1END POINT-POST TRIP WITH 

DECAY 
NATURAL CIRCULATION (THOT 

NOTE: OPERATOR ACTION TO COOLDOWN THE PLANT SHOULD BE INITIATED TO ACHIEVE SUBCOOLED 

A LONG-TERM COOLING MODE. 4 MARGIN LINE 

O0 I I I 

400 450 500 550 600 650 700 

Reactor Coolant and Steam Outlet Temperature, F 
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2000 ~n 50 

1500 

-t 1000 -25 
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o 111111 ,I 0III 
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0,01 FT
2 BREAK AT PUMP DISCHARGE Figure F-7 SYSTEM RESPONSE FOR SMALL BREAK 

WHICH REPRESSURIZES IN A SATURATED 
REFERENCE TIME 

POINTS (SECONDS) REMARKS STATE 

1 0 LOCA OCCURS WITH REACTOR INITIALLY AT POWER, BREAK IS EQUIVALENT 

TO 1.35 INCH DIAMETER HOLE. 2600 

1-2 0-50 RCS PRESSURE AND PRESSURIZER LEVEL DROP DUE TO THE LOSS OF REACTOR POST TRIP 

COOLANT. 2400 WINDOW .  

2 50 PRESSURE DROPS TO RPS TRIP SETPOINT THE REACTOR TRIPS. 2200 

2-3 50-80 RCS PRESSURE CONTINUES TO DROP; THE REACTOR COOLANT SUBCOOLINGL 

MARGIN IS LOST (PUMP TRIP REQUIRED). 2000 2 IEEAT 
-SUBCOOLED RGO 

REGION 
3 80 ES ACTUATION ON LOW RCS PRESSURE.  

1800 

3-4 80-100 HOT LEG APPROACHES SATURATED CONDITIONS AS THE PRESSURIZER EMPTIES.  

THE RC PUMPS ARE TRIPPED AND MFW FLOW IS DIVERTED TO THE UPPER 

NOZZLES.  

4 100 THE HOT LEGS ARE SATURATED. 1400 

END POINT-POST TRIP WITH 
4-5 100-600 RCS IS IN TWO-PHASE NATURAL CIRCULATION. 1200 STEAM PRESSURE FO IRCULATION IT 

5 600 THE "FLOW CIRCULATION" PHASE STOPS: A LOSS OF PRIMARY TO LIMIT & LCOLD) AND FOR NATURAL 

SECONDARY HEAT TRANSFER OCCURS BECAUSE STEAM CONDENSATION CIRCULATION (T 

IN SG TUBES IS NOT POSSIBLE. oNORMAL OPERATING POINT-POWER 

5-6 600-1250 RCS REPRESSURIZES BECAUSE NO CORE HEAT CAN BE REMOVED BY STEAM 800 OPERATION (THOT) 

GENERATORS. STEAM BUBBLE IN HOT LEG PIPING IS SLOWLY GROWING IN SATURATION END POINT-POST TRIP WITH 

SIZE. REACTOR COOLANT EXPANDS INTO THE PRESSURIZER AS THE SYSTEM 600 ._ NATURAL CIRCULATION iTHOT> 
REPRESSURIZES.  

6 1500 STEAM CONDENSATION STARTS IN SG TUBES. 400 MARGIN LINE 

6-7 >1500 BOILER-CONDENSER COOLING IS ESTABLISHED; AND THE PRIMARY SYSTEM 0 I I I I__ 

PRESSURE AND TEMPERATURE SLOWLY DECREASE TO THE SECONDARY 400 450 500 550 6te 650 700 

SIDE SATURATION CONDITIONS. Reactof Coolant ano Steam Outlet Temperature, F 

2200 

2000 50 

1800 

1600 
S 25 

1400 

1200 0 

0 500 1000 1500 2000 2500 3000 200 600 1000 1400 1800 2200 2600 3000 
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Figure F-8 SYSTEM RESPONSE FOR SMALL BREAK 

WHICH DEPRESSURIZES THE RCS 

WITHOUT FEEDWATER 

0.07 FT
2 
BREAK WITHOUT FW 

2600 

REFERENCE TIME REMARKS- POST TRIP 

POINTS (SECONDS) R-WINSW.  

2200 -- - ( 
1 0 LOCA OCCURS WITH REACTOR INITIALLY AT POWER;BREAK - 1 

IS EQUIVALENT TO 3.6 INCH DIAMETER HOLE. 2000 - SUPERHEAT 

1-2 R-10 RCS PRESSURE AND PRESSURIZER LEVEL DROP DUE TO LOSS 0BOLED REGION 

OF REACTOR COOLANT.  
1800 

2 10 RCS PRESSURE DROPS TO RPS TRIP SETPOINT; THE REACTOR 

TRIPS.  

2-3 10-24 AS RCS PRESSURE DROPS, THE REACTOR COOLANT SUBCOOLED S1600 

MARGIN IS LOST (RC PUMP TRIP IS REQUIRED) AND ES IS TEMPE URE OUD 
ACTUATED ON LOW RCS PRESSURE. 1400 - TER RE OINT4 DROP AFTER REFERENCE POINT4 ' 

3 24 THE HOT LEG SATURATES. 
END POINT-POST TRIP WITH 

3-4 24-150 THE RCS SLOWLY DEPRESSURIZES: THE RC PUMPS ARE TRIPPED; 1200 STEAM PRESSURE FOR AT 

RESIDUAL FEEDWATER IS SLOWLY BOILED OFF. LIMIT 4 CRCUL A N FO LO R 

4 150 SG COOLING IS ESSENTIALLY LOST. 1000 C 

4-5 150-1200 THE RCS CONTINUES TO SLOWLY DEPRESSURIZE BECAUSE THE NORMAL OPERATING POINT-POWER 

BREAK CAN REMOVE DECAY HEAT BY RELEASING REACTOR COOLANT Z 800HT 

TO THE RB. 

HT 

SATURATION ri END POINT-POST TRIP WITH 

5 1200 RCS PRESSURE HAS DROPPED TO 600 PSIG: THE CFT BEGINS TO 600- NATURAL CIRCULATION (THOT) 

ADD WATER TO THE REACTOR VESSEL.  

5-6 >1200 THE RCS CONTINUES TO DEPRESSURIZE WITH HPI COOLING IN 400 - MARGINLED 
400RSS MARGIN LINE 

PROGRESS.  
0 I 

400 450 500 550 600 650 7100 

Reactor Coolant and Steam Outlet Temperature. F 

2500 
50 
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1500 

S25 
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500 

00 

0 500 1000 1500 2000 2500 3000 100 200 300 400 
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0.02 FT
2 BREAK AT PUMP DISCHARGE Figure F-9 SYSTEM RESPONSE FOR SMALL BREAK 

(NO FEEDWATER) THAT STABILIZES AT HIGH RCS PRESSURE 
REFERENCE TIME WITHOUT FEEDWATER 
POINTS (SECONDS) REMARKS 

1 0.0 LOCA OCCURS WITH REACTOR INITIALLY AT POWER; BREAK IS EQUIVALENT 

TO 1.9 INCH DIAMETER HOLE. 2600 

1-2 0-29 RCS PRESSURE AND PRESSURIZER LEVEL DROP DUE TO LOSS OF REACTOR 2400 WIDO 

COOLANT.240-WNO 

2 29 RCS PRESSURE DROPS TO RPS TRIP SETPOINT; THE REACTOR TRIPS. 2200 

2-3 29-60 AS RCS PRESSURE DROPS, THE REACTOR COOLANT SUBCOOLED MARGIN IS 2 2 SUPERHEAT 
LOST; THE RC PUMPS ARE TRIPPED; AND ES IS ACTUATED ON LOW RCS 2000 SUSCOOLED REGION 

PRESSURE. REGION HOT 

1800 - TCOLD 
3 60 HOT LEG SATURATES.  

3-4 60-250 THE RCS STABILIZES IN PRESSURE AND THE STEAM GENERATORS SLOWLY 1600 

BOIL DRY. AFTER REFERENCE POINT 4, 3 
1400 - STEAM PRESSURE AND TEMPERATURE 3 

4 250 SG COOLING IS ESSENTIALLY LOST. WOULD SLOWLY DROP. 4 ENE POINT-POST TRIP WITH 
4,5 FOEDCRUAINT 

5 >250 THE RCS HANGS UP IN PRESSURE AS THE BREAK IS NOT LARGE ENOUGH TO 1200 - STEAM PRESSURE HOT 

CONTINUALLY DEPRESSURIZE THE SYSTEM. THE CORE IS BEING COOLED BY LIIT COLD) AND FOR NATURAL 

HPI COOLING. THE PLANT WILL SLOWLY COOLDOWN AND DEPRESSURIZE AS 1000 - CIRCULATION (TCOLD) 

DECAY HEAT DROPS. NORMAL OPERATING POINT-POWER 

800 PERATION <THOT> 

SATURATION ri END POINT-POST TRIP WITH 

600 -.. _J NATURAL CIRCULATION (THO T 

400 SUBCOOLEO 
400 MARGIN LINE 

0 I III 

400 450 500 550 600 650 7100 
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Figure F-IO SYSTEM RESPONSE FOR SMALL BREAK 

THAT REPRESSURIZES IF FEEDWATER 
0.01 FT2 BREAK AT PUMP DISCHARGE IS LOST 
(BOTH HPI AND EFW ARE ASSUMED TO 

BE DELAYED FOR 20 MINUTES) 2600 

NOTE: STEAM PRESSURE & TEMPERATURE 5 
REFERENCE TIME WOULD DROP AFTER SG 

POINT (SECONDS) REMARKS 2400 DE OVER WEN EFW 

1 0.0 LOCA OCCURS WITH REACTOR INITIALLY AT POWER; BREAK IS EQUIVALENT 2200 IS RESTORED 

TO 1.35 INCH DIAMETER HOLE.  

1-2 0-50 RCS PRESSURE AND PRESSURIZER LEVFL DROP DUE TO THE LOSS OF REACTOR 2000 SUBCOOLED 2 SU EAT 

COOLANT. REGION POST TRIP 
18000 

2 50 RCS PRESSURE DROPS TO RPS TRIP SETPOINT; THE REACTOR TRIPS. LOSS WINDOW 

OF OFFSITE POWER OCCURS, AND THE RC PUMPS AND MAIN FEED ARE LOST.  
1600

EFW FAILS TO START. * 

2-3 50-120 AS RCS PRESSURE DROPS, THE REACTOR COOLANT SUBCOOLING MARGIN IS 1400 3,4 

LOST AND ES IS ACTUATED ON LOW RCS PRESSURE. HPI IS ASSUMED FOED IRLTPION TROIWTH 
TO FAIL. 1200 STEAM PRESSURE FORLEO CIRCULATIO THOT 

LIMIT COLD) AND FOR NATURAL 
3 120 HOT LEG SATURATES. CIRCULATION (TCOLD) 

3-4 120-280 SG S SLOWLY BOIL DRY. NORMAL OPERATING POINT-POWER 

4 280 SG COOLING IS ESSENTIALLY LOST. 800 - [RI HOT) 

4-5 280-1200 RCS REPRESSURIZES DUE TO LACK OF PRIMARY TO SECONDARY HEAT SATURATION r- END POINT-POST TRIP WITH 

TRANSFER AND THE BREAK'S INABILITY TO REMOVE ENOUGH ENERGY 600 - NATURAL CIRCULATION THOT 

(I.E., BREAK IS TOO SMALL TO KEEP THE SYSTEM PRESSURE DOWN). SUSCOOLED 

5 1200 OPERATOR ACTION TO START EFW AND HPI IS ASSUMED, 400 - MARGIN LINE 

5-6 >1200 BOILER-CONDENSER COOLING I.S ESTABLISHED; AND THE RCS SLOWLY 0 1 1 1 1 

DEPRESSURIZES TO THE SECONDARY SIDE SATURATION CONDITIONS. 400 450 500 550 600 650 70 

Reactor Coolant and Steam Outlet Temperature, F 
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STUCK OPEN PORV Figure F-1I SYSTEM RESPONSE FOR SMALL BREAK 
REFERENCE TIME 

POINTS (SECONDS) REMARKS WITHIN PRESSURIZER STEAM SPACE 

1 0 LOCA OCCURS WITH REACTOR INITIALLY AT POWER: STUCK OPEN PORV 

IS EQUIVALENT TO ABOUT A ONE-INCH DIAMETER HOLE. 2600 

1-2 0-60 RCS PRESSURE DROPS AS THE PRESSURIZER STEAM SPACE IS VENTED POST TRIP 
OUT THE BREAK. PRESSURIZER LEVEL INCREASES. 2400 WINDOW 

2 60 PRESSURE DROPS TO THE RPS TRIP SETPOINT; THE REACTOR TRIPS. 2200 

2-3 60-185 AS RCS PRESSURE DROPS, THE REACTOR COOLANT SUBCOOLING MARGIN 

IS LOST (RC PUMP TRIP IS REQUIRED), AND ES IS ACTUATED ON LOW 2000 - SUBCOOLED 2 
RCS PRESSURE. REGION THOT 

1800 
3 185 THE HOT LEG SATURATES.  

3-4 185-490 RCS IS IN TWO-PHASE NATURAL CIRCULATION. PRESSURE AAD TEMPERATURE 1600 

CONDITIONS DECREASE ALONG THE SATURATION CURVE AND STABILIZE AT ABOUT C 

1200 PSI. PRESSURIZER LEVELS ARE INCREASING AS THE STEAM SPACE IS 1400 

DEPLETED. END POINT-POST TRIP WITH 

S 1200 - STEAM PRESSURE 4, FORED CIRCULATIO TOT 4 490 THE PRESSURIZER FILLS. 1 TPS40 AND UL N 

4-5 >490 SYSTEM STABILIZES AT ABOUT 1200 PSI, AND TWO-PHASE NATURAL z 1000 

CIRCULATION IS NEVER LOST. HPI WILL EVENTUALLY RETURN THE SYSTEM NORMAL OPERATING POINT-POWER 
TO A SUBCOOLED STATE. WITHOUT ISOLATION OF THE PORV, A SOLID WATER WOPToON (T 
COOLOOWN WOULO BE REQUIRED.  

SATURATION r END POINT-POST TRIP WITH 
600 - .__ NATURAL CIRCULATION fTHOT) 

SUBCOOLED 
400 MARGIN LINE 

400 450 500 550 600 650 700 

Reactor Coolant and Steam Outlet Temperature. F 

2200 

100 

2000 

1800 - 75 

1600 

50 

1400 

25 

1200 

1000 0 I 
0 200 400 600 800 1000 0 200 400 600 800 1000 

Time, sec Time, sec



Figure F-12 POST-LOCA CORRECTIVE ACTION FOR 

LACK OF ADEQUATE SUBCOOLED MARGIN 

EXPECTED POST TRIP RESPONSE FOR LOCA WITH LOSS OF SUBCOOLING LACK OF ADEQUATE EXPECTED POST LOCA P-T CONDITION WITH SUSTAINED SATURATION & PRIMARY TO SECONDARY HEAT 

SUBCOOLED MARGIN TRANSFER 

2l00 

PPOll TRIP 2400 - 0 INOOWM POST TRIP 
2400 - WINOOW 

2200 -41--

L; - - 2200 - -

2000 -- THOTAIllL 
SUBCOOLED 2000 

NREGION *1 TRIP RC PUMPS L SRHE 

*2. CONFIRM 2-HPI ON AT MAX. REGION 

- o600 *CAPACITY & BALANCE FLOWS 

1400 - *3 CONFIRM FW FLOWING 

,NT Pom-Pos THROUGH IPPER NOZZLES AND 1400 

1200 - 0ED CI L A RAISE LEVEL TO 95% f D NOIA-Pos ION IN 
- STEAM PRESSURE 

TRT4 O I C....AH 
00ESRT cl oUL oO TCOLe) 4. ATTEMPT TO LOCATE AND 1200 - HOT * .OC Ta 

1000 ISOLATE THE LOCA (SEE TABLE 1000 GlA PRESSURE CIACuAInon (CotLO 

I-NWIIF-4) 
100 LIMIT CIAU R TCL 

TIO UP RAI I 'RT) 

SATURATION FI END POINT-~PO ST TRIP WITH 800 
OPEURAT I RC LA H O T HORATPE 

A IG P~h -O E 

600 SATURATION f ln1 oNO POiNT-POSl TRIP WI TH 
600 6--0 Lr c-cu o (JoST NATURAL CIRCLATION wH0 

400a - MARGIN LINE 4 SUBCOOLED I400 -MARGIN LINE 

400 450 500 550 600 650 700 P I I I 
Reactor Coolant and Steam Outlet TemuOeratuTe..F 00 450 500 55 600 650 700 

Reactor Coolant and Steam Dutlet Teroerature. F 

NOTE: 1. TCOLD COLLD BE EQUAL TO THOT OR SLIGHTLY SUBCOOLED.  

2. SEE FIGURE F-6 FOR A TYPICAL LOCA EXAMPLE.  

SUBCDOLED MARGIN? 

YESY 

THROTTLE- HPI 

( SEE BEST METHODS FOR EQUIPMENT 

OPERATION) 

ABMAL SMTS? HEAT TRANSFER 

(OVERHEATING 0OR 
IN BOTH SG? 

OVERC00ILING) 

NO YES 
YES NO 

00 T PLAT COL00N PRDEDUR FORTREAT OVERCO0LING OR OVERHEATING PER GOT LN OODW0RCDUEFR.G TO LACK OF PRIMARY TO SECONDARY HT.  

PROCEDURE (SEE FIGURES 22 OR F-13) SAUAE ODTO IHASALBEKTRANSFER (GO TO FIGURE F-13) 
SADCOLED CONDITIONS WITH A SMAL-L BREAK STRTDCNIINWT ML RA 
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