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DISCUSSION OF SELECTED TRANSIENTS 

INTRODUCTION 

To develop the ATOG approach to integrated plant transient control six 

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

examples: 

1. Excessive Feedwater 

2. Loss of Feedwater 

3. Steam Generator Tube Leaks 

4. Loss of A/C Power 

5. Small Steam Line Break 

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 designed 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.  
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BWNP-20007 (6-76) 

BABCOCK & WILCOX NUMBER 
NUCLEAR POWER GENERATION DIVISION 

TECHNICAL DOCUMENT 76-1123298-00 

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 actions for that particular se

quence of failures are given. Part I A referenced so that the operator * 1 
can see how the basic procedure coy * any 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 initiating 

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 ap

propriate 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.  
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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.  

DATE: 3-2-81 PAGE 6
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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 Antrol while in manual.  

3. Equipment failure when thd It is in automatic 

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 

generators 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.  

DATE: 3-2-81 Appendix A, Page A-3
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The P-T curve 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 

transient shown is also applicable if terminated early by the 

operator.  

The P-T curve and seque 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 transient 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 

causing the excessive feedwater condition is not corrected by 

the ICS the operator has little time available to prevent spill

age into the steam lines. The high OTSG level trip of the MFW 

pumps provides backup to the ICS runback of MFW. However, due 

to the rapid nature of this transient and the potentially severe 

consequences 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: 3-2-81 Appendix A, Page A-4
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APPENDIX A 

EXCESSIVE MAIN FEEDWATER 

1.0 GENERAL TRANSIENT DESCRIPTION 

Excessive main feedwater is a fail r o control secondary inventory.  

It is an overcooling trans n hat 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 

DATE: 3-2-81 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 rapidly approach saturation con

ditions and ES will occur 4wss of subcooling margin will require 

that the RC pumps be tri ed 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 magni

tude 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: 3-2-81 pAGp~ppendix A, Page A-2
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However, the operator should throttle FW flow to obtain a gradual 

level increase. (See Part II. Section I.E. "Best Methods for 

Equipment Operation".) 

- Excessive MFW flow to OTSG A as allowed to continue for almost 

three minutes after the m generator was full. Thus a signif

icant quantity of 4 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 volume will swell. 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 discuss

ed 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 

DATE: 3-2-81 Appendix A, Page A-7
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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 dra ic action to prevent filling the 

pressurizer solid due to rea 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 signals: "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). 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: 3-2-81 Appendix A, Page A-8
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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 setting. When 

the reactor tripped, the ICS switched into track and controlled the 

feedwater on level; because of t~le 4 high steam generator level, the 

"A" main feedwater valve casse stopping the transient (the "A" start

up flow also closed d) 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 reactor 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 shows a very slight reduction (before trip) 

because of the cooling and condensing effect of the excessive feed

water on the steam in the generator. This illustrates the magnitude 

of steam pressure loss to be expected because of excesive feedwater; 

a greater loss 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 generator would have some pressure reduction effect, but it 

DATE: 3-2-81 Appendix A, Page A-9
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would be 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 mostl inconvenience; if it had been 

greater (about 200 psi), the rIzer 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 a main feedwater failure had 

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

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.  
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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 Vrlvially dead, and no signal would 

have made it respond. Exc wi main feedwater is a complex accident 

which can be caused by out 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 

and isolation 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: 3-2-81 Appendix A, Page A-11



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) 
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2.0 OPERATOR ACTIONS SUMMARY 

Immediate Actions 

- Attempt to close feedline isolation valves if the overfill 

is slow and the affected generator is obvious.  

- Trip running MFW pumps to s fast overfills.  

- Start EFW and verif j ation; control EFW to limit 

overcooling.  

- Start HPI if pressurizer level is less than 80" 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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- Other identifying symptoms to distinguish excessive 

feedwater from other overcooling transients are: 

- High steam generator level 

- High main feedwater flo ate 

NOTE: Rapid excessive f er 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 

quickly 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 o actions in accordance with Part I 

will terminate the overcool 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.  
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However, for illustrative purposes it is assumed the operator fails to 

note the abnormal conditions at this time. Step 12.0 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 curve 

that an overcooling transient is in og gss (see Section I.B of Part II) 

and therefore primary to secon iby eat transfer is excessive. He does 

not need to concern himself a this time whether the overcooling is due to 

excessive feedwater, loss of steam pressure control, or loss of feedwater 

heaters. 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 80" 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 RB pressure 

and temperature are normal, which will be the case for this particular 

transient, the operator is directed to Step 5.0 of Section III.C.  

Steps 5.0, 5.2, 5.3, 5.4, 5.5, and 5.6 of III.C effectively isolate the 

steam generators from most failures that would cause overcooling and 

indeed, by isolating MFW in Steps 5.3 and 5.4, this particular overcooling 

transient will be terminated.  
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OTSG "A" level is high therefore the operator will perform the actions 

under. Step 6.0. Maintaining RCS temperature at the present value by low

ering the TBS setpoint will prevent filling the pressurizer solid due to 

RCS reheating and swell and is especially important since RCS inventory 

has been increased due to HPI. HoweverjkAP is still in progress and must 

be throttled or stopped when the $ ling Rule is satisfied. Establish

ing EFW flow to maintain OT! 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 rapidly approach sa'tira

tion conditions and further operator actions and precautions are in order.  

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

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

For this particular transient these actions will worsen the overcooling by 

removing pump heat input and spraying FW into the steam space (decreasing 

the heat sour:e and in.c reasLng the heat sink). However, the operator 

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

in SG level. thus mni.rinzing the overcoi.ing due to FW. ( e 3 "Best Methods 

for Equipment Operation" in Part II, Section I.E).  
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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 Steps 5.3 and 5.4, 

terminate the excessive MFW.  

With the overcooling transient j ) ated, HPI flow will overcome the 

shrinkage of the RCS and rap ly 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).  

- 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.  
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- 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 Eskussed herein all involve a reactor 

trip. If a feedwater excurs E curs 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 

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.  
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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 V 

Figure A-7 has separate wilure 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 Part II, Section 

I.E, will restore proper control of the parameter in question.  

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 
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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 Part II, Section I.C. The operator 

should become familiar with this cha .  

I* 
Figure A-6 is provided t key d stinguishing 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.  

Loss of Reactor Inventory Control (High) 

A loss of reactor inventory control (high) exists whenever makeup or 

HPI flows are excessive causing the pressurizer to fill and over

pressurizing the RCS for the existing plant conditions. Severe ex

cessive feedwater transients involving large mismatches between 
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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 gen in Figure A-6 where manual 

initiation of HPI early i Ate transients (before automatic 

initiation by ES) shifts lY urves 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 

overwhelm 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 ac

complished using one HPI pump (preferably the normal makeup 

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 set

point to a value near the corresponding saturation pressure 

for the existing cold leg temperature. This will stop the 
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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) nd is increasing, the operator 

should terminate HIPI e* aign 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 Part II, 

Section I.E., "Best Methods for Equipment Operation." 

Loss of Reactor Inventory Control (Low) 

A loss of reactor inventory control (low) exists whenever makeup or 

HPI flow is insufficient to overcane a primary leak rate or the 

coolant contraction rate, resulting in drainage of the pressurizer.  

As stated previously, full HPI flow will be insufficient to maintain 

pressurizer level during severe excessive main 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 
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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 attainn 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 signifi

cantly more feedwater (main or emergency) is being injected into one 

or both steam generators than is required by existing 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 
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make superheated steam. The definition for excessive emergency feed

water (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 han can be boiled off in order 

to raise SG levels to the ap Vpiate setpoint. However, the rate 

at which FW builds SGWevs can be excessive and overcool the 

primary system.  

In addition, excessive emergency feedwater will 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).  

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

cause overcooling of the primary system, particularly when achieving 

the natural circulation level setpoint (20 ft) with low decay heat.  

Therefore, Section I.E of Part II states that the operator should 

throttle FW to obtain a gradual increase in SG levels and to main

tain 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 
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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 A1, the operator should recognize 

the overcooling as well as h flow and SG level higher than the 

appropriate setpoint.W&lowing the actions in Part I, Section 

III.C for excessive primary to secondary heat transfer will termi

nate the runaway FW. Step 5.0 of III.C requires the operator to 

close the EFW regulating valves and steps 5.3 and 5.4 isolate MFW.  

The operator should not restore FW to the generator with high level 

until the failure causing excessive FW has been identified and cor

rected. 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.  

Figure A-6 shows the impact of excessive main feedwater overcooling 

compounded by overcooling due to excessive EFW. 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.  
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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 ince the initial condition was 

excessive main feedwater with oo much primary to secondary heat 

transfer. In any case, u a total 1 oss of both main and emerg

ency feedwater subsequently occur, the operator will have more time 

available for corrective actions due to initial SG inventory in

crease 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 

similar (on the P-T curve) to an excessive feedwater transient. It 

can be caused by excessive main or emergency feedwater (discussed 

earlier) or by an unplanned steam flow through stuck open valves or 

a pipe break. Improper EFW flow control (or MFW flow control 

through the upper nozzles) will also result in a SG pressure 

reduction.  
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The operator will isolate both SG's (by isolating all FW, common 

steam extraction lines, and closing TBV's) and then monitor their 

respective levels and pressures. If both SG's stabilize, indicating 

a steam leakage path downstream of one of the steam extraction line 

isolation valves or in the TBV's he can restore FW to both. If 

only one SG stabilizes he wi 4store FW to that SG for DH removal 

and allow the broken to boil dry. In the highly unlikely event 

that neither SG stabilizes, the operator must pick one for DH re

moval while trying to locate the leakage path. One SG may be broken 

and the other may have a leaking MSRV.  

It should be noted that the overcooling caused by the excessive feed

water coupled with the overcooling due to loss of secondary pressure 

control may be too rapid and too severe to prevent pressurizer drain

age and saturation of the RCS. Figure A-6 shows the impact of exces

sive feedwater overcooling compounded by overcooling due to loss of 

steam pressure control. 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. When the overcooling transi

ent is terminated, the operator must react to prevent overpressuri

zation of the RCS and possible violation of NDT limits.  
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APPENDIX B 

LOSS OF MAIN FEEDWATER 

1.0 GENERAL TRANSIENT DESCRIPTION 

Loss of main feedwater is a failure 4(o control secondary inventory.  

Loss of Main Feedwater (LOFW) 'tnot by itself a severe transient.  

The plant was designed Yespond automatically to this event so 

that the important plant parameters, like RC pressure and tempera

ture, will stay within acceptable limits. The recent addition of an 

anticipatory reactor trip has helped reduce the severity of this 

transient even more.  

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.  
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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, c ld have a number of causes in

cluding a loss of the condensa * mps. Main feedwater pump trip is 

significant because it s 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 
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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 leve 14 On the P-T diagram below, this 

initial spike is shown (VX 1y exaggerated) to indicate its 

direction. In actual ?%f ice 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 signifi

cant. 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 art of the transient takes-much 

longer and will probab , %the first system behavior observed by 

the operator. The following P-T diagram shows the trend that he 3 
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 team 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 1FW1 b0 rate to prevent overcooli'ng.  

(EFW throttling should 0 e necessary when all RC pumps are 

off and the higher le 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 
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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 LOW e nt and increase the complexity 

of the transient. These c events require operator recogni*I 
tion and corrective act 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.  
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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 25 inches on 

the startup range. Secondary steam pressure will decrease below the 

post-trip setpoint of 1010 psig ap pthe steam generator dries out 

and can no longer prod e.knough steam to hold the setpoint 

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

II, the operator will identify that inadequate primary to secondary 

heat transfer exists at Step 11.0 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 MFW 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; 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 from any 

available source.  
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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 ina quate 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 
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By following the instructions in Part I, Sections I and II, the 

operator will identify the excessive primary to secondary heat trans

fer at Step 12.0 of Section II. This step directs him to Part I, 

Section III C. Following those actions will terminate the excessive 

EFW. A more detailed discussio of Loss of Secondary Inventory 

Control (High) is provided in A'ndix 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.  
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The operator should follow the instructions in Part I, Sections I 

and II. Step 12.0 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.  

*. 1 
These steps include isol Vi1 all feedwater to the "bad" OTSG by 

closing the control or olation 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.  
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Figure B-4. TIME RELATIONSHIP OF LOSS OF MAIN FEEDWATER WITH FAILURES 
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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 cool

ant to leak into the secondary deof the once through steam ghnera

tor (OTSG) where it is Ad into the steam plant. A SGTR is a 

serious accident; it citaminates the secondary plant and can lead 

to significant offsite doses if steam from the affected steam genera

tor(s) is released to the environment. It can have the complica

tions 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), exces

sive thermal or hydraulic loadings during severe plant transients, 

or mechanical wear due to foreign objects in the primary or second

ary 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). Some of 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), 

3. The pressure and temperature conditions in the primary and 

secondary systems, and 

4. The location (elevation) f, he tube failure in the steam 

generator tube bun '* 

On B&W plants, SGTR's have been limited to small leaks with leak 

rates less than 20 gpm. However, larger leak rates can occur. For 

a complete severance of one SG tube, a leak rate of approximately 

400 gpm at normal steam pressure and temperature 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 de

pressurized and the primary system loops have been drained. Hot 

shutdown is not a safe end condition for a SGTR.  

Maintaining an RCS subcooling margin will prevent the equalization 

of the primary and affected OTSG pressures. The primary to second

ary elevation difference will also prevent termination of the tube 

leak until the RCS is drained. Therefore, a rapid 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 
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very important. The RCS must be at cold shutdown before the BWST is 

depleted because recirculation from the sump is not possible, all in

jection water is lost through the steam lines. Therefore, the RCS 

cooldown and depressurization must be initiated as soon as safely 

possible. Since a tube leak is a small break LOCA, the general 

procedures for LOCA correcti .ust be also followed (see Appendix 

F). Some modificatiolE* 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 leaks, 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: 

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

generator has the leak.  

2. Bring the plant to a stab V ero power condition by: 

* Performing a plan r ack, or 

* Applying the appropriate Abnormal Transient Operating Guide

lines if a reactor trip occurs during another accident.  

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

sure is below the main steam safety valve setpoint.  

4. Once the RCS temperature is approximately 500F ( 540F for small 

leaks), 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 bypas line. Leak sizes 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 balance of 
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plant without inhibiting mitigation of the 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 fail s have occurred which will pre

vent a) plant depressur & on with the spray or PORV, or b) 

prevent the use o I h generators, then repair or bypass the 

failures if possible.  

6. Cooldown and depresurize 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 related 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 to bring 

the plant to a stable zero power condition and Sheet 2 addresses 

plant cooldown. Table C-3 outln gactions to minimize offsite re

leases for SGTR's with ad ;al equipment failures. These figures 

should be studied as a pplement to the follow-on sections.  
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3.0 EVENT DETECTION 

The first stage for correction of steam generator tube leaks is 

prompt detection and determining 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 s affected. Table C-1 summarizes 

the ways a SGTR and the af d steam generator can be detected.  

Secondary plant radiati vels are the best and most timely indica

tors 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 

DoxF).  

DAEI--1Apni ,Pg -



Table C-1. WAYS TO DETECT A SGR 

1. Abnormal Radiation Level in The secondary plant radiation monitors give 
Steam Plant the best indication of a primary to secondary 

leak. They are effective when the SGTR is 
* High readings and alarm the only accident or when a SGTR occurs along 

of condenser radiation with another accident. Both the steam line 
monitor and condenser radiation monitor will indicate 

a SGTR; but, the individual steam line moni
* High readings and alarm tors will show which stean generator is leak

of main steam line ing. Typically, a condenser radiation alarm 
radiation monitors. and an alarm on one of the stea line moni

tors will sound if a SGIR occurs.  

* A local frisk of the steam lines using 

e portable equipment can also be done 
to find the affected SG.  

2. LOCA Symptoms * The LOCA symptoms depend on the size of the 
SGTR (leak rate) and may not show up immedi

* 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 BPI initiation) best utilized as confirmatory indicators of 
* Low Letdown Storage Tank Level a SGTR.  

NOTE: A SUDR can be distinguished from a 
normal small break LOCA in that normal 
RB conditions (Pressure, tenperature, 
and radiation) should exist unless 
additional equipment failures occur.  

3. Asyrnetric SG Conditions Once the plant is tripped, asymmetric OTSG water 
levels may develop. When feedwater is stopped 

e Increasing water level with and water level is at or above the appropriate 
zero feedwater addition. control setpoint, the water level in the affected 

SG may continue to rise because of the primary 
to secondary leakage. This method of detection 
should be used only as a backup because it is 
effective only for very large leak rates. For 
small leaks asymmetric water level conditions 
will not develop; the reactor coolant will simply 
boil off as if it were normal feedwater. The 
differences in indicated feedwater flows between 
the unaffected and affected OTSG will not be 
significant enough to detect.  

* High activity levels or . The affected SG can also be identified.by drawing 
boron concentrations in a SC water sample. The affected SG will contain 
the secondary water . some activity and boron due to the presence of 
inventory. reactor coolant. This method of detection should 

be used only as a last resort because it is time 
consuming and requires action outside the control 
room. Coolant sampling becomes less effective 
as the transient evolves and the reactor coolant 
is mixed with the secondary coolant.  
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4.0 PLANT CONTROL AT POWER FOLLOWING A SGTR 

The second stage for correcting a SGTR is to stabilize reactor cool

ant.(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 f to stabilize pressurizer level and 

the pressurizer heate 1 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 

40.0 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 ("normal" 

plant conditions) 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 marg and pressurizer level must be 

re-established. Actions to be take discussed 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 s.tage for correcting 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). Depending on 

the leak size and other factors, e plant may be runback or it may 

trip. It is preferable to 11SAack as much as possible, even if a 

reactor trip is immis to avoid or limit lifting the steam 

safeties and releasing radioactive steam to the environment. Tube 

leaks can occur alone or other plant failures can occur at the same 

time. If other plant failures occur at the same time, it may be 

difficult to establish hot shutdown and then proceed with cooldown 

and depressurization. Generally, but not always, 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 will be given in a later portion 

of the text (Section 9.0).  

Action should be initiated to stablize pressurizer level and RCS 

I pressure while conducting a plant runback ( 5% per minute) 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 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 generators and ip the turbine.  

3. Trip reactor * 

4. Place TBV's ba 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.  
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5. Bring the plant to a hot stable condition so that a plant 

cooldown may be initiated.  

The status of the plant is now at hot zero power.. The next step is 

to begin a rapid cooldown and depr urization.  
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6.0 RAPID COOLDOWN AND DEPRESSURIZATION 

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

runback or has been stabilized following a reactor trip, a rapid 

cooldown and depressurization of the RCS should be started while 

maintaining the reactor coolant 4*th a minimum subcooled margin.  

NOTE: THE RAPID COOLDOWN ON MPLIES TO LARGE LEAKS OR CONDITIONS 

WHEN THE CONDENSER IS OPERATING. IT DOES NOT APPLY TO SMALL TI 
LEAKS WITH THE CONDENSER AND RC PUMPS OPERATING, WHERE A NEAR NORMAL 

COOLDOWN SHOULD BE USED.  

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 objective of the rapid cooldown is to bring the RCS subcooled 

temperature to a value 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. The initial rapid cooldown and 

depressurization should bring the RCS pressure and temperature to 

about 1000 psia and about 500F. The rapid cooldown rate should be 

about 100 F/Hr.  
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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 a4 stabilization period, the opera

I tor should check the status O'Xveral things so that he can decide 

on the best method for 8 bwn.  

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 TBV's. 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.  
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7.0 ISOLATION OF AFFECTED SG 

During the rapid cooldown and depressurization of the plant, isola

tion of the affected steam generator is recommended once the reactor 

coolant temperature approaches 500 F. Below this temperature, steam 

pressure will be below the sec de g safety valve lift setpoints and 

reactor coolant subcooli e uirements can be met. Isolation is 

defined as: Wo'I 

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 

steaming is needed.  

3. If the condenser is not available, the ADV's will have to be 

manually opened or the RCS must be cooled down by HPI cooling 

(very slow).  

4. Switching both the main and emergency feed pump and other steam 

supplies to the unaffected SG.  

The reactor coolant which leaks into the steam generator eventually 

must be steamed to limit the water accumulation in the generator.  

Steaming must be done when 95% on the operator range is reached.  

Steaming may also be needed to maintain natural circulation so that 

a reasonable rate of RCS cooldown to cold shutdown can be achieved.  

The decision to steam should be based on the actual situation; RCS 
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cooling, steam generator level, tube-to-shell AT, and the need to 

add feedwater for natural circulation will help make this decision.  

Feedwater should be isolated until the leak size is known. Small 

leaks will not provide enough wat* to the generator to maintain a 

minimum level and therefore Aeodic feeding will be required to 

keep the shell cool anda% 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 from both loops to prevent 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. When natural circulation is stopped, 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 fast rate of cooldown will 

limit the total water that leaks 4to the steam generator, limiting 

the offsite releases. A time ooldown will also allow the plant 

to be brought to a col % pressurized condition before the BWST is 

drained. Therefore, a rapid rate of cooldown (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 (Approximately 20 gpm) 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, but the tube-to-shell temperature difference should be 

monitored and maintained within normal limits (60F) to avoid 

excessive tube stress. Feed addition should be maintained at 

the low level limits to keep the lower shell covered. Depres

surization of the RCS is required continuously to maintain a 
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minimum subcooling margin while proceeding with RCS cooldown.  

If heat removal does become interrupted, then a path to the con

denser from the affected OTSG should be opened to prevent radio

active release through the safety valves or ADV's of the iso

lated generator. Intermittent eeding to the isolated generator 

may be required to mainta minimum water level if minor steam 

leaks occur. A le 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 (prefer

ably 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 (Approximately 20 gpm) 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 but may have to be lowered so 

that makeup can keep up with the leak and the RCS contraction.  

Pressurizer level should be maintained. The tube-to-shell temp

erature difference should be maintained within the emergency 
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limits (150F). Continuous feeding and steaming of the affected 

OTSG, at low flow rates; may be required to maintain 100 F/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 w' 1&j 6's On or Off 

If the tube leak is arge enough, the affected OTSG will contri

bute significantly to RCS cooling. The best approach is to 

steam the affected OTSG at a rate adequate to maintain a con

stant level. The rate of cooling (100 F/hr) can then be con

trolled by steaming the unaffected OTSG. If the affected OTSG 

begins to fill, steaming should be increased to limit level to 

95% on the operate range. The rate of RCS cooling may be temp

orarily exceeded to achieve level control. Once the 95% level 

is reached, continuous steaming of the leaking OTSG, without 

feedwater addition, will be required to maintain a constant rate 

of RCS cooling and to prevent overfill. If isolation of feed

water and adequate steaming of the affected OTSG is achieved 

early in the transient, the difficulties associated with OTSG 

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

down, the affected OTSG may begin to fill because the reduced 

core heat rejection will be unable to boil off the leaking re

actor coolant. If this occurs, most of the heat removal should 

be transferred to the affected OTSG. Intermittent feeding and 
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steaming of the unaffected OTSG may be required to maintain 

natural circulation (if RCP's are tripped), 100 F/hr cooling, 

and the emergency tube-to-shell limit. (Cooldown 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 :t s condition, the RCS must be 

depressurized so that the eat removal system can be started.  

The RCS subcooling requ ements 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 lowest 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.  

DATE: 3-2-81 Appendix C, Page C-22



BABCOCK & WILCOX NUMBER 
NUCLEAR POWER GENERATION DIVISION 

TECHNICAL DOCUMENT 76-1123298-00 

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 the decay heat removal system 
*N 

will depend on the conditions h? he plant at the start of cooldown.  

To determine the mode % oldown -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 

3 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". The "emergency" approach applies to 

an RCS cooldown when either one or two generators are available.  

A "Normal" cooldown is defined by limits as: 

- A close-to-normal cooldown rate is used 

- Tube-to-shell temperature limits do not exceed 60F 

Fuel decompression limits are not violated deliberately 
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An "Emergency" cooldown is defined by limits as: 

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

- Fuel decompression limits may be deliberately violated 

- The RC temperature should be dropped to 500F as fast as 

possible 

- After 500F is read t he' coldown 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 two 

conditions: leak size and availability of the condenser. These 

two conditions take into account the severity of the event. If 

the leak is large or the condenser is 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 cod( nt temperature (Thot) is reduced 

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

rate is small (welVOihin 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 sprays, etc.) must be available. The plant should be 

cooled within normal plant cooldown limits (fuel compression 

limits, 60F 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 must be by the single operating generator. To 

cooldown with one generator under these conditions the following 

apply: 

1. RC Pumps will keep circulation in both loops; if all RC Pumps 

were off the reactor coolant in the isolated generator would 

flash and prevent cooldown and depressurization. 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 can truly be used to store the leak

ing reactor coolant. The e 4  should still be closely moni

tored and steaming s be started if the water level ap

proaches 95% on the1 perate range.  

3. Continuous heat removal by the single generator is needed. The 

single generator will not only remove heat from the reactor cool

ant and core but also from the secondary fluid in the isolated 

generator, which acts as a heat source. At lower RC tempera

tures, the additional heat removal requirements on the good OTSG 

may result in a significant reduction in the rate of RCS cool

ing. If the rate of cooling is significantly reduced or inter

rupted, the isolated generator TBV's should be opened to in

crease RCS heat removal, preventing overfill of the affected 

OTSG.  

4. Depressurization should be controlled so that it closely follows 

the cooldown. A minimum reactor coolant subcooled margin should 

be maintained so that the leak rate is as small as possible.  

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 &T should be monitdred and normal limits 

maintained. The rate of cooldown should be controlled to 

maintain normal limits.  

The "emergency" mode is sele*d when: 

a. the condenser is n% available,or 

b. the leak is large , or 

c. the RPC's are not available.  

Note that if either one of the above conditions exists, the 

"emergency" mode must be used.  

Figure C-3 shows emergency modes for conditions when one generator 

or both generators are available.  

The cooldown mode 2 shown in Figure C-3 is to be used for a SGTR 

when HPI must be used to makeup for the leak rate and both steam 

generators are available and removing heat when the plant cooldown 

is initiated. This cooldown mode can be preceeded 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 and depressurized 

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

stabilized, and the isolation step has been performed: 

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

led manually to continue e cooldown. If the condenser is 

available, then the should be used.  

* If the RC PumWV e tripped on loss of subcooling margin 

they should be restarted if conditions permit; restart of 

the pump in the spray loop taking 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.  

* Monitor the water level in the isolated SG and initiate 

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

range.  

q If the leak does not provide enough water to keep a minimum 

level (natural circulation or forced level as appropriate), 

then feed the ruptured generator as required.  
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* If the plant is in natural circulation, both generators 

must 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 150 (See Part II, "Cooldown With One 

Steam Generator Out 1 Ce.  

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 

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

tor may or may not contain the SGTR. 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 flure modes. Figure C-3 outlines 

this third cooldown mode a *te circumstances when large offsite 

doses could occur.  

Since the Mode 3 "one generator cooldown" can only come about 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 

Some other plant failures, in addition to the tube leak, 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 th n desired. Some failures can 

cause the offsite releases 4 be large. Some failures can be 

repaired or bypassed %me can not 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 co 1 and depressurization. Details 

of the effects of d, rrections for failures are shown in 

Tables C-2 and C

* 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 isolated. 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 pres

sure) must be continuously fed at approximately 100 gpm, 

preferably through the main feedwater nozzles. Periodic 

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 a ral circulation. If the steam 

failure is in te fed (ruptured) generator and the 

leak flow is rge, the tube leak will usually provide 

adequate cooling. Unlike any other transients which do not 

recommend feeding a depressurized generator, a SGTR 

requires RCS cooldown to terminate the transient; there

fore, careful feeding of a depressurized generator is 

allowed.  

Steam leaks will most likely occur outside containment and 

be caused by valve failures rather than piping failures 

(TBS, MSRV's, etc). If the steam leak occurs inside con

tainment, 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 condi

tions may result, the offsite releases will be minimal 

after the RC temperature reaches 540 F. The time require

ments for termination of the SGTR transient may then be re

laxed because HPI sump recirculation can be utilized and 

offsite releases are minimized.  
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b. Partial loss of feedwater, where no feedwater is available 

to one OTSG, will normally require cooldown on the remain

ing 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 b e even slower; reactor coolant 

will not natura irculate in the idle loop. The 

stagnant loop st 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 feedwater 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.  

Offsite releases of reactor coolant may be significant due 

to the lengthy time that may be required to completely 
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cool and depressurize the RCS in this manner. Therefore, 

depressurization of the RCS should take precedence over a 

quench tank disc rupture. The BWST inventory should be 

carefully monitored when this mode of depressurization is 

utilized for extended pe of time.  

d. Total loss of fdwater (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 ultimately be released offsite.  

It will not be returned to the reactor building sump and 

cannot be reclaimed. Therefore, backup water supplies for 

the BWST may be necessary and should be prepared. Off

site releases will be very significant.  

DATE: 3-2-81 Appendix C, Page C-35



BWNP-20007 (6-76) 

BABCOCK & WILCOX NUMBER 
NUCLEAR POWER GENERATION DIVISION 

TECHNICAL DOCUMENT /6-1123298-00 

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 decompression limits p to the case of small leaks with 

RC Pumps running and thcondenser available; they may be vio

lated for other S.  

2. Normal tube-to-shell temperature limits (60F) apply to the case 

of small leaks with RC Pumps running and the condenser 

available. Emergency tube to shell temperature limits (150 F) 

apply to all other situations, except: 

The emergency limits may be violated at management discre

tion, if loss of core cooling injection water is eminent 

(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 

for all other cases 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 circulation, the cooldown rate should be re

duced to avoid RCS voiding (the recognition of void formation 

is discussed in Part II, Volume 1 of the ATOG). 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.  

5. The plant should be completely cooled down and depressurized 

before the BWST is drained. Simply placing the decay heat 

removal system into operati s not adequate.  

6. It is desirable to l4,'te plant on the decay heat removal 

system before poo uality backup.water must be injected into 

the steam generator by EFW.  
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11.0 SPECIAL TOPICS RELATED TO COOLDOWN 

S11.1 Ways to Depressurizer the RCS 

Two ways are available to depressurize the primary system.  

The first way is to use the pressurizer spray, and the 

second is to open the PQ . Use of the pressurizer spray 

is the preferred me since PORV operation can result in 

a quench tan k ure, abnormal reactor building pressure 

and temperature, and additional RB cleanup efforts.  

Pressurizer spray also provides better control and more 

rapid depressurization as opposed to cyclic PORV operation.  

The pressurizer spray is dependent on RC pump operation.  

Consequently, if the RC pumps have been tripped, two RC 

pumps should be restarted as soon as the restart criteria 

are satisfied (See RC pump Restart Criteria in "Best 

Methods for Equipment Operation."). An early restart of 

the RC pumps allows the pressurizer spray to be used and 

also limits the need to add additional feedwater to the 

affected OTSG to sustain natural circulation. The perform

ance of the pump motor and seal cavity cooling systems 

should also be periodically monitored to ensure that the 

pumps can be continuously run until the decay heat removal 

system is placed into a cooling mode of operation.  
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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 peration (open-shut) will be 

necessary. The best o maintain plant control is to 

continue the RCS e wn and depressurize with the PORV in a 

sawtooth manner between the 50F subcooled line and the 

subcooling margin line, as shown on the P-T diagram below.  

2600 , 

2400 
POST TRIP 

2200 WINDOW - I 
SUBCOOLED 

2000 REGION SUPERHEAT 

1OR0 !D REGION 

PORY 

m 1600 OPEN 

1400 
PORV SHUT 

1200 3 
~50F SUBCOOLED 

END POINT-POST TRIP WITH FORCED 

o 1000 STEAM PRESSRE LIMIT CIRCULATION (THOT & TCOLD) ---- ---- . -- AND FOR NATURAL 
CIRCULATION (TCOLD) 

NORMAL OPERATING POINT-POWER 

600 ~OPERATION (THOT) 

SUBCOOLED -1 END POINT-POST TRIP WITH NATURAL 
400 - CIRCULATION (THOT) 

400 450 500 550 600 650 7100 

Reactor Coolant And Steam Outlet Temperature-F 
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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 th MU/HPI flow may be necessary to 

* 1 
maintain an adequa t. essurizer water inventory and to 

prevent a los* 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 to 500 F and 

1000 psia 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 DHR into operation; (liquid level 

above the drop line is not known and a loss of decay 

heat suction would cal se pump cavitation). However, if 

it is definitel wn that no LOCA other than a tube 

leak exis 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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I 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 na ral circulation cooldown rather 

than a forced ci tion was used. To avoid this 

possibility, t w* nt should be operated as follows: 

Decay heat removal system startup after forced circula

tion cooldown: (The following options may be available): 

- Continue RC pump operation until the hot leg tempera

ture is lower than 212F (One pump. in each loop is 

adequate) or 

Place the decay heat removal system into operation at a 

higher temperature. After the DHRS is placed into 

operation, stop the RC pumps, monitor hot leg temp

eratures 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 over

pressurized.  
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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 a 

short time, but thereafter will drop since the reactor 

coolant temperature wtl,, be lower than the steam genera

tor liquid temp re; lack of heat transfer into the 

generator 'tnot 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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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 ca t bcooled to 212F using the steam 

generators 'n quently 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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APPENDIX. D 

LOSS OF OFFSITE POWER 

1.0 GENERAL TRANSIENT DESCRIPTION 

Loss of offsite power is a fail e to provide power to the plant 

auxiliaries from an offsi ource. It is not an "abnormal" 

transient or a faild o 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 plani auxiliaries will switch 

automatically from the auxiliary transformer to the startup 

transformer which now has no power4 Therefore, all power is lost to 

the plant auxiliaries except e components loaded on the 125V DC 

battery banks and 120 al 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 he EFW pumps into the top of the 

OTSG's will slowly quench or "'dense the steam. As a result, the 

OTSG steam pressure w ecrease 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 inc V as makeup flow raises pressuri

zer level back to its no A setpoint. When secondary pressure has 

increased to the TBS s oint 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 

On February 22, 1975, Arkansas Nuclear One, Unit 1 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.  

DATE: 3-2-81 Appendix D, Page D-4



BABCOCK & WILCOX NUMBER 
NUCLEAR POWER GENERATION DIVISION 

TECHNICAL DOCUMENT 76-1123298-00 

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 minute bus Hi, H2, and Al were switched 

to startup transformer #2 1 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 would have 

led to possible 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 their MADVs.  

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 of the steam 

pressure.  

Figure D-3 shows the loop A N essure versus time after trip.  

After an initial decrease dw4Wto Tave decrease following a reactor 

trip, the pressure be s 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 27, 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 LT 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 1OSS OF OFFSITE POWER - 2/22/75 
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Figure 0-5 LOSS OF OFFSITE POWER 2/22/75 
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Fijure 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 TSG's then throttle flow to both 

OTSG's such that: 

a. OTSG level is 1reasing 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 auxiliairies 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 busses 

- Trip of condensate and circulating water pumps 

- Automatic start of hydro generators 

- Trip of instrument air compressors 
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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 3 
obtain a stable shutdown after it occurs.  

As was pointed out, most ofk e? plant response is automatic. The 

operator must take foulRc ons: 1) assure 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 8.0 is the crucial step for diagnosis of a LOOP. The 6900V and 

4160V busses 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* busse he voltage will not be on all 

busses, therefore, the o e r will take the required remedial 

action.  

The remedial actions to be taken for Step 8 are: 

a. Start or verify the auto start and loading of the hydro genera

tors (automatic); this should occur within 23 seconeds 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

dent 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 t*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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Figure 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 Inventory Control Aow) 

A loss of reactor inventory *o exists whenever makeup or HPI is 

insufficient to overcol arimary leak rate. The most probable pri

mary leak is a failure to stop letdown, except through letdown 

orifice, after a reactor trip.  

The makeup pump busses are automatically loaded onto the diesel 

generators. 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 isolating 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 quickly approach the saturation pressure of the 

primary temperature. As long as primary temperature has been main

tained below 600F (which has a saturation pressure of 1500 psig), ES.  

will actuate HPI.  

DATE: 3-2-81 Appendix D, Page D-11



BWNP-20007 (6-76) 

BABCOCK & WILCOX NUMBER 
NUCLEAR POWER GENERATION DIVISION 

TECHNICAL DOCUMENT 76-1123298-00 

The symptoms of uncontrolled reactor inventory (low) will be, very 

similar to those of uncontrolled secondary inventory (high). The dis

tinguishing characteristics of the two events is that primary tempera

ture as well as pressure will decrease for the uncontrolled secondary 

inventory (high). As shown in Fi of D-9, the P-T diagrams are con

siderably different. Figure -D sows 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 11.8 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 Inventory Control (High) 

A loss of reactor inventory control (high) can result from excessive 

makeup or HPI. These can happen 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 S(Otor is allowed to, throttle the flow 

when subcooling ma(1 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 HPI 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 inven

tory control (high).  
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The actions the operator can take to regain control of the reactor 

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. A 

Caution: The makeup p a ould only be tripped after all 

other acti 'ave 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 

,oo 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 

pressurizer 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 11.0 of Part I, Section II, the operator will see that pri

mary to secondary heat transfer has been lost. Step 12.0 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 Inver (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 stopping of natural 

circulation cooling. Chapter D of Part II discusses methods of 

recovery from this condition.  

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.  
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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 pres re control will be lost.  

An operator using Part ection 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 the P-T display. 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 1, Section II, will diagnose the overcooling 

at Step 12.0. 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 

benerators undergo a pressure reduction significantly below the 

safety valve or TBS reseating set point. This is an overcooling 

transient and will look simlar n the P-T curve) to the small 

steam line break transi t cussed in Appendix E. There is 

nothing unique about 1 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 

- Presurizer 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 cirt ation. The HPI pumps are not 

powered and thus HPI cooli 8annot be initiated. However, the 

operator must establisi W, ing water flow to 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 reflux boiling 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 8.0 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 thON Lee station started before primary inventory 

control is lost.  
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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 a &s 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 fail

ures. 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, 
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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 la atnd condensate level as well as 

visual inspection will i t&he leak. If, however, the leak is 

inside containment, and Esignal 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% automatically with only a temporary loss of sub

cooled margin. HPI will be actuated by ES and will recover RCS pres

sure, although temporary drainage of the pressurizer may occur.  
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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 sed on a leak equivalent to 25% 

full flow and occurs with maxim lcay heat. A larger leak or lower 

decay heat levels would db t in a faster cooldown rate and could 

cause RCS saturation. As an example, refer to Figure 16 in Part II, 

"Diagnosis and Mitigation", showing the expected response to a larger 

steam leak.  

If the leak is unisolable the opertor 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 Diagnnosis Chart", in Part II, "Diagnosis and Mitigation".  

The P-T curve 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: 3-2-81 Appendix E, Page E-3



BWNP-20007 (6-76) 

BABCOCK & WILCOX NUMBER 
NUCLEAR POWER GENERATION DIVISION N1M3ER 

TECHNICAL DOCUMENT 76-1123298-00 

2.0 OPERATOR ACTIONS SUMMARY 

Immediate Actions 

- Start HPI if pressurizer level is less than 80" and RCS pressure 

is decreasing.  

- If the leaking generator is o bo it should be isolated; but if 

it is not obvious the n t!ep will help identify it.  

- Stop all feedwater to oth SG's; watch levels; the generator with 

the fastest level decrease is leaking; isolate it and restart 

feedwater to the generator(s) which repressurize.  

- Close TBV's.  

Follow remainder of Part 1, 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 ressure will be lower than the 

960 psig steam pressuv*vit) 

- Near normal or levels with feedwater addition 

*NOTE: Excess MEW 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 

3 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 Osig. In step 12.0 of Section II 

the operator should note tha rary to secondary heat transfer is 

excessive by observing t than normyal steam pressures and the 

overcooling trend indicated by Th response on the P-T curve. (Refer 

to the P-T curve, 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 80" and RCS pressure is decreasing. For 

this transient pressurizer level will go below 80" within about 40 

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 80". Reactor building pressure and temperature 

will be normal since the leak is through the TBS. valves; therefore 

the operator will proceed to Step 5.0.  
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Steps 5.0, 5.2, 5.3, 5.4, 5.5, and 5.6 of III.C effectively isolate 

the steam generators from most failures that would cause overcool

ing. Step 5.2 requires the operator to place the TBV's in manual 

and close them. Successful completion of this step will terminate 

the overcooling transient in thi s4case by isolating the leak. If 

the failure of the TBV's wa*u that it prevented manual closure 

(unlikely), the operat ld 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 given in the procedure and 

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 iso

lation valves. Since the BPI flow has increased the RCS in

ventory, allowing the RCS reheat to the MSRV lift set

Upoints would result iV uch higher pressurizer level and 

possibly a fullt urizer.  

- 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 d 1\We would then return to stable 

shutdown conditions by contrd D removal with the good SG.  

The procedure in Part I will result in isolation of the broken SG and 

restoration of stable shutdown conditions, regardless of whether the 

leak is inside or outside the RB. For example, if we assume the leak 

is inside the RB, then RB pressure and temperature would be increas

ing. Step 2.0 of III.C will direct the operator to Step 4.0. The 

operator will stop all feedwater to both SG's (4.0), close the TBV's 

(4.1), and determine which SG is broken by observing SG levels and 

pressures (4.2). He will then isolate that SG and allow it to boil 

dry and restart feedwater for DH removal with the good SG. FW should 

be stopped by closing the control valves; the pumps should not be 

stopped. Stopping feedwater is not dangerous as long as it is re

started before both steam generators dry out. When the broken SG is 

identified, then the motor-driven EFW pump for that SG, if in opera

tion, may be stopped. If the leak was unisolable but outside of the 

RB, the operator would go to Step 5.0 of III.C (RB pressure and temp

erature normal) and would isolate the broken SG in much the same manner.  

The primary difference is that this section of the procedure also ad

dresses the possibility of excessive feedwater as the cause of overcooling.  
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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 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, 

Section I.E, "Best Methods for Eq pment Operation"). It is desir

able, for this transient, t na ntain forced circulation of primary 

coolant as long as th is abve the subcooled margin. There

fore, following the ES trip on RB pressure (within ten minutes), the 

operator should take manual control and restore LPSW flow. If, for 

some reason, seal injection flow is lost along with LPSW, the 

operator must restore seal injection or LPSW within sixty seconds or 

trip the RC pumps.  

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".  
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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 h assumes a reactor trip does 

occur. All the data that ws starts from the time of reactor 

trip. The failures are wn to occur when a component has to oper

ate (for example, after a reactor trip the ICS shown automatically 

run back MFW; the failure shown is that MFW does not run back).  

It must be remembered that all steam leaks will not look exactly like 

the examples used. The primary purpose of these examples is to pro

mote operator familiarity with the symptoms and effects of steam 

leaks.  

Branch Discussion 

Figure E-4 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. (Minor fail

ures, 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, "Overcooling Diagnosis 

Chart", in Part II, Section I.C, "Diagnosis and Mitigation". The 

operator should become familiar with this chart.  
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Figure E-3 is provided to show key distinguishing parameters for 

small steam leaks that have a time dependency important to the opera

tor in identifying both the type and severity of transient. The para

meter plots show typical responses to a steam leak equivalent to 25% 

full flow with automatic HPI at tion. Arrows, where used, show 

the effect of other failure a of operator actions on the time 

relationship.  

Loss of Reactor Inventory Control (High) 

A loss of reactor inventory control (high) exists whenever makeup or 

HPI flows are excessive causing the pressurizer to fill and overpres

surizing 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 smaller steam leaks and when the 

overcooling has been terminated, full HPI flow will overwhelm 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 overpressurization.  
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The operator actions required to restore proper RCS inventory and 

pressure control are identical to those discussed in Appendix A under 

"Loss of Reactor Inventory Control (High)". To accomplish this ob

jective, the operator must be able to control TBV's to limit reheat

ing of the RCS.  

Loss of. Reactor InventoryW ol (Low) 

A loss of reactor inventory control (low) exists whenever makeup or 

HPI flow is insufficent 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 termi

nated before the pressurizer empties, the RCS will reheat and the 

resultant swell will restore pressurizer level. If the overcooling 

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 

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 response on the 

P-T curve 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 SG levels. Large feedwater mismatches can 

cause more severe effects on the RIC than small steam leaks and must 
*91 

be corrected much faster. A I X d discussion of excessive main 

feedwater is contained in pndix 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 exces

sive 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) 

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 primary system.  

In addition, excessive emergency feedwater can 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 EFW in near the top of the tube bundle (into the 

steam space).  
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Should the EFW or MFW flow be excessive, the operator should recog

nize the overcooling as well as high FW flow. Following the actions 

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

transfer will terminate the excessive FW. Step 5.0 of III.C 

requires the operator to close th EFW regulating valves and steps 

5.3 and 5.4 isolate MFW.  
Fe.  

Figure E-3 shows the impact of small steam leak overcooling compound

ed by overcooling due to excessive feedwater. The curves for RCS 

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

reduction and drainage of the pressurizer will occur faster. Exces

sive 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 SC 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 qists whenever one or both steam 

generators undergo a pressure Suction significantly below the TBS 

reseat setpoint. It i - overcooling transient and, since a small 

steam leak is a loss of steam pressure control, it will look similar 

(on the P-T curve) 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 Part II.  

Section 2.0 of this appendix already covered loss of steam pressure 

control due to steam leaks alone.  
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APPENDIX F 

LOSS OF COOLANT ACCIDENTS 

1.0 Introduction 

A loss of coolant accident (LOCA) defined as any event during 

which reactor coolant escapes d loss of integrity of the primary 

coolant system. A LOCA c i $ur at any time (power operation, cool

down, heatup, cold shutdown) and can be either an initiating event or 

a result of another accident. Usually LOCA's release reactor coolant 

to the contaminant 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 principles 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 Injection 

(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 s lost from the primary system 

depends on the break size gh which the reactor coolant can 

pass. LOCA's can ran om 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 reflux boiling may be 

the only means by which the steam generators can remove energy 

from the reactor coolant. For many LOCA's these conditions -are 

temporary and can be prevented by operator isolation. For a LOCA 

which cannot be isolated, the evolution of the transient 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 severly 

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 enery from the primary system and uses 

the reactor building as * Heat sink. If the break is large 

enough the steam geIW ar is not"'ne ded 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 available from the other units).  

Depressurization is required for the 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 re

actor building will increase,Tg use of emergency building cool

ing systems may be nec In addition to maintenance of core 

cooling, the operato bust also control the reactor building en

vironment to prevent or limit offsite radiation releases. Con

trol 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 re

sponse 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 B reak 

2. Small Break 

3. Small Leak 

These categories are used thu e response of the RCS is differ

ent. Each category will discussed separately.  

Large Breaks 

A large break is a major failure of the primary system pressure bound

ary which depressurizes the reactor coolant system rapidly and almost 

completely. This is a designer's event that establishes the size of 

the core fl od tanks, the size of the LPI flow rate and the size of 

the containment cooling systems (sprays and coolers). A large break 

LOCA has never occurred at a commercial nuclear 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 system and 
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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 Aactor coolant will saturate and 

change to steam due to system depressurization and core 

heat removal. 3 

Blowdown ends when the primary system and the containment 

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.  

During 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 coolant will 

be less than the secondary feedwater temperature. The 

steam generators remove heat only as long as the primary 

temperature is above the secondary temperature. 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 recove the core with water.  

During b1 N 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 system 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 

containment pressure (4 and 10 psig) and water will 

accumulate 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 fo a large break.  

Refill: At the end of blowdown the primary system is at a low pressure, 

and little or no water is left i it (see end condition in Figure 

F-1). However, the CFT's -LPI and the HPI will be adding 

water to the system. emergency injection water entering the 

system accumulates and begins to refill the reactor vessel. Re

fill is defined as the time required to refill the reactor vessel 

lower head up to 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 en

ters 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. During re

flood, water from the ECCS refloods the RV up to the elevation of 
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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 th Ae will be recovered with water and 

the fuel clad tempe a reduced to within a few degrees of the 

saturation temperature (the core exit thermocouples should show 

approximately saturatedb conditions). Core cooing thereafter is 

maintained by 'continuously adding injection water from. the low 

pressure injectiwon system so that the core remains covered by 

water. The CFrt will empty, and the HPI system can be secured 

I(see Guidelines for 'HPI termination in "Best Methods for Equip

pment Operationo).  

Figure F-l shows the reflood phase. Two examples are given: one 

for a large break cta high location in the system ad 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 transferred from 

the secondary side of the steam generators (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 e break to the reactor building. The 

reactor building p ssure 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 and the reactor building pressure and tempera

ture 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 dia

gram) 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 contain

ment 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.  
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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 accide tIN long as the ECCS is operating.  

For small breaks the oper tQ can play a vital role in minimizing 

the consequences of the cident.  

As a rule of thumb, small breaks are between small leaks and large 

breaks: 

Small Leak Large Break 

Breaks 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 attached 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 charac rized by a slow depressurization 

relative to large breaks. F U onditions in the RCS change gradu

ally and smoothly, an wxperature 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 circulation flow phase will 

end almost immediately after the RC pumps are tripped. For all 

small breaks, core cooling is maintained during the "low circula

tion" phase.  

* 
After the "flow circulation" ion of a small break, the reactor 

coolant "settles out".' b 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 droximately secondary side 

pressure 

3. Small breaks which ma epessurize 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. Thereafter the water levels 

within the system will decrease until emergency cooling water flow

rate exceeds the rate of water boiloff in the core. The net amount 
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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 ples of the system P-T response up 

to the time where the oeat 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 increses 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). These smaller breaks 

cannot remove energy from the primar 1stem fast enough to allow a con

tinuous RCS depressuriaztion. FoltfeXig the "flow circulation" portion of 

the transient, the system 1 stabilize at or near the secondary side 

pressure. For these breaks, the steam generators can move 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 re

flux boiling) 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 illustrated 

in Figure F-6. As shown in Figure F-6, the "flow circulation period" is 

short-lived, and the system stabilizes slightly above steam generator pres

sure. 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 further. Since the generators are removing heat 

from the RCS by condensing steam, another important opertor action will be 

to begin a plant cooldown and depressurization by decreasing steam pres

sure. The primary system will depressurize because more steam will be con

densed. As system pressure is decreased the ECCS system will flow at a 
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higher rate, and a refill of the system becomes more likely. During the 

refill, RCS pressure may stabilize or increase slightly (while still satu

rated) as the RCS water level coveres the condensing surface in the steam 

generators. For this break size range, a refill and repressurization is 

not likely until the RCS pressure has bken lowered to the LPI pressure.  

Repressurization of the RCS when 1 is in a saturated state will be 

more likely for the next categ f 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 results in enough steam formation to interrupt loop circulation. When 

the flow stops and the reactor coolant settles out", the RCS may gradu

ally repressurize. The repressuriVhn occurs because the break alone is 

not large enough to depress a the RCS and the rector 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 safey valve setpoint once enough RCS inventory has been lost 

and the reactor coolant water level drops below the upper feedwater injec

tion 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 pressuri

zer 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 above the PORV 

pressure setpoint.  
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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 import~n factors in small break control.  

When the reactor coolant syste Vssure is high the leak flow will be 

high and the HPI flowrate wi 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 t repressurize or to depressurize 

more slowly. Figures F-8 to F-10 V system responses for three differ

ent break sizes. These bre% ses 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 reflux boiling would start.  
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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 siz4 hout secondary inventory, the 

operator should actuate the HPI( already on) and open the PORV when 

primary to secondary heat tran er is lost. The RC pumps should also be 

tripped if the RC subcooled margin is lost. The RCS is being cooled by 

"HPI LOCA 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 energy content per pound than water does). The big 

change for pressurizer breaks i 4P e response of pressurizer level.  

Figure F-11 shows a P-T di rk 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 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 pres

surizer can be water solid and subcooled. This would not be the expected 

response for a stuck open PORV since the PORV can be isolated. For these 

cases, 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 acks in the primary system piping 

or attachments (instrument lined Dhotwells, or auxiliary system 

lines). This category woul crespond 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 eak is unisolable.  

3.0 POST LOCA - PLANT CONTRQ.% 

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 must be 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 .relase when RC pressure drops below 

600 psig. Isolate CFT's er discharge to prevent N2 from 

entering RCS.  

6. Locate and if possible isolate the break (check for steam genera

.or 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, isolate and let both 

generators dry out.  

Containment Control 

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 tWf sump for injection.  

11. Turn off containment spra Sen containment pressure reaches 4 

psig and is decreasind %eep 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 

DATE: 3-2-81 Appendix F, Page F-38



BWNP-20007 (6-76) 

BABCOCK & WILCOX 
NUCLEAR POWER GENERATION DIVISION NUMBER 

TECHNICAL DOCUMENT 76-1123298-00 

allow for a potential refill of the primary system. Depressurization to 

cold conditions is essential for tube leaks because all the 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 gen & approach to accident mitigation 

(core cooling) and establishm V 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 will be discussed.  

Dd 
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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 Accident Mitigation er. For LOCA's, some of the re

quired actions are of special s. cance: 

1. Verification that E tarts 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 th ediale actions, the P-T and other 

parameters should be monitored e termine 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 acci

dent is not underway. Usually the accidents that can be eliminated 

readily are overcooling accidents; these can often be eliminated by review

ing 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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I Table F-2. HOW TO DISTINGUISH LOCAtS 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 break 

* Sustained saturation ( oes not return the reactor to a sub

cooled state within 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. THEY CAN OCCUR INSIDE THE CONTAINMENT 

OR OUTSIDE. STEAM GENERATOR TUBE LEAKS ARE LOCA'S. 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 inclu Ashth the pressure-temperature re
* 

sponse characteristics and othe 16t or plant symptoms for the complete 

spectrum of LOCA's. Some LA'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 Accident 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 or ary-to-secondary heat transfer, 

an RCS cooldown and depressurizat i ust be started. The plant is not in 

a safe condition until it is Wressurized and the ECCS systems are align

ed 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 featur provided by the ES. Verification 

of the HPI flows is a general ac N be taken following HPI actuation 

at any time, and is rnsurethat 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 LOCA 

when the pumps are tripped because it aids reflux boiling (boiling 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 controlled 

manner as described in the Best Methods chapter. The last action, which 

is to attempt to locate and isolate the break, should be taken whenever 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 immed te cooldown of the system to 

establish a stable long-term coo in should be started. If lack of 

primary to secondary heat tra Ver (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 over king transients. The first type 

(right-hand portion of Figure F-13 overheating due to a loss of second

ary inventory (no feedwater), 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 an 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 

10OF below the hot leg temperature and a RC pump should be started and run 

continuously. After these actions, a co Aown can be started to establish 

a stable long-term cooling mode. e RC pumps are not available, the 

PORV can be opened (HPI coolin t 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 Aturation and steam pressure can 

also be low. Low steam pressure both steam generators is possible 

(without equipment failures) euse 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 s tdown (forced or natural circu

lation). Ilk 

2. Small break with HPI "on" 3 
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 trans

fer (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 better 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.  
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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 s uld be started (see RC Pump re

start criteria) if the plant V in a subcooled natural circulation 

condition on at least 01'% nerator. With RC Pumps running and the 

reactor coolant subcooled, the steam generator water levels can also 

be controlled at the normal low level limits. 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 injection system must be throttled to match the leak and to main

tain 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 build

ing sump and the HPI-LPI systems aligned in the piggyback mode (HPI 

pumps take suction from discharge of he LPI pumps) so as to maintain 
*t 1 

continuous RCS inventory contro 4 The CFT's may also be isolated if 

the plant is cooled down Okxubcooled 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 con

trols 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 satu

rated 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 pres

sure is reduced, and (2) decay heat is slowly dropping. If the RIC 

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 condition, the CFT 
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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.  

* &ay 

When 150 psig is reached the norma% ay heat removal system can be en

gaged if the reactor coolant ubcooled. 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 t HPI system and realign the HPI 

in piggyback with LPI to d w rom the sump on recirculation if 

the BWST runs out. (b* 

While saturated conditions and no primary to secondary heat transfer 

exists, 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 

DATE: 3-2-81 Appendix F, Page F-60



LOCA REPRISSSOZATOON DUE TO LOSS OF STEAM CONCENSING SURFACE ON SO'SLANFROaR 

POST TRIP 

2000 

REGIONGIO 

z 1600z 

1400 

O1000 

6 00 ful l 

EDOOLE U0 IR I NLN 
400 450 500 550 000 650 TOO 

Reactol Cool nt ateSO... Outlet Temelature. F 

NOTES: S. FR IS AVAILA13LE TO AT LEAST 1 SG.  

2. SEE FIGURE F-7 FOR EXAMP'LE LOCA TRANSIENT. LNRSEMPESR 

LOCA ROTH REVERSE HT TRANSFER DUE TO MOO DEPRESSURIZATION 

200 

2200 -A rt SATURATED CONDITONRS NITH ML 

T E ER 
E OEIO 

16100 

1400 HETTANFRT 

100 NO R.YES 

1000 -S
T
EAM PRESSRE UITy 

eoo ~~~I- H0 
TOLT OR SL 

600AO 55 NIH e 

OPEN P-R -1C1L OFDC 10COEPOEUEFRS OE 

0400 40 500 550 B' go T 790YRE 
RC S OOTON N ML 

Ractor Coolant at Sloam Outlet Teltoeratule. F 

NOTES: I- PRCS < PSG 3 2. SEE FIGARE F-S FOR TYPICAL LGA ESAFFLE.



BWNP-20007 (6-76) 

BABCOCK & WILCOX NUMBER 
NUCLEAR POWER GENERATION DIVISION 

TECHNICAL DOCUMENT 76-1123298-00 

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 allo vablishment of a long-term cooling 

mode where the DHR System (l0na 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.  

Containment Control for LOCA's 

Depending on the size of the break, containment coolers (at 4 psig) or con

tainment sprays (at 10 psig) may be initiated. The only operator actions 

needed are to monitor their performance to make sure they are working 

properly. Monitoring performance includes: 

1. Ensure that containment pressure is kept below design.  

2. Ensure that the cooling systems are operating 

- Sprays- Check spray flow rate 

- Coolers - Check flow rate and check cooler AP's 

for leaks. If leaks occur, the leaking cooler 

should be isolated to prevent dilution of the 

sump.  

3. Once containment pressure turns around and decreases to 4 psig, the 

sprays can be shut off by bypassing the ES channel, stopping the 

pumps, and closing the injection valves. Coolers should be kept 

running.  
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Containment isolation may also be actuated (non-essential at low RC pres

sure of 1500 psig, remainder at high RB pressure. of 4 psig). Two general 

actions are desired: 

1. All penetrations not necessary for core or containment cooling that 

connect to the containment atmospher or to the RCS should be checked 

to make sure they are closed.  

2. Containment isolation (a ,pressure of 4 psig) will close off cool

ing water to the RC Pumps. They should be tripped to prevent damage 

(per the RC Pump trip criteria in the Best Methods chapter) if cool

ing water is not rapidly restored.  

NOTE:- LOCA blowdown forces may have broken cooling water lines near the 

RC Pumps; usually only a big LOCA will have enough force to do this 

and the RC Pumps will not be needed later. But caution should be 

given to reopening the lines; the component cooling water surge 

tank level should be watched when re-establishing flow to the RCP 

cooling jacket and seal coolers. If the surge *tank level drops 

abruptly, the lines are leaking and must be reisolated to prevent 

loss of cooling pump NPSH. No surge tank or flow indications are 

available for LPSW to the RCP air coolers and bearing coolers. How

ever, a rupture of these lines may cause a large reduction in flow 

through the RB coolers which can be monitored.  

Large break LOCA's will cool the RC system down fast and draw heat from 

the steam generators. The rapid heat removal may cause enough steam pres

sure loss to result in a trip of the MFW pumps and subsequent initiation 

of EFW. For a large break the steam generators are not needed, but EFW 

should be allowed to go to 50% automatically.  
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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 ]n erm and the end of core cooling 

requirements by the ECC system * end of core cooling requirements is 

the time when the core is reved 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 

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.  
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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 mod with HPI piggyback) estab- N 
lishes long-term cooling. IDS.tablish long-term cooling for large 

.breaks, the LPI system is placed in the recirculation mode from the sump.  

Boron Precipitation 

Within twety-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).  
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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 v sel.  

Preserving the LPI System for erm 

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.  

Hydrogen Purge 

Following a large break, hydrogen can accumulate within the containment.  

The potential sources of hydrogen inside the containment are: 

1. Radiolytic decomposition of water within the sump and reactor core 

2. Metal-water reaction of the fuel pin cladding 

3. Dissolved hydrogen within the reactor 
coolant 

4. Corrosion of aluminum 

DATE: 3-2-81 
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Because hydrogen can build up, samples of the containment atmosphere 

should be drawn and analyzed once the ECCS has been aligned for long-term 

cooling. If the hydrogen concentration exceeds 3.5%, the hydrogen purge 

system should be manually started. Under worst case conditions, operation 

of the hydrogen purge system should not required for more than 10 days 
* 1 

after the LOCA occurs. This actio if important, when required, because 

it prevents the accumulati oW a large concentration of explosive 

hydrogen.  
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If 
I. Table F-5 SUMMARY OF LONG-TERM 

COOLING ACTIONS 

I 
I 

I 
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 LPT 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.  

I 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%.  

I 
I 
I.  
I
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3 Figure F-12 POST-LOCA CORRECTIVE ACTION FOR LACK 

OF ADEQUATE SUBCOOLED MARGIN 

EXPECTED POST TRIP RESPONSE FOR LOCA WITH LOSS OF SUBCODLING EXPECTED POST LOCA P-T CONDITION WITH SUSTAINED SATURATION & PRIMARY TO SECONDARY HEAT 

2610 ~SUBOCOOLED MARGIN TRANSFER 

2400 

2200 - e11 
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1800 - REGION SU HEAT*PL 
01800PRPREGION 
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RNOTE. 

1. TOLD COLLO BE EQUAL TO TNOT OR SLIGHTLY SUSCOOLED.  

I SUBC00LED MARGIN? 

YES NO 

I 
(SEE BEST METHODS FOR EQUIPMENT 

(OVERHEATING OR INBTSG 
OVERCO0LING) 

NO YESI 

I 

TREAT OVERCOLING OR OVERHEATING PER GOSOOTPLANT C00LODRN PROCEDUREYFOR 
GO TO PLANT COOLDOWN PROCEDURE FOR 3 SIIC~lD CRCITQAS ITHA SMLL BEAKPROCEORE (SEE FIGURES 22 OR F-13) SATURATED CONDITION WITH A SMALL BREAK [TRANSFER (GO TO FIGURE F-13) 
SUBCOOLED CONDITIONS WITH A SMAILL BREAK 

POEUE(E IUE 2O -3 

I 
. FOR NORE DETAILS, SO TO ATOG PART II BEST METHDDS OF 

EQUIPMENT OERATION.



TABLE F-4 SYMPTOMS FOR LOCA'S 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) 

3 ~ ~~~~FAILURE LOCATING SYMPTOMS ISOLATING HARDWAREFALRLOTIGSMOS 

Makeup and - Low letdown storage tank Letdown valve 1 ta eeao ues ihsemln aito 
purification level upstream of -Hg ta eeao ee 
system outside - High component cooling_ coolers -Hg odne aito 
containment and water surge tank level 
letdown coolers (for breaks in letdown 

cool er) PesrzrSft avs-Fo oio lr 
- Local sump levels, Iul unhtn ee I - ~~~~~~~~radiation alarms _Hg unhtn eprtr 

-HgCCdischarge tempera- (hs ilol ego hl h 3 ~ ~~~~~~~~ture from letdown coolersqunhtkrpuedik sgo) 

Seal return - Low letdown storage tank Seal return**l) 
line and seal level isolation valveHIIneto LieBek-Fwimanc btenincin*3 
return cooler - High RCW radiation___ 

outside contain- - High RCW surge tank level(Hg flwilbetruh ron 
ment (for breaks in seal return 

cooler) 
-Local sump levels, (3OF 
radiation alarmsRCPm SelFiue-Hgselrtntmpaue 

- High seal return flow cmie ih 
- High RCW seal return coolerLostean uprsagpesrs 

discharge temperature aeeuladhg 
(local) 

3 ~ ~~~~Pressurizer - Flow Monitor Alarm PORV isolation vavRC Intueaio Lns 
electromatic - High quench tank level -PesrzrLvl-Flelwee edn relief valve *-High quench tank temp--_________ 

erature -CFo ___________________ 

(These will only be good konpm prto 
when the quench tank 
rupture disk is good) 

Makeup-letdown - High letdown storage tank Letdown control**l aeppm ills uto n al 
imbalance (this is level valve 
not a break, but is - Bleed holdup tank level2) Iaeut Coe oligGdlnsfrlss fdcy 

loss of coolant) - Makeup flow rate (+) sealhetrmvlsodbeipmne.  

Decay heat removal - High or low decay heat Decay heat letdow* oln rls fijcio aebtteoiiewl 
line break outside removal flow drop line valve lmtteHIfo u h ra. Blnigtetomi 
containment (decay heat -Low pumD suction Dress.ineto lnsfrmamu fow whc isdeatray I ~ ~~~~~~~~~~~~~removal system in - Local sump and local HIatain ilesr dqaepme lwetr h 
operation-plant is radiation alarms cr. I hudb oe htwt he P up tre 
cooled down) atmtcly ri lwwl e4-0 ihrta 

Decay heat cooler - High LPSW teprtre at Cooler isolation 
tube leak (decay DH-c-ooler outlet. valves 
heat removal sys.  
in operation- plant I is cooled down)
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Table F-3 SUMMARY OF GENERAL LOCA SYMPTOMS 

A. INITIAL P-T DIAGRAM CHARACTERISTICS 

2600 

2400 
POST TRIP 

I22 0o - -- 7 2200 WINDOW 

2000 
- TROT a. Rapid system depressuriza

1800 - SURCOOLED HOT SUPERHEAT tion to.saturated reactor 
REGION REGION coolant COnditions.  I1600 1400 b. Sustained saturation (i.e., 

HPI does ntrtr h 
1200 -STEAM PRESSURE END POINT-POST TRIP WITH FORCED Hec no t t the 
S LIMIT rarcool ant toaub 

I 1000 tim _ _ __LCIRCULATION (TOOT & TCOLD) AND COoled state within 5-10 
Z 0FOR NATURAL CIRCULATION(TCOLD) minutes).  

NORMAL OPERATION.POINT-POWER 
600 -OPERATION (

T
NOT) 

L SUSCOOLED r- ENO POINT-POST TRIP WITH 
400 MARGIN LINE NATURAL CIRCULATION (THOT) 

400 450 500 550 600 650 700 

Reactor Coolant And Steam Outlet Temperature-F 

I I B. POSSIBLE EVENTS OR OTHER PLANT LEVEL SYMPTOMS (EXTRACTED FROM LOCA CONCEPTS SECIN 

SMALL SMALL BREAK LARGE 

I 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 

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** 

I *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. H 

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. is 

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.
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Table F-1 GENERAL POST-LOCA CORRECTIVE ACTION 

TO MAINTAIN CORE COOLING 

LOCA 

I 
IMMEDIATE ACTIONS I 

VITAL SYSTEM 

STATUS CHECKS 

I 
MONITORING 

1. REVIEW PLANT SYMPTOMS VIA P-T RESPONSE AND OTHER 

IMPORTANT PLANT VARIABLES 

2. IDENTIFY THAT A LOCA IS IN PROGRESS 

I 
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 

I 
II 

ISOLATED LOCA BIG LOCA 

I 

NON-ISOLATABLE 
SMALL LOCA 

HASRMRIMARY TO SECONDARY 

HT TRANSFER BEEN 
RFTORFD HAS PRIMARY TO SECONDARY 

YES NO HT TRANSFER BEEN 
ESTABLISHE 

NO YES 

PLANT CORE COOING 

STABILIZATION BY BACKUP 

(HOT SHUTDOWN) METHODS 

COOLDOIN & DEPRESS 
THE PLANT 

IOIN



STUCK OPEN PORY Figure F-li SYSTEll RESPONSE FOR SMALL BREAM WITHIN PRESSURIZER STEAM SPACE 

REFERENCE TIME 
POINTS (SECONDS) REMARKS 

1 0 LOCA OCCURS WITH REACTOR INITIALLY AT POWER; STUCK OPEN PORV 
IS EQUIVALENT TO ABOUT A ONE-INCH DIAMETER HOLE.  

1-2 0-60 RCS PRESSURE DROPS AS THE PRESSURIZER STEAM SPACE IS VENTED POST TRIP 

OUT THE BREAK. PRESSURIZER LEVEL INCREASES.  

2 60 PRESSURE DROPS TO THE RPS TRIP SETPOINT; THE REACTOR TRIPS. 22 -

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 SUICOOLED 

RCRESIONSTHOT 

I3 15 THE HOT LEG SATURATES.  

3-4 0 RCS IS IN. TWO-PHASE NATURAL CIRCULATION. PRESSURE AAD TEMPERATURE 1 
CONDITIONS DECREASE ALONG THE SATURATION CURVE AND STAB 

1200 PSI. PRESSURIZER LEVELS ARE INCREASING AS THE STEAM SPACE IS 4 
DEPLETED. EDPITPS RPWT 

4 490 THE PRESSURIZER FILLS.R A A 

4-5 >490 SYSTEM STABILIZES AT ABOUT 1200 PSI, AND TWO-PHASE NATURAL 
CIRCULATION TO 

CIRCULATION IS NEVER LOST. HPI WILL EVENTUALLY RETURN THE SYSTEM OPERATING 
TO A SUBCOOLED STATE. WITHOUT ISOLATION OF THE PORV, ASLDWTR80.OEAIN(HT 

I COOLOOWN WOULD BE REQUIRED.  
SATUATIO ENDPOINT-POST TRIP WITH Ig AUA CIRCULATION (THOTI 
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I 

I 

0.01 FT2 
BREAK AT PUMP DISCHARGE 

(BOTH HPI AND EFW ARE ASSUMED TO 
BE DELAYED FOR 20 MINUTES) I 

~~~~~~~~REFERENCE TIME 
NT: SEMRSUETMEAUE 

POINT (SECONDS) REMARKS240RESOT 
SEA P& 

g1 

0.0 

S E 

OCCURS WITH REACTOR INITIALLY AT 

RESONS 
BREAK IS 

REIVA 

TO 1.35 INCH DIAMETER HOLE.2 
1-2 0-50 RCS PRESSURE AND PRESSURIZER LEVEL DROP DUE TO THE LOSS COOLANT. 

REFEOD 

2E00LAYD FRSC0MINLES 

2 50 RCS PRESSURE DROPS TO BPS TRIP SETPOINT; THE REACTOR TRIP. LS 80WNO OF DFFSITE POWER OCCURS. AND THE RC PUMPS AND MAIN FEEDQA ALOST 

EFW FAILS TO START.  

2-3 50-120 AS RCS PRESSURE DROPS, THE REACTOR COOLANT SUBCOOLING MARGIN IS 
LOST AND ES IS ACTUATED ON LOW RCS PRESSURE. HPI IS ASSUMED 
TO FAIL.  

3 120 HOT LEG SATURATES.  

3-4 120-280 SG'S SLOWLY BOIL DRY.  

4 280 SG COOLING IS ESSENTIALLY LOST.  
4-5 280-1200 RCS REPRESSURIZES DUE TO LACK OF PRIMARY TO SECONDARY HEAT TRANSFER 

AND THE BREAK'S INABILITY TO REMOVE ENOUGH ENERGY (I.E., BREAK IS 
TOO SMALL TO KEEP THE SYSTEM PRESSURE DOWN).  

5 1200 OPERATOR ACTION TO START EFW AND HPI IS ASSUMED.  
5-6 >1200 REFLUX BOILING IS ESTABLISHED; AND THE RCS SLOWLY DEPRESSURIZES TO 

THE SECONDARY SIDE SATURATION CONDITIONS.  
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Figure F-9 SYSTEM RESPONSE FOR SMALL BREAK THAT STABILIZES AT HIGH RCS PRESSURE 

0.02 FT2 BREAK AT PUMP DISCHARGE WITHOUT FEEDWATER 

(NO FEEDWATER) 

REFERENCE TIME 

POINTS (SECONDS) REMARKS 

1 0.0 LOCA OCCURS WITH REACTOR INITIALLY AT POWER; BREAK IS EQUIVALENT 
TO1.9 INCH DIAMETER HOLE. 20 

1-2 0-29 RCS PRESSURE AND PRESSURIZER LEVEL DROP DUE TO LOSS OF REACTOR 2400 I COOLANT.  

2 29 LCS PRESSURE DROPS TO RPS TRIP SETPOINT; THE REACTOR TRIPS. 2200 

2-3 29-60 AS RCS PRESSURE DROPS, THE REACTOR COOLANT SUBCOOLED MARGIN IS 

LOST; THE RC PUMPS ARE TRIPPED; AND ES IS ACTUATED ON LOW RCS SUBCOOLED 
PRESSURE. REGION 

~~~1800 - CL 

3 60 HOT LEG SATURATES.  

3-4 60-250 THE RCS STABILIZES IN PRESSURE AND THE STEAM GENERATORS SLOWLY - 10 

BOIL ORY. AFTER REFERENCE POINT 4, 

4 250 SG COOLING IS ESSENTIALLY LOST. WOULD SLOWLY DROP.  
o4,5 FOEDCRUAONT 

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 LIMlT COL O 

HPI COOLING. THE PLANT WILL SLOWLY COOLDOWN AND DEPRESSURIZE AS 1000 

DECAY HEAT DROPS. NORMAL OPERATING POINT-POWER 

8000 - PRTON HT 
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T
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I Figure F-B. SYSTEM RESPONSE FOR SMALL BREAK WHICH DEPRESSURIZES 

THE RCS WITHOUT FEEDWATER 

I 
0.07 FT2 BREAK WITHOUT FW 

I ________________2600 
REFERENCE TIME REMARKS2400 O 
POINTS (SECONDS) RENDOK .  

1 0 LOCA OCCURS WITH REACTOR INITIALLY AT POWER;BREAK 

IS EQUIVALENT TO 3.6 INCH DIAMETER HOLE. REGIRA 
200 SUBCOOLED 2RGO 

U 1-2 -10 RCS PRESSURE AND PRESSURIZER LEVEL DROP DUE TO LOSS 
OF REACTOR COOLANT.  

2 10 RCS PRESSURE DROPS TO RPS TRIP SETPOINT: THE REACTOR 

TRIPS.  

2-3 10-24 AS RCS PRESSURE DROPS, THE REACTOR COOLANT SUBCOOLED 1600 

MARGIN IS LOST (RC PUMP TRIP IS REQUIRED) AND ES IS 
ACTUATED ON LOW RCS PRESSURE. 1400 -EDRATE WOULD OLY 4, 

DROP AFTEROREFERENCETPIPNT4TH 

U 3 24 THE HOT LEG SATURATES.  

3-4 24-150 THE RCS SLOWLY DEPRESSURIZES; THE RC PUMPS ARE TRIPPED; & TCOLD) AND FOR NATURAL 

RESIDUAL FEEDWATER IS SLOWLY BOILED OFF.  

4 150 SG COOLING IS ESSENTIALLY LOST.  

4-5 150-1200 THE RCS CONTINUES TO SLOWLY DEPRESSURIZE BECAUSE THE 8 OPERATION (THOT) 

BREAK CAN REMOVE DECAY HEAT BY RELEASING REACTOR COOLANT 

TO THE RB. POINT-POST TRIP WITH 

3 5 1200 RCS PRESSURE HAS DROPPED TO 600 PSIG; THE CFT BEGINS TO 600 L5_ NATURAL CIRCULATION (TROT) 

ADO WATER TO THE REACTOR VESSEL.  

5-6 >1200 THE RCS CONTINUES TO DEPRESSURIZE WITH HPI COOLING IN 400 MARGIN LINE 

PROGRESS.  
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I Figure F-i SYSTEM RESPONSE FOR SMALL BREAK WHICH REPRESSURIZES IN A 

0.01 FT2 BREAK AT PUMP DISCHARGE SATURATED STATE 

REFERENCE TIME 

POINTS (SECONDS) REMARKS 

1 0 LOCA OCCURS WITH REACTOR INITIALLY AT POWER; BREAK IS EDUIVALN 

TO 1.35 INCH DIAMETER HOLE. 2600 

1-2 0-50 RCS PRESSURE AND PRESSURIZER LEVEL DROP DUE TO THE LOSS OF REACTOR POST TNDO 

COOLANT.  

1 2 50 PRESSURE DROPS TO RPS TRIP SETPOINT: THE REACTOR TRIPS. 2200 
2-3 50-80 RCS PRESSURE CONTINUES TO DROP; THE REACTOR COOLANT SUBCOOLING, I 

MARGIN IS LOST (PUMP TRIP REQUIRED). 2000 SUBCOOLED 

3 80 ES ACTUATION ON LOW RCS PRESSURE.  
S 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 1600 I NOZZLES.  

4 100 THE HOT LEGS ARE SATURATED. 1400 

4-5 100-600 RCS IS IN TWO-PHASE NATURAL CIRCULATION. FORCED CIRCULATION ITHOT I1 T > AND FOR NATURAL 
5 600 THE "FLOW CIRCULATION" PHASE STOPS; A LOSS OF PRIMARY TO LIMIT 

SECONDARY HEAT TRANSFER OCCURS BECAUSE STEAM CONDENSATION 1000 

IN SG TUBES IS NOT POSSIBLE.  

5-6 600-1250 RCS REPRESSURIZES BECAUSE NO CORE HEAT CAN BE REMOVED BY STEAM SATURATION TOTT 

GENERATORS. STEAM BUBBLE IN HOT LEG PIPING IS SLOWLY GROWING JN 

SIZE. REACTOR COOLANT EXPANDS INTO THE PRESSURIZER AS THE SYSTEM 600 -J NATURAL CIRCULATION (THOT) 

REPRESSURI ZES. SUBCOLE 

6 1500 STEAM CONDENSATION STARTS IN SG TUBES.  

3 6-7 >1500 REFLUX BOILING IS ESTABLISHED; AND THE PRIMARY SYSTEM PRESSURE AND 0 0 
TEMPERATURE SLOWLY DECREASE TO THE SECONDARY SIDE SATURATION 4eac0or 5a m Tempratue00 

CONDITIONS.  
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Figure F-8 SYSTEM RESPONSE FOR SMALL BREAK WHICH STABILIZES AT SECONDARY SIE PRESSURE 

0.04 FT2 COLD LEG BREAK 

REFERENCE TIME 

POINTS (SECONDS) REMARKS 

1 0 LOCA OCCURS WITH REACTOR INITIALLY AT POWER; BREAK IS EQUIVALENT TO 2.7 INCH 

DIAMETER HOLE. 2600 

1-2 0-15 RCS PRESSURE AND PRESSURIZER LEVEL DROP DUE TO THE LOSS OF REACTOR COOLANT.  2400 -WINDOW.  

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 2200 - U1DE 

S O RE2UIRED.  

3 23 ES ACTUATED ON LOW RC PRESSURE.  

3-4 23-30 THE PRESSURIZER EMPTIES AND THE HOT LEG CONDITIONS APPROACH SATURATION. 1800 

4 30 HOT LEG SATURATES.  

I -- 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 5 1400 

CIRCULATION. RCS PRESSURE AND TEMPERATURE ARE SLOWLY APPROACHING THE SECOD 

SIDE SATURATION CONDITIONS. 1200 STEAM PRESSURE AND ORC ATURAL 

5 340 THE FLOW CIRCULATION PHASE ENDS; THE SYSTEM IS IN A REFLUX BOILING MODE. 0 - IT NCRWAL ATIN T O WER 

6 >340 THE RCS STABILIZES AT OR NEAR SECONDARY SIDE CONDITIONS. OTSG LEVELS SHOUL 

SLOWLY RAISED TO 95% ON OPERATE RANGE. THE RCS WILL REMAIN IN THIS CONDITION 

FOR A LONG TIME PERIOD AND THEN BEGIN A SLOW COOLDOWN AND DEPRESSURIZATION AS 

DECAY HEAT DROPS. BO 

SNOTE: OPERATOR ACTION TO COOLDOWN THE PLANT SHOULD BE INITIATED TO ACHIEV 

A LONG-TERM COOLING MODE. 400 WARGIN LINE 

3 2500 

2000 50 

1500 

I 
. 1000 25 

I 
500 

0 . 0 
0 200 400 600 800 1000 1200 1400 5 10 15 20 25 30 

I TTime, sec 

Iie e



0.1 FT2  COLD LEG BREAK( 0 F 2)L G B E K 
REFERENCE TIME 
POINTS (SECONDS) REMARKS 

1 0 LOCA OCCURS WITH REACTOR INITIALLY AT POWER, BREAK IS EQUIVALENT200INO 
TO 4.3 INCH DIAMETER HOLE.  

1 -2 0-5.0 RCS PRESSURE AND PRESSURIZER LEVEL DROP DUE TO LOSS OF REACTOR 20 
COOLANT OUT THE BREAK. INT: SEMPESR N EPRTR 

23 5.0 RPS TRIP SETPOINT IS REACHED; REACTOR TRIPS. ., 00PIT5 EES ETTASE 
23 51RC DERSUIE TOSATURATED CONDITIONS; ES IS ACTUATED ON LOW ~i~ 

3 8PRESSURIZER IS COMPLETELY EMPTY AND THE HOT LEG IS SATURATED. 10 UDOE 

REIO 

3-4 18-140 THE RCS CONTINUES TO DEPRESSURIZE. THE RC PUMPS ARE TRIPPED; MFW 
FLOW IS DIVERTED TO THE UPPER NOZZLES; AND TWO-PHASE NATURAL 10 
CIRCULATION EVOLVES. ~EDPITPS RPWT 

4 140 THE "FLOW CIRCULATION" PHASE ENDS; THE RCS IS IN REFLUX BOILING.  

4-5 140-270 THE RCS CONTINUES TO D EPRESSURIZE. STEAM PRESSURE DROPS DUE TO ~10 

5 270 PRIMARY PRESSURE DROPS BELOW THE SECONDARY PRESSURE. THE SG'S STRTO ~ EDPITPS RPWT 
AENWA HEAT SOURCE.  

5-6 270-910 RCS PRESSURE CONTINUES TO DROP.NAULCRUAIO 
THT 

6 910 RCS PRESS URE HAS DROPPED TO 600. PSIG AND THE CFT'S BEGIN ADDING 
WATER TO THE REACTOR VESSEL.  

7 >90 TH RCSWILL CONTINUE TO DEPRESSURIZE SLOWLY UNTIL THE LPI SYSTEM 
BCMSOPERATIVE.  

I 
I 
I 

2500 

2000 
5 

I 

1500 

I 
.. , 1000 2 

500 

I0 

0 2(0 120 0. FT2 0L LEG B 

Time, sec



I0.5 FT2 BREAK IN COLD LEG PIPE Figure F-5a. SYSTEM RESPONSE FOR SMALL BREAK WHICH CONTINUALLY DEPRESSURIZES 

THE RCS (0.5 FT2 8REAK IN COLD LEG PIPE) 

REFERENCE TIME 
POINTS (SECONDS) REMARKS 

1 0 LOCA OCCURS WITH REACTOR INITIALLY AT POWER; BREAK IS NOTE: STEAM PRESSURE AND TEMPERATURE WOULD 
EQUIVALENT TO 9.5 INCH DIAMETER HOLE. 2400! SLOWLY DROP AFTER REFERENCE POINT 4.  

1-2 0-.2 PRESSURE OROPS DUE TO RELEASE OF REACTOR COOLANT OUT INDICATED) 
THE BREAK. WINDOW 

2 0.2 RPS TRIP SETPOINT IS REACHED: A REACTOR TRIP IS 
INITIATED.  I 

2-3 0.2-0.5 BREAK IS LARGE ENOUGH TO DEPRESSURIZE THE RCS TO 1 - 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 SUBCODLING IS LOST. 100 TCOLO 1 3 0.5 HOT LEG SATURATES. 1400 

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 
THE HPI BEGINS TO DELIVER FLOW TO THE RCS. STEAM PRESSURE LIMIT 

4 40 THE "FLOW CIRCULATION" PERIOD ENDS, AND THE PRIMARY 1000 -A4 
SIDE PRESSURE AND TEMPERATURE DROP BELOW THE PRESSURE 
AND TEMPERATURE OF THE SG's. THE SG's BECOME A HEAT END POINT-POST TRIP WITH FORCED 
SOURCE.RL OCT T ) AND 

4-5 40-110 BOTH THE HOT AND COLD LEG ARE SATURATED, AND RC PRESSURE 6 FOR NATURAL CIRCULATION (TCOLD) 
CONTINUES TO DROP.  I COTINUS TOORO. MAGIN INENORMAL OPERATING PONT-POWER 

5 110 RC PRESSURE HAS DROPPED TO 600 PSIG AND THE CFT's BEGIN 400 OPERATION (THOT 
ADDING WATER TO REACTOR VESSEL. r-1 END POINT-POST TRIP WITH 

5-6 110-200 RCS PRESSURE CONTINUES TO DROP. ES ACTUATION AT 500 PSIG 200 L.6.-A C HOT 

STARTS LPI.  

6 200 RCS PRESSURE IS BELOW 200 PSIG AND THE LPI PUMPS BEGIN 200 300 400 500 600 700 
TO OELIVER FLOW TO THERE.ACTOR VESSEL.  

7 >200 THE RCS BEGINS TO REFILL. BACK TO THE ELEVATION OF THE Reactor Coolant And Steam Outlet Temperature, 

I 
.BREAK. CORE COOLING WILL BE MAINTAINED SO LONG AS LPI 

I 75 

2500 

2000 
50 

1500 

1 1000 

500 

I 0 50 100 250 2 4 6 8 10 12 14 

Time, seceie e
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F ur F4.TYPICAL SYSTEM RESPONSE SURING FLOW CIRCULATION PHASE 
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SYSTAM 

FACH HP SEEPIS 

TYPICAL SYSTEM RESPONSE UP TO REACTOR TRIP POT-TRIP EHOLUTION TO TWO-PIASE NATURAL)CIRCULATION 

(POINTS I 000OH P-S DIAGRAR) 
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1 
Figure F-3. SYSTEM RESPONSE FOR LARGE BREAK IN HOT LEG PIPING 

DOUBLE-ENDED HOT LEG BREAK 

1 REFERENCE TIME 20 
POINTS (SE REAK NOTE URING A LARGE BREAK STEAM PRESSURE & 

(SECNDS00EMRKSTEMPERATURE WILL SLOWLY DROP AFTER 

1 0.0 LOCA OCCURS WITH THE PLANT INITIALLY AT 100% POWER. REFERENCE POINT 6). . POST TRIP 
no 2200 -WNO 

2 <1.0 RCS PRESSURE DROPS TO RPS TRIP SETPOINT AND A REACTOR TRIP IS INITIATED.  

3 <1.0 SUBCOOLING MARGIN IS LOST. 2000 
SU BCOO LED 

4 <1.0 ES ACTUATED ON LOW RC PRESSURE AND HIGH RB PRESSURE. HPI AND LPI 1800 -EGION 
WILL BECOME OPERATIVE WITHIN 35 SECONDS.  

5 <1.0 THE REACTOR COOLANT SATURATES IN THE HOT LEGS. - 1600 

6 4.0 RCS PRESSURE DROPS BELOW SECONDARY SIDE PRESSURE THE SG'S BECOME 1400 
A HEAT SOURCE INSTEAD OF A HEAT SINK.  

7 9.0 RCS PRESSURE DROPS TO 600 PSIG AND BORATED WATER FROM THE CFTs BEGINS 
TO ENTER THE REACTOR VESSEL.  

8 18 THE END OF BLOWDOWN IS REACHED AS THE RCS AND CONTAINMENT EQUALIZE IN ND P T HOT TRIP AITH FOR 
PRESSURE (- 20-40 PSIG). THE RCS IS ESSENTIALLY VD (LITTLE OR NOLATION 

WATER EXISTS) AND THE CORE OUTLET THERMOCOUPLES WOULD INDICATE 
S U P E R H E T E D C O N I T I O N S .L E60 0. N O R M A L O P E R A T I N G P O I N T -P O W E R ~~SUPERHEATED CONDITIONS.60

9 19 END OF REFILL. THE RV HAS BEEN REFILLED UP TO THE BOTTOM OF THE ACTIVE 400 
CORE. AT THIS TIME, THE HPI AND LPI SYSTEMS ARE FULLY OPERATIVE. 8EENO POINT-POST TRIP WITH NATURAL 

10 30 THE CFT WATER VOLUME IS DEPLETED. 200 L-CIRCULATION (THOT) 

11 350 THE CORE IS RECOVERED BY WATER AND THE FUEL'S TEMPERATURE EXCURSION IS 
TERMINATED. THE CORE EXIT THERMOCOUPLES RETURN TO SATURATED CONDITIONS. 200 300 400 500 600 700 

Reactor Coolant Ann Steam Outlet Temperature, F 

I 

2500 45 

2000 40 

351500 

f 1000 20 

1 ~ ~~~~50 0 ________1 

0 2 4 6 8 10 12 14 16 18 0.1 1.0 10.0 100.0 

Time, s Time, 

g



I 
5 Figure F-2. SYSTEM RESPONSE FOR LARGE BREAK IN COLD LEG PIPING 

DOUBLE-ENDEO COLD LEG BREAK AT DISCHARGE OF RC PUMPS 

REFERENCE 
TIME 

POINTS (SECONDS) REMARKS NOTE: FOR A LARGE BREAK STEAM PRESSURE & I ________2400 "TEMPERATURE WILL SLOWLY DROP AFTER 
REFERENCE POINT 6. POST TRIP 

1 0.0 LOCA OCCURS WITH THE PLANT INITIALLY AT 1% POWER.WINDOW 

2 <1.0 RCS PRESSURE DROPS TO RPS TRIP SETPOINT AND A 20 . 21 

3 REACTOR TRIP IS INITIATED.  

3 <1.0 SUBCOOLING MARGIN IS LOST.  

4 <1.0 ES ACTUATED ON LOW RC PRESSURE AND HIGH RB PRESSURE, 

HPI AND LPI WILL BECOME OPERATIVE 
WITHIN 35 SECONDS.  

5 <1:0 THE REACTOR COOLANT SATURATES IN. THE HOT LEGS. 1600 

6 12.0 RCS PRESSURE DROPS BELOW SECONDARY SIDE PRESSURE: 1400 w 

THE SG's BECOME A HEAT 
SOURCE INSTEAD OF A HEAT 

SINK. STEAM PRESSURE LIMIT 

7 17.0 RCS PRESSURE DROPS TO 600 PSIG AND BORATED WATER 

FROM THE CFTs BEGINS 
TO ENTER THE REACTOR VESSEL. 

1000 

6 24.0 THE END OF BLOWDOWN IS REACHED AS THE RCS AND 

4CONTAINMENT EQUALIZE IN PRESSURE (~ 20-40PSIG). CIRCULATION (THOT COLD) AND FOR 

THE RCS IS ESSENTIALLY VOID (LITTLE OR NO WATER 

TEAHEHEMOCOUPLES WOULD 60 NATURAE CIRULAIONT-ODR EXISTS) AND THE CORE OUTLET THRMCUPE 60WUCOLUNOMLOPRTNGPIT-OE 

I INDICATE SUPERHEATED CONDITIONS.  

35.0 END OF REFILL. THE RV HAS BEEN REFILLED UP TO 
400 

O 

THE BOTTOM OF THE ACTIVE CORE. AT THIS TIMEE 

THE HPI AND LPI SYSTEMS ARE FULLY OPERATIVE. 200 
S CIRCULATION (THOT) 

10 50.0 THE CFT WATER VOLUME IS DEPLETED.  

380.0 THE CORE IS RECOVERED BY WATER AND THE FUEL'S 
0 8 10 11 

TEMPERATURE EXCURSION IS TERMINATED. THE CORE 200 300 400 500 600 700 

EXIT THERMOCOUPLES RETURN TO SATURATED CONDITIONS. 
Reactor Coolant And Steam Outlet Temperature, 

I 
I 

2500 30 

2000 25 

I 
20

1500 
1 

1000 1 

5:5

I ~ ~~500 3 a 2 __0 

0 3 6 9 12  15 0101 12 

TTime s
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I 
Figure E-3 TIME RELATIONSHIP OF KEY PARAMETERS 

I 
I 

25200 I 200 
2500 -~ 

120 
2000 

EARLY HPI 

I -- *(MANUAL) 40 .EARLYI 

1500 - (N MAN 
-me-- 

EXCESS (SEENT EXCES 0 MFW OR 
MFW OR EFW 

1000 EW46DRAINED O 

Time (minutes) Time (m 

I 1100

NOTE: MANUAL HPI ACTUATION AT 80" 

a REHEAT TO MSRV SETOINT LEVEL, IN CCRANCE WITHRAARAGE 

5900 WITHOUT MANIIAL TBV CONTROL, MAY PREVTPESRlE RtAG 
900 - FOR STEAM LEAKS UP TO ~25: OF 

FULL FLOW.  

MANUAL TBS CONTROL 
TO PREVENT RCS REHEAT 

700 - EXCESSOPERTR 
EFW ISOLATES 

LEAK 

5006 
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I 
Figure E-1 SMALL STEAM LEAK 

2600 
POST TRIP 

2400 WINDOW 

2200 
17 4.5 3 2 SUPERHEAT 

2000 - SUBCo0tED STEAM TEMP 

REGION 

1800 

1600-2 
22 

1400 
. ENl POINT-POST TRIP WITH 

5 FORCED CIRCULATION 'THOT 

1200 - STEAM PRESSURE ,COLD) AND FOR NATURAL 

10LIMIT CIRCULATION TCOLD 

CDC 1000 -- -- - .  
4 NORMAL OPERATING POINT-POWER 

1 0 OPERATION 'THOT 
800 -2 

W3 SATURATION END POINT-POST TRIP WITH 

600 L....J NATURAL CIRCULATION 'THOT 
4.5 

SUBCOOLED 
400 - MARGIN LINE 

400 450 500 550 600 650 100 

Reactor Coolant and Steam Outlet Temperature, F 

I Reference Time 
Points (Seconds) Remarks 

0 TBS valves fail open from 100' full power allowing 
25% of full power steam flow.  

1-2 0-95 Reactor trip on high flux ('u 18 seconds), turbine 

trip, ICS runs back MFW, makeup valve goes wide open.  

2 95 Pressurizer drained; ES tri.p on low RC pressure, 
starts HPI.  

3 100 Subcooled margin lost. Operator trips RC pumps; 
MFW diverted to upper nozzles.  

4 120 Operator isolates TBS to stop steam leak. RCS 

pressure begins to increase.  

300 Pressurizer level > 80" and increasing; operator stops 

HPI and realigns for normal makeup/letdown. To peI 

vent excessive swell due to reheating, operator 
regain manual control of TBV's; otherwise RCS col 

reheat until SG pressure reaches the MSRV setpoit



I 
Figure D-10 TYPICAL LOSS OF OFFSITE POWER 

P-T RESPONSE 

2600 

2400 

POST TRIP 2 
2200 - WINDOW 

U 2000 
SUBCOOLED 3 

S 1800 - REGION SUPERHEAT 
RREGION 

I 1600 

R 

I 
1200

o 120STEAM PRESSURE 
ENO POINT-POST TRIP WITH FORCED 

LIMIT Ci ~IRCULATION (THOT & TCOLD) AND FOR 

1000 --- --- -- ---- --- --- -- -- . --- NAT RAL CIRCULATION (TC O ) 

I 1 800 
I200 

NORMAL OPERATING POINT-POWER 

600 - OPCRATION (THOT) 

SUBCOOLED 1 END POINT-POST TRIP WITH NATURAL 
400 MARGIN LINE j CIRCULATION (THOT) 

400 450 500 550 600 650 700 

Reactor Coolant and Steam Outlet Temperature, F 

Reference Time 
Points (Seconds) Remarks 

1 0 Plant separates from grid.  

1-2 0-15 Reactor trips on high pressure. Hydro generators 
begin loading within 23 seconds after reactor trip.  

2-3 15-75 Plant cools down as steam is relieved to atmosphere 
and steam safety valves and to condenser by TBS.  

3-4 75-240 Thot increases to develop required temperature 
difference for natural circulation.  

4-5 240-480 RCS is cooled by natural circulation. Steam pressure 
is dropping due to Quenching effects of EFDW.  

5 480 OTSG levels reach 5( , on the operate range.  

5-6 >480 Steam pressure, Tav and RCS pressure return to normal 
post-trip values as decay heat adds energy to the 
system.



Figure D-8 TYPICAL PARAMETER TRENDS FOR 
LOOP/LOSS OF SECONDARY I ______INVENTORY CONTROL (LOW) 
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Figure D-7 TYPICAL PARAMETER TRENDS FOR LOOP 
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TABLE C-3 

U EEFFECTS OF FAILURES ON 

STEAM GENERATOR TUBE LEAK 

M CCONTROL Sheet 4 of 4 

I 
5 

ENOUGH ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~AIUE WHICHONA AFFECT RC INENOR CONTROLTBED N EHOSDPNDN NTHC NVNOYAN HTE 

FEED~~~~~~~(OE OVECOOIN SHAPL) OVRHATN TRANSIENT CANRT CAUSE REATO COOLANTI ASO OS O AV DQAT UCO .I 

AT~~EXASO OR CONRACIO ANDL) POSIBL REALE INRO LOMLIN VOIDING;BEOHEBOO 

THES ARE COVRE INE THEE STEA IEERTT INENOR ANDO PRESSUREIDEN 
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TESECAE THE TLUE RATION MLEA KO ). OVDE AD I O RN THO LU TDON C TI BE DONE BYAPPRH MANUAL INITIAT UENDUG CALUNROITENH E EPEAGTHE S QUIVE TRTUP NUR THE CLW (ART ORY ANUWLEE)LYIFPHE 
FEE FNORA E , IF CTIT OR OEL O CHAE ID F A TE CORDNG RNA UERATORRTHROTTLE 

AT AHIGHLEVEL).DPEAC SCSUBRZON AMPLN IS NOTCPSSIBL WE SOLHE BRN PRMTRLFFO 

CASES HESLOULDON SUTHO TE HALT N 
RESTARTEDG AND 

INJECTIO 
CAN 

NC 
IN A STRAIGHT 

2. RCS IS THE SAM AS IT ASPRIOR TF THE STM S A D E AR C S IOE NT ORLI 

.INVETORYWILLBE DAINE FASER SNCE PATI ACEVETH PI M AY A HE COREE D T ANSAN H 

1 PD SBCOOLING HAS B EEN USED UE THE SYSM IS W 
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TH CONTRACTION MTODD C ANNT BRIC UED MTO  

PTD INJECTIONNFROM THE BT AND FLOW OUTPTRURI 

TE PURV SOL BREAYIL ALLOWED FOW BLE ANDO FEED 

THEATUB WLIEAE THVUE CONCNTRACTION FCINPFROC 

PRESSURICAN BEL REEAE ASTE REQUIRED STARTUPTIO NEUTRONE 

SMONTORS SO IF A LARE VOLE OF THE COTRATPEWE IN 

HEA THE). CODW SO.D BE HALTEDO 

(TERAON EROR- WATERRELIF OU OF TE PRSSEIZERAND IGH.I AN THPESSRTIS PAUER UDNE SATRVIEON THE 'BES 

FAILRE O TROTTE PESSRES.THI TEDS O INREAE TEPRMAR-TOMEHODS CON SHENUSD ANLD TE SYSTEM EVOLVEER 

MAO FTE SUIDOED. SECNDAY TBE EAKRAF I TO IRCH t) S ADEDPRESUIZE TANDAPESUE BUBBLE CANN E STALSE TRN OHN 

NARON REUIREENT AT EDUCD RC TEERATRESNOT IMIS CA ALS BHERL COLING ETOWN SLIGTLBEUS. IFACONIUOLABL 

AREATIFIED. VOLATD.HALV FILJECNRSM AH SI ATER FLORN ANDTROG I RELLYNT PRN/AFEY VAVE ACLRE T REEATCAUSD WLLHE OROLLE BRE DICHALLW AD OF BLEE AND PEWS.  

BYATWATER RELIEASWILLEREQUIRETRATTINUEUFFICITNELYWFO 

INVETORYWILLBE DAIME FASER SNCE PATIN IFSEPTON (I AG OUOF THE BRA T APRSOSIS C PUMPEDW INOL 

IF E T R EA CTO RL E A CONLA N TA N CAA N CE L O ST ,C R RELTH O U GC IO NSAOTA L LWWALC NTBO L EDYC OLEO, 

RETEENE TO THESEW TMOLB)M TE PRESLAICER EAK (IELUR-EBCKUPSSURCES ONOORATDHWATEROHOMAKBEUPREPREDTFO 

CAN BE RECIROLATENTRACTILOWNVWLLLMBECORINGRECOOFFOWN..TIINJECTION 
BECAUSE SYSTEM SATRATIONPWILLUHOSTRLKELYEOCCUR EABLYOI 
THE TRANSENT ANDCWENANUTESUBNGOISERETOREDITH 

PRESSURIZERRWILLWRLLWATERESSLID.NRENARURAATCIRCURATION I~~~ SEWPENDING OANHOTE.TUBE05LEAE DEPENDINNON THE TRAD 

OFF BETWEENOTUBEALEAK FLOWEANDFPRESSURIZERRVALVEALISA.  SAaAEO FTEREUNT UCOIGI 
DEAYD 

-UFOL N P UPI SATD N H UCOE
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FAILURES WHICH AFFECT RC PRESSURE' CONTROL 

FAILURE EFFEUCT ON TU GI CNBE L OT AIF PLANET I CTO N CORRT1. ATEC T ALC ONS T O L O SA Y NROLE OLONFIUEEFC N TB EK CNRL AD PAT CO W ORCIE ATOS T LO OTOLD C W 

NCEN PRESUR EFET OC 
PRESUR 

SPASMYBI.NEE Y .COETESRYBOKVAV.DPESRZTO O 

SPRAYVALVEFAILS TEA U N AO R COLADIIN F TEPRESS TIRSPRAYNILLY CASESRA LOW CNO WIT NC OPUMPSG RNNLOING ISPEFE D PRSUIEBETRLTOSCLKLKHTTI ~OLHPE. A IHMAULCTF FPESRIE ETR HOOB 

ACOOE NDRCE MPEIATOUORE RCS BOE CUE THE S PRAY FOR V RCA DEPRESSURI ZE. TORGANIOTRLFO"AIEDTN"PESUESTH"PRY WLAOEROE HTHAEREA RIDSIYHASFISTHEBEKES A BIHRW 

MAGNMYBDANAND H IET OSO UCOIGOEPDBYURZA NE FOOING STE PRESE MA BIE ANO 

CAACGITY KISL HIGHERD THN THAT OE TH HE RATERS H(EUP 
NORML EFFECTIZE WILLL BEL FELT BUTFU THEC SPATLWWLLTHUOFPWE.IEUCOLN AGNI 

TROAN E I E OW; BTHEO TB LA TLA HEUG T HE ORE OF PRIORTY):EL 
BALANCE THEY HEAER ATS10CALECPESR.ADAPOCEDTE H REKR A E ETRDT 

I 
DESUIGZARIN CANLBEALOS IEN CORRETIE RATON S NOT1. ATEMPPTN MANULCTROL PUPOF S RY UC VAL E SPUTEREAEYR TO CNO CU. FTECNRO UIO G 

TAKEN. THE SPAEETR THE SA S AE IURTEE BY2 FLOSE (BTEPIRAY BLOCK T VAL E RCEPEAUP TON O RSAY AEOFNCPSUEWILLWYICESE S 

OF3 ERESRATO ) OLNI THE PNUBROETEI S OTIN ALLY G CMOLR WNI N EIT) B E ON WING A LIGE LOC 'OGAITEHAESVREOEEDB AE;UOAI 

COSGOLE A It NC E ETURE SLOEREDRATE RUICL N VE;BUEAL TO DAEFRZ E N FESTES AS THR YTMUSNITELCSWILCTFFTEHATRNFPRSUIE 

MARGN THAE MAINTAINED.T THE TIPMES MTO LOG OFT BCRIPGPOOED BYRA V RIUPMSPEDCIG C STE ANSUE CAO H IGHEHN LVLO O UE TEITROK AEFIE) 

HASO4ILL )ADP NED ON H FDCALEAL T. C N IL A ETUR) BECNAL"E PRESSURIE LEVEL WILLTE. PR EFURIE SIEA TEDPNIGOMHETB EKNT HEHAESMGTHV IU TOES BEE USEDY TON CON RO 
RUECAILRND 

ESP CILL TOWARDLED THEOU 
EAN P A E PE A U E W L H V I F R N 

FLOW AMtSTH SZ OTEUBE LEAK. THE RAEEFPRESSURIZERTEPAT FFCS.TI ALEVE A STA SCALTE. O NRA 

FLOW, HE SPRY TEMPRATUR THE SEGJ SACE INTHE FOW (BT EING A T LAST. N CPN NT 

OF~~NME OF AND THEP NUNNINW OFRA HETREEALGONTREURD 

D E P R S U R Z A TS 
P)R A R G I E X I T S ) T H O L L O W I N T BE W IP ( FL L V E ) 

I B ILT 
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3~~~S FAIURE WHICHOIN AFFECTS STEAM GENEATO ICETOYCOTL 

I PRESSURIZER DRAINING WILL BE AVOIDED. A HIGHLVLOVOS 
SI-OULD RE AVOIDED IN THE OTIS WITH THE TUBE LA OI XESV EDAE SADDT H EEAO 
LIMIT THE RATER ACCLUMLLATION; SUFFICIENT LEVLWTTHTUELA.TEECSIELVLMSBE2IFHEORILISATDRHEONOLAVS 
SH-OULD BE BUILT TO PROVIDE SURCOOLED NATURALSEMDTLOETHLEETONHWETAASONCNTBELSDSOPHEEWPS 
CIRCULATION. THE YUBE LEAK WILL CONTINUE TO D H PRT ASDRN HSSEMN EID-SATEWADVRF PRTO 

RATER TO THE OTIG AND IF THE EFR LEVEL IS HIHRISATVREESSWLCOIN.-CRRL.FWOLMTOECOLG 

STEAMING MAY BE REQUIRED TO PREVENT WATER ACUATNWHNSEMGNRTRLVLRA-D IONTE-ITHPRSRZRHSDAND,-PMSTBUEDO 
IN THE STEAM LINES. RSOELVL 

WHEN EFW IS STARTED, THE STEAM SLPPLY TO THEEWTEMIFEGARFLPANTHEWP14SIL 
PUMP TURBINE DRIVER SHOCLD BE SWITCHED FROM H UOAIAL TR. OLMTRLAE N O II AE NEIGIT 

GENERATOR WITH THE TUBE LEAK TO THE "GOOD" SOL ESEMDT OE H AE EE OA I ~ ~~~~~~~~~~~~GENERATOR TO AVOID RADIOACTIVE RELEASES FROM H OT9%O H PRTN AG.ITRITN 
TURBINE EXHAUST TO THE ATMOSPHERE.-O OTNJU TAIGHY ERSIE OHITI H 

OTS INVENTORY 2. I H EEAO IHU H UELA TMYB 

LOSS OF EFW TO OTS THE RATE OF COODOWN WILL BE SLOWER IF ONLY ONE -THE EFW CROSSOVER VALVES MUST WE REALIGNED OSEHDT H PRPIT AE EE O PRTO I (MFW IS OFF) GENERATOR IS USED FOR COOLOOWN. THE EFFECTS WILL THAT ROTH GENERATORS CAN BE FED. CONTROLOF(DLIS"ROROF).PATCLOWSHLOB 
WE DIFFERENT DEPENDING ON AVAILABILITY OF OTHER EFW SHOLD BE AS LISTED IN "OTIS INVENTORY1FOTOLDB H GD"SEMGNRTR 

EQUIPMENT AND WHETHER THE GENERATOR HAS THE TUBE ABOVE.-TOPRICOLWNAARESABEAEWTRMUTE 
LEAK.- IF EFW CANNOT BE RESTORED TO BOTH GENERATOSADDT HITA EEAO IHTELA OMITI 

IF THE RC FLAPS ARE 1FF, AND EFW IS AVAILABLE TO THEN THE PLANT MUST BE COOLED DOWN USINGTHANCEPBLTU-OSELATIFHEVREDWS 
DNLY ONE GENERATOR THEN NO COILING WILL OCCUR IN ONE GENERATDR METHOD OUTLINED IN THE "RESTI HTGNRTR HR SOL EH RBE IC 

THE OTHER GENERATOR UNLESS THE GENERATOR WITHOUT METHODS" SECTION. ALREIVNOYHSACMLTD OEE.I L 

EFW HAS A LARGE TUBE LEAK (LEAK WILL PROVIDE COOLING).-FEBTRWSSOPDT OEGHRTR N TRIE 

THE REACTOR COOLANT IN THE IDLE GENERATOR LOOP DY HNAWTRLVLMS EAOOT LO 

14ILL HOT CIRCLLATE AND THE STAGNANT REACTOR COOLANT RAOAL AEO OLON FMWCNO EUE 

MAY FLASH INTO STEAM AS THE RCS DEPRESSURIZED. IFEFCABESRTD 

DEPRESSURIZATION WILL BE SLOW. BECAUSE THE IDLE HOT 

LEG WILL CONTROL THE PRESSURE. IF EFWl IS ONLY 
AVAILABLE TO THE GENERATOR WITH THE TUBE LEAK, 

RELEASES WILL BE HIGH.OTGIVNRY5 
IF REACTOR COOLANT FLMPS ABE RUNNING. TUBE TEMPERATURES EWDEFE MWMWOEFE OI NETR ) SFRNW HYAESRWAIE EE 

WILIOLOWTH CFLOWLBTOTEM ENRAORSHLLCOLIS TOPE) EW VEFEUTIL HVEATRETEMOEROOENNAER)AANALYOLOE HEEFECNTOLVAVETOTHLIERNLGN 

WILL HOT OCCUR IN THE DRY GENERATOR. THE TUBE-TO-SHELL CNRCINEFC HNMW OSQETYSEMGNRTR 
TEMPERATURE LIMITS IN THE DRY GENERATOR HAT BE VIOLATED PESRZRDANN SHR IEY )I H OTO AV ANTB LSD HNMMAL 

DURING THE COOLOOWN UNLESS THE COOLOWN RATE IS SLOWED.I .~~~~~~~~ ~~ ~ ~ ~ I TH IFLDfl THEE IVRFESN CONTNUES STEAM PROUCIO CLOSEIIT THOSLTOFAVPTEAFTECNRLVLE 
RUNNING OUT OF BWST INVENTORY INCREASE S.-HYSO;RE HSOCR H F EDFA NE H VREDHSBE TPE.TEGNRTRADFE 

OTIS INVENTORY 3. RT A ERAE TI FETDPNSO H OTO UTB EETBIHD HNFEWTRWSSOPD 

LOSS OF EFW/NPW TO PLANT COOLDOWN CANNOT BE MANUtALLY STARTED UNTIL HI-P COOLING (SEE "BACKUP COOLING") MUST BEINTAEVOLEOFSAMRPEDNTHSEMLNS) 

RO0TH OTIG'S. FEEORATER IS RESTORED. CORE COOLING MUST BE TO MAINTAIN CORE COILING. WITH A TOTAL LDOF:OEE.WE H XESFEWTRO TPECNRL TPE H EDAE N LOCNRLE H OTO 

MAINTAINED BY CONTINUED INJECTION OF HI-P. GUIDANCE FEEORATER, THE IS'S WILL ROIL DRY AND DEPRESIZ.TEFWP1'ILRELEHHASEEASTAMVVETORPREORCLONAWTRLVLMUTB 
FOR HI-P COOLING IS PROVIDED IN THE "BACKUP COOLING" SOEf COOLING OR RETENTION DF A ISG WATER LEVE' A RDCINPCSU EETBIHE NRT EEAOS-AWTRLVLMS 

SECTION OF THE ATOG GUIELINES. OCCUR IN THE AFFECTED ISG OLE TO THE PRIMARY-O EETBIHDI'H TA EEAO IHTETB 

SECONDARY LEAKAGE.- FEEDWATER (MAIN OR EFW)SOL 
BE RESTORED TO AT LEAST ONE ISG AS ICON AS PIBL.LA OPRI HL OLN MITI ORC 
ATIMELY RESTORATION OF PRIMARY TO SECONDARHETTB-OSELA)NDCTNCUCNRLEDFWMSTE 
TRANSFER OS NECESSARY BECAUSE HPI COOLING PLCSAAALBETIH GOO EEAO O OLON 

BIG DEMAND ON BWST INVENTORY. SINCE THE BWS 
INVENTORY IS HOT RECOVERABLE (I.E.., LOST TO1H NODRT ETR H EDAE OTO H OLWN A 

SECONDARY FLANT THROUGH THE LEAK). THE POTENILBDOE 
FOR A LOSS OF CORE COOLING CAPABILITY INCREAE )HMAL OTO H OTO AV 

U 

PROPORTIONATELY- WITH THE TINE PERIOD THAT W 
COOLING IS MAINTAINED. IF LONG TERM RELIANEOWI2OPNTECTRLVVEID.ADMULYCNRL 
COOLING REQLUIRED, THE FOLLOWING ACTIONS/PREATOSHEILTONVLE 
SHOLD BE REMEMBERED.  U ~ ~1. BE PREPARED TO ENGAGE A SUPPLY SF RORATE AE 

TO BACKUP THE BWST.  
2. THE CORE EXIT THERMOCOUPLES SHOLD BEHNTOE 

IF THE REACTOR COOLANT RETURNS SUBCOXLEO 
APPROPRIATE ACTION (WPI THROTTLING) TOPRVN 
RV BRITTLE FRACTURE SHOLD BE TAKEN (SE 
"BEST METHODS FOR EGUIPMENT OPERATION") 

3. ALIGN EFW SUPPLY FROMl ONE OF THE OTHERTR 
OCONEE URITS.  

U
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F~a..i~ EFFECT (IMIE LEPRSURZ COTROL AGCNPLATO CO BOUT CORPFRERETIVEACIN TOE ALOACONRLESO.ERFIUEEFC NTR LA OTO R)PATtE ORCIV CINT LO OTOLRCOOW 
EXAMPE. WIL DEEND O THEM14BE OF ALVESOPEN SEVEATHE GENERAL APROC FORC CECERATON IS: A TESTA 

RAt A NL AYS NALT CAU SE PRSSRI ER O ENINSEAMPESS UR OFTEREIEYSO.SHSPRTRCAUERELISEWT H ELE AV TO RSLE1 ECP HTA.ANSEMSFEYT H ENRTRWTOIEREREK 

TINONE WEETILL HAVE LITL EFFEC 6PS 5T 2TPESURIZER EVE IST GNEE ATOR. IF WHEO.N AEVI ATIL SLN SFEOAE OTNE OTEOERSATE RS EIBIS HPE TRPR I THE TIES TOERSTRIZE THE GENERATORTOARYWOPRFR WERSOIINTH E S ETLVLDCES 
EXAALEONWILL SIGEAC EOCN THSE SFE VALVES OPE. EVRANTESTESTNEWICMSNEATINLOPMAITE TEA LAKARGEINE TETTEMBAFTYVAVEAAK'OERXRPARETS.CORETIE CTINSFO SlO SELGO E ERORES I 

CTONAIONS TA OFFALRESRE NOSS E AEEATR ONEL GENEATO CTLOW WILL REO FASTERER THEY OCCURSRIZ ASR OUTINE IN PESUEC 

60 SGT 2MINUTE S AFTER TRIP. THB EEATRWTUTEFSET LEVEL LECEAY IST LEAKING SITEGAFTYVVIHFRICATAEREESETWLLBYVR)H.  
B. A CONTROL SIGNAL ERRORECAN CAUSE THE VALVES IN BOTH STEAM LINES IFANRE T EKEIT N H ERSUIE GENERATOR IT ASE LONGM ASA THE TUFLAKCNINEEVGTEGEEAO 

To FAIL OPEN; STEAM PRESSURE (IN SOH GENERATOR) WILL ROP TO WLR COO FATARSPESUZEOETHNHEOS" GENERATOR. STEAMS. FEDWT 
600 PSIG B TO 12 MINUTES. AERTRP.BT LEE A O OE INFCNL) 

TO FAI OPEN STEA PRESURE (N BOT GENATORS WILLOROP O FEERER FS TATEERATOR (ODEAOR)I ALLFENAD ABE ST OPE 

CTHAN WITHC OFS CONRO REHEAT REROURZFO BYS CONTRAINN AFS AESSLEZE CLOSESN ARNLE THE FOLLOWINGN CSTETANM SINCEUR OPERTIO OE THES AC' SPEETYOETAL.I 

WILL REPEND OR THE NlJMBER OF VALVES OPEN, WHETHER FEERATER IS STOPPER GENERATOR THAT OES NET RAVE THE STEAM LEAK.  

OR CONTINUED, ARC THE AMOUNT OF FF5 FLOW. TODTRIEWEHRTELEAK IS THROUGH THE TROTE SEMSFT OMLCOLONAYOO FTVFALRSAESCCTR 
OLBCORLINE MAROON WILL NOT RE LOST FOR SINGLE VALVE OPENINGS SF HF1 IS VALVES.COUEFTHTV()PVNSSEARL 

OTECOENR 

STARTER. BUY IT MAY BE LOST WHEN ALL THE TURBINE BYPASS VALVES FAIL OPEN. -ATTEMPT TO MANUALLY CLOSE THE TRO VALVES IN THEENATRLO 

RFIL THE SYSTELGM ARI RE LST PRECUOZERY WLEL. HE IISALET WITHAV THE TOS REPRE(NOTURIEF THEN THE' AET VALE A EVLE OCNRLLMTSEMPESR.2 HC H TTSO H I APYSSE V TR H 
CLOSURE OF ALLTE THE TRY'SR RNSSRIE BOTHL STEAM GENRAOR REHEE RACP AIRRECSURFRETHR IE NECSSRY 

IF HI IS ON, THE SLOCOOLIN MAON WILL BE RECOVERER (SF IT WAS LOST) AN ELIMINATES.  
T-E 'MUN AUOMTI STEAMLIN PRESSURENGRS CONRO SOLEL TOA THEW WILL. GET IGE ALLALL TRY'SN ARE FAILE CLOSES AVLIEC BVEFAL 
SEN REACTOR COOLANT TEIFERATURE DROPS.m THE TUJBE LEAK PLOW WILL SET LARGER -ONCE TIE PLANT RAG BEEN STABILIZES. CORRECTIONSCAREMDTO .NTPIUEARRALYSRRHAOR(NYRC.NSR 

INCREASES. THE STEAM LEAK CAN RE CONTROLLED ARC WILL GEPEVN WIHFRVR BI AIBESEMPESR OTO O OLONPRTEOEGNRTRNTO ULNSI H 

FIFJR C-I. SHEE OVR).LN BEFOREU CANOS' ISNEONTE RYV/TTIE EAl. HEFLLWIG WELELS ANEVLE:AFETEUSR.IT E ONILIUSYSTAHRCOCOOO 

LO VOIDS CAN FORM BECAUSE OF THE STEAMIPRESSLRE FAILURE; THE TUBE LEAK WILL TIEHE PLANT). OSRVC O AUAL CNR 
ALSO TONE TO RERLCE SURCIBLINE. THE SIZE OF THE VOIDS FORMES WILL DEPEND ON ETE ERSOE OSRIEO AULYCNRLE.S 
CHERN-LATO CAVE PE T S 7 OFRI THE OOUAE LEAE EMIFLO. A TURS AN HTO STTON I TH S ORES NTEMT WORKA THCBOCKVLENFLICPBLT A EST NICCRIIN NAESMCL IFYO OAE AE OTEBS V 
FORM IN THE REACTOR VESSEL REAR FOR THE LARGEST STEAM PREOSSURE LOSSES. IF BE MNNUALLY CONTROLLED AS A SUBSTITUTE FOR THECICLTO CAN VALES LOS 2. OVERFIL OF THE AFFCTE SOE AVGG WATERH ASO TOID ALERAT FEERWATER SOURCES: IFL BEI MARE. ONCE CONTROL L 

SEMBUBBLE WILL LMTTHE RALONBCUEA ILNT EMTDPESRZTO.TER LEVEL AVG THE VALVES SOULD (OtTR PNSA OCOLONSCGPEORZTINOO ESATR 

HI ALONE CARNOT ELIMINATE THE VOIDS; HEAT MU/ST RE REMOVED BY THE STEAM GENERATOR KEEP THE WATER LEVEL LOW.CRLWNOEIBEITTENRARLAKG.ARTBEPVNES 

SOCLTEAM ELIMNT TY(S) BU HIWILRDCTVLUMECOFITHWEIS . 'ITHUT THE TUBE LEAK UNtESS TYE PROPER RATE OF COOW ALR L H ILROSEGPREC NIST 

LARGE~~~~~~~~~~~R' ONEA OREK GENEATO WILLE ANUCNTOLDOUSRE.CODONWT OE SVLE 

THYCNB SDFRACONTROLLER COOLOOWN, OR THAT FEEORAWER BE VERY CAREFOLLY AFFECTED GENERATOR APPROACHES 95% IN THE OPERATRAG.AONOSCLON.ITHAFECSSO/TBEURFR 
COTOLDTO A DEPRESSURIZED GENERATOR. REACTOR COOLANT OVERCOOLING CAN VIOLATE THE BECAUSE OF THE TU)BE LEAK, THAT GENERATOR MUST B T~E OPATC~BWHSE TA LN OTMNTO V 

TLBE-TO-OIELL AT LIMITS ARC PLACE THE TUB3ES IN TENSION. THIS MAY INCREASE THE TUBE NEDUCE THE LEVEL. FECORATER SHOULO BE LIMITER TE OFIERLAE ILOCR ALR FRETYOE E 

LEAK RATE IF THE TUBE CRACK IS PERVERCICLA-AR TO THE CENTEBLINE OF THE TORE . GENERATOR WITH THE TUBE LEAK TO SVOID FILLINETGERAO.SFRPLNCOLWNAABITSSNRYECHOPHS 

IF THE COTNSER IWRNE THE FAILED TURBINE BYPASS VALVES WILL DISCHARGE TO THE ENOUGON WATER LEVEL SOULD BE MAINTAINED TO KEEP H UET. 'APEARTOA AAIY 

CNESRVRAOATION RELEASS WILL BE REDUED BY PANTITIORINE. IF THE CONDENSER IS NOT SHELL ST IN LIMITS ARC TO MAINTAIN NATURAL CIREF TIN 
AVAILABLE, THEITURBINE BLOCK VALVES WILL ISOLATE THE LEAK AND RESTORE STEAM PRESSURE. IFTEORCLNGHSAUDISTOOMINC 
BURT RELEASES WILL SO TO THE ATMOSPHERE TFROUGH THE STEAM SAFETY.VALVES AVG THE MASV . FTEOE.IIRS CASE VOlO OFRNLOSTE 
(IF OPERABLE). CRELOOWN WILL RE VERY SLOW. HOWEVER. LOSS OF THE CONDENSER IS VERY SATURATION MAO EXISTED AVG TIE WE PUMFS HAVE BEENRPE.TH 

UNIKELY SINCE THE GRAVITY FEES CIRCLATING WATER OYSTER WILL SUPPLY MACELF COOLING HIS SYSTEM SHOOLS BE STARTED TO REFILL TIE SYSTEM R I ETR 

WATER. LOSS OF ORID POWER WILL AUTOMNTICALLY SWITCH TO THE MACELF SLPPLY PROM TH SUBCOOLINO. ALTHOUGH OLRCIOLINE IS RESTORER. TIESTABULE 

NORAL CIRCOLATINE WATER FUR'S. FOWEVER, LOSS OF GRID POWER WILL TRIP THE AIR MAY STILL EX IST IN THE UPPER LOOPS OR IN THE HEAR.E 55CNB I COMR'BESSOR SLPPLYING AIR TO TIE TRYS; WHEN THIS OCCURS THE TBO WILL SHUT. EITHER I'HE R4OVES By COOLING WITH THE STE!AM GENERATORS. IFTHSYEMI 

NOM4AL AIR SUPPLY MNUST BE LOADER ON THE HYDRO BUS MANUALLY OR THE RACKUP AIR SURELY SICOOLEO, THE RC PUMFS CAN BErRESTARTER ARC RUBNI"AH H 
MU/ST BE STARTER SO THAT TIE TELS CAN BE CONTROLLER. STEAM RABBLE INTO THE STEAM GENERATOR WHERE TCRR OGNE 

By STEAM GENERATOR COOLING. SR NEABLY ALL CASES FRTB EK 
TIE IS SYSTEM WILL RESTORE SUCRELINS; SATURATIONWL CNIU 
ONLt

1
IF VERY LARGE TUBE LEAKS EXIST (FORE THAN 0? UB)ORI 

ANOTIER LOSS RAS ALSO ICCURRES. IN TEGE RENOECSSTE"F 
RESTART CRITERIA" OF TIE BEST METHORS" CHAPTER OF 50 ATI 

SOULD BE USES.  

IF THE NC PUMPS0 CANROT RE RESTARTER. ARC THE OVERCOLN 
HAS CAUSED SOIlS, THN DEPRESSURIZATION CARROT BEACOLIHR I M~ACO SLPLSES OFBORAWOD WATER FOR INJECTION SNELOB 

PREPARES.  

I 
I



TABLE C-2 ACTIONS FOR A SGTR IN COiBINATION WITH A NON-ISOLABLE STEAM LEAK 

LARGE SGTR' WITH _____SALST

2 WT 

LARGE STEAM LEAK 3 ON SMALL ST EAM L EAK4 ONLRESEMLAaONSALSEMLA
4 O 

AFFEGTED5 SG UNAFFECTED6, SG AFFECTED5 SG UNAFFECTD G FETD G UAFCE 6 S FETD G UAFCE 6 S 
I

Steam Leak Stop FW to Maintain mini- N/AN/ManinmialantnmnmlNANA 
Mitigation affected SG mal FW to un-FWtafeed Wtoufecd 

Actions (tube leak will affected SG9  G5 9 

3 provide cooling) 

3 ~~~~~~~~~~SG(s) removing Both SG's Predominantly Both SG's Both S' rdmnnl rdmnnl ohS' ohS' 

heat when affected SGunfetdG afcedG 
cooldown and 
depressurizaI tion started 

SGTR Isola- N/A N/A e Stop or reduce StoporedcN/NA Stpsamtpsem 

tion Actions feewater to feedwatrt rmadF ofo n Wt 

I 

affected SG affectdGafetdG afcedG 
Iwhen Thot " when To hnTo hnTo 
500F (tube 500F (uela I ~~~~leak will pro- willprvd5OF154F' 
vide cooling)9  coolin) 

Cooldown Emergency7  Emergency Emergency EmerecEmrec *Eegny7 iEegny *Eegny7 f 

I 

Rates Icnesri odne i 

1. Normal ifT corsod Noral ifrmr o .Afce Sste0 

I 

condenser isa condnse isc eursHI6 Uafce Gi h 
wokig working. nvntry 

1 1~~~~~~. Lage SGTR corresponds to a primary to 5. AffrecyGi h TGwt h GR .Nra cooldown mens 

seconda'ry leak rate which ris hi 6.Uafctdhes h TG h R - Tube-to-shell temprtrelmtsd otece 

cpto o tol CnvorlMy. tm 15tOFt60 

capacity ofthe normalMU system.- Fuel decompression lmt a evoae rproi edn omiti 

3. A'large steam leak reduces steam - The RC temperature sol edopdt OF RPsaetipd 

pressure more than 200 psi. as fast as possible 

4. A small steam leak reduces steam pressure -Afte lOOFrs longas htrt a ehl.feigad taigtananntrlcru 

I 

less than 200 psi and allows, the reactor at clown ate houleeueghn'h to nafce op 

coolant to stabilize at a slightly tube-to-shell rteprtr liisppoce 

reduced temperature condition. 15F ulessel tereisdneofraigth 

I 

BWST).  

I



I 
Figure C-2 TYPICAL SYSTEM RESPONSE FOR LARGE SGTR WHICH RESULTS IN A 

REACTOR TRIP 
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400 SOL EDMRI NATURAL CIRCULATION (HT 

400 450 500 550 6006510 

Reactor Coolant 'And Steam Outlet Temperature-F 

Reference Time 
Points (Seconds)Reak 

0 A SGTR occurs from 100% FP. (Initial leak rat 40 
gpm) 

1-2 0-440 RC pressure and pressurizer level slowly drop.  
* Pressurizer heaters come on; I 
* High MU flow alarm occurs.  

Steam line and condenser radiation alarms sound 

heaters turn off automatically.  

2-3 440-660 RC pressure and pressurizer level continue toi ro 
because the leak rate exceeds MU.  

I 3 660 Reactor trips on variable low pressure (PRCS 200pi) 

3-4 660-680 The turbine trips; MFW runs back; the reactor oln 
subcooled margin is lost (RC pump trip requird;EA 
actuated on low RC pressure; HPI starts.  

I 

4 680 The pressurizer completely drains and the reaco 

coolant is saturated.  

4-5 680-900 The RC pumps are tripped and EFW starts. Th ort r 
throttles EFW to prevent overcooling. The rto 

I 

coolant subcooled margin is reestablished, an h oea 

tor throttles HP! to stablize pressurizer leelan 
system repressurization.  

5 -90 The plant is stable with decay heat being remvdb 

I 

natural circulation. The RC pumps can be resate n 
plant cooldown and depressurization can beiniitd 

'V 
~A minimum subcooled margin is maintained tokepR 

pressure and leak rate low.



I 
Figure A-6 TIME RELATIONSHIP OF KEY PARAMETERS 
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I 
Figure A-2 EXCESSIVE FEEDWATER NOT TERMINATED 

I 
BY ICS 

1 2600POST TRIP 
2400 WINDOW IIn 

7- 2200 
SU BCOOL ED 

S 2000 - REGIONSUEEA I 
.- , 1800 

II 2M 1600 

1400 - WINDOW 
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1200 STEAM PRESSURE S 

o 2 342 END POINT-POST RI 

CDD-00 FORCED CIRCULATION(HTToo N O AUA 

I3 

1800 - CIRCULATION (TCL 

I4 

Ca 60 NORMAL OPERATINGI NTOE 

600 OPRTO *TO 

2 34 END POINT-POST TRIP WITH 

400 SUBCOOLED MARGIN LINE NATURAL CIRCULATION ( T HOL ) 

400 450 500 550 600 650 700 

Reactor Coolant And Steam Outlet Temperature-F 

Reference Time I Points (Seconds) R~marks 

to OTSG A and begins to overfeed OTSGA 

2 60 Operator senses rapidly decreasing pressrzr!ee 
and RCS pressure and starts HPI. OTSGAlel70 
on operate range and increasing.  I 

3 180 OTSG A full. High level trip of the MFWpmsfis 

4250 Pressurizer empty. RCS rapidly approace sautin 

On loss of subcooling margin, the operatrtisR 
I 

pumps and MVFW is diverted to upper nozzl utas 

continues to feed through main block vleo TGA 

5 330 MFW flow to OTSG B and RCS cooling caus t ea rs 

sure to decrease. The operator notice 
P level and continuing MF flow and a 
addition to OTSG A.  

6 410 The excessive MFW to OTSG A has termin 
operator has terminated F e to OTSG Ba 
operate range. Refill of the pressur 

begun to repressurize the RCS and subc satuation 
regained.  

OnlsIfsboln ariteoeao rp



I 
Figure A-1 EXCESSIVE FEEDWATER TERMINATED 
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0 Excessive feedwater addition begins.  

I 1-2 0-60 Slight overcooling of RCS occurs due toexsiv 
feedwater addition. ICS pulls rods to comest 
for reduction bf Tave.  

I 2 60 Reactor trip on high flux or low pressure. (oe 
Depending on severity and power history,a 
trip may or may not occur.) 

I 

2-3 60-200 RC P&T decrease due to loss of fission poe1 n 
higher than normal secondary; inventory.ThIC 
initiates a feedwater runback and the M I 

stops. Pressurizer level decreases becaueo 
reactor coolant contraction.  

3 200 Minimum pressurizer level reached.  

3-4 >200 Normal system pressure restored by RCS operation of MU system, and pressurizer tes.  

Primary system is left in a stable, hotmste condition.  

RecoIrpo hg lxo o pesr.(oe


