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ABSTRACT 

The purpose of the Performance Evaluation of Electrical 
Equipment during Severe Accident States Program is to deter- 
mine the performance of electrical equipment, important to 
safety, under severe accident conditions. In FY85, a method 
was devised to identify important electrical equipment and 
the severe accident environments in which the equipment was 
likely to fail. This method was used to evaluate the equip- 
ment and severe accident environments for Browns Ferry 
Unit 1, a BWR/Mark I. Following this work, a test plan was 
written in FY86 to experimentally determine the performance 
of one selected component to two severe accident environ- 
ments. 

Specifically, equipment important to safety for a BWR was 
identified--equipment which could mitigate a severe accident 
or provide monitoring information on plant status. Of this 
list of equipment, only that located in the primary contain- 
ment or reactor vessel of Browns Ferry Unit 1 was analyzed 
further. For five selected BWR severe accident sequences 
(TB, TC, TW, TQUV, and AE) ,  environmental conditions within 
containment reached temperatures and pressures exceeding the 
current equipment qualification testing requirements prior 
to or during the time the equipment was needed. The results 
of this analysis suggest the need for testing equipment 
important to safety to assess performance under severe acci- 
dent conditions. In particular, the performance of the 
pneu- matic control manifold assembly (part of the main 
steam isolation valve equipment assembly) should be tested 
in the severe accident environments resulting from the TC 
and TW accident sequences. 

In addition to writing a test plan for the pneumatic control 
manifold assembly, a number of important insights are dis- 
cussed in the areas of accident management, emergency plan- 
ning, probabilistic risk assessments, probability and risk 
reduction, and current equipment qualification requirements. 
These insights help illustrate how the environmentally- 
induced failure of certain equipment during a severe accident 
may adversely impact the ability of a nuclear power plant to 
cope with severe-accident conditions. However, without test- 
ing to confirm the actual limits of equipment survivability, 
the safety importance of the insights cannot be assessed or 
addressed, 
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EXECUTIVE SUMMARY 

The purpose of the Performance Evaluation of Electrical 
Equipment during Severe Accident States (PEEESAS) Program is 
to determine the performance of important electrical equip- 
ment under severe accident conditions. Important electrical 
equipment is defined as electrical equipment that is impor- 
tant to safety. This includes equipment used to mitigate an 
accident or provide information on the status of the plant. 
Specifically, this program will 

1. 

2. 

3 .  

4 .  

Devise a method to identify important electrical compo- 
nents and the severe accident environments in which they 
are likely to fail, 

Use the method to analyze equipment performance for 
nuclear power plants, 

Test the performance of selected components to the 
severe accident environments to determine performance, 
and 

Provide the results of equipment performance to opera- 
tors, emergency planning teams, probabilistic risk 
assessment analysts, and the Nuclear Regulatory Commis- 
sion to influence actions and decisions. 

During FY85 and FY86, a method was devised to answer ques- 
tions on the performance of electrical equipment under 
severe accident conditions. This method provided the means 
to identify important electrical components and the severe 
accident environments in which they are likely to fail. 
Also during FY85, Browns Ferry Unit 1 (BWR/Mark I) was 
chosen to be the first nuclear power plant analyzed. For 
this plant, the following areas were investigated: (1) acci- 
dent sequences (including operator actions that are likely 
to occur during those sequences), (2) important electrical 
equipment in the primary containment, ( 3 )  environmental 
profiles, ( 4 )  important electrical equipment that will be 
subjected to environments beyond their current qualification 
levels, and (5) test plan for the selected equipment. 

Accident Sequences and Likely Scenarios 

The five accident sequences chosen for this study are as 
follows: TB (station blackout including loss of all AC 
power), TC (anticipated transient without scram), TW 
(transient with loss of long-term heat removal), TQW 
(transient with early loss of core cooling), and AE (large- 
break LOCAs with early loss of core cooling). The selection 



of BWR/Mark I accident sequences was based on the following 
criteria: (1) sequences with high probability, (2) sequences 
with high risk, ( 3 )  sequences with the potential for extreme 
environments, and ( 4 )  sequences with operator action 
required. 

Likely scenarios are series of events that are most likely 
to happen during an accident sequence based on operator 
actions, timing of system failures, and automatic system 
actuation. These likely scenarios were used to identify 
(1) failed equipment by accident sequence definition, 
(2) equipment assessed to succeed and additional equipment 
needed to mitigate or provide plant status, and ( 3 )  boundary 
conditions for determining the environmental profile for 
each accident sequence. Fourteen likely scenarios resulted 
from the five selected accident sequences. The likely 
scenarios included the following variations: operator 
depressurization of the reactor pressure vessel, no operator 
action, and stuck-open relief valve. 

Equipment 

From an initial list of BWR equipment important to safety 
and from a review of the Browns Ferry Unit 1 design, equip- 
ment was identified that was important to safety and was 
located in the primary containment or reactor vessel. (This 
equipment is generally in the most severe environment.) 
From qualitative arguments considering the possible impor- 
tance of the equipment in mitigating or assessing the status 
of the plant for each selected accident sequence, the fol- 
lowing equipment was identified: inboard main steam isola- 
tion valves (MSIV); inboard high pressure coolant injection 
(HPCI) and reactor core isolation cooling (RCIC) isolation 
valves; safety relief valve (SRV) pilot and service air 
solenoid valves; residual heat removal (RHR) shutdown cooling 
valve; in-core and reactor vessel surface thermocouples; 
drywell temperature element (RTD); drywell pressure monitor; 
and drywell hydrogen and radiation monitors. 

Environmental Profiles 

Environmental profiles of the primary containment were 
developed for each selected accident sequence. The follow- 
ing parameters were considered: humidity, submersion, 
spray, radiation/aerosols. vibration, pressure, and tem- 
perature. Pressures and temperatures were determined, for 
each likely scenario, from MARCH and LTAS computer codes. 
These severe accident environmental profiles were compared 
to typical equipment qualification profiles to identify 
areas where the severe accident environmental profile 
exceeded the equipment qualification profile of IEEE 
323-1974. Appendix A.  
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Reduction of Equipment and Environments 

The list of equipment and environments was reduced in two 
steps. Step 1 identified the time that equipment was 
demanded and whether the severe accident environments 
exceeded the equipment qualification levels prior to or 
during that time. Step 2 determined the relative functional 
importance of the equipment. In Step 1, equipment was 
eliminated if the severe accident environments were below 
that of the typical qualification environment. Then the 
severe accident environments were further reduced by 
retaining only those profiles with (1) maximum pressure or 
temperature or (2) maximum time above the maximum pressure 
or temperature for the typical equipment qualification 
profile. (These results represent profiles where the 
equipment must operate under the most severe conditions for 
the five selected accident sequences.) In Step 2, the 
relative functional importance of the equipment was based on 
the following criteria: redundancy, backup systems, non- 
complexity, electrical independence, fail-safe position 
appropriate, plant status indication only, and separation. 
The equipment is less functionally important if the 
equipment meets these criteria. 

The equipment remaining after Steps 1 and 2 is the main 
steam isolation valves (MSIV) and the safety relief valves 
(SRV). This equipment was required to operate during the TC 
and TW accident sequences. 

To choose the first test candidate, the effect of an 
environmentally-induced failure of the MSIV or SRV (for the 
TC and TW accident sequences) on probabilisric risk 
assessments was determined. From a PRA perspective, both 
the MSIV and the SRV are good test candidates. But for the 
first test candidate, the MSIV equipment assembly was chosen 
because (1) failure of the MSIV may increase the core melt 
probability as well as increase the risk and (2) the 
performance of the MSIV may be tested in more than one 
accident environment. Several pieces of equipment are 
associated with the MSIV equipment assembly. The pneumatic 
control manifold assembly was chosen to be the first test 
candidate because it is required to operate the MSIV globe 
valve, it provides a large heat rejection path, and it is a 
complex electrical component. 

Testinq 

The performance of the pneumatic manifold assemblies will be 
evaluated for both the TC (with the MSIV initially open) and 
the T W  accident sequences. (Two manifold assemblies will be 
tested--one for each accident profile.) Moisture intrusion, 
due to a combination of moisture and high temperature or 
pressure, is the dominant failure mechanism for the manifold 
assembly. 
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The manifold assembly must perform its required safety func- 
tion throughout the accident exposure and the acceptance 
criteria is based on this operational performance. 

Both manifold assemblies will be exposed to simultaneous 
radiation and thermal aging with the solenoids energized. 
Then each manifold assembly will be exposed to an accident 
profile. In Test #1, the TC (MSIV open) accident sequence 
profile will be followed until containment failure at 
4 . 5  hours. If the valve remains open, the chamber pressure 
and temperature will be increased to determine the fragility 
level of the manifold assembly. The valve must be energized 
throughout Test #l. At the conclusion of the test. the 
valve will be closed (if necessary). The valve must close 
and remain closed, at that time. to perform its required 
safety function. In Test #2, the TW accident sequence 
profile will be followed until containment failure at 
35 hours. During this time. the valve will be cycled every 
2 hours. If the valve can still be cycled from the closed 
position to the open position at containment failure, the 
chamber pressure and temperature will be increased to 
determine the fragility level of the test specimen. The 
valve will be cycled open at each fragility plateau. At the 
conclusion of the test. the valve will be closed (if neces- 
sary). The valve must close and remain closed, at that 
time, in order to perform its required safety function. 

However for the TC and TW accident sequences, the MSIV will 
only be required to open prior to containment failure. 
Since core melt occurs after containment failure, the 
manifold assemblies need not be exposed to severe accident 
radiation. In addition, the containment spray system is not 
used in the TC and TW sequences; therefore. the manifold 
assemblies will not be exposed to spray. 

Conclusions and Insiqhts 

As described above, the primary purpose of this project 
during FY85 and FY86 was to develop a test plan to evaluate 
the performance of electrical equipment in severe accident 
environments. This involved the selection of accident 
sequences. identification of important electrical equipment. 
determination of environmental profiles. selection of a test 
candidate, and development of a test plan for the MSIV 
manifold assembly in the TC (MSIV open) and TW accident 
sequences. In addition to these tasks for the test plan, 
insights from the analysis portion of this study were 
identified to illustrate how the environmentally-induced 
failure of certain equipment during a severe accident may 
adversely impact the ability of a nuclear power plant to 
cope with severe accident conditions. These insights 
involve : accident management, emergency planning. 
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probabilistic risk assessments. probability and risk 
reduction. and current equipment qualification 
requirements. Without testing. however. to confirm the 
actual limits of equipment survivability. the safety 
importance of the insights cannot be assessed or addressed. 

In 

1. 

2. 

3 .  

4 .  

summary, the insights are: 

Potential environmentally-induced failures of electrical 
equipment. after equipment qualification limits are 
exceeded, may render the current Emergency Procedure 
Guidelines and operator training ineffective. 

Accident management and emergency planning procedures 
may need to reflect the effects on equipment operability 
of those accident conditions which are expected to 
exceed equipment qualification limits. 

Probabilistic risk assessments may not adequately 
address the effects of environmentally-induced equipment 
failures. 

Depending on the results of equipment testing under 
severe accident conditions. current equipment 
qualification requirements may need to be reviewed for 
adequacy. 
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1. INTRODUCTION 

This report is a summary report; additional details are 
located in the appendices. During FY85 and FY86. the first 
steps were taken to answer questions regarding the per- 
formance of electrical equipment under severe accident 
conditions. These steps included (1) devising a method to 
identify important electrical components and the severe 
accident environments in which they are likely to fail. 
(2) using the method to analyze equipment performance for 
one nuclear power plant, and ( 3 )  writing a test plan to test 
the performance of a selected component to the severe 
accident environments. This work was done for the Perform- 
ance Evaluation of Electrical Equipment during Severe 
Accident States (PEEESAS) Program. 

1.1 Purpose of the PEEESAS Proqram 

The Reactor Safety Study (WASH 1400) and subsequent proba- 
bilistic risk assessments have predicted that severe 
accidents dominate the risk. The Office of Nuclear Reactor 
Research established a Severe Accident Research Plan to 
provide an experimental and analytical basis for more 
accurate assessments of severe accident risks in nuclear 
power plants. An important part of the severe accident 
effort is to reduce the many substantial uncertainties in 
severe accident analyses. One significant source of 
uncertainty is the lack of data on component performance 
during a severe accident. 

Severe accidents are defined as those which lead to either 
vessel breach or containment failure and which include the 
potential for core melt and/or release of radioactivity. 
(The resulting environment may or may not be more severe 
than the design basis LOCA environment.) 

The purpose of the PEEESAS Program is to determine the per- 
formance of important electrical equipment under severe 
accident conditions. (Important electrical equipment is 
defined as electrical equipment that is important to 
safety.) This includes equipment which would be used to 
mitigate an accident or provide information on the status of 
the plant. Specifically. this program will 

1. Devise a method to identify important electrical compo- 
nents and the severe accident environments in which they 
are likely to fail, 

2. Use the method to analyze equipment performance for 
nuclear power plants, 
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3 .  Test the performance of selected components to the 
severe accident environments to determine performance, 
and 

4 .  Provide the results of equipment performance to opera- 
tors, emergency planning teams, probabilistic risk 
assessment analysts, and the Nuclear Regulatory 
Commission to influence actions and decisions. 

The results of this program may influence operators, emer- 
gency planning teams and probabilistic risk assessment (PRA) 
analysts in the following ways. First, by knowing the 
chance that a given piece of electrical equipment will 
survive the severe accident environment, the operator may 
effectively deal with the accident by choosing a strategy to 
mitigate the accident as well as use plant status instru- 
mentation that is not likely to fail. In addition, the 
results of this program may also influence the timing for 
evacuation and sheltering. If environmentally-induced 
failures are likely, core melt or containment failure may 
occur sooner than previously expected. Therefore, evacua- 
tion and sheltering should occur earlier. Furthermore, this 
program will provide PRA analysts with information on 
environmentally-induced equipment failures to incorporate 
into the PRA. (Currently, PRAs implicitly assume some level 
of performance capability. Environmentally-induced equip- 
ment failures are either assumed ttnegligiblett or I*certaintt 
with less justification than is desirable.) 

1.2 Prior Efforts, FY85 Work, and Plant Choice 

A considerable amount of work has been done in the severe 
accident area by other programs. Concurrent with the 
development of NUREG-0900, many severe accident research 
programs have been started. These efforts include PRA 
analyses and phenomenological models which focus on 
identifying the dominant severe accident sequences, 
predicting environments and consequences, and suggesting 
possible arresting and/or mitigating strategies. The 
current analytical models predict severe accident sequence 
progressions, melt of the core, formation of debris beds, 
interaction of molten debris and concrete, containment 
environments, and the timing of severe accident events. 
Therefore, these models provide a good starting point to 
assess the performance of electrical components during a 
severe accident sequence. 

During FY85, a method was devised to answer questions on the 
performance of electrical equipment under severe accident 
conditions. This method provided the means to identify 
important electrical components and the severe accident 
environments in which they are likely to fail. Also, this 
method was used, in FY85, to analyze the equipment and 



environments for one nuclear power plant and, in FY86, to 
develop a test plan to experimentally determine the 
performance of a selected component to the severe accident 
environments. Browns Ferry Unit 1, a BWR/Mark I ,  was the 
nuclear power plant chosen. For this plant, the following 
areas were investigated: (1) accident sequences (including 
operator actions that are likely to occur during those 
sequences), (2) important electrical equipment in the 
primary containment, ( 3 )  environmental profiles, ( 4 )  impor- 
tant electrical equipment that will be subjected to 
environments beyond their current qualification status, and 
(5) test plan for the selected equipment. This work is 
summarized in Sections 2.0 through 8.0, together with a 
discussion to illustrate how environmentally-induced failure 
of certain equipment during a severe accident may adversely 
impact the ability of a nuclear power plant to cope with 
severe accident conditions. 

- 8 -  



2. ACCIDENT SEQUENCES 

2.1 Accident Sequence Selection 

The selection of BWR/Mark I accident sequences was based on 
the following criteria: (1) sequences with high probabil- 
ity, (2) sequences with high risk, ( 3 )  sequences with the 
potential for extreme environments, and ( 4 )  sequences with 
operator action required. The high probability and risk 
sequences were chosen based on results from the Accident 
Sequence Precursor Study, Accident Sequence Evaluation 
Program, Industry Degraded Core Rulemaking Program, and 
Severe Accident Risk Reduction Program. The results of 
these studies are summarized in Table 1. From this table, 
the dominant sequences are TB (station blackout including 
loss of all AC power), TW (transient with loss of long-term 
heat removal), and TC (anticipated transient without scram). 

These sequences appear to be dominant based on current 
knowledge. However, other accident sequences which were not 
considered to be as dominant were also included since 
environmentally-induced failures might cause a significant 
increase in their probability. Since time and money did not 
permit a review of every possible sequence, only two non- 
dominant sequences were examined: TQUV and AE. The 
accident sequence TQW (transient with early loss of core 
cooling) was of moderate interest, even though it has a 
lower risk, due to the probability of the sequence. AE, a 
large LOCA with early loss of core cooling. was of interest 
due to the rapid steam environment. 

The five accident sequences, described in detail in 
Appendix A, are defined by initiator, functions successful 
or failed, systems successful or failed including the cause 
of system failure, and likely scenario until core melt or 
containment failure occurs. (Functions include reactor 
subcriticality, reactor coolant system overpressure protec- 
tion, core heat removal, containment heat removal, contain- 
ment overpressure protection, and radioactivity removal.) 
The likely scenarios will be described in Section 2.2. 

2 . 2  Likely Scenarios for the Five Accident Sequences 

Likely scenarios, up to core melt or containment failure, 
were determined from the Severe Accident Sequence Analysis 
reports (References 1 through 4 ) .  Battelle Columbus report 
(Reference 5). and Emergency Procedure Guidelines (Refer- 
ence 6). Likely scenarios are series of events that are 
most likely to happen during an accident sequence based on 
operator actions, timing of system failures, and automatic 
system actuation. More than one likely scenario may exist 
for a sequence due to insufficient information to choose 
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one path over another. The likely scenarios, with a descrip- 
tion of the sequence and a description of the distinguishing 
features of each scenario, are shown in Table 2. For the 
description of the TB sequence, two cases were distinguished: 
a short-term scenario and long-term scenario involving 
battery depletion in four to seven hours. 

Likely scenarios were used instead of worst-case (conserva- 
tive and bounding) scenarios. The worst-case scenarios 
would not be as representative of the actual conditions in 
the plant during the accident and would place too much 
emphasis on unrealistically high environmental conditions 
and result in a minimum (and possibly insufficient) amount 
of operable equipment remaining to mitigate or prevent the 
accident. This would diminish the value of the results to 
both industry and the Nuclear Regulatory Commission. 

The likely scenarios for each selected sequence identified 
(1) failed equipment by accident sequence definition, 
(2) equipment assessed to succeed and additional equipment 
needed to mitigate or provide plant status, and ( 3 )  boundary 
conditions for determining the environmental profile for 
each accident sequence up to core melt or containment 
failure. 
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3 .  ELECTRICAL COMPONENTS 

An initial list of equipment important to safety was 
compiled from regulatory and industry documents and a 
general knowledge of which equipment is important to safety 
for BWR/Mark I dominant accident sequences (References 7 
through 17). This initial equipment list included equipment 
needed for required operator actions, equipment for moni- 
toring plant and containment conditions, equipment needed to 
provide information to make emergency response decisions, 
and equipment in safety systems required to manage dominant 
accident sequences. The initial list is found in Appen- 
dix B, Table B-2. 

Based on a review of the Browns Ferry Unit 1 design. 
equipment. from the above list was evaluated for equipment 
with electrical components located in the primary con- 
tainment or reactor vessel. (Equipment in the primary 
containment or reactor vessel is generally in the most 
severe environment.) For example, since the instrumentation 
for determining reactor vessel water level is not located in 
the primary containment or  reactor vessel, this instrumenta- 
tion was eliminated from further consideration. The result- 
ing list of equipment that is important to safety and is 
located in the primary containment or reactor vessel is 
found in Appendix B, Table B-3. 

For the above equipment, qualitative arguments were made as 
to the relative importance of the individual components. The 
qualitative arguments considered the possible importance of 
the component in mitigating or assessing the status of the 
plant for each selected accident sequence. (For equipment 
used to mitigate the selected accident sequences, the equip- 
ment must provide core heat removal, reactor coolant injec- 
tion, or contai.nment heat removal.) 

In Appendix B, each component is identified by manufacturer 
and model number (from Browns Ferry Unit 1 equipment qualifi- 
cation information) and judged to be of high, low, or 
m0derclt.e importance for the selected accident sequences. 
The importance of the component to the sequence is based on 
the furkction provided by the component, any positioning 
requirements, amount of time a component is useful during 
each sequence, and any backup systems which perform t h e  same 
function. Components with moderate or high relative impor- 
tance were retained. For these nine components, shown in 
Table 3, operability during a severe accident is most 
important as these components may be needed during that 
time. For each component, Table 3 also includes applicable 
sequences, maximum time component is required, and the 
required function to be performed. 
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4 .  ENVIRONMENTAL PROFILES FOR EACH SCENARIO 

In the following sections, environmental profiles of the 
primary containment will be discussed for each selected 
accident sequence. The severe accident environmental 
profiles will then be compared to typical equipment 
qualification profiles. Areas where the severe accident 
environmental profile exceeds the equipment qualification 
profile will be identified. Further details and the graphs 
for drywell temperature, suppression pool temperature, and 
containment pressure are found in Appendix C. 

4.1 Environmental Parameters Considered 

This section identifies the environmental parameters that 
should be considered when defining a severe accident 
environment. These parameters include humidity, submersion, 
spray, radiation/aerosols, vibration, pressure, and tempera- 
ture. Except for pressure and temperature, each parameter 
is addressed briefly in the following paragraphs. (Sec- 
tion 4 . 2  will address pressure and temperature profiles.) 

Humidity: Electrical equipment within the Browns Ferry 
Unit 1 containment has been qualified to 100 percent humid- 
ity conditions. Therefore, humidity has been adequately 
addressed by the design basis accident. 

Submerqence: The selected equipment is located above the 
possible flooding level based on plant qualification reports 
and equipment location information. It is therefore assumed 
that submergence represents little or no hazard to the 
selected equipment. However, information regarding the basis 
for the flooding calculations, for Browns Ferry Unit 1. could 
change this conclusion and cause the submergence issue to 
have to be reevaluated. 

Spray: For accident sequences which use the drywell spray 
system to cool the containment or prevent containment 
overpressure, equipment may be exposed to water spray. 
Since direct spray impingement may present; worse conditions 
than the 100 percent humidity case, water spray should be 
included for those sequences. 

Radiation and Aerosols: Current equipment qualification 
testing requires exposing equipment to radiation dose levels 
derived from assuming that 100 percent of the noble gases, 
5 0  percent of the halogens, and 1 percent of other fission 
products are released to the containment environment. This 
leads to a maximum dose of 150 Mrads. Current information 
suggests that this dose is appropriate for severe accident 
sequences. 



However, there are uncertainties associated with aerosol and 
other fission product dispersal patterns, such as direct 
plateout on the equipment or preferential radiation shine. 
In addition, for sequences with vessel breach prior to con- 
tainment failure (TB and T Q W ) ,  aerosols are generated from 
the core/concrete interaction. Aerosol generation from 
concrete attack was not considered in this study due to the 
wide variability of concrete types. 

Vibration: For those sequences where containment failure 
occurs before vessel breach (TW, TC, and AE), the resulting 
blowdown forces could cause vibration of equipment. Com- 
ponents required between containment failure and vessel 
breach may need to be examined under blowdown forces. 

4 . 2  Pressure and Temperature Profiles for Each Scenario 

Profiles of pressure and temperature, as a function of time, 
were generated for each likely scenario. These profiles 
were constructed using two computer codes: LTAS and MARCH. 
The LTAS code (Reference 18) was developed for Browns Ferry 
and models thermohydraulic behavior up to core damage. 
Because LTAS permits simulation of a variety of plant 
parameters and operator actions, the code was rerun for each 
selected scenario. MARCH (Meltdown Accident Response 
CHaracteristics) code results, from past studies, were used 
to simulate plant response for pressures and temperatures 
beyond core damage. Since the code was not rerun for each 
likely scenario, the MARCH results that did exist were 
examined to find a similar scenario. 

A brief description of the trends in the pressure and 
temperature curves will be described below. 

4.2.1 TB Short Term 

No Operator Action Case or Late Depressurization by the 
Operator (if DC power available) Case 

These cases can be combined because most of the boiloff 
occurred before the operator depressurized the reactor. 

The initial increase in drywell temperature is due to the 
loss of the drywell coolers at the start of the accident and 
heat up of the primary system due to an immediate loss of 
core coolant injection. The loss of the drywell coolers 
also caused the containment pressure to increase. During 
the boiloff period, decay heat is removed by the safety 
relief valves to the suppression pool. The suppression pool 
serves as a heat sink until the reactor vessel is without 
water. However, the rate of temperature rise in the 
suppression pool decreases as the fixed water inventory is 
depleted through the safety relief valves. The boiloff 
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period leads to core uncovery. With core uncovery, core 
melting occurs and vessel breach follows. Vessel breach 
occurs at 2.1 hours into the accident. 

After vessel breach, the decay heat has a direct path to the 
drywell atmosphere; therefore, the drywell temperature and 
containment pressure increase. Also. the suppression pool 
temperature rises due to radiative heating from the contain- 
ment atmosphere. At 3.2 hours into the accident. the 
containment fails due to leakage through the electrical 
penetration assembly seals at 500OF. The containment 
pressure just prior to containment failure was 100 psia. 

Early Depressurization from Stuck-Open Safety Relief Valve 
Case 

This case is similar to the case described above; only, for 
this case, depressurization occurs earlier. The same trends 
occur; although. vessel breach is now predicted to occur at 
2.3 hours and containment failure at 2.9 hours. The con- 
tainment failed due to leakage of the electrical penetration 
seals at 50O0F. The containment pressure, just prior to 
containment failure, is 75 psia. 

4.2.2 TB Long Term 

Depressurization by the Operator (until DC power failure) or 
from Stuck-Open Safety Relief Valve Cases 

The reactor vessel repressurization after battery failure, 
for the operator depressurization case, was not found to 
have a significant effect. 

This case is similar to TB Short Term but with a seven hour 
delay due to coolant injection being available initially. 
Since coolant injection is available for four hours (until 
the batteries fail), more decay heat energy is removed to 
the suppression pool. Therefore. the suppression pool 
temperature reaches a higher peak value in TB Long Term than 
in TB Short Term. Vessel breach occurred at 9.0 hours and 
the containment failed at 10.0 hours into the accident. 
Once again, the containment failed due to leakage from the 
electrical penetration seals and the containment pressure, 
just prior to containment failure. was 100 psia. 

4 . 2 . 3  TW 

Depressurization by the Operator or from Stuck-Open Safety 
Relief Valve Cases 

Both cases led to similar results. Continued steam removal 
from the reactor vessel to the suppression pool, during the 
stuck-open case, produced only minor differences in the 
profiles. 
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Initially, the drywell temperature decreased because the 
reactor scrammed, the drywell coolers are operating, and 
decay heat is removed through the safety relief valves to 
the suppression pool. At ten hours into the accident, the 
suppression pool has reached the boiling point for the 
containment pressure. Steam energy from the wetwell is 
transferred to the drywell; this caused the drywell 
temperature and containment pressure to increase. At 
seventeen hours, the drywell coolers fail due to high 
temperatures. Therefore, the drywell temperature increased 
until a new equilibrium was reached which accounted for the 
loss of the drywell coolers. (The loss of the drywell 
coolers had little effect on the containment pressure and 
suppression pool temperature.) Decay heat continues to be 
removed to the suppression pool. (For the case where the 
operator depressurizes the vessel, the operator loses 
control of the safety relief valves at 2 3  hours into the 
accident. However, after the vessel repressurizes, the 
safety relief valves will periodically reopen to maintain 
reactor vessel pressure at approximately 1000 psig.) As the 
suppression pool temperature increased, the drywell tempera- 
ture and containment pressure increased until containment 
failure at 35 hours. Containment failure was due to the 
combined effect of drywell temperature (4OO0P) and contain- 
ment pressure (120 psia). It was assumed that coolant 
injection was lost following containment failure. At first, 
the drywell temperature decreased as energy was released to 
the environment. Then, the drywell temperature increased a s  
the core uncovered. Vessel breach occurred about 39 hours 
into the accident. 

4.2.4 TC 

With the MSIV Closed: Depressurization by the Operator or 
from Stuck-Open Safety Relief Valve Cases 

Because of the failure of the control rods to insert, the 
reactor power level may be as high as 30 percent. This heat 
is dumped to the suppression pool through the safety relief 
valves. The drywell temperature remains constant for the 
first 1400 seconds; the reactor is dumping the majority of 
its energy to the suppression pool and the drywell coolers 
are operating. However, the suppression pool cannot con- 
tinue to remove enough heat. After 1400 seconds, the 
suppression pool temperature has reached the saturation 
point. Once the suppression pool starts to boil, the energy 
from the pool causes an increase in drywell temperature and 
containment pressure. By the time of containment failure at 
0.9 hours into the accident, the drywell temperature and 
pressure has increased to 360°F and 132 psia. (Containment 
failure is due to the high containment pressure.) After 
containment failure, it was assumed that coolant injection 
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fails. The reactor does shut down due to a lack of modera- 
tor, but the core uncovery leads to vessel breach at 
3.8 hours into the accident. 

With the MSIV Open: Depressurization by the Operator Case 

This case is similar to the MSIV closed case for TC. 
Because of the failure of the control rods to insert, the 
reactor power level may be as high as 30 percent. However 
in this case, the power conversion system dissipates 
2 0 - 2 5  percent of the heat through the condenser. The 
remaining heat (5-10 percent) is dumped to the suppression 
pool through the safety relief valves. This results in a 
longer time for the suppression pool to reach saturated 
conditions and containment failure occurs at 3.9 hours into 
the accident (drywell temperature = 345OF and containment 
pressure = 132 psia). Containment failure is due to the 
high containment pressure. Vessel breach is estimated to 
occur at 6.7 hours into the accident. 

4 . 2 . 5  TQW 

No Operator Action Case 

Since TB is a specialized case of TQUV, the trends in the 
drywell temperature. suppression pool temperature, and 
containment pressure profiles are similar. (Both sequences 
have similar boiloff calculations.) As in the TB sequence, 
the suppression pool temperature was assumed to change 
insignificantly. The drywell temperature and containment 
pressure were also assumed to change insignificantly until 
the point of vessel breach. Vessel breach occ’urred at 
4.9 hours into the accident and the containment failed at 
7.0 hours into the accident. The containment failure was 
due to leakage of the electrical penetration seals at a 
drywell temperature of 400-500°F. 

Depressurization by the Operator or from Stuck-Open Safety 
Relief Valve Cases 

This case is similar to that described above for TQUV with 
no operator action. Since the reactor is depressurized. 
water is available at a higher flow rate from the control 
rod drive system. This postpones vessel breach and con- 
tainment failure. Vessel breach occurs at 7.0 hours and 
containment failure occurs at 8.2 hours into the accident. 

4.2.6 AE 

No Operator Action Case 

The drywell temperature and containment pressure increase 
due to direct exposure to the superheated steam/water 
mixture from the large break. Throughout this sequence. the 
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suppression pool remains subcooled. However since no coolant 
injection is available, the core uncovers. The drywell 
temperature and containment pressure remain constant until 
decay heat causes the core to slump. At this point, the 
drywell temperature and containment pressure experience a 
tremendous rise due the production of hydrogen and the 
transport of noncondensible gases to the suppression pool. 
The containment fails at 0.7 hours with a peak temperature 
predicted to be in excess of 2000OF and containment pressure 
of 138 psia. Vessel breach occurs at 2.1 hours into the 
accident. 

4.3 Typical Equipment Qualification Profiles 

IEEE 323-1974 addresses the qualification of Class 1E 
equipment for nuclear power plants. This document states 
that testing is the preferred method to prove qualification 
and that equipment must be tested according to the environ- 
mental profile of the specific plant. (The environmental 
profile is based on the postulated design basis event (large 
LOCA).) Furthermore, the actual test profile must include 
both the environmental profile and margin to account for 
variations in manufacturing and the uncertainty in defining 
satisfactory performance. This margin includes (1) addi- 
tional peak transient, (2) increasing the temperature by 
15OF, (3) increasing the pressure by 10 percent of the gauge 
pressure, and (4) increasing the time (that equipment must 
operate following the design basis event) by 10 percent. 

Although actual test profiles must be based on plant- 
specific calculations, a representative test profile is 
presented in IEEE 323-1974, Appendix A. These temperatures 
and pressures, as a function of time, were calculated for a 
large LOCA in a pressurized water reactor and a boiling water 
reactor. The larger value of temperature or pressure, at 
time, was used to develop the typical equipment qualification 
profile used in this study. In addition, IEEE 323-1974 
Appendix A also gives an accident dose of 150 Mrad and a 
demineralized water spray rate, for a boiling water reactor, 
of 0.15  (gal./min.)/sq. ft. 

For this study, it was assumed that the selected equipment 
had been qualified to these levels. This may not be true in 
all cases. For cases where equipment has been qualified to 
levels below the typical equipment qualification profile, 
the results of this study may have to be modified to include 
additional equipment. 

4.4 Comparison of the Pressure and Temperature Profiles for 
Each Scenario to the Typical Equipment Qualification 
Profile 

Environmental profiles, for each scenario, were compared 
with the typical equipment qualification profile. Since 
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severe accident environments in excess of the equipment 
qualification levels may result in equipment failure, equip- 
ment survivability is questioned during these scenarios. 

While the equipment qualification profile envelopes some of 
the environmental conditions (drywell temperature, suppres- 
sion pool temperature, or containment pressure) which occur 
for the severe accidents examined, some severe accident 
sequence environmental conditions have higher temperatures 
and pressures than current equipment qualification require- 
ments. These profiles are identified in Table 4 .  Addition- 
ally, accident sequences involving long-term containment 
failure produce conditions different from those of current 
equipment qualification requirements. These sequences yield 
relatively low environmental conditions early in the sequence 
and exceed the current equipment qualification conditions 
later in the sequence. Therefore, the performance of 
important electrical equipment may need to be determined for 
profiles of both general types of sequences--those with fast 
rising environmental conditions and those with slow rising 
pressure and temperature profiles. While it may be imprac- 
tical to expect to achieve equipment qualification at the 
maximum pressures and temperatures seen in a severe accident, 
any increase in the current qualification limit may increase 
the potential for equipment survivability during the severe 
accident. 
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5. REDUCTION OF EQUIPMENT AND ENVIROmNTS 
TO SELECT TEST CANDIDATES 

5.1 Screeninq and Rankinq 

A screening and ranking process was used to select the best 
test candidates and test profiles by reducing the number of 
possible equipment and environments. Further details are 
found in Appendix D. 

5.1.1 Time Equipment Demanded and Environments Exceeding 
Qualification Levels 

In Section 3 ,  Table 3 ,  electrical equipment was selected and 
the time period when the equipment may be used, during each 
accident sequence, was identified. The time during which 
the equipment may be used and the severe accident environ- 
ment, prior to or during that time, was compared. (Although 
some equipment may be used after both vessel breach and 
containment failure, this equipment would have less impact 
than equipment needed before vessel breach and/or contain- 
ment failure. Therefore, the equipment will only be 
evaluated until both containment failure and vessel breach 
have occurred.) 

The pressure and temperature environments were examined in 
great detail. If the equipment was needed during the 
accident sequence and if the accident profile was above the 
typical qualification profile prior to or during the time 
that the equipment was needed, the equipment and profile 
were retained. This process eliminated equipment with 
severe accident environments below that of the typical 
qualification environment. Then, the severe accident 
environments were further reduced by retaining only those 
profiles with (1) maximum pressure or temperature or 
(2) maximum time above the maximum pressure or temperature 
for the typical equipment qualification profile. These 
results are shown in Table 5 and represent profiles where 
the equipment must operate under the most severe conditions 
for the five selected accident sequences. The pressure and 
temperature parameters were categorized using (1) 11high88 for 
equipment that is required during or after the time the 
severe accident profile is greater than 4 0  percent above the 
maximum equipment qualification level, (2) "medium" for 
equipment where the severe accident profile is between the 
maximum equipment qualification level and 4 0  percent above 
the equipment qualification level, and ( 3 )  t110w18 for equip- 
ment where the severe accident profile is less than the 
maximum equipment qualification level. 

The remaining environmental parameters were ranked as 
follows. Except for the AE sequence, humidity. spray, 
submergence, and radiation were categorized as II~ow'~ prior 
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to vessel breach and ttmediumtt after vessel breach. For AE, 
these parameters were considered to be tlmediumli. The vibra- 
tion parameter was II1owtt prior to containment failure and 
1tmedium81 after containment failure. In addition. the follow- 
ing combinations of parameters were considered: pressure/ 
moisture (humidity or steam), temperature/moisture (humidity 
or steam). and temperature/radiation. The combined environ- 
ments were given the combined ranking of each individual 
parameter. The results for an MSIV are shown in Table 6 .  

The results described above were tabulated for each sequence 
using a point system. (For a description of the point 
system, see Appendix D.) These tabulated results. shown in 
Table 7 .  are listed for each piece of equipment. For 
example. the worst environments for the MSIV are found in 
the TW and TC accident sequences. 

5.1.2 Functional Importance 

The relative functional importance of the equipment. based 
on each accident sequence where the equipment may be needed. 
was determined for the equipment identified in Section 3 .  
Table 3 .  Seven criteria were used to measure equipment 
importance. These criteria describe conditions which imply 
lower functional importance. The criteria are defined below. 

Redundancy: More than one component to perform the equip- 
ment function (such as four MSIV valves or two drywell 
temperature devices). 

Backup Systems: Totally different systems able to perform 
the same function. 

Noncomplexity: Few or simple (mechanical or electrical) 
parts and functions. 

Electrical Independence: More than one electrical bus to 
supply power to the equipment. 

Fail-safe Position Appropriate: The deenergized or failed 
state allows the equipment to operate as required for the 
sequence. (For example, the fail-safe position of the MSIV 
is closed. but for the sequences of concern, the MSIV must 
open. Therefore. the MSIV is not considered to be in an 
appropriate fail-safe position). 

Plant Status Indication Only: Passive equipment which only 
provides the status of the system, but cannot by itself 
actively influence the accident sequence outcome. 

Separation: Physical distance between redundant components 
in the equipment. 
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The equipment was evaluated against each criterion using a 
point scheme such that the lower the total points for the 
equipment, the more functionally important the equipment. 
Equipment information was based on Browns Ferry Unit 1 
schematic drawings and engineering knowledge of other 
"typical" BWR designs. 

It is important to realize that all of the equipment has 
been judged, in Section 3, to be functionally important to 
the severe accidents. This ranking is simply used to judge 
the relative importance of the equipment. As shown in 
Table 8 ,  the main steam isolation valves and safety relief 
valves are functionally more important than the other 
equipment. 

5.1.3 Ranking 

The results, from Tables 7 and 8 ,  were evaluated by a 
ranking process. The equipment was assigned a value of 
high, medium, or low by dividing the points that were given 
in the environmental and functional importance screens into 
thirds. These results are shown in Table 9. Equipment with 
high functional importance and with high or medium environ- 
mental conditions were retained as possible test candidates. 
The high and medium environmental conditions include environ- 
ments above the maximum equipment qualification levels. 

The resulting potential test candidates included the main 
steam isolation valves and the safety relief valves. Both 
test candidates were required to operate during two accident 
sequences: TC and TW. These four cases were judged to be 
equivalent in terms of possible test candidates and test 
profiles. 

5 . 2  Importance of Selected Test Candidates to Probabilistic 
Risk Assessments (PRA) 

This section describes possible changes to current PRA 
estimates of accident sequence probabilities and risk, if 
environmentally-induced equipment failures occur. This 
analysis is important for two reasons. Currently, the 
probability of equipment failure is based on operator 
actions, test and maintenance activities, and past 
performance--the failure of equipment due to a severe acci- 
dent environment generally has not been considered. One of 
the goals of this program is to determine the impact of the 
environment on equipment and to provide this data incorpora- 
tion into a PRA. The second reason to use a PRA analysis is 
that it serves as a convenient method, other considerations 
being equal, to choose a first test candidate. Therefore, 
the effect of environmentally-induced equipment failures on 
probabilistic risk assessments was examined for the four 
remaining cases. This was done from a relative point of 
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view by concentrating on the degree of change in probability 
or risk rather than absolute numbers. 

In order to understand the purpose of the MSIVs and SRVs in 
TW and TC, it is important to understand the definition of 
the sequences. Typically, transients are grouped into three 
major categories: (1) loss of off-site power, (2) initial 
loss of the power conversion system (PCS), and ( 3 )  PCS ini- 
tially available but subsequently lost as a result of 
perturbations to the PCS following a reactor trip. These 
three transient categories contribute about 1 percent, 
10 percent, and 90 percent, respectively, to the overall 
frequency of transients at nuclear power plants (Refer- 
ences 19 and 20). 

Plant performance data has shown that the probability of 
recovering off-site power, and hence the ability to restore 
the use of the PCS or other AC-driven systems as a primary 
heat removal path, is greater than 5 0  percent in about 
one-half hour and exceeds 90 percent by approximately four 
to five hours after the initial power loss. Events involv- 
ing loss of the PCS are similar in that there is an 
estimated 90 percent chance of restoring the PCS by 
approximately four to five hours after its initial loss 
(Reference 21). Furthermore, for cases where the PCS has 
been lost due to perturbations in the system (not hardware 
faults), recovery of the PCS is even more likely. 

Therefore, there is a high chance of recovering the PCS 
following the initiating transient. In addition, the 
Emergency Procedure Guidelines often stress using the PCS as 
the preferred source of heat removal since operators are 
familiar with the PCS. With PCS recovery likelyi especially 
during the long time prior to containment failure in the TW 
scenario, the ability of the MSIVs to be reopened following 
exposure to the severe accident environment becomes impor- 
tant. In addition, because the Residual Heat Removal (RHR) 
system is of little use in a TC scenario (power level too 
high) and the RHR system may have failed (and hence recovery 
is uncertain) in the TW scenario, MSIVs are important in 
these two sequences. 

However, if the PCS cannot be restored, then the operability 
of the primary system SRVs, in TW and TC, becomes more 
important--particularly since the high pressure injection 
systems will eventually fail due to the high temperature of 
the suppression pool water which provides the water source 
for the high pressure injection systems. Therefore, using 
the SRVs would permit the low pressure injection system to 
operate. 



5.2.1 Specific Effects of Environmentally-Induced Equipment 
Failure on Accident Sequences 

The specific effects of environmentally-induced equipment 
failure on sequence probability or risk are described below. 

MSIV and the TC (MSIV open) Sequence 

There is a 50 percent chance of the MSIV closing in this 
sequence (Reference 22). Current PRA estimates do not give 
credit for reopening the MSIVs if the MSIVs close at or 
shortly following sequence initiation because of (1) the 
time necessary to equalize pressure around the valves and 
open the valves, (2) the short time to restore failed 
portions of the PCS, and (3) the many other operator actions 
needed to manage the accident. Since the current probabil- 
ity of reopening the MSIVs is 0.0, any environmentally- 
induced failure of the MSIVs will not alter the sequence 
probability . 
However, if the MSIVs initially stay open, there is more time 
to recover from the accident before containment failure and 
vessel breach. If the MSIVs should subsequently shut because 
of a previously unconsidered environmentally-induced failure, 
the chance of the MSIVs closing becomes 100 percent. This 
results in the same sequence probability, but increases the 
risk associated with the TC sequence. 

MSIV and the TW Sequence 

Current PRA estimates assume that as the sequence progresses, 
the probability of failing to restore the PCS decreases 
exponentially with time (Reference 21). This assumes that 
the MSIVs are able to operate throughout the sequence. 
However, the valves may be unavailable since the drywell 
temperature and containment pressure exceed equipment 
qualification profiles 18 hours into the accident and the 
maximum equipment qualification level about 27 hours into 
the accident. If an environmentally-induced failure of the 
MSIV assembly occurs during this time, then there may be 
only 18-27 hours to recover the PCS instead of the 35 hours 
presently used in PRA analyses. The nonrecovery probability 
at 18 hours is 0.02 and the nonrecovery probability at 
3 5  hours is 0.009. Therefore, the sequence probability 
could change by as much as a factor of 5 if environmentally- 
induced failure of the MSIVs occurred after 18 hours into 
the sequence. 

SRV and the TC (MSIV closed) Sequence 

As explained in the paragraphs entitled W S I V  and the TC 
Sequence, PRAs distinguish between MSIV open and closed 
cases. SRV operation is important in the MSIV closed case. 
After the suppression pool temperature reaches about 2OOOF. 

-32- 



pumps for the high pressure injection system may fail due to 
high lube oil temperatures or low suction head. At this 
time, the operator must be able to operate the SRVs to 
permit operation of the low pressure injection systems. 
Current PRAs estimate the probability to fail to depressur- 
ize at approximately 0.1 (Reference 22). Since the TC 
sequence has containment pressures exceeding equipment qual- 
ification limits, an environmentally-induced failure of the 
SRV may occur. The environmentally-induced failure may 
change the depressurization failure to a probability of 
1.0. This results in a factor of 10 increase in the TC 
probability. 

SRV and the TW Sequence 

For this sequence, the need for low pressure injection 
systems is relatively low. Even if the high pressure 
injection systems fail due to suppression pool temperature, 
the control rod drive (CRD) system is available and should 
be adequate to maintain reactor vessel water level. Once 
the containment has been vented or containment failure 
occurs. the probability of continued operation of the CRD 
system is currently estimated at approximately 0.9 (Refer- 
ence 22). Should CRD failure occur. then the SRVs would be 
needed to depressurize the reactor vessel so that low 
pressure injection systems could be used to maintain coolant 
level. Although the TW environment will exceed the equip- 
ment qualification levels in this sequence. since the 
probability of the TW sequence coupled with CRD failure is 
relatively low, the effect of environmentally-induced SRV 
failures on the TW sequence are relatively small. 

5.2.2 Effect of Environmentally-Induced Equipment Failures 
on the Total Core Melt Probability 

Based on past IDCOR and ASEP work, the total core melt 
probabilit per reactor year for some BWR-4s is approxi- 

5 0  percent of this total probability. TW sequences 10 per- 
cent. and TB sequences 4 0  percent. Since environmentally- 
induced failures may cause the TC sequence probability 
to change by a factor of 10. the overall core melt proba- 
bility would increase by a factor of 5 .  Likewise, if 
environmentally-induced failures in the TW sequence result 
in an increase in the sequence probability by a factor of 5 ,  
the total core melt probability would increase by a factor 
of 1.5. 

mately 10- s . The TC sequence generally accounts for about 

5.2.3 Resulting Test Candidates and Environments 

Therefore, the recommended test candidates and environments 
are the MSIVs for the TW or TC (MSIV open) accident 
sequences and the SRVs for the TC (MSIV closed) accident 
sequence. 



5 . 2 . 4  PRA and Emergency Preparedness Insights 

The effects of the environmentally-induced failure of the 
main steam isolation valve and the safety relief valve were 
discussed above. Environmentally-induced failures of elec- 
trical equipment can cause an increase in the current core 
melt probability and risk estimates. However, changing the 
equipment to better withstand the severe accident environ- 
ments may reduce the probability of equipment failure and 
risk. Until the equipment is demonstrated to withstand the 
severe accident environments, it may be important for PRAs 
to include the effects of environmentally-induced failures 
in their scope. 

With regard to emergency preparedness, current evacuation 
plans require evacuation once vessel breach or containment 
failure has either occurred or is deemed imminent (Refer- 
ence 23). However, the results of this study indicate that 
the basis for evacuation should be reexamined. For example, 
although containment failure for the TW sequence is currently 
predicted to occur at 35 hours into the sequence, environmen- 
tal conditions have exceeded current equipment qualification 
levels after 18 to 24 hours. Therefore, containment failure 
may occur sooner than currently expected if environmentally- 
induced failure of critical indicators or systems is consid- 
ered (in this example, perhaps as much as 17 hours sooner). 
This insight may have bearing on current emergency planning 
for this and other sequences which exceed equipment 
qualification limits. 
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6. TEST PLAN INPUT 

6.1 Choosinq the Test Candidate 

From a PRA perspective, both the MSIV and the SRV are good 
test candidates. But for the first test candidate, the MSIV 
equipment assembly was chosen because failure of the MSIV 
may increase the core melt probability as well as increase 
the risk. and the performance of the MSIV may be tested in 
more than one accident environment. 

Several pieces of equipment are associated with the MSIV 
equipment assembly: pneumatic control manifold assembly. 
position switch, main steam drain valve actuator, and globe 
valve. As discussed in Appendix C. the position switch is 
less important than the pneumatic control manifold assembly 
since the pneumatic control manifold assembly is required to 
operate the MSIV globe valve. The main steam drain valve 
actuator may be needed to equalize the pressure across the 
MSIV, but since the MSIV is a globe valve, the globe valve 
may open even if the pressure across the valve is not 
equalized. In addition, the heat rejection path associated 
with the main steam drain valve actuator is smaller than the 
heat rejection path associated with the pneumatic control 
manifold assembly. Furthermore the pneumatic control 
manifold assembly, a complex electrical component, is more 
susceptible to failure than the globe valve. 

Therefore, the MSIV pneumatic control manifold assembly was 
chosen to be the FY86 test candidate. Both the TC (MSIV 
open) and TW accident sequence profiles will be used. 

6.2 Expected Failure Modes 

Possible failure modes of the test candidate due to 
different environmental parameters are given in Table 10. 
The failure modes were based on information from manufac- 
turing data. Licensee Event Reports. operation and mainten- 
ance records, I ti E Information Notices. Qualification 
Testing Evaluation Program reports, vendor reports. and 
TMI-2 reports. This literature review identified one major 
cause of failure for electrical equipment. within 
containment, was moisture intrusion: (1) humidity and 
temperature, and (2) humidity and pressure. With this in 
mind, it may be that equipment longevity in severe accident 
environments can be enhanced by removing vulnerable 
components from containment or protecting the vulnerable 
components from moisture intrusion. However, these options 
for coping with moisture effects will not be studied in this 
current program. Instead, moisture will be investigated as 
one environmental parameter in the test plan. In addition, 
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Table 10 

Failure Modes for the Test Candidate 

SOLENOID 
ASSEMBLY 

ENVIR- 

JUNCTION BOXES/ 
CABLING CONNECTORS 

WINDING INSULATION INSULATION MELT/ JOINT KXF'ANSION 
H~LT/HOT SPOT FAULT PROPAGATION LEADING TO LOSS 

TEMPERATURE OF ELECTRICAL 
MECHANICAL BINDING CONTINUITY 

SEAL MISALIGNMENT FAULT PROPAGATION GASKET SEAL 

MISALIGNMENT 
PRESSURE /FA ILURE MOVEMENT/ 

ELECTRICAL SHORT ELECTRICAL SHORT MOISTURE PENETRA- 

FAULT FAULT SHORT 
HUMIDITY THROUGH EXISTING THROUGH EXISTING TION ELECTRICAL 

SPRAY OR ELECTRICAL SHORT ELECTRICAL SHORT MOISTURE PENETRA- 
SUBMERGENCE THROUGH EXISTING THROUGH EXISTING TION ELECTRICAL 

FAULT FAULT SHORT 

SEAL/WINDING gMBRITTLBMENT/ SEAL EMBRITTLE- 

EMBRITTLgMBNT TO BREAKS SI CRACKS 
RADIATION INSULATION SHRINKAGE LEADING MENT 

MECHANICAL BINDING RAPID FAULT SEAL FAILURE 

LOSS OF WINDING 
VIBRATION PROPAGATION CABLE TO CONNECTOR 

CONTINUITY MECHANICAL MECHANICAL 
SRVERANCE SEVERANCE 

ELECTRICAL SHORT ELECTRICAL SHORT ELECTRICAL SHORT 
COMBINATION 1 DUE TO MOISTURE DUE TO MOISTURE DUE TO MOISTURE 

PENETRATION PENETRATION PENETRATION 
THROUGH SEALS THROUGH SEALS THROUGH SEALS 

ELECTRICAL SHORT CARBONIZING JACKET CARBONIZING JACKET 
DUE M MOISTURE MATERIAL LEADING MATERIAL LEADING 

COMBINATION 2 PENETRATION TO SHORT DUE TO TO SHORT DUE TO 
THROUGH SEALS MOISTURE MOISTURE 

PENETRATION PENETRATION 
MECHANICAL BINDING 

WINDING gMBRITTLEHENT/MELT JOINT EXPANSION/ 
COMBINATION 3 EMBRITTLEMENT LEADING TO BREAKS SEAL EMBRITTLEMENT 

/HOT SPoTS b CRACKS IN LEADING TO LOSS 
INSULATION 

COMBINATION 1 = PRESSURE/HUMIDITY 
COMBINATION 2 = TEMPERATURE/HUMIDITY 
COMBINATION 3 = RADIATION/TEMPERATURE 
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recent testing has identified a synergistic effect when 
cables are simultaneously exposed to radiation and a LOCA 
environment. These environmental parameters are also 
considered in the test plan. 



7. SUMMARY OF THE TEST PLAN 

The test plan for the pneumatic control manifold assembly is 
summarized below. Further details are given in Appendix E. 

7.1 Sample Description and Mountinq 

The pneumatic control manifold assembly described below is 
in place in many licensed BWR plants. Two identical test 
specimens will be purchased. 

Each test specimen has three solenoids (1-125 Vdc and 
2-120 Vac) to operate three valves (4-way, 3-way, and 2-way). 
The solenoids have Class H insulation and the valves have 
Viton seals. The valves are lubricated with Parker Super-O- 
Lube. 

Each test specimen operates in the following fashion: 
either the 120 Vac or 125 Vdc main control solenoid activates 
the 4-way valve; if either main control solenoid fails, the 
4-way valve may be operated by the other main control 
solenoid; and if the 4-way valve fails to cause the MSIV to 
close, the 2-way valve may be used to close the MSIV. The 
remaining 120 Vac exercise control solenoid operates the 
3-way valve. The 3-way valve is normally used to slowly 
close the MSIV, during normal plant operation, to determine 
if the MSIV will shut. Although the 3-way valve and 
exercise control solenoid can only slowly close the MSIV, 
they may be used if all other valves and solenoids fail. 

As shown in Figure 1, each test specimen will be mounted at 
a forty-five degree angle with the solenoids upside down 
during the accident exposure. This is the usual installed 
configuration at nuclear power plants. 

7.2 Test Strateqy 

The performance of the test specimens is to be evaluated 
under conditions simulating the TC (MSIV open) and TW 
accident sequences. During these sequences, the MSIV need 
only be opened prior to containment failure. Since core 
melt occurs after containment failure, the test specimens 
need not be exposed to severe accident radiation levels. In 
addition, the containment spray system is not operated in 
the TC and T W  sequences; therefore, the test specimens will 
not be exposed to spray. 

7.2.1 Aging Simulation 

Both test specimens will be exposed to simultaneous radia- 
tion and thermal aging with the solenoids energized. Since 
the manufacturer recommends replacing some organic materials 
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after 15 months, the valve will be aged to an equivalent of 
15 months at a service tempecature of 185OF. The acceler- 
ated aging temperature is 266OF with a total dose of 
1.25 Mrads. To avoid overaging the elastomeric materials, 
the aging will be done in two steps: (1) solenoids for 
4 days and (2) the entire assembly for 12.2 days. (Self- 
heating of the coil has been accounted for.) 

7.2.2 Accident Simulation 

Each test specimen will be exposed to an accident profile. 
The solenoids will be energized (rated voltage 2 10 percent) 
and the valves will be pressurized with instrument air 
(150 10 psig), as needed. 

Test #1 

In Test #1, the TC (MSIV open) accident sequence profile 
will be used. These temperature and pressure profiles are 
shown in Figures 2 and 3. The profile will be followed 
until containment failure at 4 . 5  hours. If the valve 
remains open, the chamber pressure and temperature will be 
increased to determine the fragility level of the test 
specimen. 

To determine the fragility level of the test specimen, the 
chamber temperature will be increased in 25OF increments 
(and held at that temperature until the valve has stabilized 
at the chamber temperature for ten minutes) and the pressure 
will be increased in 5 psig increments. The temperature 
will continue to be increased until the valve fails to 
remain open; however, the pressure will only be increased to 
a maximum pressure of 132 psig due to differential pressure 
requirements. 

The valve must be energized throughout Test #1. At the 
conclusion of the test, the valve will be closed (if neces- 
sary). The valve must close and remain closed, at that 
time, to perform its required safety function. 

Test #2 

In Test #2, the TW accident sequence profile will be used. 
These temperature and pressure profiles are shown in 
Figures 4 and 5 .  The profile will be followed until 
containment failure at 35 hours. During this time, the 
valve will be cycled every 2 hours. If the valve can still 
be cycled from the closed position to the open position at 
containment failure, the chamber pressure and temperature 
will be increased to determine the fragility level of the 
test specimen. 
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To determine the fragility level of the test specimen, the 
chamber temperature will be increased in 25OF increments 
(and held at that temperature until the valve has stabilized 
at the chamber temperature for ten minutes) and the pressure 
will be increased in 5 psig increments. The temperature 
will continue to be increased until the valve fails to open: 
however, the pressure will only be increased to a maximum 
pressure of 132 psig due to differential pressure require- 
ments. The valve will be cycled open at each fragility 
plateau. 

At the conclusion of the test, the valve will be closed (if 
necessary). The valve must close and remain closed, at that 
time, in order to perform its required safety function. 

7.3 Acceptance Criteria 

The test specimen must perform its required safety function 
throughout the accident exposure. The acceptance criteria 
is based on this operational performance. 

Test #1 

The valve must be maintained in the open position throughout 
the accident exposure. At the conclusion of the test, the 
valve must reclose and remain in the closed position. 

Test #2 

The valve will be closed and must be able to open upon 
demand during the accident exposure. At the conclusion of 
the test, the valve must reclose and remain in the closed 
position. 

7 . 4  Test Facilities 

The simultaneous aging exposure will take place in the High 
Intensity Adjustable Cobalt Array (HIACA). The accident 
simulation will be conducted using the steam system, at 
Sandia, which was designed to accommodate severe accident 
testing. Further details, regarding the test facilities. 
are given in Appendix E. 



8 .  CONCLUSIONS AND INSIGHTS 

8 . 1  Conclusions 

In FY85, a method was devised to identify important electri- 
cal equipment and the severe accident environments in which 
the equipment was likely to fail. This method was used to 
evaluate the equipment and severe accident environments for 
Browns Ferry Unit 1,  a BWR/Mark I. In addition, a test plan 
was written to experimentally determine the performance of 
one selected component to two severe accident environments. 

Specifically, equipment was identified that was important to 
safety for a BWR--equipment which would mitigate severe 
accident sequences or provide plant status. For this list 
of equipment, only that equipment located in the primary 
containment or reactor vessel of Browns Ferry Unit 1 was 
analyzed further. For the five selected BWR severe accident 
sequences (TB, TC. TW, TQW, and A E ) ,  environmental condi- 
tions within containment reached temperatures and pressures 
exceeding the current equipment qualification testing 
requirements prior to or during the time the equipment was 
needed. The results of this analysis suggest the need for 
testing the performance of the pneumatic control manifold 
assembly (part of the main steam isolation valve equipment 
assembly) during the TC and T W  accident sequences. 

8 . 2  Insiqhts 

As described in Section 8 . 1 ,  the primary purpose of this 
project during FY85 and FY86 was to develop a test plan to 
evaluate the performance of electrical equipment in severe 
accident environments. Beyond this, a number of important 
insights were cited throughout this report in areas of acci- 
dent management, emergency planning, probabilistic risk 
assessments, probability and risk reduction, and current 
equipment qualification requirements. These insights helped 
illustrate how the environmentally-induced failure of certain 
equipment during a severe accident may adversely impact the 
ability of a nuclear power plant to cope with severe accident 
conditions. 

In summary, the insights were: 

1 .  Potential environmentally-induced failures of electrical 
equipment, after equipment qualification limits are 
exceeded, may render the current Emergency Procedure 
Guidelines and operator training ineffective. 
(Appendix A )  
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3 .  

4 .  
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1. 

2. 

3 .  

In 

Accident management and emergency planning procedures 
may need to reflect the effects on equipment operability 
of those accident conditions which are expected to exceed 
equipment qualification limits. (Section 5 . 2 . 4  and 
Appendix A) 

Probabilistic risk assessments may not adequately address 
the effects of environmentally-induced equipment fail- 
ures. (Section 5 . 2 . 4 )  

Depending on the results of equipment testing under 
severe accident conditions, current equipment quali- 
fication requirements may need to be reviewed for 
adequacy. (Section 4 . 4 )  

general, the basis for these insights was: 

Some electrical equipment, located in a typical BWR 
Mark I containment, may be needed to mitigate severe 
accident sequences or provide plant status. (See 
Table 3 . )  

During severe accident sequences, environmental condi- 
tions within containment may reach temperatures and 
pressures exceeding the current equipment qualification 
testing requirements prior to or during the time the 
equipment is needed. (See Table 4 . )  

A review of electrical equipment failure modes indicated 
that combinations of temperature with moisture, pressure 
with moisture, and temperature with radiation are the 
most likely environments to induce failure of electrical 
equipment. 

order to judge the safety importance of these insights, 
tests to confirm the actual survival limits of equipment 
during severe accidents need to be performed. 
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1.0 OBJECTIVES 

T h i s  appendix presents the r e s u l t s  of the accident sequence se lec t ion  process. 
Key events during accident sequences leading u p  t o  core damage or containment 
f a i l u r e  d i c t a t e  what equipment has f a i l ed  by def in i t ion  and cannot be re l ied  
u p o n ,  and which systems have been assumed t o  succeed in cer ta in  accident 
sequences. I n  addi t ion ,  the key events provide information t h a t  allows the 
der ivat ion of the environmental p r o f i l e  f o r  each accident sequence u p  t o  core 
melt or containment f a i l u r e .  These environmental conditions may a f f ec t  the 
r e l i a b i l i t y  o r  a v a i l a b i l i t y  of equipment t o  mit igate  the accident.  This 
document addresses the key events of ce r t a in  accident sequences of i n t e r e s t  and 
provides a s t a r t  f o r  defining the needed environmental p ro f i l e s .  

*For some sequences, more t h a n  one " l ike ly"  scenario i s  ident i f ied  since 
determination could n o t  be made t h a t  one scenario was s ign i f i can t ly  more 
probable t h a n  another. In addi t ion ,  some stuck-open valve scenarios are  
iden t i f i ed  as worthy of examination for  Performance Evaluation of Electr ical  
Equipment during Severe Accident S ta tes  (PEEESAS). 
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2.0 PLANT AND ACCIDENT SEQUENCES OF INTEREST 

F o l l o w i n g  t h e  l e a d  o f  t h e  Acc ident  Management Program, Browns F e r r y  U n i t  1 (a 

BWR-4, Mark I des ign)  was s e l e c t e d  as t h e  f i r s t  model p l a n t  o f  i n t e r e s t .  T h i s  
leads us t o  a d i s c u s s i o n  about which a c c i d e n t  sequences a r e  impor tan t  f o r  such 
a des ign and t h e r e f o r e  wor thy o f  rev iew f o r  address ing equipment s u r v i v a b i l i t y  

and a c c i d e n t  management s t r a t e g i e s .  

A number of c r i t e r i a  e x i s t  f o r  choosing t h e  sequences o f  i n t e r e s t .  

t h e  sequence should:  
I n  genera l ,  

( a )  

( b )  
( c )  have a p o t e n t i a l  f o r  extreme environments, and 
( d )  a1 low f o r  " i n t e r e s t i n g "  o p e r a t o r  i n t e r a c t i o n  p o t e n t i a l  f o r  

be among t h e  most probable t o  occur, 

be p o t e n t i a l l y  a h i g h  r i s k  sequence, 

f o r m u l a t i n g  a c c i d e n t  management s t r a t e g i e s .  

Table A - 1  summarizes i n f o r m a t i o n  p e r t a i n i n g  t o  t h e  f i r s t  two c r i t e r i a  f o r  
acc ident  sequences e i t h e r  found t o  be dominant i n  p a s t  PRAs o r  o f  p a r t i c u l a r  

i n t e r e s t  due t o  un ique t i m i n g ,  environment, o r  o t h e r  aspects.  F i r s t ,  a 

q u a l i t a t i v e  comparison i s  p rov ided regard ing  t h e  r e l a t i v e  f requenc ies  o f  t h e  

candidate sequences based on a c t u a l  p recursors  t o  these sequences as analyzed 

i n  NRC's Acc ident  Sequence Precursor  Program. Second, o r d e r  o f  magnitude 
es t imates  a r e  prov ided f o r  t h e  sequences as determined by r e a n a l y s i s  of c e r t a i n  
p l a n t  PRAs by t h e  Acc ident  Sequence E v a l u a t i o n  Program (ASEP) and I n d u s t r y  

Degraded Core Rulemaking (IDCOR) program; NRC and indust ry-sponsored programs, 
r e s p e c t i v e l y .  These two programs serve as major  i n p u t s  on a c c i d e n t  sequence 

f requencies f o r  t h e  s tudy o f  severe acc idents  by NRC and i n d u s t r y .  T h i r d ,  a 
r i s k  p e r s p e c t i v e  i s  p rov ided by bo th  t h e  Severe Acc ident  Risk Reduct ion Program 

(SARRP) and I D C O R  program; two pr imary  programs f o r  assessing t h e  r i s k s  of 
a c c i d e n t  sequences f o r  t h e  NRC and i n d u s t r y ,  r e s p e c t i v e l y .  (1,2,5,11,12) 

Based on t h i s  i n f o r m a t i o n ,  TB, TW, and TC a r e  g e n e r a l l y  found t o  be among t h e  
most l i k e l y  and r i s k  dominant sequences f o r  BWRs i n  genera l ,  i n c l u d i n g  t h e  

BWR4-Mark I design. I n  a d d i t i o n ,  t h e  p o t e n t i a l  p r imary  containment 
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environments f o r  these sequences may be of i n t e r e s t  due t o  such problems as 

l o s s  o f  area c o o l i n g ,  h i g h  heat  loads,  e t c .  Whi le  TB has l i m i t e d  p o t e n t i a l  f o r  
ope ra to r  i n g e n u i t y  because o f  no AC power, TW and TC a l l o w  f o r  cons iderab le  

o p e r a t o r  i n t e r a c t i o n .  C l e a r l y  these sequences shou ld  be rev iewed i n  t h e  

PEEESAS. TQUV i s  o f  moderate i n t e r e s t  s ince  t h e  f requency es t imates  a re  s t i l l  
o f  some concern even though i t s  r i s k  p o t e n t i a l  i s  g e n e r a l l y  n o t  as h i g h  as t h e  

prev ious  t h r e e  sequences. A1 1 t h e  o t h e r  sequences a re  genera l  l y  no t  b e l i e v e d  
t o  be as  impor tan t  as t h e  p r e v i o u s l y  mentioned sequences. TPQE and TPQI-type 

sequences can be handled as v a r i a t i o n s  of TQUV o r  TW. The LOCA sequences a re  
o f  un ique i n t e r e s t  due t o  t h e  r a p i d  steam environments t h a t  can occur  and can 

be handled by t h e  l i m i t i n g  AE sequence i n  which t h e  environment i s  e s t a b l i s h e d  

q u i c k l y  w i t h  an e a r l y  core  mel t .  

I n  summary then, i t  i s  suggested t h a t  t h e  TB, TW and TC sequences d e f i n i t e l y  be 

s t u d i e d  i n  t h e  PEEESAS Program. The o t h e r  sequences do n o t  appear as impor tan t  

based on c u r r e n t  knowledge. However, one must remember t h a t  t h e  o t h e r  acc iden t  
sequences ( those  l i s t e d  i n  Table A - 1  and a l l  o t h e r  p o s s i b l e  sequences) a r e  n o t  
impor tan t ,  i n  p a r t ,  due t o  t h e  b e l i e f  t h a t  t h e  acc iden t  environment would n o t  

cause a s i g n i f i c a n t  i nc rease  i n  t h e  sequence f requenc ies .  I t  i s  n o t  w i t h i n  t h e  

t ime  and money c o n s t r a i n t s  o f  t h i s  program t o  rev iew every  p o s s i b l e  sequence. 
As a r e s u l t ,  o n l y  two r e l a t i v e l y  nondominant sequences, TQUV and AE, w i l l  a l s o  
be examined. There remains a p o s s i b i l i t y  t h a t  env i ronmenta l  f a i l u r e s  may cause 
a nondominant sequence, which was n o t  se lec ted ,  t o  become dominant. 

Whi le  these f i v e  sequences a re  chosen f o r  s tudy,  no conc lus ion  i s  in tended t h a t  
these sequences a re  n e c e s s a r i l y  dominant sequences f o r  Browns Fe r ry  U n i t  1. 
However, these a re  sequences o f  genera l  i n t e r e s t  f o r  t h e  s tudy o f  BWRs and 

hence w i l l  be rev iewed u s i n g  t h e  Browns F e r r y  p l a n t  as a model. 

Sec t ions  3.0 th rough 7.0 c o n t a i n  i n f o r m a t i o n  impact ing  t h e  d e f i n i t i o n  o f  t h e  
more l i k e l y  scenar ios  f o r  each se lec ted  sequence. Th is  i n f o r m a t i o n  i s  used t o  

d e f i n e  t h e  b e s t  es t ima te  o r  " l i k e l y "  scenar ios  t h a t  w i l l  be used i n  l a t e r  tasks  

t o  d e f i n e  t h e  env i ronmenta l  p r o f i l e s  f o r  these same sequences. 
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3.0 TB - STATION BLACKOUT (LOSS OF ALL AC) 

3.1 SHORT-TERM SEQUENCE 

o Initiated by a loss of all offsite power 

* 
o Functions successful - Reactor subcriticality, RCS overpressure 

protection 

* 
Functions failed - Core and Containment Heat Removal, Containment 

Overpressure Protection, Radioactivity Removal 
** 

o Systems successful - RPS, SRVs/ADS 

o Systems failed - HPCI, RCIC, all AC power (each system failed due to 
hardware faults or test and maintenance 
unavai 1 abi 1 i ties) 

o Severe Accident Sequence Analysis (SASA) program studies and the 
following information support certain likely scenario paths. Table 
9.5 from NUREG/CR-2182 (ATTACHMENT 1) is representative of the 
sequence of events in such an accident for the "operator doesn't 
depressurize the RPV" case. 

- Most likely, some time before 625 sec. , operators will have 
determined HPCI/RCIC loss due to attempted start of these systems 
per EPG-RC/L-2. Guideline says to then follow contingency #l. 

*** 

- At 10-15 min. when low-low reactor water level reached (-146 in), 
ADS timer will initiate. 

- Contingency #1 says to prevent ADS actuation until it is clear 
that coolant injection can't be restored; go to Contingency #2 
and #4 when water level reaches - 164 in (top of active fuel). 

*Function definitions from IREP Procedures Guide, NUREG/CR-2728. (10) 
**Depending on the location and timing of containment failure, the suppression 
pool can perform radioactivity removal for awhile, but no active spraying is 
possi bl e. 
***Emergency Procedure Guide1 ines for Browns Ferry, June 1984. ( 9 )  
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- Cont ingencies #2, #4 - both  c a l l  f o r  emergency d e p r e s s u r i z a t i o n  

w i t h  ADS/SRVs ( w i l l  be needed a t  % 30-40 min) .  [Concerns have 
been r a i s e d  by t h e  PEEESAS and Acc ident  Management program s t a f f s  

a s  t o  t h e  " l i k e l i n e s s "  o f  opera tors  t o  depressur ize  when they  

know t h a t  no low pressure makeup i s  a v a i l a b l e  due t o  no AC power. 

The d e p r e s s u r i z a t i o n  process w i l l  shor ten  t h e  t i m e  t o  core  

uncovery w i t h o u t  core  c o o l a n t  makeup thus perhaps a f f e c t i n g  t h i s  

o p e r a t o r  d e c i s i o n  p o i n t . ]  

- Reactor vessel  pressure w i l l  most l i k e l y  be main ta ined a t  Q 100 
p s i g  by t h e  o p e r a t o r  ( i f  he f o l l o w s  Cont ingencies # 2 and # 4 )  

w i t h  manual o p e r a t i o n  o f  SRVs i n  accordance w i t h  s tandard BWR 
p r a c t i c e s  and as r e q u i r e d  so as t o  a v o i d  v a r i o u s  l i m i t s  p e r  EPGs 

- SP/T-4, SP/L-3, DW/T-3, SP/L-3.2, and PC/P-4 ( these deal w i t h  

pool  temperature , pool  l e v e l ,  d r y w e l l  temperature,  and 
suppression chamber p ressure) .  

- When suppression chamber pressure exceeds t h e  pr imary  containment 
pressure 1 i m i  t , EPG-PC/P-7 c a l l s  f o r  v e n t i n g  t h e  pr imary  

containment (equipment t o  be l a t e r  s p e c i f i e d  and a no te  i s  added 
t h a t  i s o l a t i o n  i n t e r l o c k s  may need t o  be de fea ted) .  

o Key o p e r a t o r  a c t i o n s  up t o  t h e  p o i n t  o f  r e a c t o r  vessel  f a i l u r e  

i n c l  ude : 

- Operator  emergency d e p r e s s u r i z a t i o n  o f  r e a c t o r  pressure vessel  

(RPV) w i t h  ADS/SRVs 

- Operator m a i n t a i n i n g  low RPV pressure (Q 100 p s i g )  w i t h  SRVs 

- Restore AC power and subsequent core  and containment c o o l i n g  
systems 

o A v a r i a t i o n  o f  t h i s  sequence, though n o t  as l i k e l y ,  inc ludes  t h e  
a d d i t i o n  o f  a stuck-open r e l i e f  va lve.  S ince d e p r e s s u r i z a t i o n  o f  t h e  
RPV i s  thus  performed e a r l y ,  t h e  pressure  and temperature p r o f i l e s  may 
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3.2 

be s i g n i f i c a n t l y  a1 t e r e d  and thus  r e q u i r e  a d d i t i o n a l  ana lys is .  I n  
t h i s  case, Reactor  Coolant  System (RCS)  Overpressure Cont ro l  would 
have f a i l e d .  I n  a d d i t i o n ,  t h e  o p e r a t o r  would n o t  need t o  depressur ize  
the  vessel and m a i n t a i n  a low RPV p ressure  s i n c e  t h i s  would a l ready  
occur  because of t h e  stuck-open va lve.  

o " L i k e l y "  core-damage scenar ios,  t h e r e f o r e ,  appear t o  be as shown i n  
F i g u r e  A - 1  based on t h e  above in fo rma t ion .  Environmental p r o f i l e s  

should be e s t a b l i s h e d  on t h e  b a s i s  o f  these scenar ios.  

LONG-TERM SEQUENCE 

o I n i t i a t e d  by  a l o s s  o f  a l l  o f f s i t e  power 

o Func t ions  successful - Reactor  s u b c r i t i c a l  i t y ,  RCS overpressure 

p r o t e c t i o n  , Core hea t  removal ( i n i t i a l l y )  

Func t ions  f a i l e d  ( i f  b l a c k o u t  con t inues )  - Core hea t  removal 

( e v e n t u a l l y )  , Containment hea t  removal , 
Containment overpressure p r o t e c t i o n ,  

R a d i o a c t i v i t y  removal 

o Systems success fu l  - RPS , SRVs/ADS ( t e m p o r a r i l y )  
R C I C / H P C I  ( t e m p o r a r i l y )  

Systems f a i l e d  - a l l  AC (hardware/T&M) 

DC ( b a t t e r y  d e p l e t i o n  i n  
H P C I / R C I C  (due t o  no DC power a t  4-7 hours )  

Manual SRVs/ADS (due t o  no DC power a t  4-7 hours )  

4-7 hours )  

o SASA program s t u d i e s  and t h e  f o l l o w i n g  i n f o r m a t i o n  suppor t  c e r t a i n  
l i k e l y  scenar io  paths. Table 9.3 from NUREG/CR-2182 (ATTACHMENT 2)  i s  

r e p r e s e n t a t i v e  o f  t h e  sequence o f  events  i n  such an acc ident .  (See 
" l i k e l y "  scenar io  i n  F igu re  A-2). ( 7 )  
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- Manual opening of a SRV a t  15 m i n  i s  p a r t  o f  proceeding t o  cold 
shutdown per EPG-RC/L-3 p a r t i c u l a r l y  w i t h  s a t i s f ac to ry  core 
coolant makeup t a k i n g  place. 

- A t  about the same time, a suppression pool temperature l imi t  

requires  R P V  depressurizat ion anyway per EPG-SP/T-4. 

- Reactor vessel pressure wil l  most l i k e l y  be maintained a t  % 100 
p s i g  by the operator  w i t h  manual operation of SRVs i n  accordance 
with standard BWR pract ices  and  as required per EPGs - SP/L-3, 
SP/L-3.2 , DW/T-3 , PC/P-4.  

- Possible exception t o  Table 9.3 from NUREG/CR-2182; HPCI would 

i n i t i a t e  a t  % 15-20 m i n  a t  level 2 t o  res tore  RPV level thus 

avoiding temporary core uncovery a t  21 m i n .  Such action s h o u l d  
a l so  prevent any a u t o  ADS s igna l .  

- When DC power depletes  a t  % 4 hours, i t  i s  assumed t o  terminate 
R C I C  and HPCI operation. Also, m a n i p u l a t i o n  of SRVs i s  no longer 
possible ,  hence repressurizat ion of the RPV takes place. 

o Key operator act ions u p  t o  the point of reac tor  vessel f a i l u r e  appear 
t o  be: 

- Operator controls  R P V  level w i t h  R C I C  ( o r  HPCI i f  necessary) 

- Operator performs control 1 ed depressurization 

- Operator maintains low RPV pressure (% 100 p s i g )  with SRVs 

- Restore AC power and  subsequent systems 

- Eliminate unnecessary DC loads t o  make DC power l a s t  as long a s  
possible.  

A-1 3 
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o A l e s s  l i k e l y  b u t  perhaps an impor tan t  v a r i a t i o n  o f  t h i s  sequence 

i n c l u d e s  t h e  a d d i t i o n  o f  a stuck-open r e l i e f  va lve.  Al though 
d e p r e s s u r i z a t i o n  of t h e  RPV i s  performed w i t h i n  'L 15 min anyways by 

t h e  opera tor ,  a d d i t i o n a l  a n a l y s i s  o f  t h e  stuck-open v a l v e  case i s  
warranted s i n c e  i t  would p revent  r e p r e s s u r i z a t i o n  o f  t h e  RPV when DC 

power f a i l s .  Note t h a t  RCS Overpressure Cont ro l  would have f a i l e d  and 
t h e  o p e r a t o r  would n o t  need t o  p u r p o s e f u l l y  depressur ize  t h e  vessel  o r  

m a i n t a i n  a low pressure.  Depending on t h e  pressure l e v e l  achieved, 
H P C I  o p e r a t i o n  may be prec luded due t o  a low steam pressure s e t p o i n t .  

o " L i k e l y "  core-damage scenar ios,  t h e r e f o r e ,  appear t o  f o l l o w  those 

shown i n  F i g u r e  A-2 up t o  r e a c t o r  vessel  f a i l u r e .  Environmental 

p r o f i l e s  should be e s t a b l i s h e d  on t h e  b a s i s  o f  these scenar ios.  
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4.0 TW - TRANSIENT WITH LOSS OF LONG-TERM HEAT REMOVAL 

o I n i t i a t e d  by a v a r i e t y  o f  t r a n s i e n t s  u l t i m a t e l y  causing l o s s  o f  t h e  

PCS (MSIV c l o s u r e )  

o Funct ions successful  - Reactor s u b c r i t i c a l i t y ,  RCS overpressure 

p r o t e c t i o n ,  Core h e a t  removal 

o Funct ions f a i l e d  - Containment heat  removal, Containment overpressure * * 
p r o t e c t i o n ,  R a d i o a c t i v i t y  removal 

o Systems successfu l  - A l l  b u t  RHR and/or s e r v i c e  water  f o r  RHR ( o r  

d i e s e l s  f o r  loss o f  o f f s i t e  power i n i t i a t o r ) .  

Some systems a r e  e v e n t u a l l y  i s o l a t e d  o r  o therw ise  
p o t e n t i a l l y  made u n a v a i l a b l e  (see sequence o f  

events and accompanying notes).  

o Systems f a i l e d  - RHR and/or s e r v i c e  water  f o r  RHR ( o r  d i e s e l s  f o r  l o s s  
of o f f s i t e  power i n i t i a t o r )  due t o  hardware f a u l t s ,  

T&M. A lso  PCS i s  n o t  res to red .  

o SASA program s t u d i e s  and t h e  f o l l o w i n g  i n f o r m a t i o n  suppor t  c e r t a i n  
l i k e l y  scenar io  paths.  Table 3.1 f rom NUREG/CR-2973 (ATTACHEMENT 3 )  

i s  r e p r e s e n t a t i v e  o f  some o f  t h e  key events i n  t h i s  a c c i d e n t  
sequence. ( 6 )  

- I n i t i a l  RPV l e v e l  c o n t r o l  v i a  manual R C I C  p e r  EPG-RC/L-2. 

- Attempt t o  r e s t o r e  t h e  PCS and m a i n t a i n  RPV l e v e l  and pressure  
c o n t r o l  w i t h  t h e  PCS p e r  EPGs-RC/L-2 and RC/P-1,Z. 

- With PCS n o t  res to red ,  h i g h  d r y w e l l  p ressure  scram p o i n t  a t  % 1 

hour  c a n ' t  be r e s e t  so CRD pump f l o w  increases;  CRD system can 
handle l e v e l  a t  'L 4 hours; a t  % 8.6 hours must t h r o t t l e  
CRD o r  r u n  i n t e r m i t t e n t l y  t o  a v o i d  f l o o d  o f  RPV. Note t h a t  oper-  

c o n t r o l  

*Depending on t h e  p a r t i c u l a r  equipment f a i l u r e s  
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a t o r  a c t i o n  i s  r e q u i r e d  t o  r e s t a r t  CRD on an emergency bus i f  t h e  

i n i t i a t o r  i s  l o s s  of o f f s i t e  power. 

- Operators v a l v i n g  i n  s t a t i o n  c o n t r o l  a i r  a t  1 hour  i s  t o  comply 

w i t h  g u i d e l  i n e s  t o  operate d r y w e l l  c o o l i n g  p e r  EPG-DW/T-1. Th is  
a l s o  a f f e c t s  a i r  supply  t o  SRVs. 

- C o n t r o l l e d  d e p r e s s u r i z a t i o n  a t  1 hour  and m a i n t a i n i n g  low 

pressure i s  p e r  g u i d e l  i n e s  prov ided by EPGs-RC/L-2, SP/T-4, 

SP/L-3, SP/L-3.2, DW/T-3, PC/P-4. 

- NUREG/CR-2973 r a i s e s  ques t ions  as t o  whether emergency procedures 
cover  r e s t a r t  o f  d r y w e l l  c o o l e r s  a t  2 hours f o r  l o s s  o f  o f f s i t e  
power case r e s u l t i n g  i n  two p o s s i b l e  scenar ios:  ( a )  d r y w e l l  

c o o l e r s  r e s t a r t e d  and run u n t i l  f a i l  (assumed a t  17 hours)  ( b )  
d r y w e l l  c o o l e r s  n o t  r e s t a r t e d .  PEEESAS and Acc ident  Management 

Program t e c h n i c a l  s t a f f s  r a i s e d  t h e  f a c t  t h a t  opera tors  a r e  

u s u a l l y  v e r y  aware of d r y w e l l  c o o l e r  o p e r a t i o n  and t ry  t o  

m a i n t a i n  i t  (based on t r a i n i n g  m a t e r i a l  and s i m u l a t o r  
observa t ions) .  Besides, o f f s i t e  power case i s  r e l a t i v e l y  
i n f r e q u e n t  compared w i t h  t r a n s i e n t s  due t o  o t h e r  causes.& 

- H P C I  swi tches i r r e v e r s i b l y  t o  suppression pool  s u c t i o n  a t  Q, 3 

hours when pool  l e v e l  exceeds + 7 inches. Hot pool  water  c o u l d  
f a i l  system. 

- R C I C  should c o n t i n u e  t o  use t h e  condensate tank  f o r  s u c t i o n  thus 

a v o i d i n g  e a r l y  f a i l u r e  due t o  h o t  suppression pool  water  un less 
o p e r a t o r  swi tches t h i s  system too.  However, i f  R C I C  and HPCI  

should e v e n t u a l l y  f a i l ,  CRD system can handle makeup 
requ i rements. 

- Note H P C I / R C I C  i s o l a t e  a u t o m a t i c a l l y  a t  Q, 13 hours p e r  

NUREG/CR-2973 m a t e r i a l .  Not c r u c i a l  i f  CRD, SLC, o r  any low 
pressure  i n j e c t i o n  systems a r e  a v a i l a b l e .  
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- For case when d r y w e l l  c o o l e r s  cont inue t o  r u n  (most t r a n s i e n t s )  
o r  a r e  r e s t a r t e d  a t  2 hours a f t e r  p o t e n t i a l  t r i p  ( l o s s  o f  o f f s i t e  

power), NPSH on RHR Pumps ( i f  a v a i l a b l e )  may be such t h a t  
o p e r a t o r  t h r o t t l i n g  of RHR f low i n t o  t h e  pool  ( t o  a v o i d  pool  

thermal s t r a t i f i c a t i o n  even i f  s e r v i c e  water  i s  f a i l e d )  must be 
performed t o  a v o i d  p o s s i b l e  pump damage o r  motor f a i l u r e  (see 

c a u t i o n  #8 of EPGs). Note t h a t  no EPGs suggest u s i n g  RHR t o  
a v o i d  pool  thermal s t r a t i f i c a t i o n .  

- Per EPG-DW/T-3, o p e r a t o r  should i n i t i a t e  p r imary  containment 
sprays ( i f  a v a i l a b l e )  u s i n g  a somewhat d i f f i c u l t  procedure (see 
App A.3 o f  NUREG/CR-2973) when d r y w e l l  pressure reaches ‘L 20 p s i g  

a t  Q, 10-15 hours. The t ime d i f f e r e n c e  depends on whether t h e  
d r y w e l l  c o o l e r s  were r e s t a r t e d ,  i f  necessary, a t  2 hours. RHR 
pumps p r o v i d e  containment spray and so t h e  same NPSH warnings 

mentioned above a p p l y  here. 

- A t  ‘L 24 hours, d r y w e l l  p ressure  exceeds 65 p s i g  (un less t h e  s tep  
below i s  taken)  and t h e  SRVs a r e  probably  no l o n g e r  a v a i l a b l e  f o r  
manual o p e r a t i o n  s i n c e  they need + 25 p s i g  a i r  pressure above 

d r y w e l l  p ressure  and t h e  maximum a i r  p ressure  i s  ‘L 90 ps ig .  RPV 
r e p r e s s u r i z a t i o n  t h e r e f o r e  takes p lace.  

- Vent ing of  containment through t h e  Standby Gas Treatment System 
(see EPG-PC/P-7) o r  feed and b l e e d  o f  containment a r e  o f f e r e d  as 
p o s s i b l e  m i t i g a t i n g  opera t ions  i n  NUREG/CR-2973 (see Sect ion  4.3 
o f  t h e  NUREG). 

o Key o p e r a t o r  a c t i o n s  up t o  t h e  p o i n t  o f  containment f a i l u r e  i n c l u d e :  

- Operator  c o n t r o l s  RPV l e v e l  w i t h  R C I C ,  CRD, e t c .  

- Recovery o f  PCS. 

- Operator performs c o n t r o l  l e d  d e p r e s s u r i z a t i o n  and main ta ins  low 

pressure  as l o n g  as poss ib le .  
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- Operator  r e s t a r t s  d r y w e l l  coo le rs  a t  1 and 2 hours as requ i red .  

- Operator  assures l o n g  term core  c o o l i n g  i n  l i k e l y  event t h a t  

R C I C / H P C I  e v e n t u a l l y  become unava i lab le .  

- Operator  t h r o t t l e s  RHR pumps i f  be ing  used. 

- Operator  i n i t i a t e s  containment sprays ( i f  a v a i l a b l e )  a t  ?, 10-15 

hours. 

- Operator  vents  containment t o  a v o i d  f a i l u r e .  

o A l e s s  l i k e l y  b u t  perhaps impor tan t  v a r i a t i o n  o f  t h i s  sequence 

i n c l u d e s  t h e  a d d i t i o n  o f  a stuck-open r e l i e f  va lve.  P r i m a r y  e f f e c t s  

o f  such a scenar io  i n c l u d e  q u i c k e r  d e p r e s s u r i z a t i o n  e a r l y  i n  t h e  
sequence and t h e  f a c t  t h a t  r e p r e s s u r i z a t i o n  o f  t h e  RPV w i l l  n o t  occur 

a f t e r  l o s s  o f  SRV c o n t r o l  a t  'L 24 hours due t o  t h e  stuck-open va lve.  
O v e r a l l  t i m i n g  o f  containment f a i l u r e  i s  n o t  s i g n i f i c a n t l y  a f f e c t e d .  
However, environmental  p r o f i l e s  should be reviewed f o r  t h i s  v a r i a t i o n .  

o The " l i k e l y "  core-damage scenar ios,  on t h e  b a s i s  o f  t h e  above 

i n f o r m a t i o n  and t h e  l i k e l y  f a i l u r e  modes of containment c o o l i n g  appear 
t o  be as  shown i n  F i g u r e  A-3 up t o  containment f a i l u r e .  Containment 

f a i l u r e  i s  cons idered t o  l i k e l y  occur  b e f o r e  core  damage. 
Environmental p r o f i l e s  should be e s t a b l i s h e d  on t h e  b a s i s  o f  these 

scenar ios.  
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TC - ANTICIPATED TRANSIENT WITHOUT SCRAM (ATWS) 

I n i t i a t e d  by a v a r i e t y  o f  t r a n s i e n t s  (most l i k e l y  o t h e r  than due t o  
loss o f  o f f s i t e  power) w i t h  main steam i s o l a t i o n  v a l v e  (MSIV) c l o s u r e  

causing l o s s  o f  t h e  PCS. 

Funct ions success fu l  - RCS overpressure p r o t e c t i o n ,  

Core heat  removal 

* 
Funct ions f a i l e d  - Reactor s u b c r i t i c a l i t y ,  Containment heat  removal, * 

Containment overpressure p r o t e c t i o n ,  

R a d i o a c t i v i t y  removal 
** 

Systems successful  - A l l  b u t  t h e  RPS and r e l a t e d  scram c a p a b i l i t i e s .  
Some systems may be e v e n t u a l l y  i s o l a t e d  o r  
o therw ise  made u n a v a i l a b l e ,  such as t h e  d r y w e l l  

coo le rs ,  

A1 though RHR ( p a r t i c u l a r l y  f o r  suppress ion pool  

c o o l i n g )  i s  f u n c t i o n i n g ,  i t s  adequacy may n o t  
be s u f f i c i e n t  thus causing f a i l u r e  o f  t h e  

containment heat  removal /overpressure f u n c t i o n s .  
Th is  i s  because RHR can remove t y p i c a l l y  t h e  

e q u i v a l e n t  o f  'L 5% power w h i l e  t h e  a c t u a l  heat  
t o  be removed cou ld  be h i g h e r  depending on t h e  
degree o f  RPV l e v e l  c o n t r o l  and whether o r  n o t  

power f l u c t u a t i o n s  occur.  

based on p o s s i b l e  sequences o f  events. 

Systems f a i l e d  - RPS and r e l a t e d  scram c a p a b i l i t i e s  (e.g. manual 
scram, deenerg iz ing  scram buses, v e n t i n g  a i r  f rom 
t h e  scram p i l o t  v a l v e  opera tors ,  t h e  A l t e r n a t e  Rod 

I n s e r t i o n  (ARI)  system which has been added i n  
some p l a n t s ,  e t c . ) .  
due t o  e l e c t r i c a l  hardware f a u l t s  o r  t h e r e  e x i s t s  
mechanical f a i l u r e s  assoc ia ted  w i t h  c o n t r o l  r o d  

i n s e r t i o n .  

These systems f a i l  most l i k e l y  

*See d i s c u s s i o n  about RHR f o r  "Systems Successful i '  
* * R a d i o a c t i v i t y  removal may o r  may n o t  be p o s s i b l e  by t h e  suppression pool  
and/or RHR spray f o l l o w i n g  core  m e l t ,  depending on t h e  l o c a t i o n  o f  containment 
f a i l u r e  (which most l i k e l y  occurs b e f o r e  core m e l t )  and t h e  s u r v i v a b i l i t y  o f  
RHR f o l l o w i n g  containment f a i l u r e .  

A-22 



o SASA program s t u d i e s  and t h e  f o l l o w i n g  i n f o r m a t i o n  suppor t  c e r t a i n  

l i k e l y  scenar io  paths.  Table 4.5 f rom NUREG/CR-3470 (ATTACHMENT 4 )  
i s  r e p r e s e n t a t i v e  o f  some o f  t h e  key events  i n  t h i s  sequence. (8)  

- I n i t i a l  a t tempts t o  manual ly scram a r e  performed p e r  EPG-RC-1. 
I f  i t  i s  determined t h a t  boron i n j e c t i o n  i s  requ i red ,  
Contingency #7 should be fo l lowed.  

- EPG-RC/Q-4 r e q u i r e s  boron i n j e c t i o n  ( u s i n g  t h e  Standby L i q u i d  

Control-SLC-system) i f  t h e  r e a c t o r  i s  n o t  shutdown and t h e  
suppression pool  temperature exceeds l lO°F ( w i l l  happen i n  about 

2 minutes) .  ADS i n i t i a t i o n  i s  t o  be prevented. [PEEESAS and 
Acc ident  Management Program t e c h n i c a l  s t a f f s  have noted t h a t  

w h i l e  t h e  i n i t i a t i o n  c r i t e r i a  f o r  SLC i s  now c l e a r e r ,  reasons 
f o r  postponing i t s  use may e x i s t .  These i n c l u d e  r e l u c t a n c e  t o  

b o r a t e  t h e  core  o f  a BWR and a t  l e a s t  i n  some p l a n t s ,  t h e  
p o s s i b l e  need t o  o b t a i n  a c e r t a i n  l e v e l  o f  management approval  

before i n i t i a t i o n  o f  SLC. Hopes t h a t  manual r o d  i n s e r t i o n  o r  
manual scram m i g h t  s u c c e s s f u l l y  occur,  a l s o  a f f e c t  t h i s  o p e r a t o r  
d e c i s i o n  p o i n t .  Note t h a t  t i m e l y  SLC o p e r a t i o n  would r e s u l t  i n  
m i t i g a t i o n  o f  t h e  sequence and hence o n l y  i t s  f a i l u r e ,  such t h a t  
t h e  TC sequence r e s u l t s ,  i s  o f  concern here. SLC f a i l u r e  cou ld  

be due t o  u n t i m e l y  i n i t i a t i o n ,  hardware f a u l t s ,  o r  t h e  f a c t  t h a t  

some ques t ions  s t i l l  e x i s t  as t o  t h e  phenomenological aspects o f  
whether t h e  method o f  boron a d d i t i o n  t o  t h e  core w i l l  .indeed 

assure successful  shutdown o f  t h e  core. ]  

- EPG-RC/Q-4.2 c a l l s  f o r  con t inued boron i n j e c t i o n  u n t i l  280 l b s  
( c o l d  shutdown boron w e i g h t )  of boron have been i n j e c t e d  i n t o  

t h e  RPV ( w i l l  t a k e  about 20 minutes) .  

- EPG-RC/Q-5 prov ides  g u i d e l i n e s  f o r  a number o f  ways t o  ge t  

c o n t r o l  rods i n t o  t h e  core.  For t h e  purpose o f  s t u d y i n g  t h e  TC 
sequence, these ways a r e  assumed t o  f a i l .  The f i n a l  approach i s  
t o  manual ly d r i v e  i n  t h e  rods n o t i n g  t h a t  Rod Sequence Contro l  
System (RSCS) i n t e r l o c k s  may need t o  be bypassed. Depending on 



t h e  rods s e l e c t e d  and ease of bypassing t h e  RSCS, 20 minutes t o  
2 1/2 hours may be r e q u i r e d  t o  achieve s u f f i c i e n t  

s u b c r i t i c a l i t y .  T h i s  a c t i o n  would r e q u i r e  a dedicated o p e r a t o r  

t o  h o l d  t h e  rod  c o n t r o l s  i n  p l a c e  w h i l e  d r i v i n g  i n  t h e  rods. 

Note t h a t  t i m e l y  manual r o d  i n s e r t i o n  would r e s u l t  i n  successfu l  

m i t i g a t i o n  o f  t h e  sequence. 

- If t h e  PCS can n o t  be r a p i d l y  r e s t o r e d  t o  c o n t r o l  RPV l e v e l  and 

pressure  p e r  EPGs-RC/L-2 and RC/P-1,2. Contingency #7 c a l l s  f o r  
l o w e r i n g  o f  t h e  RPV water  l e v e l  by t e r m i n a t i n g  a l l  i n j e c t i o n  

except t h e  boron systems and t h e  CRD system ( t o  lessen t h e  
amount of moderator and increase v o i d i n g  i n  t h e  core  thereby 

l o w e r i n g  t h e  power l e v e l ) .  Level  i s  t o  be c o n t r o l l e d  a t  t h e  t o p  
of t h e  a c t i v e  f u e l  which i s  b e l i e v e d  t o  r e s u l t  i n  s u f f i c i e n t l y  

low power l e v e l s  a l though some ques t ions  may s t i l l  e x i s t  due t o  
model ing and code u n c e r t a i n t i e s .  NUREG/CR-3470 notes a 

p o t e n t i a l  d i f f i c u l t y  w i t h  water  l e v e l  readings. Two se ts  o f  
l e v e l  ins t ruments  can be used a t  Browns Ferry .  The f i r s t ,  

c a l l e d  Emergency Equipment, i s  c a l i b r a t e d  a t  normal o p e r a t i n g  

c o n d i t i o n s  and read down t o  13 inches above t h e  a c t i v e  f u e l .  

The second, c a l l e d  Post Acc ident  F looding,  i s  c a l i b r a t e d  f o r  
atmospher ic pressure and read down t o  t h e  core  midplane. Due t o  

c a l i b r a t i o n  d i f f e r e n c e s ,  bo th  can read s i g n i f i c a n t l y  d i f f e r e n t  

f rom each o t h e r  and f rom t h e  a c t u a l  l e v e l  (depending on 
o p e r a t i n g  c o n d i t i o n s )  as i l l u s t r a t e d  i n  F i g u r e  A-4. 

- Contingency #7, s tep  C7-2 r e f e r s  t o  t h e  f o l l o w i n g  caut ions :  
( a )  i f  h i g h  suppression pool  l e v e l  o r  low condensate tank l e v e l  

e x i s t s ,  c o n f i r m  auto  t r a n s f e r  o r  manual ly t r a n s f e r  HPCI  and R C I C  

s u c t i o n  t o  t h e  suppression pool  ( h i g h  l e v e l  w i l l  be reached i n  

'L 10 minutes)  and ( b )  p revent  maximum i n j e c t i o n  o f  water  f rom 
LPCI/LPCS t o  a v o i d  l a r g e  power excurs ions.  

- Contingency #7, s tep  C7-3 c a l l s  f o r  r e s t o r a t i o n  o f  RPV l e v e l  
once s u f f i c i e n t  boron has been i n j e c t e d  o r  t h e  c o n t r o l  rods have 

been s u c c e s s f u l l y  used. 
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- EPG-RC/P-1 c a l l s  f o r  control of R P V  pressure a t  % 900 psig i f  

any SRV i s  cycl ing,  which wil l  be the case ea r ly  in t h i s  
sequence. EPG-SP/T-4 fu r the r  ca l l  s f o r  control led 
depressurization of  the RPV (eventual ly  down t o  100-200 psig 
range) t o  avoid suppression pool heat capacity temperature 
l imi t s .  NUREG/CR-3470 notes potent ia l  d i f f i c u l t i e s  with these 

tasks  s ince no SRV posit ion indicat ion e x i s t s  adjacent t o  the 
SRV switches a t  Browns Ferry. Without knowing which SRVs are  

already open due t o  a u t o  control of R P V  pressure,  manual opening 

of SRVs may have no e f f e c t  ( t h e  operator might open an already 
open SRV or opening of one SRV could be compensated by closure 

of another SRV n o t  manually opened) unt i l  a s u f f i c i e n t  number of 
SRVs are  manually opened. Then a rapid depressurization could 
occur inv i t ing  the chances f o r  low pressure system in jec t ion  

thus causing potent ia l  power, l e v e l ,  and pressure spikes.  Thus, 
quick shutoff o f  these low pressure systems might be required. 

- EPG-SP/T-2 c a l l s  f o r  i n i t i a t i o n  o f  suppression pool cooling when 
the pool temperature exceeds 9 5 O F ,  which wil l  occur within a few 
minutes. NUREG/CR-3470 points o u t  potent ia l  d i f f i c u l t i e s  with 
operating R H R  in the suppression pool cooling mode. The LPCI 
mode of the R H R  will  a u t o  i n i t i a t e  on low-low water level o r  
high drywell pressure and low reactor  pressure ( <  465 ps i a ) .  

When the operator lowers the water level t o  the t o p  of the 

ac t ive  f u e l ,  L P C I  i n i t i a t i o n  wil l  take place (disrupt ing 
suppression pool cool ing) .  I f  RPV pressure should lower t o  
% 350 ps i a ,  water in jec t ion  in to  the core wil l  take place unless 
the operator has temporarily shutoff the R H R  pumps. The LPCI 
in jec t ion  valves a re  interlocked t o  full-open f o r  5 minutes 
before the suppression pool cooling mode can be restored.  
Further f luc tua t ions  i n  water level could cause fu r the r  s h i f t s  
from the suppression pool cooling mode t o  the LPCI  mode with 

potent ia l  f o r  water in jec t ion  in to  the core; causing fu r the r  
power, pressure,  and level f luc tua t ions .  These f luc tua t ions ,  i f  

severe enough, could cause a LOCA of the  primary system. 
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Poss ib le  bypass c a p a b i l i t i e s  do e x i s t  ( though n o t  i n  t h e  
procedures)  t o  p revent  subsequent s h i f t s  t o  t h e  LPCI mode. 

However, even then, t h e  LPCI i n j e c t i o n  va lves  a re  s t i l l  n o t  
a f f e c t e d  and w i l l  remain open f o r  t h e i r  5 minu te  i n t e r l o c k  
per iods.  I n  such cases, t h e  p o t e n t i a l  e x i s t s  f o r  RHR f l o w  t o  be 

p a r t i a l l y  d i v e r t e d  f rom t h e  suppress ion pool  c o o l i n g  mode t o  t h e  

r e a c t o r  co re  th rough t h e  open i n j e c t i o n  va lves  i f  RPV p ressure  

drops below % 350 ps ia .  

- When H P C I  s u c t i o n  swi tches  t o  t h e  suppress ion pool  a t  a h i g h  
pool  l e v e l  s e t p o i n t  i n  % 10 minutes,  H P C I  c o u l d  f a i l  due t o  h i g h  
pool  temperatures i n  t h e  range of 175OF t o  > ZOOOF.  Even i f  

R C I C  i s  n o t  a l s o  manua l ly  sw i tched over  p e r  procedures ( p o s s i b l y  
a l s o  causing i t s  f a i l u r e ) ,  R C I C  and CRD i n j e c t i o n  may no t  be 
s u f f i c i e n t  t o  m a i n t a i n  RPV l e v e l  above t h e  a c t i v e  f u e l .  

Temporary core  uncovery i s  expected u n t i l  low pressure  system 
f l o w  i s  a l s o  i n i t i a t e d .  I n  t h e  meantime, steam c o o l i n g  i s  

b e l i e v e d  s u f f i c i e n t  t o  avo id  any s i g n i f i c a n t  core  damage. 

- Auto i n i t i a t i o n  of  t h e  ADS t i m e r  ( a  2 minu te  t i m e r  which, i f  n o t  
r e s e t ,  causes au to  ADS) c o u l d  be a cons tan t  d i v e r s i o n  o f  

o p e r a t o r ' s  a t t e n t i o n  s i n c e  i t  s t a r t s  on low-low l e v e l ,  which 

w i l l  occur  when t h e  RPV l e v e l  i s  dropped by t h e  opera tor .  

- Drywe l l  c o o l e r s  shou ld  remain on d u r i n g  t h e  e n t i r e  sequence 

u n t i l  p o s s i b l e  f a i l u r e  i f  t h e  d r y w e l l  temperature shou ld  exceed 

> ZOOOF. 

- If co re  c o o l i n g  i s  kep t  under reasonable c o n t r o l  b u t  t h e  

suppress ion pool  c o o l i n g  f u n c t i o n  i s  n o t  be ing  adequate ly  
p rov ided  due t o  temporary o r  sus ta ined  h i g h  core  power l e v e l s ,  

t he  sequence takes  on t h e  c h a r a c t e r i s t i c s  of  t h e  TW sequence 

p r e v i o u s l y  descr ibed.  I n  such a scenar io ,  concerns e x i s t  f o r  
con t inued d r y w e l l  c o o l i n g  c a p a b i l i t y  and manual SRV c a p a b i l i t y  
as a l ready  d iscussed f o r  t h e  TW sequence un less  v e n t i n g  o f  t h e  
containment (see n e x t  i t e m )  occurs. I f  these systems f a i l ,  
r e p r e s s u r i z a t i o n  o f  t h e  RPV can occur. 
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- Note t h a t  many opera tors  may be needed t o  c o n c u r r e n t l y  per form 
a l l  o f  t h e  above tasks.  

o A v a r i a t i o n  of t h i s  sequence i n c l u d e s  t h e  a d d i t i o n  o f  one o r  more 

stuck-open r e l i e f  va lves.  Stuck-open va lves  would cause some 

d e p r e s s u r i z a t i o n  o f  t h e  RPV e a r l y  i n  t h e  sequence when water  l e v e l  i s  
dropped. H P C I  i s o l a t i o n  migh t  a l s o  occur  on low steam pressure.  The 

RPV would a l s o  n o t  tend t o  r e p r e s s u r i z e  t o  as h i g h  a pressure 

f o l l o w i n g  l o s s  o f  manual SRV o p e r a b i l i t y .  

o Another v a r i a t i o n  of t h i s  sequence inc ludes  an ATWS w i t h  t h e  M S I V s  

remain ing open and cont inued feedwater f low.  I n  such a scenar io ,  

much of t h e  heat  energy generated by t h e  core  (%30% o f  f u l l  power f o r  

such a scenar io  s i n c e  l i t t l e  l e v e l  c o n t r o l  i s  c a l l e d  f o r  i n  t h e  EPGs 

under these c o n d i t i o n s )  i s  d i r e c t e d  t o  t h e  PCS through t h e  open 

MSIVs.  Wi th  t y p i c a l  t u r b i n e - g e n e r a t o r  bypass c a p a b i l i t i e s  o f  Q 5 % ,  
t h e  remainder o f  t h e  generated heat  energy o r  about 5%, i s  d i r e c t e d  
t o  t h e  suppression pool  v i a  t h e  SRVs. Wi th  t h e  RHR hav ing a t y p i c a l  
c a p a b i l i t y  o f  removing 3% t o  5% o f  t h e  c o r e ' s  t o t a l  heat  energy, a 

r i s e  i n  containment temperature and pressure i s  s t i l l  q u i t e  poss ib le .  

Such a scenar io  c o u l d  l e a d  t o  containment f a i l u r e ,  thereby  
c h a l l e n g i n g  t h e  cont inued success o f  core  c o o l i n g .  

o The " l i k e l y "  TC sequences, on t h e  b a s i s  o f  t h e  above i n f o r m a t i o n ,  
appear t o  be as shown i n  F i g u r e  A-5 up t o  t h e  p o i n t  o f  imminent 
containment f a i l u r e  tha t  i s  l i k e l y  t o  occur  b e f o r e  core  damage. 

Wi thout  negat ive  r e a c t i v i t y  i n s e r t i o n ,  containment f a i l u r e  appears 

l i k e l y  d e s p i t e  t h e  b e s t  a t tempts  t o  t ry  and c o n t r o l  water  l e v e l  and 
s u s t a i n  pool  c o o l i n g ,  which are,  o f  themselves, d i f f i c u l t  t o  perform. 

Environmental  p r o f i l e s  should be e s t a b l i s h e d  on t h e  b a s i s  o f  these 
scenar ios.  
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- Vent ing o f  t h e  containment (see EPG-PC/P-7) migh t  p revent  

c a t a s t r o p h i c  f a i l u r e  o f  t h e  containment should i t  be imminent. 

Such a c a t a s t r o p h i c  f a i l u r e  c o u l d  f a i l  core  c o o l i n g ,  thus 

causing a core  m e l t  a f t e r  t h e  containment f a i l u r e .  

o Key o p e r a t o r  a c t i o n s  up t o  t h e  p o i n t  o f  containment f a i l u r e  inc lude:  

- Attempt t o  manual ly scram t h e  r e a c t o r  o r  o therw ise  cause 
induced-scram c o n d i t i o n s .  

- Manual ly  c o n t r o l  RPV p ressure  u s i n g  SRVs t o  a v o i d  S R V  c y c l i n g .  

- Control '  RPV water  l e v e l  contending w i t h  t h e  d i f f i c u l t i e s  
expressed e a r l i e r .  

- Defeat  auto ADS. 

- I n i t i a t e  e a r l y  and p r o v i d e  sus ta ined pool  c o o l i n g  w h i l e  

contending w i t h  t h e  d i f f i c u l t i e s  expressed e a r l i e r .  

- I n i t i a t e  manual r o d  i n s e r t i o n  and SLC e a r l y  i n  t h e  sequence. 

- Perform c o n t r o l l e d  d e p r e s s u r i z a t i o n  o f  RPV i f  t h e  pool  heat  
c a p a c i t y  l i m i t  i s  reached. 

- Consider whether H P C I / R C I C  s u c t i o n  s w i t c h  t o  t h e  suppression 

pool  i s  a c o r r e c t  s t e p  depending on pool c o n d i t i o n s .  

- Restore ,RPV l e v e l  a f t e r  s u b c r i t i c a l i t y  i s  achieved v i a  r o d  

i n s e r t i o n  o r  s u f f i c i e n t  boron i n j e c t i o n .  

- R e s t o r a t i o n  o f  PCS. 

- Operator  vents  containment t o  a v o i d  c a t a s t r o p h i c  f a i l u r e ,  i f  

necessary. 
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6 .O TQUV - TRANSIENT WITH EARLY LOSS OF CORE COOLING 

o I n i t i a t e d  by a v a r i e t y  o f  t r a n s i e n t s  causing l o s s  o f  feedwater and 

f a i l u r e  o f  b o t h  h i g h  and low pressure core  coo l ing .  

o Funct ions successfu l  - Reactor s u b c r i t i c a l i t y ,  RCS overpressure 

p r o t e c t i o n  

* 
o Funct ions f a i l e d  - Core heat  removal, Containment heat  removal, * 

Containment overpressure p r o t e c t i o n ,  * 
R a d i o a c t i v i t y  removal 

o Systems successfu l  - A l l  b u t  H P C I ,  R C I C ,  LPCS, LPCI, and p o s s i b l y  

CRD, and SLC. 

o Systems f a i l e d  - HPCI ,  R C I C ,  LPCS, and LPCI due t o  hardware/T&M 
f a u l t s  o r  suppor t  system f a u l t s  (power, s e r v i c e  
water ) .  CRD and SLC (nonbora t ion  mode) may be 
f a i l e d  due t o  hardware/T&M f a u l t s ,  o r  suppor t  system 

f a u l t s .  Otherwise, these systems a r e  unsuccessful 
due t o  opera tor  e r r o r  t o  ( a )  r e s t o r e  and/or inc rease 

f l o w  f rom t h e  CRD system and ( b )  i n i t i a t e  SLC f l o w  

t o  add t o  t h e  i n j e c t i o n  f l o w .  

f i r e w a t e r  o r  o t h e r  systems i s  a l s o  n o t  successfu l  
i n  t i m e  t o  p revent  core  damage. 

Recovery by u s i n g  

o SASA program s t u d i e s  and t h e  f o l l o w i n g  i n f o r m a t i o n  suppor t  c e r t a i n  
1 i k e l y  scenar io  paths r e s u l t i n g  i n  t h e  more "1 i k e l y "  core-damage 

scenar ios shown i n  F i g u r e  A-6. Environmental p r o f i l e s  should be 
e s t a b l i s h e d  on t h e  b a s i s  o f  these scenar ios.  

- Same key events s p e l l e d  o u t  f o r  t h e  TO-short term sequence. 

*Depending on t h e  p a r t i c u l a r  equipment f a i l u r e s .  
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- For  e i t h e r  t h e  RPV depressur ized o r  h i g h  pressure case, 

combinat ions o f  increased CRD f low o r  CRD/SLC f l o w  ( r e q u i r i n g  

o p e r a t o r  a c t i o n )  a r e  p robab ly  r e q u i r e d  t o  p revent  s i g n i f i c a n t  

core  damage as p e r  F igures  A-7 and A-8 ( f r o m  NUREG/CR-3179). 

Note t h a t  a t tempts t o  inc rease CRD f l o w  c o u l d  cause t r i p s  o f  t h e  

CRD pumps due t o  low s u c t i o n  pressure.  This  c o u l d  add some 

d i f f i c u l t y  t o  a c h i e v i n g  t h e  d e s i r e d  CRD f low.  ( 3 )  

- SLC i n i t i a t i o n  i n  t h e  nonboron mode r e q u i r e s  l o c a l  v a l v e  

man ipu la t ion  b e f o r e  i n i t i a t i o n .  

- Contingency #6 i s  c a l l e d  f o r  i f  RPV f l o o d i n g  i s  r e q u i r e d  (which 

i t  w i l l  be f o r  t h i s  sequence). These i n s t r u c t i o n s  h i g h l i g h t  

many systems t h a t  can be used t o  r e s t o r e  water  l e v e l  so t h a t  

chances o f  o p e r a t o r  nonrecovery must be considered t o  be low 

un less  these systems share a common f a i l u r e  mode(s). 

- I f  RHR i s  f a i l e d ,  normal containment heat  removal and 
overpressure p r o t e c t i o n  would a l s o  be f a i l e d .  A c t i v e  spray ing  
f o r  r a d i o a c t i v i t y  removal would a l s o  be unava i lab le .  

o Key o p e r a t o r  a c t i o n s  up t o  t h e  p o i n t  o f  r e a c t o r  vessel  f a i l u r e :  

- Operator  d e p r e s s u r i z a t i o n  o f  t h e  RPV w i t h  ADS/SRVs. 

- Operator  m a i n t a i n i n g  low RPV pressure (% 100 p s i g )  w i t h  SRVs. 

- Operator  i n i t i a t i o n  o f  s u f f i c i e n t  CRD/SLC/other system 
i n j e c t  i on. 

- R e s t o r a t i o n  o f  feedwater/PCS. 

o A v a r i a t i o n  o f  t h i s  sequence i n c l u d e s  t h e  a d d i t i o n  o f  a stuck-open 
re1  i e f  va lve.  Wi th  probable e a r l y  d e p r e s s u r i z a t i o n  by t h e  o p e r a t o r  

o f  t h e  RPV as  a l i k e l y  scenar io ,  t h i s  v a r i a t i o n  i s  s i m i l a r  t o  t h a t  
1 i k e l y  scenar io .  
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Note: [Past  PRAs have a l s o  found co re  damage under h i g h  RPV p ressure  

c o n d i t i o n s  as a dominant scenar io .  Th i s  was due t o  f a i l u r e  o f  t h e  

o p e r a t o r  t o  depressur ize  t h e  RPV t o  a l l o w  low pressure  i n j e c t i o n .  

Wi th  des ign  changes be ing  made t o  most ADS a c t u a t i o n  c i r c u i t s  t o  
a l l o w  auto  a c t u a t i o n  on j u s t  low-low l e v e l ,  and due t o  t h e  EPG 

requi rements t h a t  r e i n f o r c e  and c l a r i f y  c o n d i t i o n s  r e q u i r i n g  opera to r  

manual d e p r e s s u r i z a t i o n  , t h e  h i g h  pressure  RPV core-damage scenar io  

appears somewhat l e s s  l i k e l y .  However, due t o  ope ra to r  concern a t  
a l s o  keeping t h e  core  covered f o r  as l o n g  as p o s s i b l e  and s ince  t h e  

d e c i s i o n  t o  depressur ize  may be very  dependent on whether o r  n o t  a 
LPCS/LPCI pump a t  l e a s t  s t a r t s  (a l t hough  i t  may f a i l  t o  i n j e c t  water  

i n t o  t h e  core  l a t e r  because o f  an i n j e c t i o n  va l ve  f a i l u r e ,  pump 
c o o l i n g  f a i l u r e ,  e tc . ) ,  t h e  h i g h  pressure  RPV case i s  a l s o  considered 

among t h e  " l i k e l y "  scenar ios  by  t h e  PEEESAS/Accident Management 

Program t e c h n i c a l  s t a f f s . ]  



7.0 AE - LARGE LOCA WITH EARLY LOSS OF CORE COOLING 

o I n i t i a t e d  by a l a r g e  l o s s - o f - c o o l a n t  a c c i d e n t  (LOCA) such as t h e  
double-ended r u p t u r e  o f  a r e c i r c u l a t i o n  p ipe.  

o Funct ions successfu l  - Reactor s u b c r i t i c a l  i ty, RCS overpressure 

p r o t e c t i o n  (by v i r t u e  o f  t h e  LOCA) 

* 
o Funct ions f a i l e d  - Core heat  removal, Containment heat  removal, 

Containment overpressure p r o t e c t i o n ,  Radio- 
a c t i v i t y  removal 

* 
* 

o Systems success fu l  - A11 b u t  LPCS, LPCI 

o Systems f a i l e d  - LPCS and LPCI due t o  hardware/T&M f a u l t s  o r  suppor t  

system f a u l t s  (power, s e r v i c e  water) .  Recovery 
a c t i o n s  f a i l  i n  t i m e  t o  p revent  q u i c k  core  mel t .  

o Based on p a s t  PRA analyses and i n s i g h t s  f rom t h e  BMI-2104 reDor t ,  t h e  

more " l i k e l y "  core-damage scenar io  i s  as shown i n  f i g u r e  A-9.(4) 

Environmental p r o f i l e s  should be based on t h i s  scenar io .  Note t h e  
f o l l o w i n g :  

- Contingency #6 prov ides  g u i d e l i n e s  f o r  a t t e m p t i n g  t o  r e s t o r e  RPV 
l e v e l  w i t h  v a r i o u s  systems. 

- EPG-SP/T-2 c a l l s  f o r  a t tempts  t o  p r o v i d e  pool  c o o l i n g  i f  RHR i s  

a v a i l a b l e  f o r  t h i s  mode ( u n l i k e l y ,  however). 

- Drywe l l  c o o l e r s  should operate u n t i l  t h e  d r y w e l l  temperature 

exceeds 20OoF. 

*Depending on p a r t i c u l a r  equipment f a i l u r e s  (e.g. RHR) j u s t  as d iscussed f o r  
t h e  TQUV sequence. 
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- EPGs-DW/T-3 and PC/P-7 c a l l  f o r  d r y w e l l  spray o p e r a t i o n  ( b u t  

most l i k e l y  RHR i s  f a i l e d )  and containment vent ing .  

o Key o p e r a t o r  a c t i o n s  up t o  t h e  p o i n t  o f  c o r e  m e l t :  

- Operator  a t tempts  t o  q u i c k l y  i n i t i a t e  a l t e r n a t e  i n j e c t i o n  
systems i f  a v a i l a b l e .  
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8 . 0  SUMMARY 

This appendix summarizes work performed under the Sandia 
PEEESAS program addressing scenario definition. The acci- 
dent sequences and resulting 811ikely11 scenarios that will be 
used to determine the accident environmental profiles up to 
core melt or containment for this program are highlighted. 

It should be recognized that to cope with severe accidents 
complicated with equipment failures due to the severe acci- 
dent environment, accident management strategies must focus 
on contingency plans and operator training. Prior to the 
TMI-2 incident, accident management strategies were based on 
dealing with the design basis LOCA. These strategies were 
procedure-oriented and operator training tended to emphasize 
the ability to quickly identify and carry out specific pro- 
cedural steps. After the TMI-2 accident, accident management 
strategies began changing by using a symptom-oriented philo- 
sophy for mitigating an accident. The current Emergency 
Procedure Guidelines (EPGs) and operator training reflect 
this new philosophy and cover the possibility of severe 
accidents. 

The severe accident sequence environmental profiles generated 
in Appendix C reach temperatures and pressures above current 
equipment qualification levels. This implies that equipment 
may fail because of the environment. Therefore, it may be 
helpful if information is included in the EPGs regarding the 
possible environmentally-induced failure of electrical equip- 
ment, within containment, after qualification limits are 
exceeded. 

A specific example of this type of situation involves EPGs 
which currently recommend transfer of HPCI and RCIC system 
suction to the suppression pool if "high water levell' exists 
in the pool. Since this procedure may occur when the water 
in the pool has reached a high temperature and the high 
temperature may cause the HPCI and RCIC systems to fail, it 
may be appropriate to delete this instruction, provided the 
plant can show that the torus can withstand instabilities. 

As indicated above, the possibility of environmentally- 
induced electrical equipment failures could complicate the 
situation for the operator when he is attempting to mitigate 
the accident and determine plant status. Therefore, it may 
be useful for operator training to include the simulation of 
electrical equipment failure for equipment that may fail due 
to the environment. This training would enhance operator 
awareness of the need to use multiple indication devices (and 
not just rely on one indicator) as well as provide practice 
in identifying and using alternate mitigating schemes. 



9.0 REFERENCES 

J.W. M i n a r i c k ,  and C.A Kuk ie lka ,  "Precursors  t o  P o t e n t i a l  Severe Core 

Damage Acc idents :  
ORNL/NSIC-182, June 1982. 

1969-1979 A S ta tus  Report," NUREG/CR-2497, 

J.W. M i n a r i c k ,  e t  a l . ,  "Precursors t o  P o t e n t i a l  Severe Core Damage 

Acc idents :  1980-1981 A S ta tus  Report," NUREG/CR-3591, ORNL/NSIC-217 

( D r a f t ) ,  Februrary  1984. 

R.M. H a r r i n g t o n  and L.J. O t t ,  "The E f f e c t  o f  Smal l -Capaci ty,  High 

-Pressure I n j e c t i o n  Systems on TQUV Sequences a t  Browns F e r r y  U n i t  
One," NUREG/CR-3179, ORNL/TM-8635, September 1983. 

J.A. Gieseke, e t  a1 . , "Rad ionuc l ide  Release Under S p e c i f i c  LWR 

Acc ident  Cond i t ions , "  BMI-2104 Volume 11, J u l y  1984. 

A.Kolaczkowski, e t  a l . ,  "P resen ta t i on  t o  NRC o f  ASEP F ind ings  Based on 
I n t e r i m  Program Resu l ts , "  May 1985. 

D.H. Cook, e t  a1 . , "Loss o f  DHR Sequences a t  Browns F e r r y  U n i t  One 

Acc ident  Sequence Ana lys is , "  NUREG/CR-2973. ORNL/TM-8532, May 1983. 

D.H. Cook, e t  a l . ,  " S t a t i o n  B lackout  a t  Browns F e r r y  U n i t  One, 

Acc ident  Sequence Ana lys is , "  NUREG/CR-2182, ORNL/NUREG/TM-455/VI 

(November 1981), Appendix A. 

R.M. H a r r i n g t o n  (ORNL), S.A. Hodge (ORNL), "ATWS a t  Browns F e r r y  U n i t  
One--Accident Sequence Ana lys is , "  NUREG/CR-3470, ORNL/TM-8902, J u l y  
1984. 

' A-42 



REFERENCES (Continued) 

9 "Emergency Procedure Guidelines for Browns Ferry Unit One," June 1984. 

10 David D. Carlson, et al., "Interim Reliability Evaluation Program 
Procedures Guide," NUREG/CR-2728, SAND82-1100, January 1983. 

11 IDCOR Technical Report, "Task 21.1 Risk Reduction Potential", 
November 1984. 

12 F.E. Haskin, et al., "Containment Event Analysis for Postulated Severe 
Accidents at the Peach Bottom Nuclear Power Plant",Sandia National 
Laboratories (Draft Material), March 1985. 

A-43 



ATTACHMENT 1 
From: 

NUREG/ CR-2182 

Browns Ferry Nuclear Plant :  Complete S t a t i o n  Blackout 
Sequence of Events 

CSB + No HPCI/RCIC 

(TUB' 1 

0.2 

0.2 

0.2 

0.3 

0.5 

1.0 

1.0 

2.0 

2.0 

2.0 

3.0 

Event 

Loss of a l l  AC power and d i e s e l  generators.  
l e  i n i t i a l l y  operat ing a t  100% power. 

The plant 

I n i t i a l  drywell  t enpera ture  - 66OC (150OF) 
I n i t i a l  w e t w e l l  temperature = 35OC (95OF) 

F u l l  load r e j e c t i o n  (lee., f a s t  c losu re  of turb ine  
con t ro l  valves)  occurs. 

Recirculat ion pumps and condenser c i r cu la to ry  water 
pumps t r i p  off .  Loss of condenser vacuum occurs. 
Core flow is  provided by na tu ra l  c i r cu la t ion .  

Reactor pressure increases  suddenly due t o  load rejec-  
t ion .  

Scram p i l o t  valve solenoide are deenergized due t o  
load r e j ec t ion .  Control rod motion begins. 

Turbine bypass valves  s tar t  t o  open due t o  load rejec-  
t ion.  

Neutron f l u x  starts t o  decrease a f t e r  an  In i t i a l  in- 
crease t o  over 100% ra t ed  power leve l .  

Reactor power rtarts t o  decrease slowly a f t e r  an  i n i -  
t i a l  rioe. 

Control rods are 40% i n se r t ed  from f u l l y  withdrawn 
pos it  ion. 

Main r teamline I s o l a t i o n  valves  (MSIVs) s ta r t  t o  Close 
(relay-type r eac to r  t r i p  system), r e s u l t i n g  In a r a p i d  
oteam-line pressure rise. 

Turbine bypass valves  are t r ipped t o  close.  

Control rods are 75% i n se r t ed  fram f u l l y  withdrawn 
pos 1 t ion  . 
Turbine t r i p s  of f  ( tu rb ine  s t o p  valves f u l l y  closed).  3.0 
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Time 
(sec) Event 

3.5 

4.0 

5.0 

5.0 

5.0 

5.0 

5- 2 

5. 5 

7.5 

9.0 

10.0 

15.0 

15.7 

17.0 

21.0 

22.0 

29.0 

29.7 

power generation due t o  delayed neutrons and f i r s i o n  
product decay drope t o  10% of i n i t i a l  rated power gea- 
erat ion.  

Feedwater turbines  t r i p  off .  

MSIVs are f u l l y  closed, r e su l t i ng  i n  a momentary 0.69 
MPa (100 p s i )  pressure increase and 1.02 m (40-111.) 
drop of water-steam mixture l e v e l  due t o  collapsing of 
voids 

A l l  cont ro l  rods are f u l l y  inser ted.  

Reactor vesse l  pressure exceeds the lowest aetpoint  a t  
7.52 MPa (1090 ps i )  of sa fe ty / r e l i e f  valves (S/RVs). 

Seven (7 )  ou t  of t h i r t e e n  (13) S/RVs s tar t  t o  open i n  
response t o  pressure r ise above the  setpoint .  

Water-stem mixture l e v e l  recovers 0.51 m (20 in.) 
from the  previous momentary 1.02 m (40-in.) drop. 

S/RV steam blowdowns i n t o  the  pressure suppression 
pool through t h e  T-quenchers begin. 

Feedwater flow drops below 20%. 

Feedwater flow decraaaes t o  zero. 

Power generation due t o  f i s s i o n  product decay drops t o  
approximately 7.2% of r a t ed  power generation. 

A l l  7 S/RVs are completely closed. 

Four out of 13 S/RVs e t a r t  t o  open. 

Neutron f lux  drope below 1% of i n i t i a l  f u l l  power 
l e v e l  . 
Narrow range (NR) sensed water l eve l  reaches low alarm 
(Level 4), 1.e.) 5.98 m (235.50 in.) above Level 0, o r  
5.00 m (196.44 in.) above TAF. 

Suppression pool water average temperature rimes t o  
35.13'C (95.24'F) i n  response t o  the  f i r s t  S/RV pope. 

A l l  4 S/RVe are completely closed. 

TWO out of 13 S/RVs s tar t  t o  open. 



T h e  
(rec) 

47.0 

47.7 

56.0 

56.0 

90.0 

101.0 

625 

625 

20 r in .  

33 min. 

40 r in .  

60 min. 

Event 

All 2 S/RVs are completely closed. 

One out  of 13 S/RVs r t a r t e  t o  open. 

Supprersion pool water average temperature i e  approximately 
35.3.C (95.54.F) . 
NR renred water l e v e l  reaches low l e v e l  alarm (Level 3). 
1.e.. 5.50 m (216.00 in.) above Level 0, o r  4.50 m (176.94 
in.) above TAF. 

Suppression pool water average tanperature is approximately 
35 0 4 'C (9 5 72 'F) 

The S/RV i s  completely closed. 
cycle  on and off  on se tpo in t s  throughout t h e  sequence. 

The 8-e S/RV continues t o  

Wide raqge reared water l e v e l  reaches low water l e v e l  
ret-point (Level 21, 1.e.. 4.18 m (164.50 in.) above Level 0 
a t  2/3 core  height,  o r  2.96 m (116.50 in.) above TAF. 

WCI and RCIC rystane are not turned on because they are 
asrumed t o  be unavailable. 

Suppresrion pool water average temperature reaches 46.C 
(1 14'F) . 
Core uncovery t h e .  
(11.61 f t )  above bottom of t he  core. 

Steam-water mixture l e v e l  i s  a t  3.54 m 

Auto-lrolatioa rignal i n i t i a t e s  as increase of drywell 
pressure exceeds 13.8 KPa (2.0 psi) .  
are not  affected.  
(162'F) and 5S'C (130°F), respectively.  Mass and energy 
addi t ion  rater i n t o  t h e  wetwell are: 

The HPCI/BCIC sys tens  
Drywell and w e t w e l l  temperature are 72.C 

Mars Rate Energy Rate 
(kg/e) ( l b / d n )  (w) (Btu/min) 

Steam 33 4.36 x lo3 9.25 X lo7 5.26 X lo6 
Hydrogen 6 X lo-' 8.62 X loo7 2.92 x 1.66 x 

Mas8 and energy add i t ion  ratee i n t o  the  wetwell are: 

Mars Rate Energy Rate 
( W E )  (lb/min) (w) (Btu/min) 

Steam 15.6 2.07 X lo3 5.06 X 10; 2.88 X 10; 
Hydrogen 2.8 X loo3 3.76 X 10-1 2.15 X 10 1.22 10 
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Time 
(sec) 

70 min. 

80 min. 

96 min. 

97 min. 

99 min. 

101 min. 

129 min. 

129.03 min. 

Event 

Core melting starts. 

Drywell  and w e t w e l l  temperatures are 75% (167.F) and 63.C 
(145'F), respect ively.  Mass and energy add i t ion  rates i n t o  
t h e  wetwell are: 

Mass Rate Energy Rate 
(kg/s) (lb/min) (w) (Btu/min) 

Steam 5.68 7.51 X l$ 2.22 x lo7 1.26 x 106 
Hydrogen 0.19 2.53 X Id 2.29 x 106 1.30 X Id 
Water l e v e l  i n  vessel drops below bottom g r i d  elevation. 

Bottom g r i d  f a i l s  and temperature of s t r u c t u r e s  i n  bottom 
head l e  above water temperature. 

The corium rlumps down t o  vesse l  bottom. 

The debr i s  is  s t a r t i n g  t o  m e l t  through t h e  bottom head. 
Drywell and wetwell tenperatures are 97'C (207.F) and 71% 
(159'F), respect ively.  Meanwhile, l o c a l  pool water tempera- 
ture a t  t h e  discharging bay exceeds 149.C (300.F). 
condensation o s c i l l a t i o n s  could accelerate due t o  t h e  con- 
t inuous discharge of superheated noncondemable gases  i n t o  
t h e  suppression pool. Mass and energy addi t ion  rates i n t o  
t h e  wetwell are: 

Steam 

Mass Rate Energy Rate 
(Irg/s) (lb/min) (w) (Btu/min) 

Steam 18.6 5.46 x lo3 5.42 X lo7 3.08 X 106 
Hydrogen 6.8 x 8.93 3.59 x io5 2.04 x io4 

Vessel bottom head f a i l s ,  r e s u l t i n g  i n  a pressure increase  
of 0.34 MPa (49 ps ia) .  

Debrir starts t o  m e l t  t h e  concre te  f l o o r  of t he  contairrnent 
building. 
t i a l l y .  
1.36 x lo7 and 2.50 X lo7 watts, respectively.  

Temperature of deb r i s  is 1546.C (2815.F) i n i -  
In t e rna l  heat  generat ion i n  metalr and oxides are 



m e  
( rec) Event 

165 mln. Drywell and w e t w e l l  temperatures are 141.C (286.F) and 74.C 
(166'F), rerpectively.  Mass and energy add i t ion  rates in to  
t h e  drywell are: 

Haso Rate Energy Rate 
(kg/s) ( lb lminl  (w) (Btu/min) 

Steam 5.46 722.83 1.59 X J$ 9052 
Hydrogen 3.3 X l(r2 4.38 0 . 0 
c@ 2.58 341.88 
co 0. 69 91 35 

190 mln. 

193 mln. 

219 mln. 

250 mfn. 

Drywell electric penetration aesenbly seals have f a i l e d  as 
t h e  containment temperature exceeds 204.C (400.F) and start  
t o  vent  through t h e  primary containment. 

Contaimcnt f a i l e d  as t h e  contairment temperature exceeds 
260.C (5OO.F) and a11 electric penetration modules are blown 
ou t  of t h e  containment. 

Drywell and wetwell pressures are a t  0.10 MPa (14.7 psia).  
Drywell and w e t w e l l  temperatures are 598.C (1109.F) and 78.C 
(173.F), rerpectively.  
t h e  drywell are: 

Mars and energy add i t ion  rates i n t o  

Mass Rate Energy Rate 
(b/8) (lb/min) (w) Btu min) 

Steam 0.70 92 1.59 X lo5 9052 

cQ2 2.32 307 
co 5.03 666 

Hydrogen 0.24 32 0 0 

The leak rtte through t h e  m e n t  f a i l e d  areas is 
-2.90 x 10 & / 8  (-6.15 x 1 

Drywel l  and w e t w e l l  temperatures are 675.C (1247.F) and 78.C 
(173'F), respectively.  
t h e  drywell are: 

Hams and energy add i t ion  rates i n t o  

Marr Rate Energy Rate 
(kg/r ) (lb/min) (w) (Btu/mln) 

Steam 6. 84 905 1.59 X lo5 9052 
Hydrogen 0.25 33 0 0 
co2 1.53 203 

5.25 695 co 
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309 min. 

367 min. 

733 min. 

The l eak  rate through t h e  containment f a i l e d  area l a  
-4.91 x le a / s  (-1.04 x Id ft3/min). 

Rate of concrete decwpoei t ion  i s  -4.65 x ld' 4 s .  
Rate of heat  added t o  atmosphere is -1.20 x 18 W. 

Drywell and wetwell pressures are a t  0.10 MPa (-14.7 ps ia )  
and temperatures are 854.C (1570.F) and 77.C (171'F), re- 
epectfvely. The l e a k  rate through t h e  containment f a i l e d  
area is -3.94 X Id' e / s  (-8.35 X ld' ft3/oPin). 

Drywell and w e t w e l l  temperatures are 546.C (-1014.P) and 
77OC (170°F), respectively.  
tairment f a i l e d  area i s  -2.12 X Id & l o  (-4.50 x 

The l eak  rate through t h e  con- 

lo3 f t 3 m n ) .  



ATTACHMENT 2 
From: 

NUREG/ CR-2182 

0.0 

0.2 

0.2 

0.2 

0.3 

0.5 

1.0 

1.0 

2.0 

2.0 

2.0 

3.0 

Browns Ferry Nuclear P l a n t :  Complete S t a t i o n  Blackout 
Sequence of Events 

CSB + Manual RCIC d SRV 

( T v I  1 

Time 
(set) Event 

Loss of a l l  AC power and aiesel generators.  
is  i n i t i a l l y  operat ing a t  100% power. 

The p lan t  

I n i t i a l  drywell  temperature - 66OC (150OF) 
I n i t i a l  w e t w e l l  temperature - 35OC (95OF) 

Ful l  load r e j e c t i o n  (i.e., f a s t  c losure  of tu rb ine  
con t ro l  valves)  occurs. 

Kecirculat ion pumps and condenser c i r cu la to ry  water 
pumps t r i p  off .  Loss of condenser vacuum occurs. 
Core flow i s  provided by na tu ra l  c i r cu la t ion .  

Reactor pressure increases  suddenly due t o  load rejec- 
tion. 

Scram p i l o t  valve solenoids are deenergized due t o  
load re jec t ion .  Control rod motion begins. 

Turbine bypass valves start  to  open due t o  load rejec-  
t ion.  

Neutron f l u x  starts t o  decrease a f t e r  an i n i t i a l  in-  
crease t o  over 100% ra t ed  power leve l .  

Reactor power starts t o  decrease slowly a f t e r  an  i n i -  
t i a l  rise. 

Control rods are 40% inser ted  from fully withdrawn 
posi t ion. 

Main eteamllne i s o l a t i o n  valves (MSIVs) start t o  cloee 
(relay-type r eac to r  t r i p  system), r e s u l t i n g  i n  a r a p i d  
eteam-line pressure rise. 

Turbine bypass valves are t r i p p e d  t o  close.  

Control rods are 75% inser ted  from fully withdrawn 
posi t ion.  
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3.0 

3.5 

4.0 

5.0 

5.0 

5.0 

5.0 

5.2 

5.5 

7.5 

9.0 

10.0 

15.0 

15.7 

17.0 

21.0 

22.0 

Turbine t r i p s  o f f  ( t u r b i n e  s t o p  va lves  f u l l y  c losed) .  

Power gene ra t ion  due t o  delayed neut rons  and f i s s i o n  
product decay drops t o  10% of i n f t i a l  r a t e d  power gen- 
e r a t i o n .  

Feedwater t u r b i n e s  t r i p  o f f .  

M S I V e  are f u l l y  c losed ,  r e s u l t i n g  i n  a momentary 0.69 
MPa (100 p s i )  p re s su re  i n c r e a s e  and 1.02 m (40-in.) 
d rop  of water-steam mixture  l e v e l  due t o  co l l aps ing  of 
voids.  

A l l  c o n t r o l  rode are f u l l y  i n s e r t e d .  

Reactor v e s s e l  p re s su re  exceeds t h e  lowest  s e t p o i n t  a t  
7.52 MPa (1090 p s i )  of s a f e t y / r e l i e f  va lves  ( S / R V s ) .  

Seven ( 7 )  ou t  of t h i r t e e n  (13) S I R V s  e t a r t  t o  open i n  
response t o  p res su re  rise above t h e  s e t p o i n t .  

Water-steam mixture  l e v e l  recovers  0.51 m (20 in . )  
from t h e  previous momentary 1.02 m (40-in.) drop. 

S / R V  steam blowdowns i n t o  t h e  pressure  suppress ion  
pool through t h e  T-quenchers begin. 

Feedwater f low drops below 20%. 

Feedwater f low dec reases  t o  zero.  

Power gene ra t ion  due t o  f i s s i o n  product .decay drope t o  
approximately 7.2% of  r a t e d  power generat ion.  

A l l  2 S / R V s  are completely closed.  

Four o u t  of 13 S / R V e  start  t o  open. 

Neutron f l u x  drops below 1% of i n i t i a l  f u l l  power 
l e v e l  . 
Narrow range (NR) eensed water l e v e l  reaches  low alarm 
(Level 4) ,  i.e., 5.98 m (235.50 in . )  above Level 0, o r  
5.00 m (196.44  in . )  above TAF. 

Suppression pool water average temperature rises 
t o  35.13OC (95.24.F) i n  response t o  the f i r s t  S/RV 
POPS 
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Time 
(sec)  

29.0 

29.7 

47.0 

47.7 

56.0 

56. 0 

90.0 

101.0 

625 

625 

655 

15 mino 

2G min. 

Event 

A l l  4 S/RVs  are completely closed. 

Two out  of 13 S / R V s  start to  open. 

A l l  2 S / R V s  are completely closed. 

One out of 13 S/RVs  starts t o  open. 

Suppression pool water average temperature is  approximately 
35. 3.C (95.54.F) . 
NR sensed water l e v e l  reaches low l e v e l  alarm (Level 31, 
i.e., 5.50 m (216.00 in,.) above Level 0, o r  4.50 m (176.94 
in.) above TAF. 

Suppression pool water average temperature is approximately 
35.4.C (95.72OF). 

The S/RV is completely closed. The same S/RV continues t o  
cyc le  on and off  on se tpo in t s  throughout t he  subsequent RCIC 
in jec t ions .  

Wide range sensed water l e v e l  reaches low water l e v e l  set- 
point  (Level 2), i.e., 4.18 m (164.50 in.) above Level 0 a t  
2/3 core height ,  o r  2.96 m (116.50 in.) above TAF. 

Operator manually cont ro ls  RCIC i n j e c t i o n  t o  maintain con- 
s t a n t  veosel water leve l .  The RCIC tu rb ine  pump i s  dr iven  
by steam generated by decay heat. 
powered by the  250 V dc  syotem. 

System auxiliaries are 

RCIC flows e n t e r  t he  r eac to r  pressure ves se l  a t  38 L / s  
(600 gpm) drawing water from the  condensate s torage  tank. 

Operator manually opens one SRV to  depressurize the  vessel .  

Drywell and w e t w e l l  temperatures exceed 76% (169.F) and 
5 0 . C  (122'F), respect ively.  Mass and energy add i t ion  r a t e s  
i n t o  the  w e t w e l l  are: 

Mass Rate Energy ha te  
(kg/s) (lb/min) (w 1 (Btu/min) 

Steam 829.75 1.10 x lo5 2.32 x 108 1.32 x lo7 
Hydrogen 0 0 0 0 
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Time 

21.14 min. 

22.0 min. 

30 min. 

240 min. 

266.3 min. 

347 mln. 

366 min. 

386 min. 

Event 

Core uncovery t i m e .  

Core refloods.  

Auto-isolation s igna l  i n i t i a t e s  as increase of drywell 
pressure exceeds 13.8 KPa (2.0 psi) .  
i solated.  

The RCIC system i s  not 

The RCIC pump stops when the b a t t e r i e s  run out. 

Wide range sensed water l e v e l  reaches Level 2 setpoint .  
Drywell and w e t w e l l  temperatures are 99OC (210.F) and 100°C 
(212’F), respectively.  Mass and energy addi t ion rates i n t o  
the  wetwell are: 

Mass Rate Energy Rate 
(kg/s)  (lb/min) (w) (Btu/min) 

S t e m  19.16 2.53 x lo3 5.20 x lo7 2.96 x lo6 
Hydrogen 0 0 0 0 

Core uncovers again. 

Average gas temperature a t  top of core i s  491OC (916.F). 
Drywell and wetwell temperatures and pressures are 113.C 
(236.F) and 0.28 MPa (40 psia) ,  respectively.  
energy addi t ion  rates i n t o  the  wetwell are: 

Mass and 

Mass Rate Energy Rate 
(kg/s)  (lb/min) (w) (Btu/min) 

Steam 9.26 1.22 x 103 2.97 x 107 1.69 X lo6 
Hydrogen 4.09 x lo-’ 5-41 x 222.28 12.64 

Average gas temperature a t  top of core i s  855.C (1571OF). 
Drywell and w e t w e l l  temperatures and pressures are 115.C 
(239.F) and 0.29 MPa (41 psia) ,  respectively.  Mass and 
energy addi t ion  rates i n t o  the w e t w e l l  are: 

Mass Rate Energy Rate 
( W e )  (lb/min) (w) (Btu/min) 

Steam s. 05 6.68 X lo2 1.81 X lo7 1.03 X lo6 
Hydrogen 1.68 X 2.23 1.35 x 105 7.70 x 103 



T l m e  
(sec) 

395.3 min. 

449.3 mine 

451.2 mine 

452 mine 

452.9 d n .  

539.3 mln. 

539.3 min. 

539.3 min. 

539.3 m a .  

601.05 mine 

718.8 min. 

Event 

Core m e l t i n g  starts. 

Water l e v e l  in vesse l  drops below bottom g r id  elevation. 

Bottom g r id  fa i l s  and temperature of s t ruc tu res  i n  bottom 
head is above water temperature. 

The corium slumps down t o  vesse l  bottom. 

Debris r tarts t o  m e l t  through the  bottom head. 

Vessel bottom head f a i l s ,  resulting in a pressure increase 
of 0.0047 MPa (0.68 psla) .  

Debris i tarts to  b o i l  water from containment f loor .  

Drywell e l e c t r i c  penetration assembly seals have f a i l e d  a e  
the  containment temperature exceeds 204.C (400.F) and s tar t  
t o  vent through the  primary containment a t  a leak  rate of 
118 L/s (250 ft3/min). 

Debris starts t o  m e l t  the  concrete f loo r  of the containment 
building. Temperature of debr i s  is 1750.C (3182.F) i n i t i a l -  
ly .  In te rna l  heat enera t ioa  in metals and oxides are 9.99 
X lo6 and 1.84 X 10 9 watts, respectively. 

Containment f a i l e d  as the  containment temperature exceeds 
260.C (500.F) and a l l  electric penetration modules are blown 
o u t  of the containment. Mass and energy addi t ion  rates into 
t h e  drywell are: 

Mass Rate Energy Rate 
(kg/s (lb/mln) (w) ( E t  u/mln ) 

Steam 4.70 621.51 1.59 X lo5 9052 
Hydrogen 0. 14 18.27 0 0 
co2 le29 170.23 

381.21 co 2.88 

The leak  rate through the drywell penetration seals l e  
-5.33 A 10' L/o (1.13 x lo5 f t 3 / d n ) .  

Drywell and w e t w e l l  pressures are a t  0.10 MPa (-14.7 ps ia )  
and temperatures are 700.C ( 1293.F) and 98.C (-209OF), 
respectively.  
area l e  -5.18 x 10' a / s  (-1.10 X lo5 ft3/mln). 

The leak  rate through t h e  containment fa i led 
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T i m e  
Event 

821.5 mino Drywell and w e t w e l l  temperatures are 737.C (1359.F) and 93.C 
(199OF), rcepec t ive ly .  The leak r a t e  through the  contain- 
ment failed area i e  -4.23 x lo4 
f t  3/min) 

&/e (-8.96 X lo4 

1127.5 mln. Drywell and w e t w e l l  temperatures are 468OC (-875.F) and 
86.C (-18S0F), r e s p e c t i v e l y .  The leak rate through the 
containment failed area i s  -4.79 x lo4 r/s (-1.02 x 
io4 ft3/min),  
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ATTACHMENT 3 
From: 

NU REG/ CR-2973 

Table 3 .1 .  Timetable of events f o r  unmitigated 
loss of DER with uniform pool heatup 

Time 
(h) 

Event 

0 

1 

1 

2 

2 

4 

8 .6  

13 

14 

21 .5 

23 .5 

35 

I n i t i a t i n g  r eac to r  t r i p  followed by MSIV closure and f a i l u r e  of 
both pool cooling and shutdown cooling modes of the  BBB system. 
High drywell pressure scram a t  0.115 MPa ( 2  p r i g ) .  Diesel gener- 
a t o r s  and SOTS automatically i n i t i a t e d .  Drywell control  a i r  
compressors isolated.  Operators valve s t a t i o n  control  a i r  i n t o  
drywell control  a i r  header. 
Pool temperature exceeds 49OC (120OF) - operators  begin con- 
t r o l l e d  depressurizat ion of r eac to r  vessel .  
Core spray i n i t i a t i o n  s igna l  [ r eac to r  vessel  pressure <3.21 HPa 
(465 ps ia)  and drywell pressure >0.115 MPa ( 2  ps ig) ]  causes load 
shedding i f  loss of o f f s i t e  power i s  s t i l l  i n  e f f ec t .  Operators 
must use l o c a l  control  s t a t i o n s  t o  r e s t o r e  d i e s e l  power t o  
s t a t i o n  cont ro l  a i r  compressors (A and D) and drywell coolers. 

Suppression pool temperature exceeds the 6OoC (1400F) recommended 
maximum temperature f o r  cooling of RCIC and HPCI lube o i l .  
0 hydraul ic  system provides s u f f i c i e n t  r eac to r  vessel 
i n j e c t i o n -  no RCIC system operat ion a f t e r  t h i s  time. 
Operators must begin t o  t h r o t t l e  (RD hydraulic system pump t o  
avoid o v e r f i l l i n g  the  r eac to r  v e s s e l .  

HPCI and BCIC system steam supply l i n e  i s o l a t i o n  caused by high 
[930C (2000F)l t o rus  room temperature. 
RCIC turbine high exhaust pressure t r i p  a t  containment pressure 
>0.28 KPa (25 pr ig ) .  
Dryrol l  design pressure 10.49 MPa (56 p r i g ) ]  exceeded. 
SRVs become inoperative i n  remote-manual mode because drywell 
pressure exceeds 0.55 MPa (65 pr ig ) .  
Drywell f a i l s  when i n t e r n a l  pressure exceeds 0.91  MPa (117 p r i g ) .  
Suppression pool temperature has increased t o  173OC (343OF). 
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ATTACHMENT 4 

From: 
N UREG/ CR -3470 

Table 4.5. Sequence of event8 for a r e  v l t b u t  u n u d  
rod inrertion or SLC injection, but u i th  pool cooling 

Event Caacnt  

0 
0.1 
0.1 
1.5 

2 

7 

8 

8.4 

8.5 
9 
10 

14.8 

16.8 
16 .I)  
17 
18.7 

18.7 

19.3 

19.6 

20.1 

20.6 

27 

27.8 

31 08 

33 03 

mfv8 begin t o  d 0 8 e  
No reactor actam 
Recirculation punpr t r i p  
BPCX and PCSC a ta r t  

Operator car t ro l  of verrel prerrure 

Operator trip. EPCI .ad P C I C  

Core rpray and llEiB pump a t a r t  

kginr  

Veroel  water level k l a w  TAF 

Reactor power belw 102 
Verse1 prerrure dropping 
Operators ini t ia te  rupprerrioa pool 

Verrel water level  above TAF 
cooling 6 t h  dl four coolerr 

Power spike 

Operatorr decreue BPCI f lov 
Operatorr begin aDlrpency deprerruri- 

& S t a t i c  s v  s t U 8 t i O U 8  

zation of reactor verrel 

Operators t r i p  EPCI a d  ECIC turbinea 
d the  core rpray, condenrate, con- 
densate h r t e r ,  a d  RHit w p r  

-11 preorure aceed8 2.45 p i g  
(118 kPa) 

b r e  completely uncovered 

Verrel prerrure belw 450 prig (3.21 
ma) 

Operatom rea- verrel  injection 

Operatori restart aupprerriat pool 
cooling 

All a v 8  .hut 

Verre l  mter level  recovered to > T U  

Operators dircontinua injectioa f l w  

Anticipated tr .nrient 

Automatic actuation, tot81 in- 
jectionr 5600 g p  (353 l / r )  
To prevent SXV cycling on auto- 
u t i c  actu8tion 

Per  E#; leoel/povcr control 
guideline 

At r e a r e l  mtet level  <413.5 
in. (12.5 I) - reactor verrel 

prerrure too high for injection 
Operator restart8 EPCI at 1800 

gpm (113 l / r )  

Operator rhutr ill but me SBV 
'Contalament Spray Select' 

Not back an r d r  of emergency 

Core th.rril power to 35% 

Verrel mter level too Mgh 
Supprerrioa pool in violation 

rvitch actuated 

8YSt-O i n d i C 8 t i O U  

Of h a t  bp8City f.lapr8- 
ture  l i m i t  

tooling 
Interrupts rupprerrioa pool 

Subcritical and producing a d y  

Core ,pray and LPCI v d v u  open 
(LPCI d v e r  fnterlocked open 
for 5 . in) 

Uring condenrate boorter p n p r  , 
flow controlled by rtartup by- 

Uter overridirrg 2/3 core cov- 
erage interlock 

Verrel-to-dwell prerrure d i f -  
ference QO pi 

k v d  not back an rcale of 
emergency 8y8tema indication 

tmergency ryrtep.  indfcatioa on 
8c.h but increaring too f&r t  

decay hc8f 

p u r  V 8 1 V e  



Table b.5 (continued) 

Brent CoPwnt 

33 08 SRVr reopen 

3b 06 Verrel ponr  .ad prrrrun rpike 

Verrel prerrure b l o w  450 p d g  

Supprerrion pool temperature at 232.1, 

supprerrion pool temperature at %So? 

34 08 & t a t % C  8 C t U t i O M  
36.1) 

4- A d d i t i o d  powr/prerrure rpiker 
1 20 

720 

(3.1 m8) 

(W 10 

(447 It) 

V e r r c l - t c r d ~ e l l  prerrure 

W a x f a n  core the- power = 
diffrreace >50 pei 

81% 
k 1105 prig (7072 m a )  
Deprerruriring with f ive  open 

Occurring about every 13 d n  
S t i l l  fncreaning 

sRv8 

-11 orarprerrure failure 
iminent 
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1.0 OBJECTIVES 

T h i s  appendix addresses t h e  s e l e c t i o n  o f  c r i t i c a l  e l e c t r i c a l  equipment f o r  t h e  

s e l e c t e d  a c c i d e n t  sequences. T h i s  p o r t i o n  o f  t h e  work c a l l s  f o r  i d e n t i f i c a t i o n  

of e l e c t r i c a l  equipment i n  b o i l i n g  wa te r  r e a c t o r s  (BWRs), which may be i m p o r t a n t  

i n  p r e v e n t i n g  o r  m i t i g a t i n g  severe acc iden ts ,  and which may have t o  s u r v i v e  
environments o r  s e r v i c e  l i m i t s  beyond c u r r e n t  des ign  c a p a b i l i t i e s  w h i l e  

f u n c t i o n i n g  under severe a c c i d e n t  c o n d i t i o n s .  

I d e n t i f i c a t i o n  o f  t h i s  e l e c t r i c a l  equipment was performed i n  f o u r  s teps;  f i r s t ,  

a cumu la t i ve  l i s t  o f  equipment needs (see S e c t i o n  2.2) was formed u s i n g  a 

v a r i e t y  o f  i n f o r m a t i o n  sources presented i n  S e c t i o n  2.1. These i n f o r m a t i o n  

sources each d e f i n e  " i m p o r t a n t  equipment t o  s a f e t y "  f rom a v a r i e t y  o f  

pe rspec t i ves .  Second, t h i s  l i s t  o f  equipment needs was reduced t o  t h a t  
e l e c t r i c a l  equipment w i t h  components l o c a t e d  i n  t h e  p r i m a r y  containment o r  
r e a c t o r  vessel  of a t y p i c a l  BWR-4, Mark I p l a n t  u s i n g  p r i m a r i l y  Browns F e r r y - 1  
des ign  i n f o r m a t i o n  (see S e c t i o n  2.3).  T h i s  l a t t e r  s t e p  focuses on t h a t  
equipment l i k e l y  t o  be i n  t h e  most severe environments g i v e n  t h e  acc iden ts  b e i n g  

s t u d i e d ,  and hence most wor thy  o f  examinat ion.  T h i r d ,  t h e  s p e c i f i c  components 

w i t h i n  containment f o r  each ca tegory  o f  equipment needs were i d e n t i f i e d  w i t h  

accompanying manufacturer  and model i n f o r m a t i o n ,  where p o s s i b l e .  Las t ,  u s i n g  
q u a l i t a t i v e  arguments, t h e  r e l a t i v e  importance o f  t hese  components was addressed 

c o n s i d e r i n g  t h e  p o t e n t i a l  f u n c t i o n a l  importance o f  t h e  components i n  m i t i g a t i n g  

s e l e c t e d  a c c i d e n t  sequences ( l a s t  two s teps  a r e  presented i n  S e c t i o n  3.0). The 
p o t e n t i a l l y  more i m p o r t a n t  components makeup t h e  recommended l i s t  o f  i tems 
wor thy o f  f u r t h e r  examinat ion.  



2.0 IMPORTANT SAFETY EQUIPMENT 

2.1 INFORMATION SOURCES USED TO DEFINE "IMPORTANT EQUIPMENT TO SAFETY" 

A number o f  i n f o r m a t i o n  sources were used t o  e s t a b l i s h  a cumula t ive  l i s t  o f  

equipment needs which a r e  viewed as impor tan t  t o  s a f e t y  and hence might  be used 

t o  manage an acc ident .  Table B - 1  summarizes these i n f o r m a t i o n  sources and t h e i r  

perspec t ives  regard ing  power p l a n t  safety.  The in fo rmat ion  sources represent  a 
wide v a r i e t y  of s a f e t y  v iewpo in ts .  They a l s o  p r o v i d e  c u r r e n t  t h i n k i n g  on what 
equipment i s  impor tan t  t o  s a f e t y  f o r  p r e v e n t i n g / m i t i g a t i n g  acc idents  and 

p r o v i d i n g  i m p o r t a n t  p l a n t  s t a t u s  i n f o r m a t i o n .  The i n f o r m a t i o n  f rom t h e  
references i n  Table B - 1  and genera l  knowledge of equipment found t o  be impor tan t  

t o  dominant acc ident  sequences i n  p r o b a b i l i s t i c  r i s k  assessments (PRA) f o r  BWRs, 
were used t o  o b t a i n  a l i s t  o f  p o s s i b l e  systems and p l a n t  s t a t u s  m o n i t o r i n g  

parameters p o t e n t i a l l y  impor tan t  t o  manage any acc ident .  

2.2 EQUIPMENT NEEDS IDENTIFIED AS IMPORTANT TO SAFETY 

Based on t h e  v a r i e d  i n f o r m a t i o n  sources i d e n t i f i e d  i n  t h e  prev ious  sec t ion ,  a 
cumulat ive l i s t  of equipment needs p o t e n t i a l l y  impor tan t  t o  a c c i d e n t  p revent ion  

o r  m i t i g a t i o n  has been developed. This  l i s t  should be reasonably complete 
because o f  t h e  many i n f o r m a t i o n  sources and perspec t ives  used which represent  

t h e  combined i n p u t  o f  bo th  r e g u l a t o r s  and i n d u s t r y  personnel .  

The r e s u l t i n g  cumula t ive  l i s t  of equipment needs i s  presented i n  Table B-2. The 

systems and p l a n t  s t a t u s  m o n i t o r i n g  i n s t r u m e n t a t i o n  making up t h e  l i s t  a r e  
c a t e g o r i z e d  by t h e  major  f u n c t i o n  w i t h  which they  a r e  associated.  While some 
equipment serves more than one f u n c t i o n ,  each i t e m  i s  i d e n t i f i e d  w i t h  o n l y  one 
f u n c t i o n  t o  a v o i d  d u p l i c a t i o n .  This  l i s t  represents  t h e  equipment which c o u l d  
be impor tan t  i n  p r e v e n t i n g  o r  m i t i g a t i n g  an a c c i d e n t  f o r  a t y p i c a l  BWR-4, Mark I 
design. 
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Table B-2. Equipment Needs Impor tan t  t o  S a f e t y  i n  a BWR-4, Mark I Design 

FUNCTION - REACTOR SUBCRITICALITY 

Neutron f l u x  i n d i c a t i o n  - average, i n t e r m e d i a t e ,  and source range mon i to rs  
(APRM, I R M ,  SRM) i n c l u d i n g  SRM d e t e c t o r  p o s i t i o n  

Reactor  p r o t e c t i o n  system ( R P S )  scram equipment i n c l u d i n g  t r i p  s i g n a l  i n d i c a t i o n  

Manual scram and r e s e t  equipment 

Scram v a l v e  c o n t r o l s  

H y d r a u l i c  c o n t r o l  u n i t  (HCU) accumulator c h a r g i n g  wa te r  header v a l v e  

Scram d ischarge  volume v e n t / d r a i n  va l ves  

Scram d ischarge  volume tank  l e v e l  

C o n t r o l  r o d  scram t e s t  swi tches 

C o n t r o l  r o d  d r i v e  (CRD) w i thdraw l i n e  ven t  v a l v e  

Reactor mode s w i t c h  ( t u r n  t o  shutdown mode) 

C o n t r o l  r o d  p o s i t i o n  ( i n c l u d i n g  magnet ic reed  sw i t ches )  

R e c i r c u l a t i o n  pump t r i p  (RPT)  equipment and i n d i c a t i o n  o f  pump d i scha rge  
pressure,  speed, and f l o w  

Standby 1 i q u i d  c o n t r o l  (SLC) system o p e r a t i o n  i n c l u d i n g  i n d i c a t i o n  o f  f l o w ,  pump 
d i scha rge  pressure,  and v a l v e  p o s i t i o n s  

SLC boron tank l e v e l  

S o l u b l e  boron c o n c e n t r a t i o n  (by  sampl ing) 

FUNCTION - REACTOR COOLANT SYSTEM (RCS) OVERPRESSURE PROTECTION 

RCS p ressu re  i n d i c a t i o n  

S a f e t y l r e l i e f  v a l v e  (SRV)  o p e r a t i o n  and i n d i c a t i o n  o f  p o s i t i o n  by v a l v e  
p o s i t i o n ,  d i scha rge  l i n e  f l o w ,  a c o u s t i c a l  mon i to r ,  temperature sensor, o r  v a l v e  
a i r  p ressu re  

Automat ic d e p r e s s u r i z a t i o n  system (ADS) o p e r a t i o n  i n c l u d i n g  t h e  v a l v e  p o s i t i o n  
i n d i c a t i o n  by t h e  methods l i s t e d  above f o r  SRVs and i n d i c a t i o n  o f  ADS a c t u a t i o n  
s i g n a l  



Table B-2. Equipment Needs Important t o  Safety in a B W R - 4 ,  Mark I Design 
(Continued) 

FUNCTION - CORE HEAT REMOVAL 

Reactor pressure vessel ( R P V )  water level 

Core temperature indication using in-core thermocouples 

High pressure coolant injection ( H P C I )  system operation including indication of 
flow, pump discharge pressure, valve positions, turbine backpressure, and  
steamline flow 

Reactor core isolation cooling ( R C I C )  system operation including indication of 
flow, pump discharge pressure, valve position, steam l ine  flow, turbine 
backpressure, and flow controller position 

Low pressure core spray (LPCS)  system operation and indication of flow, pump 
discharge pressure, a n d  valve positions 

Low pressure coolant injection (LPCI) system operation and indications as above 
f o r  LPCS 

C R D  operation including flow indication 

Condensate/feedwater operation including indication of flow, pump discharge 
pressure, feedwater controller position, steam flow t o  feedwater turbine, and 
condensate pump current 

Reactor water cleanup ( R W C U )  system operation 

SLC operation from demineralized water t a n k  

Residual heat removal ( R H R )  system operation i n  the shutdown cooling a n d  steam 
condensing modes including indication of flow, pump discharge pressure, heat 
exchanger in l e t  a n d  out le t  temperatures, and valve positions 

Emergency core cooling system ( E C C S )  keep-full systems operation 

Residual heat removal service water ( R H R S W )  operation 

F i  rewa t e r  sys tern operation i nc 1 ud i ng f i rema i n pressure 

Operation of a n d  indications associated with interconnecting unit emergency 
sys tems 

Main steam isolation valve (MSIV) operation and position indication 

Steam l ine  flow and pressure 

Condenser operation including indication of pressure, hotwell temperature a n d  
level , a i r  ejector flow, circulating water flow, circulating water pump power 
and  discharge header pressure 
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Table B-2. Equipment Needs Impor tan t  t o  Safe ty  i n  a BWR-4, Mark I Design 
(Cont inued) 

Core f l o w  ( d e l  t a - P  i n s t r u m e n t )  

Condensate s to rage tank (CST) l e v e l  

R e c i r c u l a t i o n  l o o p  temperatures 

Turb ine t r i p  s i g n a l  

Turb ine bypass and s t o p  v a l v e  p o s i t i o n s  

Temperature sensors on r e a c t o r  vessel  sur face 

FUNCTION - CONTAINMENT HEAT REMOVAL 

Drywel l  temperature 

Suppress i on pool  tempera t u  r e  

Drywe l l  c o o l e r  o p e r a t i o n  i n c l u d i n g  fans,  r e a c t o r  b u i l d i n g  c losed c o o l i n g  water  
(RBCCW) coo le rs ,  dampers , and temperature sensors 

RHR o p e r a t i o n  i n  t h e  suppress ion pool  c o o l i n g  mode i n c l u d i n g  i n d i c a t i o n  o f  f l o w ,  
pump d ischarge pressure,  heat  exchanger i n l e t / o u t l e t  temperatures,  and v a l v e  
p o s i t i o n s  

Secondary containment HVAC o p e r a t i o n  

HVAC c o o l e r  temperatures 

Secondary containment temperature 

FUNCTION - CONTAINMENT OVERPRESSURE PROTECTION 

Drywe l l  pressure 

Suppression pool  chamber pressure 

Vacuum breaker  o p e r a t i o n  and p o s i t i o n  i n d i c a t i o n  

Drywe l l  spray o p e r a t i o n  (RHR) i n c l u d i n g  f l o w  and v a l v e  p o s i t i o n s  

Suppression chamber spray o p e r a t i o n  (RHR) i n c l u d i n g  f l o w  and v a l v e  p o s i t i o n s  

P r i m a r y  containment v e n t i n g  o p e r a t i o n  

Secondary containment pressure 

Suppression pool  l e v e l  
B-11 
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Table B-2. Equipment Needs Impor tan t  t o  S a f e t y  i n  a BWR-4, Mark I Design 
(Cont inued)  

FUNCTION - RADIOACTIVITY MONITORING AND REMOVAL 

I n d i c a t i o n  o f  f u e l  f a i l u r e  such as p r imary  c o o l a n t  a c t i v i t y  o r  main steam l i n e  
r a d i  a t  i on 

R a d i a t i o n  i n  suppress ion chamber 

Standby gas t rea tmen t  (SBGT) o p e r a t i o n  

Drywe l l  purge o p e r a t i o n  

Drywe l l  r a d i a t i o n  

Reactor b u i l d i n g  r a d i a t i o n  

Secondary containment r a d i a t i o n  

General area r a d i a t i o n s  

R a d i a t i o n  ( n o b l e  gases) and ven t  f l o w s  a t  r e l e a s e  p o i n t s  ( i n c l u d i n g  
h a l o g e n / p a r t i c u l a t e  c o n t e n t  w i t h  sampl ing)  - e.g. SBGT/drywell purge, secondary 
containment purge, b u i l d i n g  r e l e a s e  p o i n t s ,  HVAC exhausts,  mainstack ( o f f - g a s )  
m o n i t o r  

M S I V  leakage c o n t r o l  system p ressu re  

O f f s i t e  r a d i a t i o n  r e l e a s e  r a t e  

L i q u i d  tanks /d i scha rge  r a d i a t i o n  

High r a d i o a c t i v i t y  l i q u i d  tank  l e v e l  

MISCELLANEOUS 

Pr imary containment h u m i d i t y  

Secondary containment h u m i d i t y  

RCS h i g h  p o i n t  ven t  v a l v e  o p e r a t i o n  

Reactor thermal power 

Pr imary/secondary containment i s o l a t i o n  i n c l u d i n g  va l ves ,  dampers, and s i g n a l s  

Drywe l l  sump l e v e l  and d r a i n  sumps l e v e l  

Sump pump o p e r a t i o n  

F l o o r  d r a i n  sump l e v e l s  
B-12 



Table B-2. Equipment Needs Impor tan t  t o  S a f e t y  i n  a BWR-4, Mark I Design 
(Conc 1 uded ) 

Area water  l e v e l s  

Pump compartment temperatures 

Area temperatures 

Area c o o l e r s  o p e r a t i o n  

Coo l ing  water  temperatures and f l o w s  t o  emergency components 

F i r e  suppression o p e r a t i o n  

Containment and d r y w e l l  hydrogenloxygen conten t  

RPV hydrogen 

Hydrogen i n  o f f - g a s  

D i e s e l  genera tor  o p e r a t i o n  

Power supply  s t a t u s  i n c l u d i n g  e l e c t r i c ,  hydrau l  i c y  pneumatic 
c u r r e n t s ,  pressures)  

P o r t a b l e  sampl ing f o r  rad iohalogens,  e t c .  throughout  p l a n t ,  env i rons  

Meteorology - wind d i r e c t i o n ,  speed, atmosphere temperatures 

( v o l t a g e s  , 



2.3 EQUIPMENT WITH ELECTRICAL COMPONENTS WITHIN CONTAINMENT/REACTOR VESSEL 

Since the PEEESAS program is concerned with electrical equipment survivability 
and functionality during and fol lowing severe accident conditions, first focus 
is on that electrical equipment that is located within the primary containment 
or reactor vessel. It is in these areas where the environmental conditions 
experienced by the equipment will be generally most severe for the accident 
sequences being reviewed. With this in mind, the list of equipment needs in 
Table 8-2 has been narrowed down to that equipment with electrical components 
located in the primary containment or reactor vessel based on review of the 
Browns Ferry design. The design information used includes References 1 and 2, 
Piping and Instrumentation Drawings from the Browns Ferry Final Safety Analysis 
Report, and system schematics from the Browns Ferry PRA listed as Reference 5. 
Table B-3 contains the resulting list of equipment and includes the purpose o f  

the equipment, when during an accident the equipment may be needed, and the 
major components believed to makeup the equipment. 
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3.0 COMPONENTS RECOMMENDED FOR EXAMINATION 

The prev ious  s e c t i o n  i d e n t i f i e d  those components w i t h i n  t h e  containment boundary 
p o t e n t i a l l y  impor tan t  t o  sa fe ty .  For  each ca tegory  o f  equipment and major 
component i n  Table 8-3, an at tempt  has been made t o  i d e n t i f y  r e p r e s e n t a t i v e  

manufacturers and model numbers f o r  t h e  components used. Browns F e r r y  equipment 

q u a l i f i c a t i o n  i n f o r m a t i o n  was t h e  major  source o f  t h i s  da ta  a l though two o t h e r  

p l a n t  designs were a l s o  reviewed t o  p r o v i d e  a d d i t i o n a l  i n p u t .  The f o l l o w i n g  

subsect ions summarize t h i s  i n f o r m a t i o n  a long w i t h  d iscuss ions  on the  r e l a t i v e  

importance of each s e t  of components i n  m i t i g a t i n g  s e l e c t e d  acc idents .  Based on 
these q u a l i t a t i v e  d iscuss ions ,  a few s e l e c t  components a r e  recommended f o r  

f u r t h e r  examinat ion by t h e  PEEESAS program ( s i n c e  they  c o u l d  be impor tan t  i n  

acc ident  m i t i g a t i n g  s t r a t e g i e s ) .  It should be noted t h a t  some i n f o r m a t i o n  i s  
u n a v a i l a b l e  t o  t h e  PEEESAS program t o  complete t h e  da ta  presented i n  t h e  

f o l  l o w i n g  subsect ions.  However, f o r  t h e  components recommended f o r  f u r t h e r  
study, s u f f i c i e n t  i n f o r m a t i o n  e x i s t s  t o  progress t o  o t h e r  tasks  o f  t h e  PEEESAS 
program. 
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3.1 Equipment - Neutron F l u x  (Power) Measurement M o n i t o r s  

c 
Component - I o n  D e t e c t o r  ( R V ) . ' :  

Browns F e r r y  Design - ? 
Other  Designs - L i m e r i c k  (3 )  

General Atomic Model # ?  

General E l e c t r i c  Model #? 
- Cooper ( 4 )  

see "genera l  i n f o r m a t i o n "  i n  
S e c t i o n  3.12 

- Cab l i ng  (DW): 
- Connectors/Spl i c e s  (DW) : 
- Terminal  B locks (DW): 

Importance t o  Sequences - 
The power range dev i ces  would p r o v i d e  i n d i c a t i o n  o f  r e a c t o r  shutdown i n  a l l  t h e  
sequences o f  i n t e r e s t .  The mon i to rs  would be used i n  o n l y  t h e  f i r s t  seconds t o  
minutes f o r  sequences TB, TW, TQUV, and AE. I n  t h e  TC sequence, t h i s  
measurement c o u l d  a s s i s t  t h e  o p e r a t o r  i n  m a i n t a i n i n g  low power l e v e l ;  however, 
o t h e r  i n d i c a t i o n s  (e.g., wa te r  l e v e l )  a r e  l i k e l y  t o  be more impor tan t .  Backups 
such as c o n t r o l  r o d  " i n "  i n d i c a t o r s  a r e  a l s o  a v a i l a b l e .  Because o f  t h e  s h o r t  
t i m e  t h e  measurement i s  used i n  fou r  of t h e  f i v e  sequences, and t h e  ques t i onab le  
importance i n  t h e  TC sequence, these components a r e  n o t  cons idered h i g h  on t h e  
l i s t  f o r  f u r t h e r  e v a l u a t i o n .  

* I n d i c a t e s  l o c a t i o n  o f  component o f  i n t e r e s t .  ( R V )  = r e a c t o r  vesse l ,  (DW) = 
d r y w e l l ,  (SP) = suppress ion poo l .  



3.2 Equipment - C o n t r o l  Rod P o s i t i o n  I n d i c a t i o n  ( f u l l - i n )  Devices 

Component - Magnet ic  Reed Switches ( R V )  : 

- Designs - ? 

see "genera l  i n f o r m a t i o n "  i n  
S e c t i o n  3.12 

- C a b l i n g  (DW):  
- Connectors /Spl ices (DW) : 
- Terminal  B locks  (DW): 

Importance t o  Sequences - 

Same d i s c u s s i o n  as f o r  t h e  n e u t r o n  f l u x  measurement i n  S e c t i o n  3.1. 
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3.3 Equipment - Pr imary System S a f e t y  R e l i e f  Valves (SRVs) 

Component - P i l o t  Valves f o r  SRVs (DW): 

Browns F e r r y  Design (1842) - Target  Rock Model 1/2 SMS-A-01-1 
(Not  s u r e  whether t h i s  i s  t h e  p i l o t  v a l v e  o r  SRV i t s e l f )  

- P o s i t i o n  i n d i c a t i o n  by temperature elements (DW): 
see genera l  i n f o r m a t i o n  i n  S e c t i o n  3.12 

- P o s i t i o n  i n d i c a t i o n  by a c o u s t i c a l  dev ice  (DW): 

- P o s i t i o n  i n d i c a t i o n  by pressure t r a n s m i t t e r  (DW): 

Browns F e r r y  
Design (1842) - Endevco Model 2273A 

Other Designs - Cooper (4 ) .  
Pressure Cont ro ls ,  Inc .  

see "genera l  i n f o r m a t i o n "  i n  I S e c t i o n  3.12 

- Cab l ing  (DW): 
- Connectors/Spl i c e s  (DW) : 
- Terminal  B locks (DW): 

Importance t o  Sequences - 

Cont ro l  1 i n g  pr imary  system pressure  by u s i n g  t h e  SRVs and accompanying 
components c o u l d  be impor tan t  i n  f o u r  o f  t h e  f i v e  a c c i d e n t  sequences o f  i n t e r e s t  
( n o t  AE s i n c e  r e a c t o r  vessel  remains a t  low pressure) .  I n  t h e  TB sequence ( w i t h  
H P C I / R C I C  f a i l u r e ) ,  t h e  a b i l i t y  t o  use t h e  SRVs t o  achieve low pressure i n  t h e  
r e a c t o r  vessel  should AC power be r e s t o r e d  c o u l d  be impor tan t  s i n c e  a l l  
remain ing h i g h  q u a n t i t y  i n j e c t i o n  systems r e q u i r e  low pressure opera t ion .  
F o l l o w i n g  containment f a i l u r e  i n  t h e  TW and TC sequences, con t inued a b i l i t y  t o  
use t h e  SRVs cou ld  mean t h e  d i f f e r e n c e  between c o n t i n u i n g  t o  cool  t h e  core  o r  
core  m e l t  i f  o n l y  low pressure i n j e c t i o n  systems remain operable.  I n  t h e  TQUV 
sequence, t h e  a b i l i t y  t o  achieve o r  m a i n t a i n  low pressure i n  t h e  vessel  can 
inc rease t h e  amount of i n j e c t i o n  f l o w  s u p p l i e d  by such low f l o w  systems as t h e  
Cont ro l  Rod D r i v e  (CRD) system. Depending on t h e  f l o w ,  t h e  sequence may be 
m i t i g a t e d .  Should a low pressure i n j e c t i o n  system be recovered b e f o r e  core 
m e l t  i n  t h e  TQUV sequence, SRV o p e r a t i o n  c o u l d  be an impor tan t  p r e r e q u i s i t e  f o r  
low pressure  i n j e c t i o n .  Based on t h e  above d iscuss ion ,  these components a r e  o f  
p o t e n t i a l l y  h i g h  importance pending comparison o f  t h e  acc ident  environmental  
p r o f i l e s  t o  t h e  q u a l i f i c a t i o n  p r o f i l e s .  Once vessel  breach occurs i n  any 
sequence, these components a r e  no l o n g e r  impor tan t .  



3.4 Equipment - Core Temperature Elements 

Com onent - In-core Thermocouples (RV) and Reactor Vessel Surface Thermocouples + 
Designs - ? 

see "general information" in 
Section 3.12 

- Cabling (DW): 
- Connectors/Spl ices (DW) : 
- Terminal Blocks (DW): 

Importance to Sequences - 

These devices can provide an indication of adequate core cooling throughout any 
of the five sequences o f  interest up to the point of reactor vessel failure. 
This indication could provide additional input to the operator particularly if 
other indications are confusing. Since other indications (e.g., water level) 
are just as likely to be used, these components are qualitatively judged as 
moderately important to PEEESAS future consideration. 
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3.5 Equipment - Drywell/Suppression Chamber Temperature Elements 

Component - Temperature Element (DW , SP) : 
Browns Ferry Design (1&2) - Weed SP601-1A-A-3-C-275-SN4-2 

(Drywell ) 

see "general information" in 
Section 3.12 

- Cabling (DW): 
- Connect"ors/Spl ices (DW) : 
- Terminal Blocks (DW): 

Importance to Sequences 

Monitoring of the containment temperature is a direct indication of adequate 
containment cooling and could be of some value depending on the accident 
sequence. This indication is of limited value in those sequences where 
containment failure occurs very quickly after qualification temperatures are 
reached, since little time exists for the operator to take any actions based on 
the indicated temperature. These sequences include the TC and AE sequences. In 
those sequences where containment failure occurs some time' after core damage 
(TB, TQUV) or the approach to containment failure is very slow (TW), the 
survivability of this indication may be of some value to the operator in knowing 
when to take certain actions to prevent containment failure (e.g., venting). 
This equipment is therefore judged to be moderately important to PEEESAS for the 
sequences indicated. 



3.6 Equipment - D r y w e l l  Pressure Mon i to rs  

Component - Pressure T r a n s m i t t e r s  (DW): 

- Connectors/Spl i c e s  (DW): see "genera l  i n f o r m a t i o n "  i n  
- Cab l i ng  (DW): 

- Terminal  B locks (DW): I S e c t i o n  3.12 

Importance t o  Sequences 

Same d i s c u s s i o n  as f o r  d rywe l l / suppress ion  chamber temperature i n  Sec t i on  3.5. 

*Have n o t  been a b l e  t o  v e r i f y  t h a t  any component assoc ia ted  w i t h  t h i s  
measurement i s  a c t u a l l y  i n s i d e  containment.  
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3.7 Equipment - Drywel l /Suppress ion Chamber Mon i to rs  f o r  Rad ia t ion ,  
Hydrogen , and Humidi ty.  

Component - Mon i to rs  (DW): 

Browns F e r r y  Design ( 2 )  
R a d i a t i o n  - General E l e c t r i c  Model? 
Hydrogen 

L i m e r i c k  ( 3 )  
R a d i a t i o n  - General Atomic Model? 

- GE Space Model, 47E226428G2 

Not c e r t a i n  i f  h u m i d i t y  mon i to rs  a r e  i n s i d e  containment. 

see "genera l  i n f o r m a t i o n "  i n  
Sec t ion  3.12 

- Cab l ing  (DW): 
- Connectors/Spl i c e s  (DW) : 
- Terminal  B locks (DW): 

Importance t o  Sequences - 
These mon i to rs  p r o v i d e  i n d i c a t i o n s  t o  t h e  o p e r a t o r  o f  t h e  s t a t u s  of t h e  
environment i n s i d e  containment r e g a r d i n g  r a d i a t i o n ,  hydrogen , and h u m i d i t y  
l e v e l s .  The r a d i a t i o n  c o u l d  be impor tan t  t o  a l l  t h e  acc ident  sequences i n  
assess ing p l a n t  damage and f o r  d e c i d i n g  on s h e l t e r i n g  o r  evacuat ing  t h e  general  
p u b l i c .  Other  mon i to rs  ( f i x e d  and p o r t a b l e ) ,  however, c o u l d  a l s o  be used t o  
make such dec is ions .  The hydrogen mon i to rs  c o u l d  i n d i c a t e  t o  t h e  o p e r a t o r  when 
hydrogen l e v e l s  a r e  approaching flammable l i m i t s  and thus be p o t e n t i a l l y  o f  some 
importance i n  a l l  t h e  sequences. S ince equipment i s  t y p i c a l l y  q u a l i f i e d  f o r  a l l  
l e v e l s  of humid i ty ,  such a mon i to r ,  i f  i t  i s  i n s i d e  containment,  appears t o  be 
o f  l i t t l e  va lue  as an e f f e c t i v e  i n d i c a t i o n  f o r  a c c i d e n t  m i t i g a t i o n .  Therefore,  
t h e  hydrogen and r a d i a t i o n  m o n i t o r  equipment a r e  judged as be ing  moderately 
impor tan t  f o r  PEEESAS c o n s i d e r a t i o n  w h i l e  t h e  h u m i d i t y  equipment i s  o f  l i t t l e  
concern. 



3.8 Equipment - Drywell Cooling System Equipment 

Component - Fan Motors (DW): 
Designs - ? 

- Damper Motors (DW): 
Browns Ferry Design (2) - Honeywell M445A 

- Air Solenoid Valves (DW): 
- Temperature Elements (DW): 
- Position Switches (DW): 
- Cabling (DW): 
- Connectors/Spl ices (DW) : 
- Terminal Blocks (DW): 

see "general information" in 
Section 3.12 

Importance to Sequences - 
While the drywell cooling system operability could potentially add some delay 
time to containment failure for any of the five accident sequences of interest, 
this time is not considered significant under the large heat loads of an 
uncovered core. Therefore this equipment is considered o f  low importance for 
PEEESAS to pursue for accident mitigating purposes since it appears that it 
would have limited value under degraded core conditions. 
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3.9 Equipment - Drywe l l /D ra ins  Sump Pumps, Sump Level  and Temperature 
Dev i ces 

Component - D r a i n  Sump Temperature (DW): 
Browns F e r r y  Design ( 2 )  - Thermo E l e c t  B7582-1 

- D r y w e l l  Sump Level  Swi tch and T r a n s m i t t e r  (DW): 
Browns F e r r y  Design ( 2 )  - GEMS XM-36425 

see "genera l  i n f o r m a t i o n "  i n  
S e c t i o n  3.12 

- Sump Pumps Design (DW): ? 
- Cab l i ng  (DW): 
- Connectors/Spl i c e s  (DW): 
- Terminal  B locks (DW): 

Importance t o  Sequences - 

Whi le  t h e  sump l e v e l s  and temperatures c o u l d  be used as  a d d i t i o n a l  i n d i c a t i o n s  
of pr imary  system leakage o r  f a i l u r e ,  o t h e r  pa ramet r i c  i n d i c a t o r s  can be used 
and thus  these i n d i c a t i o n s  a r e  n o t  p a r t i c u l a r l y  i m p o r t a n t  t o  any o f  t h e  a c c i d e n t  
sequences o f  i n t e r e s t .  Sump pump o p e r a t i o n  c o u l d  be used t o  p reven t  equipment 
f l o o d i n g ,  b u t  no i m p o r t a n t  equipment i n  t h e  containment i s  b e l i e v e d  t o  be 
l o c a t e d  a t  near-submergence l e v e l s .  The re fo re  t h e  sump pumps and corresponding 
i n d i c a t i o n s  a r e  considered o f  l ow  va lue  f o r  f u t u r e  PEEESAS c o n s i d e r a t i o n .  
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3.10 Equipment - Recirculation Pumps 

Component - Pump Motors (DW): 

Design - ? 

- Connectors/Spl ices (DW) : see "general information" in 
- Cabling (DW): 

- Terminal Blocks (DW): 1 Section 3.12 
Importance to Sequences 

Tripping of the recirculation pumps is particularly important in only the TC 
sequence in order to lower the core power level in the first seconds of the 
accident. While this category has equipment in the containment, it is the 
tripping of these pumps (not their operation) that is crucial. Therefore, these 
components are considered of low importance to the PEEESAS program. 
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3.11 Equipment - Inboard Containment Iso la t ' ion  Valves 

ComPonent - Valve Motors and P o s i t i o n  Switches (DW): 
(see Tab le  4 )  

- Cab l ing  (DW): 
- Connectors/Spl i c e s  (DW): 
- Terminal  Boxes (DW) : 

see "general  i n f o r m a t i o n "  i n  
S e c t i o n  3.12 I 

Importance t o  Sequences - 

There a r e  a v a r i e t y  o f  systems which have inboard  va lves  t h a t  c o u l d  be impor tan t  
t o  m i t i g a t i n g  an acc ident .  Table 4 summarizes t h e  systems w i t h  va lves i n s i d e  
containment a long w i t h  comments regard ing  t h e  importance o f  these va lves  f o r  
f u t u r e  PEEESAS c o n s i d e r a t i o n .  I n  a l l  cases, t h e  i n i t i a l  c l o s u r e  o f  t h e  va lves  
( i f  r e q u i r e d )  t o  i s o l a t e  containment should happen e a r l y  i n  a l l  t h e  sequences. 
T h i s  i s  o f  l e s s e r  importance than t h e  a b i l i t y  t o  reopen l a t e r  t o  r e s t o r e  o r  
o therw ise  s t a r t  a c o o l i n g  o r  heat  r e j e c t i o n  system a f t e r  environmental  
c o n d i t i o n s  have degraded. 



Table B-4. I nboard  Containment I s o l a t i o n  Valves o f  P o t e n t i a l  
I n t e r e s t  t o  t h e  PEEESAS Program 

VALVE ELECTRICAL 
SYSTEM COMPONENTS* COMMENTS 

Main Steam o M S I V  M a n i f o l d  Assy 
( S o l e n o i d  Va lve )  
Automat ic  Valve 
Corp C-5497 

o M S I V  P o s i t i o n  Sw i t ch  

o Main Steam D r a i n  
Valve A c t u a t o r  
L i m i t o r q u e  SMB-000 
(Bypass 1 i n e )  

NAMCO EA740-50100 

The va l ves  c o u l d  be h i g h l y  
i m p o r t a n t  t o  r e s t o r e  o r  m a i n t a i n  
t h i s  hea t  r e j e c t i o n  p a t h  ( a l o n g  
w i t h  feedwater)  once ( a )  AC i s  
r e s t o r e d  f o r  TB o r  ( b )  up t o  t h e  
t i m e  o f  vessel  breach f o r  TQUV, 
o r  ( c )  up t o  t h e  t i m e  o f  c o n t a i n -  
ment f a i l u r e  f o r  TW and TC. 
O f  l i t t l e  v a l u e  t o  AE. P o s i t i o n  
swi tches n o t  as i m p o r t a n t  as 
va l ves  themselves. D r a i n  v a l v e  i s  
u s u a l l y  opened t o  e q u a l i z e  p ressu re  
around MSIVs. 

S e r v i c e  A i  r f o r  So leno id  Valve 
Drywe l l  C o n t r o l  A i r  AAA502 d r y w e l l  c o o l e r  o p e r a t i o n  t o  

As t h i s  system may suppor t  SRV/ 

m a i n t a i n  a i r  t o  these systems, 
t h i s  v a l v e ' s  o p e r a b i l i t y  i s  as 
i m p o r t a n t  as t h e  SRV ( h i g h  
importance) o r  d r y w e l l  coo l  i n g  
( l o w  impor tance)  systems. 

Cool i ng Water o Emergency Equipment 
Cool i n g  Water (EECW) 

L i m i  t o rque  SMB-000 
o Reactor B u i l d i n g  

Closed Coo l i ng  Water 
(RBCCW) System D i s -  
charge Header Valve 

L i m i t o r q u e  SMB-00 

Depending on t h e  l oads  these 
systems serve, sus ta ined  opening 
o r  re-opening o f  these va l ves  
c o u l d  be i m p o r t a n t  i n  any o f  
t h e  a c c i d e n t  sequences. 
However, rev iew  o f  a v a i l a b l e  
FSAR P&IDs does n o t  show such 
va l ves  i n s i d e  containment.  

Reactor Water Cleanup o I s o l a t i o n  Valve RWCU can a c t  as ano the r  i n j e c -  
(RWCU) L i m i t o r q u e  SMB-0 t i o n  source t h e r e f o r e  p o s s i b l y  

r e q u i r i n g  re-opening o f  t h i s  
v a l v e  i f  t h e  RWCU i s  i s o l a t e d .  
Wi th  l i m i t e d  i n j e c t i o n  f l o w  and 
when c o n s i d e r i n g  CRD, SLC and 
o t h e r  systems, t h e  importance 
o f  t h i s  v a l v e ' s  s u r v i v a b i l i t y  
i s  cons idered low. 

* A l l  e n t r i e s  a r e  f o r  Browns F e r r y  f rom References ( 1 )  and ( 2 ) .  
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Table B-4. Inboard Containment I s o l a t i o n  Valves o f  P o t e n t i a l  
I n t e r e s t  t o  t h e  PEEESAS Program (Cont inued) 

~ 

SYSTEM 
VALVE ELECTRICAL 

COMPONENTS* COMMENTS 

High Pressure Coolant Inboard  I s o l a t i o n  These va lves  c o u l d  be i m p o r t a n t  

Reactor Core I s o l a t i o n  L i m i t o r q u e  SMB-00 vessel  breach. Valve opening 
1n jec t i .on  (HPCI) Valve R C I C  - 
Coo l ing  (RCIC) Systems 

i n  TC and TW sequences up t o  

must be sus ta ined o r  i f  t h e  

t h e  i s o l a t i o n  v a l v e  c o u l d  be 
impor tan t  t o  r e s t o r e  core  
c o o l a n t  i n j e c t i o n .  I n  TQUV, 
c o u l d  be an impor tan t  f a c t o r  
i n  r e s t o r i n g  c o o l a n t  i n j e c t i o n  
b e f o r e  vessel  breach. For  TB, 
a f t e r  AC res to red ,  these va lves  
may a t  f i r s t  i s o l a t e  due t o  
h i g h  pump room temperature, e t c .  
Re-opening o f  t h e  va lves  under 
degraded c o n d i t i o n s ,  b e f o r e  
vessel  breach, c o u l d  be 
impor tan t .  Systems have 
l i t t l e  i n f l u e n c e  on AE sequence. 
O v e r a l l ,  t h e  importance o f  
these va lves i s  h igh.  

HPCI  - L i m i t o r q u e  
SMB-2 system i s o l a t e s ,  re-opening of 

Residual  Heat Removal o Inboard Shutdown Cons idera t ion  f o r  t h i s  v a l v e  
(RHR) Coo l ing  Valve would be most impor tan t  i n  t h e  

L i m i t o r q u e  SMB-2 TW and p o s s i b l y  t h e  TC sequences 
where containment heat  removal i s  
f a i l e d .  Opening o f  t h i s  normal ly  
c losed v a l v e  t o  r e s t o r e  a RHR 
heat  removal p a t h  c o u l d  be 
impor tan t  as a means t o  p revent  
containment f a i l u r e  i n  these 
sequences. The importance o f  
t h i s  v a l v e  i s  t h e r e f o r e  con- 
s i  dered h i g h  . 

Containment I n e r t i n g /  o Inboard Torus 
D i l u t i o n  Systems Return Flow 

o Suppression 
Chamber N2 So leno id  
Valves 
Target  Rock 

So leno id  Valves 
Val c o r  5261) 

73FF-005 

Unsure o f  how these va lves  may 
be impor tan t  i n  m i t i g a t i n g  
a c t i o n s  un less  they  can be used 
as p a r t  of containment v e n t i n g  
procedures. Reopening o f  these 
va lves  c o u l d  then be impor tan t  
p a r t i c u l a r l y  i n  TW, TC 
sequences. Note t h a t  Standby 
Gas Treatment System pathways 
e x i s t  f o r  containment v e n t i n g  
which appear t o  have no i n -  
containment va lves.  Therefore,  
t h e  importance o f  these va lves  
i s  cons idered low. 

* A l l  e n t r i e s  a r e  f o r  Browns F e r r y  f rom References (1) and ( 2 ) .  
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Table 6-4. Inboard Containment I s o l a t i o n  Valves o f  P o t e n t i a l  
I n t e r e s t  t o  t h e  PEEESAS Program (Concluded) 

VALVE ELECTRICAL 
SYSTEM COMPONENTS* COMMENTS 

M isce l l aneous  o Torus H Ana lyze r  As these a r e  va l ves  used f o r  
sampl ing and i n d i c a t i o n  t y p e  s o l  eno i l i  Valve 

Ana lyze r  G a l  Ges considered low. 

Sampling Valve and 
P o s i t i o n  Swi tch 

Val c o r  526D f u n c t i o n s ,  t h e i r  r e l a t i v e  

Val c o r  526D 

o D r y w e l l  H / O  importance t o  PEEESAS i s  

o Water Qual  i ty 

ASCO WPHTX8300B68F 
M i c r o s w i t c h  OPD-AR, 
OPD-AR30 

~ ~ ~~ 

* A l l  e n t r i e s  a r e  f o r  Browns F e r r y  f rom References (1) and ( 2 ) .  
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3.12 Equipment - General Information 
Miscellaneous information has been identified on such components as 

cabling, temperature elements, terminal blocks, etc. without specific 
applications identified. This information is listed here for potential future 
use by PEEESAS. 

Browns Ferry Information (1&2) :  

Terminal blocks in drywell 
GE Models CR-15182, EB-5 

Cabling - Anaconda, Silicone Rubber Insulation 
Limerick Information (3): 

Cabling - XLPR insulation w/neoprene jacket 
XLP2 insulation w/neoprene jacket 
XLPE insulation w/neoprene jacket 

Cooper Information (4): 

Valve position switches - NAMCO D2400X 
Solenoid valves - AVCO Models C-5450, C-5577, 

C-5140-8H, C-5140-4H 
ASCO Model NP8320-A-193 

Temperature element - Ameri can Std. (Copper Constantan or Iron 

Terminal block - GE Model EB5 - CR151A6, Buchanon Model 514 

Constantan) 

Cabling - Boston Insulated Wire LSS-l942B, 993-H-002 
Kerri te 
Cerro 
Raychem 10483 Coax 
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On the basis of the information presented i n  Sections 3.1 - 3.12, i t  appears 
t h a t  a few components located w i t h i n  cont?:’nmetit could be i m p o r t a n t  t o  mitigate 
o r  assess plant conditions f o r  some of the selected accident sequences (Task 1) .  
Survivabili ty d u r i n g  a severe accident i s  most important f o r  these components so 
t h a t  they can be re l ied  upon during the accident. These components and the 
accident sequences f o r  which t h e i r  continued funct ional i ty  i s  most important a re  
presented i n  Table B-5 which follows Section 3.12. In l a t e r  tasks ,  the PEEESAS 

program will  examine the qual i f icat ion and selected accident sequence 
environmental p rof i les  f o r  these components t o  see i f  the accident prof i les  
appear s ign i f icant ly  worse than the qual i f icat ion requirements. For the 
components i n  Table B-5 which could mitigate accident sequences, the a b i l i t y  t o  
use the component during the severe accident would (1) provide restorat ion of a 
core heat removal or  coolant inject ion system or  ( 2 )  allow f o r  low vessel 
pressure operation so t h a t  low pressure coolant inject ion systems could be used. 
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4 .O OTHER EQUIPMENT CONSIDERATIONS 

Section 1.0 indicated that while the focus of the PEEESAS program is on 
electrical components located within containment, equipment outside containment 
could also be worthy of examination. Numerous components in the reactor building 
makeup the core cooling and containment cooling systems. These include such 
devices as valves, pumps, sensors, actuation and control hardware, etc. If 
containment should fail , the continued operability of these systems could 
prevent core melt or at least lessen the consequences of the accident. Before 
containment failure, operability or restoration of these systems could occur 
under stressful environmental conditions depending on the state of the core. 

One system is particularly important to note even though all its electrical 
components are outside the primary containment barrier. This is the Standby Gas 
Treatment System (SBGTS). The operation of this system during a severe accident 
could lessen the consequences of the accident by filtering some radioactive 
fission products before any release occurs to the environment. In addition, its 
operation as part of the containment venting process could prevent containment 
failure as might occur in the TW and TC sequences. Operation of this system 
might have to proceed under degraded core condit 
the system which might be higher in temperature 
which the system is qualified. Therefore, it is 
outside containment should ever come under rev 
SBGTS should be considered. 

ons including air flow within 
and radiation levels than for 
recommended that if equipment 
ew, the survivability of the 
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5.0 SUMMARY 

This task report presents the results to date of Task 3 of the Sandia PEEESAS 
program. Based on the information thus far, electrical components worthy of 
further examination in the PEEESAS program include valve motors, pilot valves 
for safety/relief valve operation, solenoid valves, cabling, connectors, 
splices, and terminal blocks (see Table 5). These electrical component may be 
most important in preventing, mitigating, or assessing plant conditions for the 
selected severe accidents in a BWR-4, Mark I plant design. These components are 
located within the primary containment where environmental conditions are 
generally more severe. It is this equipment, whose survivability and 
functionality during severe accidents could be important and yet may be 
questionable, that is most worthy of review. 
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1.0 INTRODUCTION 

1.1 Areas Addressed By This Appendix 

This appendix focuses on defining the environmental profiles in the contain- 
ment for the five selected severe accidents and comparing these profiles to 
typical equipment qualification profiles. Areas are identified where the 
environmental prof i 1 e exceeds the qual i f i cat i on prof i 1 e. 

1.2 Organization 

This appendix i s  organized into 7 sections 

- Section 1.0 includes the specific areas addressed in the appendix and the 
organization of the document. 

- Section 2.0 contains environmental profiles. It presents the methodology 
and results of the effort to define pressure and temperature vs. time plots 
for each o f  the five severe accidents being examined. 

- Secti on 3.0 presents typi cal qual i f i cat i on prof i 1 es. These prof i 1 es are 
based on IEEE 323-1974 Appendix A. 

- Section 4.0 is the results section. It presents the comparison of the 
environmental profiles from Section 2.0 and the qualification profiles from 
Section 3.0. 

- Section 5.0 reviews environments, other than the pressure and temperature 
environments considered in Section 2.0, occurring during a severe accident. 

- Section 6.0 contains a brief report summary. 

- Section 7.0 contains the reference list. 
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2.0 ENVIRONMENTAL PROFILES 

2.1 Introduction 

This section of the appendix develops the accident environmental profiles. 
Each of the 14 "likely scenarios" and their profiles are discussed. Table 
C-1 summarizes the 14 likely scenarios for the five major accident sequences 
examined (see Ref. 1). Computer mode s described in Sections 2.2 and 2.3 
are used to construct the profiles. t is important to note that most o f  
the constructed profiles represent a composite o f  several data sources and 
therefore must be considered general in nature. However, the good agreement 
between current LTAS computer model results and past Me1 tdown Accident 
Response CHaracteristics (MARCH) code results lends confidence to the 
accuracy of the general trends and approximate levels for the developed 
prof i 1 es. 

2.2 Long Term Accident Sequence code (LTAS) 

The major source of data concerning pressure and temperature environments up 
to the point of core damage was the LTAS code (see Ref. 4 ) .  This code was 
originally developed to study the station blackout sequence at Browns Ferry 
Unit 1, a boiling water reactor (BWR). Since the code was written specifi- 
cally for the plant chosen by the PEEESAS program, it was ideally suited to 
model thermohydraulic environmental behavior up to the point o f  core damage. 
The code was expanded by Oak Ridge National Laboratory personnel from its 
original version to investigate other accident sequences. The version used 
for this study modeled all five accident sequences. The major advantage of 
the LTAS code is its ability to simulate a wide variety o f  possible operator 
actions. This allows very tight control over scenario definition in terms 
of equipment operating and operator control o f  the equipment. It is also 
relatively fast and inexpensive to run compared t o  other codes. The code 
demonstrates good agreement with other models and test data lending confid- 
ence to its ability to accurately predict plant response up to the point o f  
core damage. Originally the PEEESAS program had intended to construct the 
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environmental profiles based only on past studies. The addition of the LTAS 
data represents a significant improvement in the ability to accurately 
depict accident environmental prof i 1 es. 

2 . 3  Other Data Sources 

As mentioned previously, the LTAS code does have the limitation of not being 
able to accurately model thermohydraul ic response of the core or containment 
past the point of core damage. Therefore, other sources of information were 
used to supplement the LTAS results once core damage was predicted. 
Primarily, the Meltdown Accident Response CHaracteristics (MARCH) code 
results were used. Although somewhat cumbersome to run, the MARCH code is 
designed to simulate plant response throughout the core damage pericd. Some 
of the past studies consulted used MARCH results exclusively, while others 
used MARCH to provide inputs to other specialized codes like MERGE, CORSOR, 
VANESA, TRAP-MELT, and SPARC. The MARCH code and these other codes used in 
past studies form the other data sources used in construction o f  the acci- 
dent profiles (Refs. 3,5,6,8,9,& 10). 

2 . 4  Methodology 

This section discusses the methodology used to construct the environmental 
profiles. As previously mentioned, LTAS data is used up to the point of 
core damage. For each scenario a LTAS input deck was constructed specifying 
the appropriate operator actions, plant conditions, and accident parameters. 
The code was then compiled and run. These results were graphed to form the 
environmental profile up to the point of core damage. The LTAS results were 
then compared to MARCH runs for a similar sequence. If the LTAS and MARCH 
results agreed, it was assumed the MARCH data was constructed from similar 
plant parameters and operator actions. Therefore, the LTAS code performs 
two important functions: (1) it serves as an independent data source for the 
sequence being examined and ( 2 )  it helps to verify other code data was 
generated under similar initial conditions. After core damage, results from 
the selected MARCH runs were used to complete the environmental profile. 



This process was completed for all 14 scenarios. 
mental profiles for two or more scenarios were found to be very similar, a 
composite profile was constructed. The data was then graphed on the same 
scal e as the typical qual i fi cati on prof i 1 es to a1 1 ow over1 ay compari sons 
between the environmental prof i 1 es and the qual i f i cati on prof i 1 es. 

In cases where the environ- 

2.5 Results 

2.5.1 TB (short term) 

The first accident sequence consists o f  a complete station blackout without 
any injection available. The first variation on this sequence, scenario 1, 
involved the operator depressurizing the reactor vessel 40 minutes into the 
acc 
i nd 
the 
i nd 
the 

dent. The LTAS results for the two methods of vessel water level 
cations and the actual water level are shown in Figure C-1. The Top of 
Active Fuel (TAF) at Browns Ferry is at 360 inches. Note that Figure C-1 
cates the TAF i s  actually uncovered at about 1600 seconds (27 min.) into 
accident. This is in good agreement with the 33 minutes predicted by 

MARCH data for this sequence. Therefore LTAS data was used up to 1600 
seconds and the MARCH data was used after that to complete the profile. 
Figures C-2 and C-3 show the LTAS results for drywell and suppression pool 
temperatures and drywell pressure. Table C - 2  information (Ref. 9, pg.110 
and 145) contains the MARCH sequence of events used to complete the profiles 
after the 1600 second point and a drywell pressure versus time plot for this 
sequence. All of this data is combined to form the final profiles of 
drywell temperature, suppression pool temperature, and drywell pressure 
shown as Figures C-4, C-5, and C-6 respectively. Each of the profiles 
presented in Figures C-4, C-5, and C-6 is discussed in some detail in the 
foll owing paragraphs. These profi 1 es represent a generic example of 
environmental progressions during a severe accident where vessel breach 
precedes containment failure. 

Figure C-4 shows the expected rapid rise in drywell temperature due to loss 
of the drywell coolers at the accident initiation and the heating up o f  the 
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NU REG / C R - 2 1 82 

1 o f  7 
Table C - 2  

Browns Ferry Nuclear P lan t :  Complete S t a t i o n  Blackout 
Sequence of Events 

CSB + No HPCI/RCIC 

(TUB' 1 

Time 
(set) Event 

0.0 Loss of a l l  AC power and d i e s e l  genera tors .  
i s  i n i t i a l l y  ope ra t ing  a t  100% power. 

The plant 

I n i t i a l  d rywel l  temperature  = 66OC (150OF) 
I n i t i a l  w e t w e l l  temperature  = 35OC (95OF) 

0.2 

0.2 

0.2 

0.3 

0.5 

1.0 

1.0 

2.0 

2.0 

2.0 

3.0 

3.0 

F u l l  l oad  r e j e c t i o n  (i .e. ,  f a s t  c l o s u r e  of t u r b i n e  
c o n t r o l  va lves )  occurs.  

Rec i r cu la t ion  pumps and condenser c i r c u l a t o r y  water 
pumps t r i p  o f f .  
Core flow i s  provided by n a t u r a l  c i r c u l a t i o n .  

Loss of condenser vacuum occurs .  

Reactor pressure i n c r e a s e s  suddenly due t o  load rejec- 
t i on .  

Scram p i l o t  va lve  so lenolds  are deenergized due t o  
load r e j e c t i o n .  Cont ro l  rod motion begins. 

Turbine bypass va lves  start  t o  open due t o  load r e j ec -  
t ion .  

Neutron f l u x  starts t o  decrease  a f t e r  an  i n i t i a l  in -  
crease t o  over  100% r a t e d  power l eve l .  

Reactor power s tar ts  t o  decrease  slowly a f t e r  a n  i n i -  
t i a l  rise. 

Control rods  are  40% i n s e r t e d  from f u l l y  withdrawn 
posit ion. 

Main s teaml ine  i s o l a t i o n  va lves  (MSIVs) s t a r t  t o  c l o s e  
(relay-type r e a c t o r  t r i p  s y s t e m ) ,  r e s u l t i n g  i n  a r ap id  
s team-l ine p re s su re  rise. 

Turbine bypass va lves  a re  t r ipped  t o  close. 

Control  rods  a re  75% i n s e r t e d  f r a  f u l l y  withdrawn 
pos i t ion. 

Turbine t r i p s  o f f  ( t u r b i n e  s t o p  va lves  f u l l y  c losed) .  

c-22 
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Time 
(rec) 

3.5 

4.0 

5.0 

5.0 

5 .0  

5.0 

5.2 

5. 5 

7 .5  

9.0 

10.0 

15.0 

15.7 

17.0 

21.0 

22.0 

29.0 

29.7 

Event 

Power gene ra t ion  due t o  delayed neutron8 and firrion 
product decay drops t o  10% of  i n i t i a l  r a t e d  power gen- 
era t ion. 

F s c d m t e r  t u r b i n e s  t r i p  o f f .  

MSIVr are f u l l y  c losed ,  r e s u l t i n g  in a momentary 0.69 
HPa (100 po i )  p re s su re  inc rease  and 1.02 a (40-in.)  
drop  of water-rteam mixture l e v e l  due t o  c o l l a p s i n g  of 
Voids 

A l l  c o n t r o l  rods are f u l l y  i a r e r t e d .  

Reactor vesoe l  p re s su re  exceeds t h e  lawest r e t p o i n t  a t  
7.52 MPa (1090 po i )  of r a f e t y / r e l i e f  va lves  ( S / R V @ ) .  

Seven (7 )  out  of t h i r t e e n  (13)  S / R V s  r tar t  t o  open i n  
responoe t o  p re s su re  rise above t h e  r e t p o i n t .  

Waterstem mixture l e v e l  recovers  0.51 m (20 in.) 
from t h e  previous monrentary 1.02 m (40-111.) drop. 

S / R V  rteam blOwdOM6 i n t o  t h e  p re r su re  ruppreor ion  
pool through t h e  T-qwnchers  begin. 

Fcedwater flow drops  below 20%. 

Feedwater f l w  decreases t o  zero. 

Power gene ra t ion  due t o  f i s s i o n  product decay drops t o  
approximately 7.2% of r a t e d  power generat ion.  

A l l  7 S / R V e  are completely closed.  

Four out  of 13 S/RVs star t  t o  open. 

Neutron f l u x  drop6 below 1% of i n i t i a l  f u l l  power 
l e v e l .  

Narrow range ( N R )  sensed water  l e v e l  reaches low alarm 
(Level 41, l e e . ,  5.98 m (235.50 in.) above Level 0 ,  o r  
5.00 m (196.44 i n . )  above TAF. 

Suppression pool water  average tanperaturc rircs t o  
35.13'C (95.24.F) in response t o  t h e  f i r s t  S / R V  pops. 

A l l  4 S/RVs are completely closed.  

Two out  of 13 S / R V e  r t a r t  t o  open. 
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Time 
(set 1 Event 

47.0 A l l  2 S / R V s  are c m p l e t e l y  closed.  

47.7 One out  of 13 S / R V s  star ts  t o  open. 

56.0 Suppression pool water average temperature  is  approximately 
35.3'C (95.54'F) . 

56.0 NR sensed water l e v e l  reaches  low l e v e l  alarm (Level 3), 
1.e.. 5.50 m (216.00 in . )  above Level 0, o r  4.50 m (176.94 
in.)  above TAF. 

90.0 Suppression pool water average t enpe ra tu re  i s  approximately 
35.4'C (95.72'F). 

101 00 The S / R V  i s  completely closed.  
cyc le  on and o f f  on s e t p o i n t s  throughout t h e  sequence. 

The same S / R V  cont inues  t o  

625 Wide range sensed water l e v e l  reaches  low water l e v e l  
se t -poin t  (Level 21, i.e., 4.18 m (164.50 i n . )  above Level 0 
a t  2/3 c o r e  he igh t ,  or 2.96 m (116.50 in . )  above TAF. 

625 HPCI and RCIC systems are no t  turned on because they are 
assumed t o  be unavai lable .  

20 min. Suppression pool water average temperature reaches  46'C 
(1 14.F). 

33 min. Core uncovery time. 
(11.61 f t )  above b o t t m  of t h e  core .  

Stean-water  mixture  l e v e l  i s  a t  3.54 m 

40 min. Auto-isolat ion s i g n a l  i n i t i a t e s  as i n c r e a s e  of drywel l  
p re s su re  exceeds 13.8 KPa (2.0 ps i ) .  The HPCI/RCIC s y s t e n s  
are not  a f f e c t e d .  Drywell and w e t w e l l  tenperature are 72OC 
(162'F) and 55'C (130°F), r e spec t ive ly .  Mass and energy 
a d d i t i o n  ra tes  i n t o  t h e  w e t w e l l  are: 

Mass Rate Energy Rate 
( W S )  (lb/min) (w) (Btu/min) 

Steam 33 4.36 x l o 3  9.25 X lo7  5.26 X lo6  
Hydrogen 6 x lo-' 8.62 X 2.92 X lo-' 1.66 X 

60 min. Mass and energy a d d i t i o n  ra tes  i n t o  t h e  w e t w e l l  are: 

Mass Rate Energy Rate 
(Btu/min) 

6 Steam 15.6 2.07 x l o3  5.06 x lo7  2.88 X lo3 
Hydrogen 2.8 x 3.76 X lo-' 2.15 X lo4 1.22 10 

(kg/s) (lb/min) ( w )  

C -24 
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Time 
(-c) Event 

70 r i n .  Core melting e t a r t e .  

80 min. Drywell and w e t w e l l  temperatures  are 75°C (167°F) and 63OC 
(145OF), respec t ive ly .  Mass and energy a d d i t i o n  rates i n t o  
t h e  w e t w e l l  are: 

Mass Bate Energy Bate 
(kg/s) ( l b / m W  (w) (Btu/min) 

Steam 5.68 7.51 X 102 2.22 x lo7 1.26 x 106 
Hydrogen 0.19 2.53 x Id 2.29 x 106 1.30 x Id 

96 min. 

97 min. 

99 min. 

101 min. 

Water l e v e l  i n  v e s s e l  drops below bottom g r i d  e leva t ion .  

Bottom g r i d  f a i l s  and temperature of s t r u c t u r e s  i n  bottom 
head i s  above water temperature.  

The corium elumps down t o  v e s s e l  bottom. 

The d e b r i s  i s  s t a r t i n g  t o  m e l t  through t h e  bottom head. 
Drywell and wetwell temperatures are 97OC (207OF) and 71OC 
(159OF), respec t ive ly .  
ture a t  t h e  diecharging bay exceed6 149°C (300°F). Steam 
condensation o s c i l l a t i o n s  could accelerate due t o  t h e  con- 
t inuou6 d ischarge  of superheated noncondensable gases  i n t o  
t h e  suppression pool. Mass and energy a d d i t i o n  ra tes  i n t o  
t h e  wetwell are: 

Meanwhile, l o c a l  pool water tempera- 

Mass Rate Energy Rate 
(h3/6) ( lb/min)  (w 1 (Btu/min) 

S t e m  18.6 5.46 x lo3 5.42 X lo7 3.08 X lo6 
Hydrogen 6.8 X 8.93 3.59 x lo5 2-04 x lo4 

129 min. Vessel bottom head f a i l s ,  r e s u l t i n g  I n  a pressure inc rease  
of 0.34 MPa (49 ps ia ) .  

129.03 min. Debris s tar ts  t o  m e l t  t h e  conc re t e  f l o o r  of t h e  c o n t a i m e n t  
bui lding.  Temperature of d e b r i s  i s  1546°C (2815°F) i n i -  
t i a l l y .  
1.36 x lo7 and 2.50 x lo7 watts, respec t ive ly .  

I n t e r n a l  hea t  gene ra t ion  i n  metals and oxides  are  
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Time 
(oec) Event 

16s r in .  Drywell and w e t w e l l  temperatures are 141.C (286.F) and 74OC 
(166'F), r eepec t lve ly .  Mass and energy a d d i t i o n  rates i n t o  
t h e  drywel l  are: 

Mars Rate Energy Rate 
(k / s )  (lb/min) (w) (Btu/min) 

Steam 5.46 722.83 1.59 X 10s 9052 
Hydrogen 3.3 x 4.38 0 0 
cq 2.58 341 88 
co 0.69 91 35 

190 min. Drywell e lec t r ic  pene t r a t ion  assembly eeals have f a i l e d  as 
t h e  contalament temperature  exceeds 204OC (400OF) and start  
t o  ven t  through t h e  primary c o n t a i m e n t .  

193 min. Contalrment f a i l e d  as t h e  c o n t a i m e n t  temperature exceeds 
260.C (500.F) and a l l  electric pene t r a t ion  modules are blown 
ou t  of t h e  contaiunent .  

219 min. Drywe11 and wetwell p re s su res  are a t  0.10 MPa (14.7 ps ia ) .  
Drywell and w e t w e l l  temperatures  are 598OC (1109'F) and 78OC 
(173'F), r e spec t ive ly .  
t h e  drywel l  are: 

Mass and energy a d d i t i o n  rates i n t o  

Mass Rate Energy Rate 
(kg/s) ( lb /adn)  (w) (Btu/min) 

Steam 0.70 92 1.59 X lo5 9052 

m 2.32 307 
co 5.03 666 

Hydrogen 0.24 32 0 0 

The l e a k  ra te  through t h e  c ntairment  f a i l e d  areas is 
-2.90 x lo5 g/s (-6.15 x 18 f t3/mln) .  

250 mln. Drywell and w e t w e l l  temperatures  are  675OC (1247OF) and 78OC 
(173'F), r e spec t ive ly .  Mass and energy a d d i t i o n  rates i n t o  
t h e  drywell  are: 

Mass Rate Energy Rate 
(kg/s )  (lb/min) (w 1 (Btdmin) 

Steam 60 84 905 1.59 lo5 9052 

a 2  1.53 203 
co 5.25 695 

Hydrogen 0.25 33 0 0 

C-26 
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Time 
( sec  1 Event 

The l e a k  r a t e  through t h e  containment f a i l e d  area is 
-4.91 x ld' & / e  (-1.04 x Id ft3/min) .  

309 min. 

367 min. 

733 min. 

Rate of concre te  decamposition is -4.65 X le d e .  
Rate of hea t  added t o  atmosphere is -1.20 X 18 W .  

D r y w e l l  and w e t w e l l  p ressures  are a t  0.10 MPa (-14.7 p s i a )  
and temperatures  are 854OC (1570'F) and 77.C (17loF),  re- 
spec t ive ly .  The l e a k  r a t e  through t h e  containment f a i l e d  
area is -3.94 x 104 e / s  (-8.35 x le ft3 /udn) .  

Drywell and w e t w e l l  temperatures are 546OC (-1014.F) and 
77OC (170°F), respec t ive ly .  The l e a k  rate through t h e  con- 
t a i m e n t  f a i l e d  area is -2.12 X I d  & l o  (-4.50 X 

lo3 ft ' /min). 
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primary system due to immediate loss of core coolant injection. During this 
portion of the accident, decay heat energy is removed to the wetwell (sup- 
pression pool) by intermittent safety relief valve operation during the 
boil-off process. Therefore, drywell temperature quickly approaches a new 
equilibrium value which just compensates for the lost heat removal capacity 
of the drywell coolers. In the meantime, boil-off has continued leading to 
core uncovery, the beginning of core melt, and reactor vessel breach. Once 
vessel breach occurs, decay heat energy has direct access to the drywell 
atmosphere. This energy release causes an increase in the temperature and 
pressure of the containment atmosphere (see Figure C-6). This trend 
continues until the containment fails at which point almost a l l  the energy 
previously stored within the closed containment system is now released. The 
heat energy previously applied to elevate the pressure within the 
containment,now contributes to a rapid temperature spike after which the 
system slowly begins to approach atmospheric equilibrium. In this 
particular case, containment failure occurs due to electrical penetration 
failure under high temperature conditions of 500OF. If the penetrations did 
not fail, the pressure would increase to the point of containment failure 
(estimated range from 117 psia to 132 psia depending on the initiating 
conditions and the accident scenario examined). Based on the size of the 
containment breach and the resulting leak rate, the depressurization could 
be rapid or slow. Regardless, the general trend of the profiles and the 
absolute values attained would not change significantly. 

The profile of the suppression pool temperature is shown in Figure C - 5 .  

Note that while water still exists in the reactor vessel, the pool serves as 
a heat sink for the transfer of decay heat energy to the wetwell through the 
safety relief valves (SRVs). The rate of temperature rise in the suppres- 
sion pool decreases from the start of the accident to the time of vessel 
breach as the fixed water inventory depletes itself through the SRVs. Once 
the core is uncovered and vessel breach occurs, the only form of pool 
temperature rise is from radiative heating by the drywell atmosphere. Thus 
the slope of the temperature curve decreases. This trend continues until 
the time of  containment failure when the suppression pool temperature will 
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join the drywell temperature in slowly approaching atmospheric equilibrium. 

The pressure profile is shown in Figure C-6. The general shape of this 
curve is indicative of accidents where reactor vessel breach precedes 
containment failure. The initial quick rise in pressure is primarily due to 
fail ure of the drywell coolers. Thi s para1 1 el s the drywell temperature 
profile shown in Figure C-4. Once the new equilibrium is reached due to the 
loss of drywell coolers, a slow rise in pressure due to radiative heating of 
the containment atmosphere by the reactor vessel is observed. This con- 
tinues until vessel breach at which time the corium has direct contact with 
the containment atmosphere causing a rapid rise in containment pressure to 
the point of failure at approximately 110 psia. 

The second variation on the short term TB sequence (scenario 2 )  involved a 
case of no operator action so the reactor vessel remains at pressure. 
Results from this run were so similar to the depressurized case that the 
environmental profiles constructed for scenario 1 were also used to repre- 
sent this scenario. Hence, Figures C-4, C-5, and C-6 are labeled as compo- 
sites for scenarios 1 and 2 .  Figure C-7 is a plot of drywell and suppres- 
sion pool temperature over1 ayed for these two scenarios demonstrating the 
similarities of these cases. The fact that most of the boil-off occurred 
before the operator depressurized in the first scenario accounts for the 
similarities in the environmental response. 

The last scenario for a short term station blackout involved a stuck open 
relief valve at 600 seconds into the accident (scenario 3 ) .  Note that this 
scenario is representative of what would have occurred if the operator had 
depressurized earlier in the first sequence. The shapes of the environrnen- 
tal profile curves are generally the same as seen in the first scenario. 
Figure C-8 shows the LTAS results for water level behavior over the course 
of the accident. The LTAS results indicate that the core uncovers about 900 
seconds (15 min.) into the accident. Again, allowing for differences in the 
time the two codes have the relief valve sticking open, this figure is in 
good agreement with results of the MARCH sequence shown in Table C-3. The 
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Table C - 3  
ORNL / N U R E G / T M -  4 55 / V 1 

brovnr Ferry Nuclear P lan t :  Canplete S t a t i o n  Blackout 
Sequence of Eventr 

CSB + No H P C I / R C I C  6 SORV (Smal l  Break L O U )  

W P B '  1 

T i r e  
(met 1 Event 

0.0 

0.2 

0.2 

0.2 

0.3 

0.5  

1.0 

1 .o 

2.0 

2.0 

2.0 

3.0 

3.0 

Lore of a11 AC pover a d  d i e s e l  generatore.  The plant  
i s  i n i t i a l l y  opera t ing  a t  100% pover. 

I n i t i a l  d r y v e l l  t m p e r a t u r e  - 66.C (150.F) 
I n i t i a l  ue twel l  temperature - 35.C (95.F) 

F u l l  load r e j e c t i o n  (i .e. ,  f a s t  c looure of turbine 
c o n t r o l  va lves )  occura. 

Rec i r cu la t ion  pumps and condenser c i r cu la to ry  water 
pumpe t r i p  of f .  Loss of condenser vacuum occurs. 
Core f l o v  i s  provided by n a t u r a l  c i r cu la t ion .  

Reactor pressure  inc reases  ruddenly due t o  load rejec- 
t i on .  

Scram p i l o t  valve ro lenoids  a r e  deenergized due t o  
load r e j e c t i o n .  Control rod motion begins. 

Turbine bypass va lves  r t a r t  t o  open due t o  load rejec- 
t i on .  

Neutron f l u x  r t a r t s  t o  decrease a f t e r  a n  i n i t i a l  in-  
c r ease  t o  over 100% r a t e d  power l e v e l .  

Reactor  power a t a r t s  t o  decrease slowly a f te r  an i n i -  
t i a l  r i s e .  

Control rods are 40% i n s e r t e d  from f u l l y  withdravn 
pool t ion. 

Main r t e a n l i n e  i r o l a t i o n  valvee (HSIVs) r t a r t  t o  c lose 
(relay-type r e a c t o r  t r i p  ryrtem), r e s u l t i n g  i n  a rapid 
r temn- l inc 'prereure  rime. 

Turbine bypare valvee a r e  t r i p p e d  t o  c lore .  

Control rode a r e  75% i n r e r t t d  from f u l l y  withdravn 
pos i t ion .  

Turbine t r i p s  o f f  ( t u r b i n e  a top  valvee f u l l y  closed).  
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3.5 

4.0 

5.0 

5.0 

5.0 

5.0 

5.2 

5 .  5 

7.5 

9.0 

10.0 

15.0 

15.7 

17.0 

21.0 

22.0 

29.0 

29.7 

Event 

Power g e n e r a t i o n  due t o  de l ayed  neutronm and f i r s i o n  
p roduc t  decay drope t o  102 of  initial r a t d  power gcn- 
e r a t i o n .  

Feedwater t u r b i n e 8  t r i p  o f f .  

HSIVo are f u l l y  c l o s e d ,  resulting in a momentary 0.69 
MPa (100 p r i )  p r e s r u r e  i n c r e a r e  and 1.02 8 (40-in.) 
d r o p  of water-stem m i x t u r e  l e v e l  due t o  c o l l a p s i n g  of 
v o l d e .  

A l l  c o n t r o l  rode are f u l l y  i n n e r t e d .  

Reac to r  v e o s e l  p reeeure  exceeds  t h e  louert r e t p o i n t  a t  
7.52 NPa (1090 p s i )  of r a f e t y / r e l i e f  v a l v e r  (S/RVe).  

Seven ( 7 )  o u t  of t h i r t e e n  ( 1 3 )  S/RV$ 8 ta r t  t o  open in 
reeporrse t o  p reeoure  rise above t h e  e c t p o i n t .  

Water-rtem m i x t u r e  l e v e l  r e c o v e r e  0.51 m (20 in.) 
from t h e  previouo momentary 1.02 m (40-in.) drop.  

S/RV steam blowdome i n t o  the p r e e r u r e  mupprereion 
pool t h rough  t h e  T-quenchcro begin. 

Feedwater  f low d rope  below 202. 

Feedwater  f low dec reaoeo  t o  zero.  

Power g e n e r a t i o n  due t o  f i r r i o n  p roduc t  decay drope t o  
approx ima te ly  7.22 of r a t e d  power g e n e r a t i o n .  

a1 6 S/RVo are comple t e ly  c l o s e d .  
open (SORV); t h i s  hae t h e  rape e f f e c t  a e  a amall break 
L E A  of e q u i v a l e n t  b reak  area of 0.015 m2 (0.1583 

One S/RV is r t u c k  

f t 2 ) .  

Four o u t  of 13 S/RVr r t a r t  t o  open. 

Neutron f l u x  d r o p s  below 12 of  i n i t i a l  f u l l  power 
l e v e l  . 
Narrow r a n g e  (NR) oenrcd water l e v e l  r e a c h e r  low alarm 
(Leve l  4 ) #  1.e. )  5.98 m ( 2 3 5 . 5 0  in.) above L e v e l  0 ,  o r  
5.00 m (196.44  in.) above T U .  

S u p p r e s r i o n  pool water ave rage  t - p e r a t u r e  r irer  t o  
35.13.C (95.24.F) in rcrponme t o  t h e  f l r r t  S/RV pope. 
A l l  4 S/RVr are comple t e ly  c l o r e d .  

lko o u t  of  13 S / R V B  r ta r t  t o  open. 
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b e  
( r c c )  

47.0 

47.7 

56.0 

56. 0 

90.0 

101.0 

625 

625 

17.2 Pin. 

20 mln. 

40 r i n .  

A l l  2 S / W B  are c t m p l e t t l y  c lored.  

One out of 13 S / W o  rtartr to open. 

Supprerolon p o l  water average temperature i o  approximately 
35.3.C (95.54.P) . 
NR renred water l e v e l  reaches lw l e v e l  alarm (Level 31, 
l e e . ,  5-50 m (216.00 In.) above Level 0, o r  4.50 m (176.94 
in.) above TAF. 

Supprceslon poo l  water a v e r w e  temperature i o  approximately 
35.4.C (95.72.F). 

The S/RV l a  completely closed.  The ruse S/RV cont lnues  t o  
cyc le  on and off on r e t p o l n t o  throughout t h e  requence. 

Wide range senred water  l e v e l  reaches lw v8ter l e v e l  
re t -poin t  (Level 21, i . e . ,  4.18 m (164.50 in.) above Level 0 
a t  2/3 core  h e i g h t ,  o r  2.96 m (116.50 in.) above TAF. 

HPCX and R C I C  rye t ans  a r e  not turned on because they are 
arrumed t o  be unavai lab le .  

Core uncovery time. S t e a m r a t e r  mixture l e v e l  i r  a t  3.62 m 
(11.88 fc) above bottom of t he  core. 

AUtO-i~OhtlOn r lgnal  i n i t i a t e s  8 s  i nc rease  of drywel l  
p rer rure  exceed6 13.8 KPa (2.0 poi). The H P C I / R C I C  ryetcms 
a r e  not affected. Drywell and vetwell t m p e r o t u r e  a r e  73.C 
(163.F) and 55.C (130°F), respec t ive ly .  
a d d i t i o n  rates into the  wetwell a r e :  

Mare and energy 

MAES r a t e  Energy Bate 
(kg/s 1 ( I b h l n )  (VI (Btu/min 1 

S t e m  60 7.94 x 103 1.69 x l@ 9.61 x lo6 
Hydrogen 8.53 X 1.13 X 3.19 x 1.81 x lo-' 

Mare and energy a d d i t i o n  rates i n t o  t h e  w e t w e l l  are: 

naer U t e  Energy Rate 
1 (lb/min) (v 1 ( B t u / d n )  

Steam 10.30 1.36 lo3 3.41 x lo' 1.94 x lo6 
Hydrogen 2.38 x 3.15 10" 1.61 x lo3 91.56 
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56.6 min. 

60 min. 

78 ndn. 

79 a n .  

81 min. 

81.5 min. 

101 min. 

142.5 min. 

152.5 mln. 

162.5 min. 

Core m e l t i n g  s ta r to .  

Drywe11 8nd v e t v e l l  t a n p e r a t u r e s  a re  75.C (167.F) 8ad 63.C 
(145*F), r e s p e c t i v e l y .  Mass and ene rgy  A d d i t i o n  ra tes  i n t o  
t h e  vetvel l  are: 

u s 6  b t e  Energy Rate 
( k g / s )  ( l b / m i n )  (w)  ( B t u / m i  n 1 

Steam 2.73 3.61 x lC? 1.23 x 10' 6 .99  x lo5 
Hydrogen 0.49 6.48 x 10' 7.05 x lo6 4.01 x 1 8  

Water l e v e l  i n  v e s s e l  d r o p s  below bottom g r i d  e l e v a t i o n .  

Bottom g r i d  f a l l s  and t empera tu re  of s t r u c t u r e s  i n  bottom 
head i s  Above water t empera tu re .  

The corium slumps down t o  v e s s e l  bottom. 

The d e b r i s  i s  s t a r t i n g  t o  melt t h rough  t h e  bottom head. 
Drywell  and wetvel l  t e m p e r a t u r e s  a r e  82.C (180.F) and 71.C 
(159OF), r e s p e c t i v e l y .  Meanwhile, loca l  pool water tempera- 
t u r e  a t  t h e  d i s c h a r g i n g  bay exceeds  1 4 9 O C  (3OO.F). Steam 
c o n d e n s a t i o n  o s c i l l a t i o n s  c o u l d  a c c e l e r a t e  due t o  t h e  con- 
t i n u o u s  d i s c h a r g e  of s u p e r h e a t e d  noncoadensable  g a s e s  i n t o  
t h e  s u p p r e s s i o n  pool.  

Uass and ene rgy  a d d i t i o n  ra tes  i n t o  t h e  vetwell a re :  

Haes Rate Energy Rate 
(kg/s 1 (1 b/mln) (w 1 (B t t / m i n  ) 

Steam 1.25 165.35 3.47 X lo6 1.97 X l o5  
Hydrogen 4.45 x 0.06 1.03 x lo3  5 8 . 5 8  

V t a s e l  bottom head f a i l s ,  resulting i n  a p r e s s u r e  I n c r e a s e  
of 0.34 MPa (49 p s i a ) .  

Debr i s  a t a r t s  t o  b o i l  water  from containment  f3oor.  

Debr i s  a t a r t s  t o  melt t h e  c o n c r e t e  f l o o r  of t h e  containment  
b u i l d i n g .  Temperature of d e b r i s  i s  2013.C (3655.F) i n i -  
t i a l l y .  I n t e r n a l  h e a t  g e n e r a t i o n  i n  metals 8nd o x i d e s  a r e  
2.43 x lo' 8nd 1.26 lo' wat t6 ,  r e s p e c t i v e l y .  
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T h e  
(-c> Event 

162.5 l i n .  D r y v e l l  and vetvel l  t empera tu res  are  128.C (262.F) and 74.C 
(166*F), r e s p e c t i v e l y .  Mass 8nd energy 8 d d i t i o n  rates i n t o  
t h e  d r y w e l l  are: 

h s s  Rate Energy Rate 
(Lrg/s) ( lb /min)  (VI ( B t u/min ) 

Steam 0.057 7.54 1.59 lo5 9052 
Hydrogen 0 0 0 0 

167.8 mln. Drywell e l e c t r i c  p e n e t r a t i o n  assembly seals  have f a i l e d  a s  
t h e  containment  t empera tu re  exceeds 204.C (400'F) and s t a r t  
t o  v e n t  t h rough  t h e  primary containment.  

175.2 mln. Contairment  f a i l e d  as t h e  containment t m p e r a t u r e  exceeds 
260.C (5OO.F) and all e l e c t r i c  p e n e t r a t i o n  modules are blown 
o u t  of t h e  c o n t a l m e n t .  

185.3 min. Drywell and wetwell p r e s s u r e s  are  a t  0.10 HPa (14.7 p s i a ) .  
D r y v e l l  and uetvell  t a n p e r a t u r e s  are 314.C (598'F) 8nd 78'C 
(173*F), r e s p e c t i v e l y .  Mass and ene rgy  a d d i t i o n  rate6 i n t o  
t h e  d r y v e l l  are: 

Haas Rate Energy Rate 
( k g / s )  ( l b / m i n )  (Btu/min) 

Steam 1.65 218.26 1.59 X lo5 9052 

co2 5.79 765.88 
Hydrogen 0.025 3.31 0 0 

co 0.526 69.58 

The l e a k  r a t e  th rough  t h e  c o n t a l m e n t  f a i l e d  areas i s  
-3.00 x 10' le/o (-6.36 x lo4 f t 3 / m i n ) .  

206 mln. D r y w e l l  and vetwell t e n p e r a t u r e a  are 610.C (1130.F) and 78'C 
(173'F), r t e p e c t i v e l y .  Mass and energy 8 d d i t i o n  ra tes  i n t o  
t h e  d r y v e l l  are: 

? h e r  Rate Energy Rate 
( B t  u/min (kg/r) ( l b / m l n )  (v 1 

c o 2  1.83 242 
Hydrogen 0.20 26 0 0 
Steam 1.36 180 1.59 X lo5  9052 
co 4.15 54 9 
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Time 
(ret) Event 

The leak rate through the containment f a i l e d  area i o  
-2.94 X 104 L / s  (-6.24 x 104 f t 3 / m i n ) .  

222.5 =in. k t e  of concre te  d e c m p o s i t i o n  i s  -4.46 x 104 4 s .  
lhte  of heat  added t o  atmosphere 16 -3.71 X 1 8  kU. 

254.5 d n .  Dryvell and w e t w e l l  pressures  are a t  0.10 HPa (-14.7 p s i a )  
a d  temperatures are 746.C (1375.F) and 77.C (171.F).  re- 
r p e c t i v e l y .  The l e a k  r a t e  through the  containment f a i l e d  
area  i s  -5.S4 x 104 & / B  ( - 1 . 1 7  X Id f t 3 / m l n ) .  

SO1 min. Drywell and vetwell temperatures are 815.C (-1SOO'F) and 
77.C (170.F). r e s p e c t i v e l y .  
t a l m e n t  f a i l e d  area i s  -2 .34  x l& & / e  (-4.96 X 

The l e a k  rate through the  con- 

104 f t 3 / d n ) .  

C-41 
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LTAS results were used up to the 900 second point and the MARCH sequence 
results were used to construct the remainder of the environmental profiles. 
Figures C-9 and C-10 show drywell and suppression pool temperatures and 
drywell pressure as predicted by the LTAS code. Table C-3 (Ref. 9, pg.116) 
contains the MARCH data used to complete the environmental profiles shown in 
Figures C-11, C-12, and C-13. In the case of plotting the drywell pressure 
pulse shown in Figure C-13, no curves or data could be found in the avail- 
able documentation of MARCH results. Instead, the pressure pulse shape was 
approximated by the shape of the pressure pulse in Figure C-6 but using the 
vessel breach and containment failure times given in Table C-3. 

2.5.2 TB (long term) 

A long term blackout with core injection available until battery failure at 
4 hours was also examined. This sequence is characterized in much the same 
manner as the short term sequence with all key events being delayed by about 
7 hours due to injection initially being available. Two variations were 
investigated with the LTAS code. Scenario 4 involved all expected operator 
actions including depressurizing the vessel about 15 minutes into the 
accident. Scenario 5 examined the effect of a stuck open relief valve 250 
seconds into the accident. Even though the reactor vessel returns t o  

pressure after battery failure (due to loss of power to the SRVs) in sce- 
nario 4 ,  pressure was not found to have a significant effect in this longer 
sequence. Therefore, a composite profile of both scenarios was used to 
describe the long term blackout sequence. 

The LTAS results predicting water level behavior as a function of time are 
shown in Figure C-14. Top of the active fuel i s  uncovered about 20,000 
seconds (333 min.) into the accident. This is in good agreement with the 
MARCH result shown in Table C-4 (Ref. 1, pg.45) of 347 minutes. Therefore, 
LTAS results are used to construct the scenario up to 333 minutes and the 
March results shown in Table C-4 are used to complete the profiles. Figures 
C-15 and C-16 show the LTAS results for drywell and wetwell temperature and 
drywell pressure used up to the 333 minute point. Figures C-17, C-18, and 
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1 o f  6 Table C-4 

Browns Ferry Nuclear P lan t :  Complete S t a t i o n  Blackout 
Sequence of Events 

CSB + Manual RCIC 61 SRV 

(TVK 1 

0.0 

0.2 

0.2 

0.2 

0.3 

0.5 

1.0 

1 .o 

2.0 

2.0 

2.0 

3.0 

Lnss of a l l  AC power and d i e s e l  genera tors .  
le i n i t i a l l y  ope ra t ing  a t  100% power. 

The p l an t  

I n i t i a l  d rywel l  temperature  - 66OC (150'F) 
In i t i a l  w e t w e l l  temperature  - 35OC (95'F) 

F u l l  load r e j e c t i o n  (i .e. ,  f a s t  c losu re  of t u r b i n e  
c o n t r o l  va lves )  occurs.  

Ueci rcu la t ion  pumps and condenser c i r c u l a t o r y  water 
pumps t r i p  o f f .  Loss of condenser VacuUm occurs.  
Core flow i s  provided by n a t u r a l  c i r c u l a t i o n .  

Reactor p re s su re  inc reases  suddenly due t o  load r e j ec -  
t ion .  

Scram p i l o t  va lve  so lenoids  are deenerglzed due t o  
load r e j e c t i o n .  Control  rod motion begins.  

Turbine bypass valves  start  t o  open due t o  load r e j ec -  
t ion .  

Neutron f l u x  s tar ts  t o  decrease  a f t e r  an i n i t i a l  in- 
crease t o  over  100% r a t e d  power l e v e l .  

Reactor power s t a r t s  t o  decrease  slowly a f t e r  an  ini- 
t i a l  rise. 

Control  rods  a r e  40% i n s e r t e d  from f u l l y  withdrawn 
p s i  t ion. 

Main s teaml ine  i s o l a t i o n  va lves  (MSIVs) s t a r t  t o  c lose  
(relay-type r e a c t o r  t r i p  system), r e s u l t i n g  i n  a rap id  
oteam-line pressure  rise. 

Turbine bypass va lves  are t r i p p e d  t o  Close. 

Control  rods are 75% Inse r t ed  from f u l l y  withdrawn 
poei t ion. 
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Time 
(set 1 Event 

3.0 Turbine t r i p s  o f f  ( t u r b i n e  s t o p  va lves  f u l l y  c losed) .  

3.5 Power gene ra t ion  due t o  delayed neutrons and f i s s i o n  
product decay drops t o  10% of i n i t i a l  r a t e d  power gen- 
era t ion. 

4.0 Feedwater t u r b i n e s  t r i p  o f f .  

5.0 

5 .0  

5.0 

5.0 

5.2 

5.5  

7.5 

9.0 

10.0 

15.0 

15.7 

17.Q 

21.0 

22.0 

M S I V s  are f u l l y  c losed ,  r e s u l t i n g  i n  a momentary 0.69 
MPa (100 p s i )  pressure Inc rease  and 1.02 m (40-in.) 
d rop  of water-steam mixture l e v e l  due t o  c o l l a p s i n g  of 
voids.  

A l l  c o n t r o l  rods  are f u l l y  i n s e r t e d .  

Reactor v e s s e l  p re s su re  exceeds t h e  lowest s e t p o i n t  a t  
7.52 MPa (1090 p s i )  of s a f e t y / r e l i e f  va lves  ( S / R V s ) .  

Seven ( 7 )  out  of t h i r t e e n  (13) S / R V s  s tart  t o  open i n  
response t o  p re s su re  rise above t h e  s e t p o i n t .  

Water-steam mixture  l e v e l  recovers  0.51 m (20 in . )  
from the  previous momentary 1.02 m (40-in.) drop. 

S/RV steam blowdowns i n t o  t h e  pressure  suppress ion  
pool through t h e  T-quenchers begin.  

Feedwater flow drops below 20%. 

Feedwater flow dec reases  t o  zero.  

Power gene ra t ion  due t o  f i s s i o n  product decay drops t o  
approximately 7.2% of r a t e d  power genera t ion .  

A l l  7 S/RVs are completely closed.  

Four ou t  of 13 S / R V s  s t a r t  t o  open. 

Neutron f l u x  drops below 1% of i n i t i a l  f u l l  power 
l e v e l .  

Narrow range (NR) sensed water l e v e l  reaches  low alarm 
(Level 4),  i.e., 5.98 m (235.50 in . )  above Level 0, o r  
5.00 m (196.44 in . )  above TAF. 

Suppression pool water average temperature  rises 
t o  35.13OC (95.24OF) i n  response t o  the  f i r s t  S/RV 
POPS 
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29.0 

29.7 

47.0 

47.7 

56.0 

56. 0 

90.0 

101.0 

625 

625 

655 

15 

2G min. 

A l l  4 SIRVs are completely closed. 

Two out of 13 S/RVs start t o  open. 

Al l  2 S/RVe are completely closed. 

h e  out of 13 S/RVe starts t o  open. 

Suppression pool water average temperature i s  approximately 
35.3.C (95.54.F) . 
NR sensed water l e v e l  reaches low l e v e l  alarm (Level 3), 
i . e . ,  5.50 m (216.00 in . )  above Level 0, o r  4.50 m (176.94 
in . )  above TAF. 

Suppression pool water average temperature is approximately 
35.4.C (95.72OF). 

The S/RV is completely closed. The same S/RV continues t o  
cyc le  on and of f  on s e t p o i n t s  throughout t h e  rubsequcnt RCIC 
In jec t ions .  

Wide range sensed water l e v e l  reaches low water l e v e l  set- 
point (Level 2)# i.e., 4.18 m (164.50 in.)  above Level 0 a t  
2/3 core he ight ,  o r  2.96 m (116.50 in . )  above TAF. 

Operator manually con t ro l s  RCIC i n j e c t i o n  t o  maintain con- 
s t a n t  ves se l  water l eve l .  The RCIC t u rb ine  pump is dr iven  
by steam generated by decay heat. 
powered by the  250 V dc  ryetem. 

System auxiliaries are 

RCIC flows e n t e r  t he  r eac to r  pressure ves se l  a t  38 le/s 
(600 gpm) drawing water from the  condensate s torage  tank. 

Operator manually opens one SRV t o  depressurize the  vesse l .  

Drywell and wetwell temperatures exceed 76.C (169'F) and 
5O.C (P22.F), respec t ive ly .  
i n t o  the  wetwell are: 

Mass and energy add i t ion  r a t e s  

Mass Rate Energy Rate 
( W e )  (lb/PcLn) (w) ( B t  u/min) 

Steam 829.75 1.10 x 105 2.32 x 106 1.32 x lo7 
Hydrogen 0 0 0 0 
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Time 
(sec 1 Event 

21.14 mine Core uncovery t i m e .  

22.0 min. Core re f loods .  

30 min. Auto-Isolation s i g n a l  I n i t i a t e s  as i n c r e a s e  of drywel l  
p re s su re  exceeds 13.8 KPa (2.0 p s i ) .  The RCIC system I s  not  
l s o l a t  ed . 

240 min. The RCIC pump s t o p s  when t h e  b a t t e r i e s  run  out .  

266.3 mln. Wide range sensed water l e v e l  reaches  Level 2 s e t p o i n t .  
Drywell and w e t w e l l  temperatures  are 99OC (210'F) and 100°C 
(212'F), r e spec t ive ly .  Mass and energy a d d i t i o n  rates i n t o  
t h e  w e t w e l l  are: 

Mass Rate Energy Rate 
(kg/s)  ( lb/min)  (w 1 (Btu/mln) 

Steam 19.16 2.53 x lo3 5.20 x lo7 2.96 x lo6 
Hydrogen 0 0 0 0 

347 min. 

366 min. 

386 min. 

Core uncovers again.  

Average gas temperature  a t  t o p  of co re  I s  491OC (916OF). 
Drywell and w e t w e l l  temperatures  and pressures  are 113OC 
(236OF) and 0.28 MPa (40 p s i a ) ,  r e spec t ive ly .  Mass and 
energy a d d i t i o n  ra tes  i n t o  t h e  w e t w e l l  are: 

Mass Rate Energy Rate 
(kg / s )  ( lb/min)  (w)  (Btu/min) 

Steam 9.26 1.22 x 10' 2.97 x io7 1.69 X 106 
Hydrogen 4.09 X lo-' 5.41 x 10 222.28 12.64 

Average gas temperature  a t  t o p  of core  is 855OC (1571OF). 
Drywell and w e t w e l l  temperatures  and pressures  are 115OC 
(239OF) and 0.29 MPa (41 p s i a ) ,  r e spec t ive ly .  Mass and 
energy a d d i t i o n  rates i n t o  t h e  w e t w e l l  are: 

Mass Rate Energy Rate 
( k g / s )  ( lb/min)  ( w )  ( B t u / min ) 

Steam 5.05 6.68 X lo2 1.81 x l o7  1.03 X lo6  
Hydrogen 1.68 X lo-' 2.23 1.35 x 10' 7.70 x i o 3  
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395.3 min. 

449.3 min. 

451.2 min. 

452 min. 

452.9 min. 

539.3 min. 

539.3 min. 

539.3 mln. 

539.3 m x i .  

601.05 min. 

718.8 min. 

Event 

Core melting starts. 

Water l e v e l  i n  vesse l  drops below bottom g r i d  elevation. 

Bottom gr id  f a i l s  and temperature of s t ruc tu re8  in bottom 
head i s  above water temperature. 

The corium slumps down t o  vesse l  bottom. 

Debris starts t o  m e l t  through t h e  bottom head. 

Vessel bottom head f a i l s ,  r e s u l t i n g  i n  a pressure increase 
of 0.0047 MPa (0.68 psia). 

Debris starts t o  b o i l  water from contaiument f loor .  

Drywe l l  e l e c t r i c  penetration assembly seals have f a i l e d  as 
the  containment tanperature exceeds 204.C (400.F) and start 
t o  vent through the  prlmary containment a t  a l eak  rate of 
118 &/e ( 2 5 0  ft3/min). 

Debris starts t o  m e l t  t he  concrete f l o o r  of the containment 
building. 
ly .  In t e rna l  heat enera t ion  i n  metals and oxides are 9.99 
x lo6 and 1.84 x 10 

Temperature of debr i s  i s  1750.C (3182.F) i n i t i a l -  

9 watts, respectively.  

Containment f a i l e d  as the  containment temperature exceeds 
260.C (500.F) and a l l  e l e c t r i c  penetration modules are blown 
out of the  containment. Mass and energy addi t ion  rates in to  
t h e  drywell are: 

Mass Rate Energy Rate 
(kg/s (lb/min) (w) (Btu/min) 

Steam 4.70 621.51 1.59 lo5 9052 
Hydrogen 0.14 18.27 0 0 
co2 1.29 170.23 
co 2.88 381.21 

The l eak  rate through t h e  drywell penetration seals i s  
-5.33 lo4 P / s  (1.13 x lo5  ft3/mln). 

Dryvell and w e t w e l l  pressures a r e  a t  0.10 MPa (-14.7 p a i d  
and temperatures are 700.C ( 1293.F) and 98.C (-209'F), 
respectively.  
area i s  -5.18 x lo4  P / s  (-1.10 x l o5  ft3/mln). 

The leak  r a t e  through t h e  contdrment  f a i l ed  
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821.5 ria. Drywell and w e t w e l l  temperatures are 737.C (13S9.F) and 93OC 
(199*F), respectively.  
ment f a i l e d  area i s  -4.23 x lo4 
f t 3/lain) . 

The l e a k  rate through the contain- 
&/e (-8.96 X lo4 

1127.5 mln. Drywell and w e t w e l l  temperatures are 468% (-875.F) and 
86OC (-188OF), respectively.  The leak rate through the 
containment failed area i s  -4 .79  x lo4 le/s (-1.02 x 
io4 ft3/min).  
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C-19 are the resulting environmental profiles for drywell temperature, 
suppression pool temperature, and drywell pressure respectively. The 
explanation in Section 2.5.1 relating the general shape of the profile 
curves to specific events in the sequence also applies here. Note that in 
Figure C-19 no specific values for the pressure pulse were given in the 
available documentation, but it is probable that this pulse is similar to 
the pressure pulse displayed in Figure C-13 for the short term sequence. 
One difference worth mentioning is that with injection available for the 
first four hours, more decay heat energy is removed to the wetwell. This is 
evidenced by the fact that wetwell temperature reaches a higher peak value 
in the long term sequence than in the previous short term sequence. The 
general shape and behavior of the curve, however, is the same as the short 
term sequence described in Section 2.5.1. 

2.5.3 TW 

The TW sequence, a transient without means to cool the suppression pool, was 
also examined. Two separate scenarios were examined for this sequence. 
Scenario 6 considered the effects of operator action to depressurize the 
vessel about one hour into the accident. Scenario 7 examined the conse- 
quences of a stuck open relief valve. A single set of environmental pro- 
files was constructed for the two scenarios as they produced very similar 
results. In this sequence, containment failure precedes core damage. This 
means that the LTAS code should be able to generate good data for most of 
the sequence because the core will be covered for a longer period of time. 
Figures C-20 and C-21 show the LTAS data used to form the first 15 hours of 
the environmental profiles found in Figures C-22-24.  MARCH generated data 
found in Table C-5 (Ref. 6, pgs 19,25,29,30,96, and 98) was used to verify 
the LTAS curves and complete the profiles. A brief discussion explaining 
the behavior of the environmental profiles for this sequence follows. 

Figure C-22 shows the drywell temperature as a function of time for the TW 
sequence. Note that foll owing reactor scram drywell temperature slowly 
decreases as would be expected since the reactor is no longer generating 
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From: 
NUREG/ CR-2973 

Table C-5  T imetable/Plots  o f  events f o r  
unmi t iga ted  loss o f  DHR w i t h  un i fo rm pool  heatup 1 o f  6 

l i m o  
(h)  

Event 

0 

1 

1 

2 

2 

4 

8 . 6  

1 3  

14 

21.5 

23.5 

35 

I n i t i a t i n g  r e a c t o r  t r i p  f o l l w e d  by I(sIy c lo ro ro  and f a i l r u e  of 
both pool coo l in#  and rhutdown cool ing mode8 of t h e  PBB ryrtem. 

B i lh  drywell  p re r su re  s c r m  a t  0 .115  ma ( 2  pr i a ) .  Diesel aerier- 
r t o r r  8nd r u t o m r t i c r l l y  i n i t i r t e d .  Drywell con t ro l  a i r  
c a p r e r s o r r  i r o l r t e d .  Operators  v a l v e  s t a t i o n  con t ro l  a i r  i n t o  
d w e l l  con t ro l  a i r  Aoadar. 

Pool tomperr toro oxcoodr 49*C (12O'F) - opera to r8  bogin COP 
t r o l l e d  d e p r o r s u r i r r t i o n  of r e a c t o r  r e r r e l .  
h r o  spray i n i t i a t i o n  s i g n a l  t r o a c t o r  r o s r e l  p r e r r o r e  (3.21 m8 
(465 p s i r )  and m e 1 1  pre r ro re  >0.115 Ypa ( 2  p r i g ) l  causer l o r d  
shodding i f  l o r 8  of o f f r i t e  power i r  r t i l l  i n  e f f e c t .  Operators  
mort use l o c a l  con t ro l  s t a t i o n s  t o  r e s t o r e  d i e r e 1  power t o  
s t a t i o n  con t ro l  a i r  comprerrors (A and D) and drywell  coolers .  

Supprer r ion  pool temperature exceed8 the  60*C (14OeF) recommended 
maximoo temperature f o r  cool ing of PCIC and HPCI lube o i l .  
CIU) hydrau l i c  system p r w i d e r  s u f f i c i e n t  r e a c t o r  r e r r e l  
i n j e c t i o n -  no PCIC system ope ra t ion  a f t e r  t h i s  time. 

Opera tors  mort bea in  t o  t h r o t t l e  CPD hydrau l i c  ryrtem pump t o  
avoid o v e r f i l l i n 8  t h e  r e a c t o r  r o r r e l .  

HPCI and PCIC tyrtom s t e m  rupply l i n e  i s o l a t i o n  c rured  by high 
[93*C (2OO*F)1 t o r u s  room temperature.  

PCIC t u r b i n e  high exhaurt  pressure t r i p  a t  c o n t a i m e n t  p re r su re  

m e 1 1  der ign  pressure (0 .49  Ypa (56 p r i g ) ]  oxceeded. 

SRVr become inope ra t ive  i n  remote-manual mode becaure drywell  

~ 0 1 1  f a i l s  when i n t e r n a l  p r e r r u r e  exceed8 0 . 9 1  Ypa (117 p r i g ) .  
Supprer r ion  pool temperature ha8 i nc rea red  t o  173*C (343eF) .  

>0.28 (25 p r i g ) .  

prO88urO excoedr 0.55 ma (65 p r i g ) .  
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NO POOL HEATUP 
D U R I N G  
R EP R E SSUR I Z A T I O N  
c__II 

HEATUP RATE DECREASES 
AFTER REACTOR VESSEL 
DECA ESSUR I Z A T  ION 
COMP L E T E 

Unmitigated Loss of DER - suppress ion pool temperature. 
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RATE OF PRESSURE INCREASE 
SLOWED D U R I N G  REACTOR 
VESSEL REPRESSURIZATION 

-/ 

Unmit igated Loss of DHR - drywell pressure (drywell coolers  operated u n t i l  f a i l u r e ) .  
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ACCELERATED RATE OF TEMPERATURE INCREASE 
DUE T O  INCREASING REACTOR VESSEL 
TEMPERATURE DURING REPRESSURIZATION 

L DESIGN TEMPERATURE (281°F) 
. _ _ _ . _ _ _ . _ _ _ . _ _ _ . . . _ . . . _ _ . . . _ _ _ _ - . _ _ . _  

ORYWELL COOLERS FAIL- / 
!Inmi t igated Loss o f  DHR - drywell temperature (drywell coolers operated unti 1 f a i l u r e ) .  
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CI ORVWELL FAILURE 
AT 1115 min 

BLOWDOWN COMPLETE 
AT 2179 min 

J 
m.0 2l20.0 2240 0 2360 0 24800 26000 

TIME - MINUTES 
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heat, drywell coolers are still operating, and decay heat loads are being 
sent to the suppression pool through the SRVs. This continues until about 
the 10 hour point when temperature turns from a negative to a positive 
slope. Close examination of the suppression pool temperature profile shown 
in Figure C-23 and the drywell pressure profile shown in Figure C-24 pro- 
duces an explanation for this change in slope. At the 10 hour point the 
suppression pool has actually reached the boiling point for the indicated 
drywell pressure. Thus, the steam energy built up in the wetwell due to 
decay heat loads is now transferred to the drywell. This results in a 
positive sloped temperature and pressure profile within the drywell. This 
trend continues in all three profiles until the 17 hour point when the 
drywell coolers are assumed to fail due to high temperature (ZOOOF). This 
causes the slope o f  the drywell temperature profile to increase until a new 
equilibrium is established accounting for the loss of the drywell coolers. 
The drywell cooler failure has little effect on the drywell pressure and 
wetwell temperature profiles. The next point of interest occurs at about 23 
hours when operator control of the SRVs fails due to insufficient pressure 
differential. In scenario 6, this causes the vessel to repressurize. 
During this time, the wetwell gets a short reprieve from the decay heat load 
previously being dumped through the SRVs. This is not the case in scenario 
7 where the stuck valve remains open to continue steam removal from the 
vessel to the wetwell. However, this produces only a minor difference in 
the profiles and the two cases end up at the same temperature and pressure. 
There is a small reduction in the slope of the wetwell temperature profile 
seen in Figure C-23 following the SRV failure due to the lack of SRV flow 
until the reactor vessel is fully repressurized (scenario 6). This process 
of decay heat removal to the wetwell and drywell atmospheres continues until 
containment pressure finally reaches the failure level. Note that this 
sequence is a very slow, gradual process needing over 35 hours to complete. 
Following containment failure, for purposes of this study, it is assumed 
that all coolant injection is lost. Note that in fact, core cooling cap- 
ability may survive containment failure thereby preventing core melt. 
Temperatures initially decrease as energy is released to the environment, 
but rapidly increase in the drywell as the core uncovers. Reactor vessel 
breach is estimated at about 39 hours. 
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2.5.4 TC 

The TC (with MSIV closure) sequence is characterized by the control rods 
failing to insert following a transient event which causes the power conver- 
sion system to fail or otherwise isolate. Reactor power levels at a point 
dependent on the coolant makeup rate. Heat from the fission process is 
dumped to the suppression pool through the safety relief valves. With the 
reactor remaining at power the suppression pool is stressed beyond the 
capacity of the heat removal system. This leads to a temperature rise in 
the wetwell causing containment pressure to increase to the point of fail- 
ure. Two variations of this sequence were investigated to construct the TC 

environmental profi 1 es. 

In both scenarios, the operator manually controls water level initially and 
starts suppression pool cool i ng. In scenario 8 the operator depressurizes 
the vessel 1000 seconds into the accident, while in scenario 9, a safety 
relief valve sticks open 250 seconds into the accident. The results for 
both these scenarios were very similar so a composite of the scenarios was 
constructed to form the environmental profiles for the TC-MSIV closure 
sequence. 

Figure C-25 displays LTAS predicted water level behavior with time for the 
operator depressurization scenario. Note that the water level drops to 
below the top o f  the active fuel within the first 300 seconds. However, the 
core is subsequently re-covered as the operator attempts to keep the water 
level at the top of the active fuel. Subsequent highs and lows in water 
level are attained. Figures C-26 and C-27 show the LTAS results for drywell 
and wetwell temperatures and drywell pressure which agree quite well with 
MARCH data (Ref. 10, pgs 6-21,6-22, and 6-45 to 6-50). Figures C-28 and 
C-29 display the MARCH data used to complete the profiles beyond the 4000 
second (about 1 hour) cut-off for the LTAS data. The resulting profiles are 
shown in Figures C-30, C-31, and C-32. A brief discussion of the resulting 
environmental profi 1 es foll ows. 
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Drywell temperature behavior for this sequence is best understood by examin- 
ing Figures C-26 and C-30 closely. Note that drywell temperature remains 
constant for the first 1400 seconds of the accident. During this time the 
reactor is dumping the majority of its energy to the wetwell and the drywell 
coolers are operating. At 1400 seconds into the accident the suppression 
pool temperature has reached the boiling point for the containment pressure. 
Once the wetwell starts to boil, its energy is released to the drywell. 
Thus the drywell temperature and pressure start to rapidly climb at this 
point. This continues to the point of containment failure about one hour 
into the accident. At this point vessel injection is assumed to fail and 
the reactor is shut down due to the lack of a moderator. The core uncovers 
leading to vessel failure with a rapid drywell temperature response, and 
then a slow rise in compartment temperature due to radiative heating from 
the debris bed. 

The wetwell profile shown in Figure C-31 shows how the suppression pool 
temperature initially leads the drywell temperature but then matches it once 
saturation conditions are reached. After the point o f  vessel failure, decay 
heat energy is predominantly deposited in the drywell so the wetwell tempera- 
ture profile levels to a constant value. 

The pressure profile shown in Figure C-32 shows how containment pressure 
starts to rapidly rise once the wetwell heat removal capacity is exceeded 
and saturation conditions are reached. This rapid rise continues to the 
point of containment failure at about 132 psia. The pressure profile then 
drops to atmospheric pressure over the next hour since the containment leak 
rate is assumed relatively small. 
large heat load occurs so quickly that the compartment can again pressurize 
because the containment opening to the atmosphere is small. Once this heat 
load i s  absorbed, the containment pressure drops to and maintains atmos- 
pheric pressure. 

At the point of vessel failure such a 

A third scenario (8A) models a TC sequence with the MSIVs remaining open (no 
isolation of the PCS). Current estimates indicate that the PCS is capable 
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of dissipating about 20% - 25% power with the main turbine off line. Power 
varies between 15% and 35% in this sequence depending on the success of 
water level control. Since the degree of level control is not expected to 
be of primary concern to the operators, it is assumed that average power is 
approximately 30%. Thus the sequence was modeled as a TW sequence with 5% 
power being sent to the suppression pool via the SRVs. The sequence was 
modeled in this way because the LTAS code doesn't have provisions to model 
the MSIVs open for any transient sequence. By forcing the calculated value 
of the decay heat load for the TW sequence to be a constant 5%, a good 
approximation of the TC/MSIV open sequence can be obtained. The entire 
sequence was modeled using the LTAS code. No MARCH data was used. Figures 
C-32A,B,C, and D show vessel water level, drywell temperature, suppression 
pool temperature, and contaiment pressure respectively. Observing these 
figures shows that the sequence behavior is almost identical to the previous 
TC sequences with the MSIVs shut. The only difference is having the MSIVs 
open allows some of the energy to be directed to the PCS and thus it takes a 
longer time for the suppression pool to reach saturation conditions result- 
ing in the rapid containment pressure rise as previously described. The 
MSIV open case takes approximately 4 hours t o  reach the point of containment 
failure as opposed to 1.0 hours. The remainder of the temperature and 
pressure profiles (after containment failure) were estimated using the TC 
(MSIV-cl osed) profi 1 es described earl ier. Core me1 t/vessel breach is 
estimated at approximately 6.7 hours into the sequence. 

2.5 .5  TQUV 

The TQUV sequence is characterized by a transient-induced scram followed by 
a loss of all high and low pressure injection except for limited Control Rod 
Drive (CRD) system flow. The computer data for this sequence assumed one 
CRD pump was in operation. Three separate scenarios for this sequence were 
examined to determine the environmental profile sets for this accident. The 
first involved the operator depressurizing the reactor vessel, the second 
was a case of a stuck open relief valve, and the third involved no operator 
action with the vessel remaining at pressure. These are LTAS scenarios 
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numbers 10, 11, and 12 respectively. It was found that scenarios 10 and 11 
were similar enough to be grouped together into a single set of environment- 
al profiles, while the no operator action case had enough unique points to 
warrant a separate profile construction. 

The first set of profiles considered is the one constructed for scenario 12, 
the no operator action or pressurized case. In this scenario the CRD pump 
must work against a higher head and this results in a lower flow output. 
Figure C-33 shows the LTAS results for water level behavior in this 
scenario. The core uncovers about 2000 seconds into the accident (about 33 
min.). Therefore, LTAS data was used up to 2000 seconds. Figures C-34 and 
C-35 show the LTAS results for drywell and wetwell temperature and drywell 
pressure used to construct the profiles up to the 2000 second point. The 
remainder of the profiles were developed using the MARCH timing data repre- 
sented by Case 1 of Table C-6 (Ref. 3, pg. 34) and using the general profile 
shapes of a similar boil-off sequence (TB) with additional guidance provided 
by old MARCH run plots (Ref. 5, pg. 31). As was the case for the TB 
sequences, the temperatures and drywell pressure for TQUV were assumed to 
change insignificantly until the point of vessel breach since both are 
similar boil off calculations. At that point, temperature and pressure 
profiles were approximated by those of the TB sequence knowing that contain- 
ment failure occurs at 430 minutes into the accident (from Table C-6) at a 
drywell temperature of 400-500 degrees F (when the electrical penetrations 
fail). 
cantly as was the case for TB. The drywell pressure pulse was approximated 
using the general shape of the pressure pulse for TB but for the time 
periods presented in Case 1 of Table C-6 for vessel breach and containment 
failure. The shape and general trends for the curves presented in Reference 
5, page 31, added further validity to the approximations. Figures C-36, 
C-37, and C-38 display the resulting completed profiles. In terms of the 
profile behavior, the discussion in Section 2.5.1 applies here as the 
sequence is similar to a station blackout with no injection. 

The suppression pool temperature was assumed to not change signifi- 
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Table C-6 - Comparison o f  accident event 
timing for  the at-pressure cases 

(with no operator act ion) .  

c a s e  1 c a s e  2= 

S t a r t  of f u e l  m e l t i n g  105 96 

Core rlmnp 27 6 145 

280 211 PW head f a i l u s  

43 0 26 7 C o n t a i m e o t  f a i l u e  

d 

8 

%inntar a f t e r  r e a c t o r  scram. 

bRessure  c o n t r o l  be tween 7.38 and 7.72 
YPa (1055 and 1105 p r i g )  w i t h  average  CXD 
i n j e c t i o n  of 6.68 L / s  (-106 gpm). 

NPa (1055 and 1105 p r i g )  w i t h  no (BD 
i n j e c t i o n .  

dcaae  1 head f a i l u r e  caused  by v e s s e l  
u v e r p r e s s u r i z a t i o n  a f t e r  c o r e  s l m p  r a t h e r  
t h a n  corium a t t a c k  on head ,  a s  in Case 2. 

c P r e s s u r e  c o n t r o l  be tween 7.38 and 7.72 

4 Doe t o  o v e r t e m p e r a t u r e  f a i l u r e  of dry- 
well o l c c t r i c a l  p e n e t r a t i o n  a s s e m b l i e s .  

Table C-7 - Comparison of accident event 
t i m i n g  for  the SORV cases w i t h  

no operator action. 

C a s e  1 Case 2' 

S t a r t  of foe1  m e l t i n g  80 73 

Core slump 206 111 

43 4 2 53 

47 2 2 86 

d Bw head f a i l u r e  

Containment f a i l u r e  
Q 

aWinuter a f t e r  r e a c t o r  scram. 

b~ i n j e c t i o n  i n c r e a s e s  from 1 0 4  gpm a t  

'%io i n j e c t i o n  

1100 p s i a  t o  -180 gpm a f t e r  60 m i n .  

C a s e  1, t h e  c o r i u a  d e b r i s  is quenched 
when  t h e  c o r e  rlumps; t h u s  t h e  corium must re- 
h e a t  b e f o r e  a t t a c k i n g  t h e  b o t t a n  h e r d .  

d r y r e l l  e l e c t r i c a l  p e n e t r a t i o n  a s s e m b l i e s .  

8 h e  t o  o v e r t e m p e r a t u r e  f a i l u r e  of t h e  
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The other set of profiles constructed was for those scenarios involving the 
reactor being depressurized (scenarios 10 & 11). Figure C-39 shows the LTAS 
predicted water level behavior for this case. Again the core uncovers about 
2000 seconds into the accident. This time however, because the vessel is 
depressurized, the CRD pump is able to operate at a higher flow rate. This 
has the effect of postponing core damage and containment failure. Figures 
C-40 and C-41 display the LTAS data for drywell and wetwell temperature and 
drywell pressure used to construct the environmental profiles for the first 
2000 seconds. MARCH data found in Table C-7 for Case 1 (Ref. 3, pg. 34) was 
used to complete the profiles. Figures C-42, C-43, and C-44 show the 
resulting completed profiles. Again the reader is referred to the text in 
Section 2.5.1 for an explanation as to the general behavior of these curves. 

2.5.6 AE 

The AE sequence is characterized by a large pipe break in the primary system 
such as in a recirculation line. The reactor blows down to the drywell 
which relieves to the wetwell through vertical vents. Injection systems are 
assumed to be inoperable. The blowdown results in subsequent core uncovery 
and me1 t. The suppression pool remains subcool ed throughout the event. 
Only one scenario was investigated for this sequence because without injec- 
tion, there are not many operator actions which can mitigate the severity of 
the accident. Therefore, a case with no operator action was run to con- 
struct the environmental profiles for this sequence. 

Figure C-45 shows the LTAS predicted water level behavior for this sequence 
using the largest break size which can be currently analyzed by the code. 
The LTAS results indicate the core is uncovered 700 seconds (11 min.) into 
the accident. This is not in agreement with the MARCH data because the 
MARCH run was completed on the basis of a larger break size. Therefore, 
only MARCH data (Ref 10, pgs. 6-9,6-10,6-45,6-47, and 6-49)  was used to 
complete this sequence in order to remain consistent throughout the profile 
construction. Figures C-46 and C-47 show the MARCH plots used to construct 
the profiles for drywell and wetwell temperature and drywell pressure. The 
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completed profiles are shown in Figures C-48, C-49, and C-50. A brief 
discussion of the profiles follows. 

Drywell temperature and pressure are shown in Figures C-48 and C-50. 
Initially these parameters rise quickly in response to direct exposure of 
the drywell atmosphere to the superheated steam/water mixture from the 
reactor vessel. This continues until all the coolant has left the vessel 
resul ti ng in the core becomi ng uncovered. The drywell temperature and 
pressure then level until decay heat causes core slump about 26 minutes into 
the accident. At this point the containment pressure and temperature 
experience a tremendous rise due to the production of hydrogen and the 
transport of the noncondensible gases into the wetwell due to the zircaloy 
reaction (Zr t 2H20 - - >  Zr02 t 2H2) as the fuel rods melt. Containment 
failure occurs almost immediately with peak containment temperature pre- 
dicted to be in excess of 2000OF and pressure exceeding 130 psia. When 
containment fails, pressure falls to atmospheric and temperature starts to 
decrease. This continues until vessel breach when another smaller spike 
occurs. Decay heat from the molten core is sufficient to cause a slow 
temperature rise of the open drywell atmosphere which continues past the 15 
hour point when the analysis ends. 

Suppression pool temperature behavior is shown in Figure C-49. The wetwell 
also experiences an initial temperature rise due to the transfer of heated 
reactor coolant to its volume. Because of the large wetwell volume, the 
addition of this coolant does not have a major impact and the temperature 
rise remains within manageable levels. Once core slump occurs, the sudden 
release of noncondensible gases to the wetwell causes a momentary tempera- 
ture spike, but this heat load is also quickly absorbed by the wetwell 
volume. The wetwell volume begins a phase of very slow heating due to 
continued release of heat energy from the reactor vessel. Once vessel 
failure occurs, wetwell temperature levels for the rest o f  the sequence. 
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2.6 Summary 

This section has presented the construction methodology for  the environ- 
mental profiles generated for examination by the PEEESAS program. Sources 
of information used i n  t he i r  construction were reviewed and resu l t s  from 
past programs were compared t o  present d a t a  i n  an e f for t  t o  validate the 
prof i les .  Table C-8 presents a synopsis of  the prof i le  generation resu l t s .  
As can be seen from the table ,  a t o t a l  of  9 se t s  of profiles were construct- 
ed t o  describe the 14 scenarios used t o  represent the most probable p a t h  o f  
the 5 accident sequences chosen for th i s  s tudy .  
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3.0 QUALIFICATION PROFILES 

3.1 Introduction 

This section of the appendix presents the qualification profiles used for 
comparison purposes in this phase of the PEEESAS program. Although all test 
profiles for a given plant must envelope plant specific calculations, it is 
assumed that all equipment of interest has been qualified to the levels 
presented here. The PEEESAS program used a typi cal qual i f i cat i on prof i 1 e 
based on IEEE 323-1974. In cases where equipment is not qualified to the 
typical qualification profile, the results of this study may have to be 
adjusted . 

3.2 Profile Discussion 

IEEE standard 323-1974 addresses the qualification of Class 1E equipment for 
nuclear power plants. The standard states that testing is the preferred 
qualification method. Equipment must be tested to the environmental profile 
based on the postulated design basis event (large LOCA). In addition, the 
test profile must add margin to the environmental profile to account for 
variations in manufacturing and uncertainty in defining satisfactory perfor- 
mance. To assure performance, the test profile includes margin; additional 
peak transient, increasing the temperature by 15OF, increasing the pressure 
by 10% (gauge), and increasing the time (that equipment must operate follow- 
ing the design basis event) by 10%. 

Although the actual test profile must be based on plant-specific calcula- 
tions, a representative test profile is presented in IEEE Std 323-1974, 
Appendix A. Temperatures and pressures, as a function of time, were calcu- 
lated for a typical LOCA in a PWR and a BWR. The larger value o f  tempera- 
ture or pressure, at time, was used to develop the typical test profile. 
These resulting temperature and pressure profiles are shown in Figures C-51 
and C-52. IEEE 323-1974, Appendix A also gives an accident dose of 150 Mrad 
and a demineralized water spray rate, for a BWR, of 0.15 (gal/min)/sq.ft. 
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3 . 3  Summary 

This section has presented the reasons for using the I E E E  Std 323-1974 
qualification criteria for comparison of accident profiles and qualification 
profiles. It was assumed for the purposes of this study that all the 
equipment identified for further test and analysis has been qualified to 
these criteria. Specific issues, including the limitations in using this 
profile, margin, temperature and pressure response, total radiation dose, 
and demineralized water spray rate were discussed. 



4.0 RESULTS 

4.1 Introduction 

This section of t,,e appendix compares the nine environmental profiles sets 
(section 2.0) to the qualification profiles described in the last section. 
Points where the environmental profiles exceed the qualification profiles 
are some areas for closer examination and possible testing. The appropriate 
qualification profile was overlayed with each environmental profile. This 
overlay allows easy identification of those areas in excess of the qualifi- 
cation limit. Data from each of these overlay comparisons was then tabu- 
lated in summary form permitting quick review of the results. 

4.2 Prof i 1 e Compari sons 

4.2.1 TB (short term) 

The short term blackout sequence had two sets of profiles. The first set 
was for the case with late or no operator action. Figures C-53, C-54 and 
C-55 present the comparisons for this case. Note that drywell temperature 
exceeds the maximum qualification temperature 3 hours into the accident. 
Between vessel breach and containment failure, the drywell temperature 
spends approximately 15 minutes above the maximum temperature of the qualifi- 
cation profile. During this time temperature approaches 500OF. Figure C-54 

indicates that suppression pool temperature never exceeds the maximum 
qualification temperature and thus is not an area for concern. Figure C-55 
shows that drywell pressure exceeds the maximum qual ification pressure at 
about 3.0 hours into the accident. Between vessel breach and containment 
failure the drywell atmosphere pressure spends about 10 minutes above the 
qualification profile level and reaches a peak level o f  approximately 100 
psia. This is approximately 1.25 times the qualification level o f  85 psia. 

The second set of profiles constructed for the short term blackout sequence 
involved the case where the vessel is depressurized. Figures C-56, C-57, 
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and C-58 present the comparisons for this case. As shown in Figure C-56, 

drywell temperature exceeds the maximum qualification temperature about 2.7 
hours into the accident. From time of vessel breach to the time of contain- 
ment failure at 500 degrees, drywell temperature spends about one-quarter 
hour above the maximum qualification temperature. Again it can be seen from 
Figure C-57, that wetwell temperature never even approaches the maximum 
qualification temperature. Figure C-58 shows that containment pressure 
never exceeds maximum qualification pressure. This indicates that the 
temperature environment is the driving force in causing containment failure 
about 3 hours into the accident (due to electrical penetration failure at 
about 500OF). 

4.2.2 TB (long term) 

Profile set number 3 represents environmental conditions for the long term 
TB sequence. Figures C-59, C-60, and C-61 show the environmental profiles 
overlayed with the qualification profiles. Figure C-59 indicates that 
drywell temperature exceeds the maximum qualification temperature 8.0 hours 
into the accident. This precedes both vessel breach and containment 
failure. The drywell temperature remains above qualification 1 imits over 
the next 2.0 hours until containment failure. Suppression pool temperature, 
as with the short term sequence, never approaches the maximum temperature 
value as shown in Figure C-60. In Figure C-61, containment pressure is 
shown to approach about 90-100 psia. This is an estimate based on behavior 
seen in the short term sequence. No actual value was found for the peak 
pressure value, but it is assumed that containment failure was caused by 
temperature as was seen in the short term blackout sequence. This means 
that containment pressure would peak below 130 psia (which is the estimated 
containment failure point due to pressure). Using a 90-100 psia peak 
estimate, it is seen that pressure exceeds the maximum qualification pres- 
sure about 9.5 hours into the accident and remains in excess of this level 
until containment failure at 10 hours into the accident. A peak level of 

on pressure o f  85 90-100 psia is about 1.2 times the maximum qua 
psia. 

ificat 
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4.2.3 TW 

The TW sequence was represented with environmental profile set number 4. 
The results of overlaying the environmental profile curves with the qualifi- 
cation profiles are shown in Figures C-62, C-63, and C-64. Figure C-62 
shows the behavior of the drywell temperature environment in relation to the 
qualification profile. Note that drywell temperature doesn't exceed the 
qualification limit until about 28 hours into the accident. From this point 
temperature continues to cl imb to about 425OF when containment failure 
occurs due to high pressure at 35 hours. Past the 35 hour point, drywell 
temperature rises steeply up to the time of core slump and vessel breach at 
about 36 hours and 39 hours respectively. Figure C-63 shows that suppres- 
sion pool temperature exceeds the maximum qualification temperature at about 
34 hours into the accident and remains in a slow climb for the remainder of 
the accident up to the point of containment failure. Figure C-64 shows how 
containment pressure behaves throughout the accident. Pressure exceeds the 
maximum qualification pressure about 28 hours into the sequence and 
continues an almost linear climb to 120-130 psia where containment fails 35 
hours into the accident. After containment failure pressure drops to 
atmospheric and remains there for the rest of the sequence. 

4.2.4 TC 

The TC sequence was represented with profile set number 5 and 5A. Figures 
C-65, C-66, and C-67 show the results of comparing the set number 5 environ- 
mental profiles with the qualification profiles. In Figure C-65, it can be 
seen that drywell temperature approaches and just exceeds the maximum 
qualification temperature briefly at the point of containment failure 
(occurring about 1 hour into the accident). The temperature then dips down 
below the qualification profile and remains there until the point of vessel 
breach which occurs 3.8 hours into the accident. These results indicate 
that the drywell temperature does not significantly exceed the qualification 
level until after both containment failure and vessel breach. Figure C-66 
shows that wetwell temperature approaches but never exceeds the maximum 
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qualification temperature at any time during the accident. Figure C-67 
demonstrates that containment failure is definitely due to an overpressure 
condition. Pressure exceeds the maximum qualification pressure about 30 
minutes into the sequence rising to the containment failure level of approxi- 
mately 130 psia at about 1 hour into the accident. Note that the MARCH 
data used to generate this profile shows a rather gradual return of 
compartment pressure to atmospheric level after containment failure. The 
LTAS code and other MARCH versions show a more sudden drop in compartment 
pressure. Actual pressure behavior would be largely dependent on the method 
and size o f  containment failure. The gradual drop in pressure is displayed 
here to be consistent with the data the curve is based on. In actuality, a 
more sudden drop in pressure may occur. The figure indicates that the 
pressure environment spends about .75 hours in excess of qual i f i cati on 
levels reaching a peak amplitude of 132 psia which is about 1.6 times 
greater than the qual i f i cat i on 1 evel . 

Figures C-65A, C-66A, and C-67A compare the set number 5A profiles with the 
qualification profiles. It can be seen from Figure C-65A, that maximum 
qualification temperature is not exceeded by the time of containment failure 
(3.9 hours). Assuming that the MSIV open profile follows the MSIV closed 
profile from this point on, it can be seen that drywell temperature will 
never exceed maximum qual i f i cation 1 evel unt i 1 after vessel breach 
(estimated at -6.7 hours). Since it was assumed that suppression pool 
temperature follows the TC MSIV closed curve from containment failure on, 
the suppression pool temperature may briefly exceed maximum qualification 
1 evel s after containment fail ure but before vessel breach. Containment 
pressure exceeds maximum qualification level 3.4 hours into the accident 
with containment failure occurring at about 3.9 hours. Figure C 67A 
indicates that containment pressure spends -.5 hours in excess of max mum 
qualification pressure reaching a peak amplitude of -132 psia (1.6 t mes 
greater than maximum qualification level). 
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4.2.5 TQUV 

The TQUV sequence is represented by profile sets 6 and 7.  Profile set 6 

shows the environment response to the cases where the reactor vessel remains 
at pressure throughout the sequence. Figures C-68, C-69, and C-70 show the 
environmental comparisons to qualification profiles for the sixth set of 
environmental profiles. Figure C-68 shows that drywell temperature remains 
very constant until the point of vessel failure about 5 hours into the 
accident. From this point drywell temperature rises rapidly exceeding the 
maximum qualification temperature about 6.5 hours into the accident. The 
containment spends approximately 1/2 hour in excess of the maximum qualifi- 
cation temperature before containment failure at about 500OF. Figure C-69 
indicates that suppression pool temperature never exceeds the qualification 
prof i 1 e. Containment pressure exceeds qual i f i cati on 1 evel s approximately 
6.2 hours into the accident as shown in Figure C-70. Maximum pressure 
obtained approaches 110 psia. The containment spends about .8 hours in 
excess of the maximum qualification pressure before containment failure 
occurs and pressure returns to atmospheric. 

Profile set number 7 described the TQUV sequence when the reactor vessel was 
depressurized. The behavior of this sequence is identical to the previous 
TQUV profile except that all major events occur later in time. Figures 
c-71, c - 7 2 ,  and C-73 show environmental behavior in respect to qualification 
profiles. Figure C-71 shows drywell temperature exceeding maximum qual ifi- 
cation temperature 7.8 hours into the accident and spending about 25 minutes 
above the qualification profile before containment failure at about 500OF. 

A s  before, wetwell temperature never exceeds qual i f i cat i on 1 evel s as seen i n 
Figure C-72. Figure C-73 shows containment pressure exceeding qualification 
levels 7.9 hours into the sequence and remaining in excess o f  the qualifica- 
tion limit until containment failure at 8.2 hours. Again, maximum pressure 
is about 110 psia which occurs at the point of containment failure. 
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4.2.6 AE 

Environmental profile set number 8 represents the AE sequence. Figures 
C-74, C-75, and C-76 show the results of comparing the AE environmental 
profiles with the qualification profiles. Figure C-74 shows that drywel’l 
temperature exceeds maximum qualification temperature about 30 minutes into 
the accident attaining a peak temperature of over 2OOOOF. This pulse width 
is on the order of 10 minutes. 
tion levels for the entire 100 minutes between containment failure and 
vessel breach. A s  seen in previous sequences, suppression pool temperature 
never exceeds the maximum qualification temperature as shown in Figure C-75. 
Figure C-76 shows the pressure spike associated with containment failure 
which exceeds the maximum qualification pressure by a large margin. This 
spike lasts about 5 minutes above the 85 psia qualification limit. The 
pressure reaches the containment failure point which is about 1.6 times the 
qualification 1 imit. 

The temperature remains well above qualifica- 

4.3 Summary 

This section has presented the comparison o f  the nine environmental profile 
sets t o  typical qualification profiles. Areas where the environmental 
prof i 1 es exceeded the qual i f i cati on prof i 1 es were noted. Maximum tempera- 
tures and pressures in excess of the qualification limits as well as total 
time above qualification levels were also noted. Table C-9 summarizes the 
useful data from the environmental and qualification profile comparisons. 
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5.0 OTHER ENVIRONMENTAL CONSIDERATIONS 

The previous sections have focused on the pressures and temperatures for the 
selected severe accident sequences. However, other environmental considera- 
tions must be addressed to complete the investigation into the survivability 
o f  the components of interest under severe accident conditions. These 
considerations include humidity, flooding, water spray, radiation, and 
vibration. Each is addressed briefly in the following sections. 

5.1 Humidity Considerations 

Based on the fact that all electrical equipment within the Browns Ferry 
tions, humidity has containment has been qua 

been adequately addressed 

5.2 Flooding 

ified to 100% humidity cond 
by design basis conditions. 

The components of interest are all believed to be located well above any 
possible submergence levels based on plant qualification reports and equip- 
ment location information. It is therefore assumed that flooding represents 
little or no hazard to the components of interest. However information 
regarding the basis for the flooding calculations, for Browns Ferry Unit 1, 
could change this conclusion and cause the submergence issue to have to be 
reeval uated. 

5 . 3  Water Spray 

Equipment could be exposed to water spray. This would be the case when, for 
instance, drywell sprays (RHR) operate to cool and prevent overpressuri za- 
tion of  the containment. Since direct water spray may represent a worse 
condition than 100% humidity, it is suggested that any tests performed as 
part of the PEEESAS program consider spraying the components. 
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5 . 4  Radiation and Aerosols 

Current qualification criteria require consideration of radiation dose 
levels derived from assuming that 100% of  the noble gases, 50% of the 
halogens, and 1% of other fission products, including aerosols, are released 
to the containment environment. This leads to a maximum dose of 150 Mrads. 
Current information (Ref 11) suggests that this dose is appropriate for 
severe accident sequences. However, there are uncertainties when 
considering aerosol and other fission product dispersal patterns, such as 
direct plateout on the equipment or preferential radiation shine. Aerosal 
generation from concrete attack was not considered in this study due to the 
wide variablity of concrete types. 

5.5 Vibration 

Particularly for those sequences where containment failure occurs before 
vessel breach (TW, TC, AE), the resulting blowdown forces could cause 
vibration of equipment. Those components needed after the blowdown and 
until vessel failure may need to be examined under blowdown forces. Further 
review is necessary to determine if any resulting vibration could be worse 
than current seismic testing requirements. 
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6.0 SUMMARY 

The appendix began by explaining the LTAS code and other data sources used 
to construct environmental profiles for the 5 accident sequences to be 
examined by this program. The methodology used to construct the profiles 
was then explained in Sect on 2.4. The rest of Section 2 explained the 
actual construction of the 4 scenario profile sets used to describe the 5 
accident sequences. Because of similarities in some of the profiles, only 9 
actual profile sets were needed to describe the environments encountered in 
the 5 accident sequences. 

With the environmental profiles calculated and explained, the next area o f  
the appendix described current qualification standards which electrical 
equipment must meet. Section 3 of the appendix showed typical temperature 
and pressure qual i f i cat i on prof i 1 es . 

Section 4 of the appendix went through a careful comparison of the environ- 
mental profiles constructed in Section 2 with the typical qualification 
profiles presented in Section 3 .  Details such as time the environmental 
profile first exceeds the maximum level of the qualification profile, peak 
amplitude, and total time above the maximum qualification level were noted. 

The last section of the appendix addressed environments other than tempera- 
ture and pressure. These environments included humidity, flooding, water 
spray, radiation/aerosols, and vibration. 
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1 .o INTRODUCTION 

This appendix includes the analysis o f  the data presented in Appendices A, B, 
and C to arrive at a best estimate of which equipment and environments should 
be chosen for testing. 

1.1 Review of Appendices A, 6, and C 

Appendix A reviewed current PRA estimates to select the accident sequences for 
a BWR/Mark I (Based on the amount o f  data available and large number of past 
studies performed, Browns Ferry-1 was chosen to represent a BWR/Mark I ) .  The 
accidents were chosen based on being among the most probable and the highest 
risk contributors, but not necessarily the most severe. The accident 
sequences selected included TB, TW, TC, TQUV, and AE. Within each accident 
sequence, the more likely scenarios (accident progressions) were determined. 
This resulted in 14 scenarios representing the 5 accident sequences. 

Appendix B identified critical electrical equipment within the containment. 
This equipment would be subjected to the harshest environments generated in a 
severe accident. Only that equipment which could help mitigate or provide 
important plant status for the selected accident sequences were carried 
forward for examination. The selected equipment included MSIVs, HPCI/RCIC 
isolation valves, an RHR shutdown valve, SRV air solenoid and pilot 
assemblies, thermocouples, RTDs, pressure indications, and radiation and 
hydrogen monitoring devices. 

Appendix C dealt with defining the environments that would be generated in 
each of 14 scenarios representing the 5 selected accident sequences. Meltdown 
Accident Response Characteristics (MARCH) code results from past studies were 
coupled with new Long Term Accident Sequence (LTAS) code results to form a 
composite environmental profile describing pressure and temperature behavior 
verses time for each of the accident scenarios. The resulting environmental 
profiles were then compared to typical qualification profiles to indicate 
areas where equipment might experience environmental levels in excess of 
typical qualification levels. Besides the pressure and temperature profiles 
created by the above, additional environmental parameters were examined: 
radiation, humidity, flooding, spray, and mechanical vibration. A1 though 



these additional environments were deemed insufficient to cause failure by 
themselves, synergistic effects are investigated in Section 2.3 of this 
append i x . 

1.2 Goals For This Appendix 

The primary focus of this appendix is to develop an analysis methodology to 
sort and rank the data presented in the first three appendices. An overview 
of the four step analysis methodology is presented as Figure 9-1. The first 
step in the methodology is a three phase screening process used to examine the 
survivability o f  containment equipment based on environment, possible failure 
modes, and equipment functional importance for a given accident sequence. 
This three phase screening process is described in detail in Section 2.0 of 
this .4ppendix. 

After the screening process is complete, the results from sach phase cf the 
screening process are qualitatively ranked t o  allow comparison Df a given 
piece of equipment’s relative standing in terms of environment, failure mode, 
and function. A piece of equipment which scores high in all categories 
becomes a potential candidate for further analysis and possible test pending 
the PRA analysis review. This second step in the analysis methodology is 
implemented in Section 3.0 o f  this appendix. 

The third step of the analysis methodology examines possible effects, if any, 
that this survivability data may imply for current PRA estimates o f  sequence 
probabilities. This step in the analysis methodology is developed i n  .Section 
4 . 0  o f  the appendix. 

The fourth and last step in the analysis methodology . is the recommendations 
based on the results o f  the first three steps. The recommendations for 
equipment test are presented in Section 5.0 of this appendix. 
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1 . 3  Appendix Organization 

This appendix is organized into seven sections. 

- Section 1.0 is the introduction. It reviews Appendix A, B, and C, defines 
the analysis methodology, and presents the organization of the report. 

- Section 2.0 defines and implements the three phase screening process 
which is step one in the analysis methodology. 

- Section 3.0 presents the qualitative ranking of the three phase screening 
results. This is step two in the analysis methodology. 

- Section 4 .0  addresses the implications PEEESAS results may have on 
current PRA sequence probabilities. Where appropriate, qualitative 
estimates o f  changes in probabilities are made. This is the third step in 
the analysis methodology. 

- Section 5.0 lists recommendations for equipment test based on the results o f  

the first three steps in the analysis methodology. This is the fourth and 
final step i n  the analysis methodology process. 

- Section 6.0 is a report summary reiterating key results from 
implementation o f  the analysis methodology. 

- Section 7 . 0  is a list of references. 
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2.0 3 PHASE SCREENING PROCESS 

2.1 Introduction 

This section implements step 1 of the analysis methodology by screening 
current PEEESAS data for environment, failure modes, and functional 
considerations. Figure D-2 presents an overview of the process illustrating 
each of these three major phases. The results from this process serve as 
input to the ranking function (step 2) in the analysis methodology. 

2.2 Phase 1 - Environmental/Qualification Profile Screening 

2.2.1 Introduction 

When the accident environmental profile exceeds the typical qualification 
profile for a given environment, a determination must be made concerning 
equipment survivability at the elevated environmental level. The screening 
tasks in this section are designed to identify the equipment and profiles 
where equipment survivability is questionable. The screening tasks consider 
the accident profile only up to the latter of vessel breach or containment 
failure. Although some actions may be taken after both vessel breach and 
containment failure, these actions would have less impact than actions taken 
before vessel breach and/or containment failure. The major focus is to 
investigate what equipment can be used before both of these failures occur. 
Figure D-3 illustrates the six screens used in phase 1 to sort the equipment 
and profiles. Note each of the screens is numbered for easy reference. The 
screening tasks are examined in four discrete steps described in subsequent 
paragraphs. The results of the screening process are then placed in a summary 
matrix to facilitate later ranking of the data. 

2.2.2 Step One - - -  Profile Screens (Screens 1 & 2) 

Appendix C (ref. 21) compared the projected environmental profiles to typical 
qualification profiles. Table D-1 summarizes the results for easy reference. 
The results, in Table D-1, are the input to Screen # 1 shown in Figure D-4. 
Screen 1 eliminates the accident scenarios where the environmental profile 
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does not exceed the typical qual i f i cat i on prof i 1 e since the equipment should 
have been qualified to perform at the typical qualification profile levels. 
Table D-2 shows those profiles remaining after application of screen 1. 

In order to differentiate between those profiles which are slightly above the 
qualification limits and those which definitely exceed the qualification 
limit, (Screen #2),  the profiles which were 40% above the qualification 
prof i 1 e were retained. Note that 500 degrees (where temperature i s estimated 
to fail the containment) is 42% greater than the maximum qualification limit 
of 350 degrees. This means that every case where the environmental profile 
shows containment failure due to temperature will not be eliminated by screen 
#2. Table D-3 identifies those profiles which remain after applying the 
second screen. Application of these two screens reduces the 27 original 
profiles to 11 total profiles for consideration with the equipment screens. 

2.2.3 Step Two - - -  Equipment Screens (Screens 3 & 4) 

Appendix B focused on identifying equipment which could be important to 
accident mitigation. Table D-4 lists the equipment recommended for further 
analysis. The screens in this section are designed to couple equipment of 
interest with the sequences they influence. Figure D-5 highlights the two 
equipment screens described in this section. Screen 3 determines if a given 
piece of equipment is of possible use in an accident sequence. Reference 20 
provides a detailed account of how each piece of equipment might help mitigate 
a given accident sequence or provide important plant status information during 
the accident. Not all of the equipment shown in Table D-4 can help reduce the 
effect of a given accident sequence. For example, a Safety Relief Valve (SRV) 
is not required during an AE sequence since the vessel is depressurized 
anyway. Therefore, determining the survivability of an SRV actuation assembly 
for the environments encountered during an AE sequence is not needed. On the 
other hand, determining the survivability of an SRV actuation assembly for the 
environments predicted in a TQUV sequence (when low pressure is required to 
maximize CRD flow or restore low pressure cooling) would be useful. Table D-5 

presents the results of applying Screen 3 to the equipment of interest. 
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PHASE 1 E N V I R O N M E N T A L / O U A L l F l C A T l O N  
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EQUIPidENT SCREENS 

FIGURE D-5 - S T E P  TWO - EQUIPMENT SCREENING 
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Screen 4 is a timeline consideration. It determines when any potential 
corrective action for a given sequence would no longer be of any use. For 
example, the ability to operate an SRV past the point of vessel breach is 
useless since the vessel depressurizes when the breach occurs. Therefore, a 
piece of equipment should only be tested to the highest level expected within 
its "useful" timeline. Table D - 6  shows the results of this screen as applied 
to all equipment and profiles of interest. 

2.2.4 Step Three - - -  Profile Screens Repeated (Screens 1A & 2A)  

The next step in the screening process takes the coupled results from the 
first 4 screens shown in Figure D - 3  and refilters them through screens 1 and 
2. This step is illustrated in Figure D-6 .  The reapplication of these 
screens is beneficial because now that a piece of equipment's "useful" time- 
line has been determined, some equipment may never see an environmental level 
in excess of typical qualification levels until after its usefulness has 
expired. An example may help to explain this process. Suppose it is desired 
to know if the MSIV solenoid assembly would survive the drywell temperature 
environment predicted for the short term blackout sequence described in 
profile set number 1 (short term blackout with no operator action). Figure 
D-7 ,  taken from Appendix C, shows the results o f  comparing the projected 
drywell temperature for thi s sequence against a typical temperature qual i f i - 
cation profile. Note that this profile was not eliminated by screen number 1 

the first time through since the sequence does exceed maximum qualification 
temperature levels. But now this profile can be coupled with a specific piece 
of equipment and be reexamined. Screen 3 said that the ability to reopen the 
MSIVs could help mitigate the effects of this accident (Ref. 20). Screen 4 
said that the ability to open these valves could help only up to the time of 
vessel breach. With these two facts in mind screen 1 is reapplied. Now it 
can be seen that before the time of vessel breach (end of "useful" time) 
maximum predicted drywell temperature in Figure D - 5  is only 220OF. This is 
well below the maximum typical qualification level of 350OF and thus the MSIV 
solenoid is removed from further consideration for the drywell temperature 
environment in the short term TB sequence. Table D - 7  shows the results of  

reapplication of screen number 1 under full equipment and profile considera- 
tions. 
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FIGURE D-6 - STEP THREE - REAPPLICATION OF PROFILE SCREENS TO EQUIPMENT RESULTS 
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The next screen is a reapplication of screen number 2 accounting for equipment 
considerations. It identifies that equipment which will see environmental 
levels of at least 40% above the typical qualification levels during the 
equipments' "useful" period. Table D-8 shows the results of this screen. The 
result of the profile and equipment screening process gives 37 possible test 
cases. 

2.2.5 Step Four - - -  Magnitude and Duration Screens (Screens 5 & 6) 

Table D-8 results indicate a large number of profiles to consider and a 
further reduction in the number would be beneficial. The number of test cases 
in Table 0-8  can be reduced without excluding any profiles which should be 
considered. 
mental level and the profile with the maximum time above qualification levels 
should be retained. All other profiles should fall within these limits. 
Therefore, only those profiles which predict a maximum amplitude or duration 
of a particular environment, for each piece of equipment, need be carried 
forward as possible test and analysis candidates. This reduction is achieved 
by using screens 5 and 6 as shown in Figure D-8. Screen 5 looks for those 
profiles which produce the maximum drywell temperature or pressure for each 
piece o f  critical equipment. The results o f  this screen are presented in 
Table D-9. Screen 6 looks for those profiles with the longest duration above 
the qualification maximums for a given piece of equipment and environment. 
Table D-10 shows the results of this screen. Whether the magnitude or dura- 
tion is more severe depends on the profile and the equipment. Therefore both 
are carried forward. Thus Table D-9 and D-10 results are combined to form 
Table D - 1 1  which lists those profiles judged to be most severe. 

For each piece of equipment, the profile with the maximum environ- 

2.2.6 Summary Matrix 

The six screens employed to this point have been used to identify the most 
severe profiles. The results of this screening process are now placed in a 
summary matrix for each of the 8 major equipment assemblies in order to 
understand relative sequence and environment comparisons. Tables D-12 through 
D-19 show the summary matrix for each piece of equipment. The matrix is 
constructed by looking at the results of the environmental/qual ification 
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profile comparison as presented in Appendix C, and the screening functions as 
summarized in Table D-11. If a piece of equipment, coupled with its profile 
comparison, sees above 140% of the qualification level for a given environment 
(during its useful time) it is rated as "high" for that environment. Between 
100% and 140% gets a "medium" rating and less than 100% gets a ''low." 

For those environments (humidity, spray, submergence, radiation, and vibra- 
tion) found not to exceed 100% of qualification conditions for a sequence, the 
highest ranking possible is a ''medium." A "medium" or 100% of qualification 
level environment was assumed to exist for the humidity, spray/submergence, 
and radiation environments if vessel breach is projected to occur within the 
equipment's "useful" timeline. Prior to vessel breach a low ranking is 
assumed for these environments (based on the assumption that the vessel and 
pool will approximate a closed system until breach occurs) except for the AE 
sequence where a medium ranking is assumed from the start o f  the sequence. If 
containment failure occurs during the equipment's "useful" timeline, then the 
vibration environment is assigned a ''medium" value based on possible blowdown 
effects. Otherwise a ''low" ranking i s  assumed. 

Three environmental combinations deemed likely to occur were investigated for 
synergistic effects (pressure/humidity, temperature/humidity, and temperature- 
/radiation) and treated separate from the above single environment descrip- 
tions. These combinations were chosen based on being among the most likely to 
occur from past test data. The combination environments are ranked with a 
combined additive value of their constituent parts. For example, a "medium" 
humidity environment and a "high" pressure environment form a ranking o f  
"medium-high" for the pressure/humidity combination. 

With the ranking process defined, an arbitrary point system can now be imple- 
mented to make the qualitative comparisons desired. Assigning a value o f  5 
for a ''high", 3 for a "medium" and 1 for a ''low'' allows comparison data to be 
derived for each piece of equipment. The synergistic environments have the 
constituent single environment values added for the overall score. A series 
o f  vertical additions (lower half of Table 0-20) allows a qualitative 
determination of the projected worst case sequence for a given piece of  
equipment. A series o f  horizontal additions (upper half o f  Table D-20) 
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provides an indication of which environment tends to be the most severe for a 
given piece of equipment accounting for all of the five major accident 
sequences. Table D - 2 0  presents the results of the summary matricies ranking 
process. 

2.2.7 Summary 

Section 2.2 has presented the results of the first phase of the 3 phase 
process shown in Figure D-2 .  The results were based on the use of six logical 
screens designed to filter the equipment and environment information presented 
in Appendices B and C. The screens filtered less severe cases from further 
consideration. The screen results are summarized in a ranking matrix format 
shown as Tables D - 1 2  through D - 1 9 .  Table D - 2 0  shows the relative ranking of 
these results in tabular form. This data will be combined with failure mode 
(phase 2)  and functional information (phase 3)  as input into to the next step 
of the analysis methodology. 

2.3 Phase 2 - Failure Mode Matrix Screening 

2.3.1 Introduction 

Section 2 . 3  deals with construction and screening of a failure mode matrix for 
the components and profiles of interest. Figure D - 2  shows that this is the 
second phase of the 3 phase screening process. This phase will examine 
possible failure modes for the equipment identified in Appendix B (Ref. 20) 
and then remove those failure modes deemed impossible or unlikely. Figure D - 9  

presents a functional flow of this process. The results from this section 
will be combined with the results from the rest of the 3 phase process to be 
used in ranking equipment for testing. 

2.3.2 Failure Mode Matrix Construction 

This section addresses the construction of a failure mode matrix for each o f  
the eight equipment assemblies. The form used for the matrix construction is 
shown as Table D-21 .  Note that for each major equipment assembly, all the 
environments (and important combinations of environments) encountered are 
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listed down the vertical column while each of the subassemblies comprising the 
major equipment category is listed horizontally across the top. The spray and 
submergence environments are combined as they both produce similar failure 
modes. Each slot in the matrix is filled in for how the listed environment 
may effect the given subassembly. The information to postulate these failure 
modes is derived from Licensee Event Reports (LER), manufacturer data, a 
literature review, and engineering judgement. Because some major equipment 
assemblies have the same generic subassembly breakdown, they are combined onto 
a single table. Tables D - 2 2  through D-27  present the completed matrices for 
the posxulated failure modes. The data on these tables is the input to the 
failure mode screening functions described in the subsequent sections. 

2.3.3 Literature Review Screening Function 

The literature review screening function is intended to reduce the list of 
postulated failure modes to those deemed most likely by past experience. 
Literature surveys covering plant LERs, operating and maintenance records, I&E 
Information Notices, Qualification Testing Evaluation Program Reports, and 
vendor reports form the basis for this screen. Three Mile Island (TMI) 
accident analysis reports also contribute valuable information. The screening 
function itself is quite simple. If a particular failure mode is mentioned as 
being significant in the literature review, it is carried forward for further 
analysis. If a failure mode is indicated to be unlikely then it is removed 
from further consideration. For those failure modes where no or indeterminate 
information is found, a case by case determination is made based on engineer- 
ing judgement as to whether to include or eliminate the failure mode. Where 
no clear determination is possible, several failure modes may be included to 
preserve a conservative estimate with this screen. 

In implementing this screening function, a "one" is assigned those failure 
modes considered possible based on the literature review. For those failure 
modes deemed unlikely a "zero" value is entered in the matrix. The score for 
a given piece of equipment is then normalized by dividing the number of 
possible failure modes carried forward by the total number of failure modes 
projected. The normalization process is necessary because some pieces of  
equipment have more subassemblies and thus more failure modes possible than 
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others. Therefore, the normalization 
of various pieces of equipment. The 
Appendix C suggests that the humidity, 
ments (each by themselves), at the 
sequences of interest, will be insuff 

produces a usable number for comparison 
nformation presented in Section 5.0 of 
spray, radiation, and vibration environ- 
levels projected for the 5 accident 
cient to induce failure. Therefore, a 

zero is entered in the screened failure mode matrix for these environments. 
An investigation of the failure data provided no basis for further distinction 
between failure modes and thus the rest of the projected failure modes were 
assigned a value of one. Tables D-28 through D-33 present the screened 
failure mode matricies for each piece of equipment, and Table D-34 shows a 
relative comparison of failure mode ranking between all equipment of interest. 
As can be seen from the Table D-34 results, all equipment scored similar 
results in the failure mode ranking and thus failure mode analysis cannot be 
used as a distinguishing factor. Although specific conclusions are difficult 
to deduce from the failure mode analysis, some conclusions can be made at a 
more general level. The 1 i terature review provided overwhelming evidence to 
suggest that the combination of moisture with temperature or pressure will be 
the dominate environmental stress in almost all cases of equipment failure. 
Thus, the failure modes listed with combination 1 and combination 2 
environments on the failure mode matricies should be of highest consideration. 
In addition, recent testing has indicated aged cable failure in the 
temperature/radiation environment. For this reason the temperature/radiation 
environment was chosen as the third combination environment to investigate for 
synergistic effects. This combination should also be of high concern when 
developing testing strategies. 

2.3.4 Summary 

This section has presented the construction of the failure mode matrix based 
on a literature survey screening. The screening results showed all equipment 
scoring the same and thus no distinction is made on the basis of possible 
failure modes. The survey did indicate that moisture intrusion was the 
dominate failure mechanism in the majority of the cases. This "likely" 
failure mode data is combined with the environmental data from the last 
section and the functional data presented in the next section as input to the 
second step in the analysis methodology. 
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2.4 Functional Screening 

2.4.1 Introduction 

Section 2.4 considers the functional importance of a given equipment assembly. 
This is the third phase of the 3 phase screening process identified in Figure 
D-2 and completes the first step in the analysis methodology. Figure D-10 
illustrates the functional screening process. The first step in the process 
indicates the sequences for which the equipment may be useful. Once sequences 
in which the equipment has no function are removed, the actual ranking process 
was found to be sequence independent in most cases. Thus, a common ranking 
suffices for a given piece of equipment in all sequences where applicability 
was established. 

The ranking process assigns points for each o f  seven factors used to establish 
functional importance. Each of these seven factors (redundancy, number of 
back-up systems, equipment separation, electrical independence, degree of 
noncomplexity, fail safe position, and plant status indication only) have the 
property of de-emphasizing functional importance and thus the higher the 
number of points obtained, the less functionally important a particular 
equipment assembly. The information for scoring each of the seven functional 
criteria comes from limited Browns Ferry schematic drawings, Appendix 6, and 
engineering judgement based on other "typical" BWR designs. 

In those rare cases where a piece of equipment shows some sequence dependence 
in one of the seven ranking categories, (ie, the MSIVs are much more important 
in the TC sequence because they have no back-up system with sufficient capa- 
city to perform their heat removal function) the more conservative (the 
ranking showing the larger functional importance) scoring is applied for the 
common ranking. This section defines each of the seven functional categories 
and presents each of the eight equipment assembly rankings in these categor- 
ies. 
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2 . 4 . 2  Functional Criteria Definition 

Functional criteria are used as a measure of equipment importance. Seven 
criteria were chosen as a basis to qualitatively rank the functional import- 
ance of the equipment. The seven criteria include the degree of redundancy 
for the equipment of interest, whether or not other (back-up) equipment can 
perform the function, non-complexity of the equipment, electrical independence 
of the equipment, equipment's failure position, whether or not the equipment 
can actively provide preventive/mitigative action (not just plant status), and 
physical separation of redundant equipment. Each of these functional criteria 
are defined in subsequent paragraphs and summarized in Table D-35. 

Redundancy deals with having more than one component to perform the equip- 
ment's mitigation function. The RTD indication system is an example of 
equipment which exhibits redundancy. Typically, plants have two or more 
drywell temperature (RTD) devices. The failure of any one RTD does not 
prevent indication of  plant status. Thus, having multiple devices will score 
points in this category and implies the equipment is somewhat less function- 
ally important than equipment which doesn't exhibit this aspect. 

The back-up systems category identifies different equipment assemblies which 
are able to perform the same function. I f  a set of equipment has one or more 
other systems able to perform its function, points are scored for this cate- 
gory and it is judged to be less functionally important. As with all the 
functional criteria, grey areas exist in judging the number of  points assigned 
since the use of a back-up system may not apply for all circumstances. For 
example the RHR system can serve as a back-up system to the M S I V s  as a source 
of heat removal. However the capacity of the RHR system may or may not 
indicate it is a viable back-up system to the MSIV system depending on the 
circumstances involved. 

System noncomplexity is a factor directly related to survivability and thus 
functional capability. The fewer moving parts a system has, the more points 
the equipment receives since it has a better chance o f  surviving environmental 
stresses. Therefore the less functionally important it is judged to be. The 
noncomplexity criteria looks at both mechanical and electrical functions to 
form an equipment score. 



TABLE D-35 - FUNCTIONAL FACTOR DEFINITIONS 

REDUNDANCY - The s t a t e  o f  hav ing  m u l t i p l e  components f o r  t h e  
equipment o f  i n t e r e s t  (e.g., f o u r  M S I V  va l ves  and 
independent cab les ) .  

BACK-UP (B /U)  SYSTEMS - Re fe rs  t o  hav ing  a t o t a l l y  d i f f e r e n t  system a b l e  t o  
p e r f o r m  t h e  d e s i r e d  m i t i g a t i o n  f u n c t i o n .  

NONCOMPLEXITY - A measure o f  a system's p o t e n t i a l  f o r  m a l f u n c t i o n  
based on t h e  number and f u n c t i o n s  o f  t h e  components 
i nvo l  ved. 

ELECTRICAL 
INDEPENDENCE - 

FAIL-SAFE P O S I T I O N  
APPROPRIATE - 

PLANT STATUS 
I N D I C A T I O N S  ONLY - 

SEPARATION - 

Re fe rs  t o  an equipment 's  dev i ces  b e i n g  e l e c t r i c a l l y  
independent such t h a t  f a i l u r e  o f  a s i n g l e  bus does n o t  
negate t h e  i n t e n d e d  m i t i g a t i o n  f u n c t i o n .  

A measure o f  whether o r  n o t  
t h e  r e q u i r e d  m i t i g a t i v e  a c t  
f a i l e d  s t a t e .  

t h e  equipment can 
on i n  t h e  deenerg 

pe r fo rm 
zed o r  

D i f f e r e n t i a t e s  between pass i ve  systems which o n l y  
p r o v i d e  s t a t u s  and those  systems w i t h  t h e  p o t e n t i a l  t o  
a c t i v e l y  i n f l u e n c e  sequence outcome. 

The s t a t e  of hav ing  redundant dev i ces  w i t h  s u f f i c i e n t  
p h y s i c a l  d i s t a n c e  between them such t h a t  a l o c a l i z e d  
env i ronmenta l  peak w o n ' t  a f f e c t  m u l t i p l e  dev ices.  
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Electrical independence refers to having the failure of a single power supply 
or bus not negate the equipment performance. Equipment which exhibits this 
property scores points for this category and becomes somewhat less function- 
ally important. 

Having an appropriate fail safe position is a measure of the potential of the 
equipment to perform the desired function when it is in the de-energized or 
failed state. Having the ability to fail "safe" scores points in this cate- 
gory and reduces functional importance. 

Plant status indication differentiates between that equipment which is a 
passive contributor to accident mitigation and that which can actively influ- 
ence sequence outcome. That equipment which provides status only scores 
points for this criteria and is considered less functionally important then 
equipment which has the potential to terminate a sequence. 

Lastly, component separation refers to the physical distance between redundant 
devices in equipment systems. Since humidity-caused moisture intrusion 
enhanced by pressure and temperature effects is considered the dominant 
environmentallyinduced failure mode, separation differences were judged to be 
relatively unimportant assuming that these environment parameters may not vary 
significantly throughout the containment volume in a severe accident situa- 
tion. Thus a "zero" is entered for all equipment in this category indicating 
that insufficient distance between redundant devices exists to enhance the 
probability of system function in adverse environments. 

All these definitions are summarized in tabular form in Table D-35. At this 
point it is important to note that equipment becomes much more functionally 
important if it is the primary means of mitigating the sequence of interest. 
It is also important to realize that all the equipment has already been judged 
to be functionally important in Appendix B. The ranking system is simply used 
to judge relative importance. The next section describes and implements the 
ranking system. 



2.4.3 Ranking Process 

The first step of the ranking process illustrated in Figure D-10 is deter- 
mining if a particular piece of equipment would be used for a given accident 
sequence. This allows the functional ranking to proceed for each piece of 
equipment with the results o f  the process applying only to those sequences 
where potential for sequence mitigation or plant status exists. 

Implementing the ranking process involves developing a methodology to apply 
the seven factors. The process used is a simple one. If an equipment assem- 
bly exhibits a given criteria it scores points for that factor. Employing 
this idea implies the higher the equipment's total score for the seven func- 
tional categories, the less functionally important it is since all the factors 
describe conditions which imply lower functional importance. The actual 
ranking is done for the most part on a pass/fail basis. If the equipment 
exhibits the factor, it scores the points assigned to that category and if it 
doesn't it scores nothing. Each functional category is assigned a single 
point value. In some cases, it is not known with certainty the "typical" 
configuration for the equipment in most plants. A range of point values are 
then assigned to depict this uncertainty. 

To further illustrate the methodology, two specific equipment examples follow. 
One example is for the MSIV equipment assembly, and the other is for thermo- 
couple indication of core temperature. 

Table D-36 shows the completed ranking results for all eight equipment assem- 
blies. The results for the M S I V  system are shown in column 1 of the table. 
Note that the MSIV system scores one point in the redundancy category. The 
MSIV system contains four separate valves, solenoids, and perhaps cable runs 
to make up four separate sets of equipment. Exhibiting this property indi- 
cates a lessened functional importance. 

The primary function of the MSIV system is to allow primary heat removal 
through the Power Conversion System (PCS). There are alternate means of heat 
removal in the plant. The primary one in most sequences is the RHR system. 
This however is one of the cases where sequence dependence can influence the 
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scoring. The PCS has a much larger capacity for  heat removal t h a n  the RHR 
system. I n  a TC sequence, where the reactor i s  s t i l l  a t  power, the RHR system 
can’t handle the demands placed on i t  and therefore can’t be considered a 
r e a l i s t i c  back-up system t o  the PCS. Even so, venting the containment may be 
a possible a l ternat ive although i t s  success i s  considered unlikely. Consid- 
ering these differences, a 0-1  score i s  given t o  t h i s  category for  MSIVS. 

The MSIV system i s  complex both mechanically and e lec t r ica l ly .  There are 
active electronic components in the solenoid control c i rcu i t ry  and mechanic- 
a l ly  the valve has many moving parts and c r i t i ca l  seals .  The MSIV assembly 
therefore scores a 0 for  noncomplexity. 

Consulting the electr ical  schematics for  BWR designs indicates a l l  four MSIV 
solenoids are often powered from the same bus. Therefore a fau l t  on t h i s  bus 
has the potential t o  eliminate the ab i l i t y  t o  operate a l l  the MSIVs. Thus 
electr ical  isolation does n o t  exis t  and a 0 i s  entered for  t h i s  category. To 
account for  plants which may load the i r  MSIV solenoids on separate buses, a 1 
score i s  also shown. 

The deenergized or failed s t a t e  for  the MSIV solenoid i s  shut. Since the 
MSIVs need t o  be open t o  perform the i r  heat removal function, no points can be 
assigned for  a favorable fa i lure  position. 

The MSIVs obviously do more t h a n  provide plant s ta tus  information. They 
provide a means of heat removal which actively mitigates many accident 
sequences. A 0 score i s  entered for t h i s  category. 

Adding the points from a l l  seven categories for  the MSIV system shows a total  
score of from 1 t o  3 points. This total  score may be compared t o  the o the r  
seven devices t o  indicate a re la t ive standing i n  terms of functional import- 
ance. 

As an  example of the scoring process for  an indication device, column 5 of 
Table D-36 shows the scoring for  the in-core thermocouples. In  the f i r s t  
category the thermocouples scored a p o i n t  for  degree of redundancy. There are 
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many individual thermocouples in various locations throughout the core. This 
implies a degree of redundancy exists since any one thermocouple can provide a 
general indication of core status. 

Thermocouples scored a point in the back-up systems category because there are 
alternate, independent means of determining core temperatures. For example, 
steam tab1 e determination of saturation temperature for indicated vessel 
pressure provides a means of determining core temperature behavior without 
thermocouples. 

The thermocouple equipment assembly scored 1 point in the noncomplexity 
category. Thermocoupl es di spl ay neither mechanical or electrical complexity 
being esentially nothing more than a cable run of two dissimilar metals. 

It was not determined if the indication system associated with the thermo- 
couples is electrically independent. Lack of equipment specific information 
on the thermocouples leads to assigning a 0 or a 1 to this category. 

Significant experimental evidence exists to show that thermocouples exhibit a 
"virtual junction phenomenon." This means that even if the thermocouple 
junction in the core is melted or lost, that an accurate temperature indica- 
tion is still provided at the point where the melted dissimilar materials are 
fused. This imp1 ies that thermocouples "fail safe" and provide valuable 
information even after a junction failure. Thus a point is scored in this 
category. 

The thermocouple scores a point in the plant status category because it 
provides no mitigative action by itself, only plant status. 

As stated previously, for this evaluation, no cases of sufficient physical 
separation were found and a score of 0 was placed in this category. 

The other devices were ranked using the same methodology as just illustrated 
for the MSIV and thermocouple systems. The results from this ranking process 
are displayed in Table D-36. 



2 . 4 . 4  Concl usions 

This section has investigated the relative functional importance of the 
critical equipment assemblies within containment. To accomplish this, seven 
functional factors were defined and each equipment assembly was graded against 
each of these functional factors. The results of this ranking process indi- 
cate that on a relative basis, equipment which can actively perform a preven- 
tion/mitigation function in severe accidents is more important than equipment 
which provides plant status information only. Among the "active" equipment 
categories, MSIVs and SRVs rank higher relative to the HPCI/RCIC or RHR 
categories. This conclusion can be additionally supported by the following 
observations. In the MSIV case, restoring the PCS for heat removal (which 
includes the re-opening of one or more MSIVs) directly mitigates most accident 
sequences and actually places the plant in a preferred configuration (in 
accordance with EPGs). The SRVs are the only means for maintaining pressure 
control of the primary system when the reactor i s  isolated from the PCS. The 
HPCI and RCIC systems and the RHR shutdown cooling path, on the otherhand, are 
redundant within themselves or have other low pressure systems or RHR cooling 
paths which back-up these equipment categories. 

In considering these conclusions, it is important to remember that these 
rankings are relative to one another but that all eight equipment assemblies 
are deemed functionally important to severe accidents. 

2.5 Summary 

Section 2.0 has presented the development and implementation of the 3 phase 
screening process. The 3 phase screening process was the first step in the 
analysis methodology. The 3 phases examined included environmental screening, 
failure mode screening, and functional screening. The results from each phase 
serve as input to the next step in the analysis methodology which will rank 
equipment for further analysis based on environmental, failure mode, and 
functional data. 



3.0 RANKING OF THE 3 PHASE RESULTS 

3.1 Introduction 

Section 3.0 is designed to examine the individual results from the 3 phase 
ranking process. This is the second step in the analysis methodology which 
was shown as Figure D - 3 .  The ranking process is composed of 3 basic steps: 
(1) development and explanation of the system used to rank the 3 phase 
results, (2) implementing the system, and (3) looking at the results. These 
results will serve as input to the PRA screening function which is the third 
step in the analysis methodology. 

3.2 Ranking Methodology 

Failure mode data is not used in the ranking methodology because no distinc- 
tions were found on the basis of failure modes. The failure mode data is used 
to suggest specific failure mechanisms to be aware of in developing test 
pl ans. 

The ranking methodology must incoporate both functional and environmental 
results along with probable failure modes to project the best candidates for 
test or further analysis. Figure D-11 illustrates the comparative process 
used to determine these candidates. The first step involves taking the 
environmental results from Section 2.2 and the functional results from Section 
2.4 and grouping them into high, moderate, and low categories. Assignment of 
the high, moderate, or low ranking is determined by examining the range of 
environmental or functional results and dividing it roughly into thirds. 
Thus, approximately one third of the thirty sequence/equipment environmental 
rankings shown in Table D-20 will be judged to fall into the high risk cate- 
gory, and one third of the eight functional rankings shown in Table D-36 will 
also fall into this category. 

The next major step in the ranking process is to combine these results in 
order to easily determine an equipment assembly's relative overall standing. 
At this point it would be nice to be able to test any piece of equipment which 
showed a combined functional/environmental ranking greater than low/low. 
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Because of limited resources this is not possible so it is recomended that 
only those equipment assemblies which show a high functional ranking coupled 
with a high or moderate environmental ranking be examined further. This 
sufficiently narrows the list of possible test candidates and focuses atten- 
tion on the most significant functional and environmental conditions observed. 

3.3 Methodology Implementation 

The first step in implementing the ranking methodology was to divide the eight 
equipment assemblies into high, moderate, or low functional and environmental 
importance for the applicable sequences. To accomplish this the Table 0-36 
functional ranking results were divided as follows: any equipment assembly 
which could score less than 3 points was judged to be o f  ''high" functional 
importance, any equipment assembly with a mean score of 4 points was judged to 
be of "moderate" functional importance, and any equipment assembly with a mean 
score greater than 4 points was judged to be of "low'' functional importance. 
Table D-37 summarizes these results. The table shows that MSIVs and SRVs were 
the two equipment assemblies which ranked "high" in functional importance. 

The lower half o f  Table D-20, Summary Matrix Ranking Results, showed the 
environmental stress on each of the eight major equipment assemblies for the 
five sequences of interest. These results were then divided into the high, 
moderate and low categories. Any equipment assembly which received 34 or more 
points for a given sequence was rated in the "high" environmental risk cate- 
gory. The 19 - 33 point range earned a "moderate" ranking, and 18 points or 
less was judged to be a environmental stress. Any equipment assembly 
which fell into the ''high" or ?noderate'' environmental risk category has at 
least one environment which is projected to exceed typical qualification 
levels. The results of the ranking are also summarized in Table D-37. 

The next step in the ranking methodology was to examine the results of Table 
D-37 to screen those cases of moderate or low functional importance and low 
environmental importance from further consideration. This is done to reduce 
the list of test candidates to a managable level and to emphasize that it is 
more important to test equipment which is functionally important. After 
implementing this screen, the remaining cases become those recommended for PRA 
analysis. 
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3 . 4  Ranking Methodology Results 

Imp1 ementat ion of the ranking methodology resulted in four cases recommended 
for PRA analysis. These cases include the MSIV and SRV equipment assemblies 
stressed for the environmental conditions projected for the TC and TW 
sequences. O f  the four cases, the SRV equipment assembly was the oniy one to 
score high in both the functional and environmental categories. The other 
three cases scored high in the functional category and moderate in the environ- 
mental category. In actuality there i s  probably little difference between the 
four cases and all four represent viable test candidates pending PRA analysis 
results. Section 2 . 3  identified that the most prevalent failure modes to be 
aware o f  for these components is electrical short circuiting due to moisture 
penetration through seals; solenoid winding localized melting due to hot 
spots; and mechanical binding of valve components due to heating and pressure 
induced misalignment. In addition, cable insulation melt or carbonizing 
allowing moisture penetration and limit switch temperature/pressure related 
failures are failure modes o f  concern. 

3.5 Summary 

Section 3.0 has presented the implementation of the methodology used to rank 
the overall 3 phase results. To accomplish this, functional and environmental 
results from the 3 phase process were assigned to high, moderate, or low risk 
categories. The results were then combined and screened to remove moderate or 
low functional cases and low environmental cases. The four cases of interest 
were found to be the M S I V  and the SRV equipment assembly response to the TW 
and TC sequences. These four cases were judged to be equivalent in terms o f  
the test potential with no one case presenting itself as the "best" test 
candidate. These 4 cases will be the input to the PRA screening function 
(step 3 of  the analysis methodology). 



4.0 PROBABILISTIC RISK ASSESSMENT PERSPECTIVES 

4.1 Introduction 

This section is designed to examine current PRA estimates of -sequence pro- 
babilities and determine what changes, if any, might be introduced in these 
probabilities by environmentally-induced equipment failure. This perspective 
is important for two major reasons. First, current PRA estimates do not 
directly consider environmentally-induced equipment failure probabilities. 
The probability of equipment failure i s  based on estimates of operator action, 
maintainance schedules, and past performance data. One of the major goals of 
the PEEESAS program is to determine the environmental impacts on equipment and 
how they should be incorporated into PRA techniques. The second reason to use 
a PRA perspective is that it serves as a convenient method (other considera- 
tions being equal) to choose a first test candidate. With these observations 
in mind, we proceed to examine the PRA estimates for the four selected cases 
of interest. This will be done from a relative point of view concentrating on 
the degree of change in estimated probabilities due to possible environmental 
equipment failures rather than absolute numbers. This avoids disagreement 
over absolute numbers for current sequence probabilities. 

4.2 Qualitative Arguments for Considering the MSIVs and SRVs as Test 
Candidates 

In order to understand why the MSIVs and SRVs may be of particular importance 
in the two sequences of interest, it is important to understand certain 
elements that make up the scenarios and expected operator responses. Tran- 
sients can be typically grouped into three major categories as was done in 
WASH-1400 [Ref.23]. These include loss of offsite power, an initial loss  of 
the power conversion system (PCS), and transients in which the PCS is initi- 
ally available but is subsequently lost as a result of pertubations t o  the PCS 
following reactor trip conditions. Based on EPRE data [Ref.24] and other NRC 
reports such as the one on station blackout [Ref.25], these three transient 
categories contribute typically about 1%, lo%, and nearly 90% respectively to 
the overall frequency of transients at nuclear power plants. 
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H i s t o r y  o f  o f f s i t e  power even ts  has shown t h a t  t h e  p r o b a b i l i t y  o f  r e c o v e r i n g  
o f f s i t e  power, and hence t h e  a b i l i t y  t o  r e s t o r e  t h e  use o f  t h e  PCS o r  o t h e r  
AC-dr iven systems as a p r i m a r y  hea t  removal path,  i s  g r e a t e r  t h a n  50% i n  about 
o n e - h a l f  hou r  and exceeds 90% by approx ima te l y  f o u r  t o  f i v e  hours a f t e r  t h e  
i n i t i a l  power l o s s .  Events i n v o l v i n g  l o s s  o f  t h e  PCS a r e  s i m i l a r  i n  t h a t  
t h e r e  i s  an e s t i m a t e d  90% chance o f  r e s t o r i n g  t h e  PCS by approx ima te l y  f o u r  t o  
f i v e  hours a f t e r  i t s  i n i t i a l  l o s s  [Ref.26]. P a r t i c u l a r l y  i n  cases where t h e  
PCS has been l o s t  due t o  p e r t u b a t i o n s  i n  t h e  system ( t h a t  i s ,  hardware f a u l t s  
have n o t  o c c u r r e d ) ,  r e c o v e r y  o f  t h e  PCS i s  c o n s i d e r a b l y  more l i k e l y .  

Because o f  t h e s e  g e n e r a l l y  h i g h  chances o f  r e c o v e r i n g  f rom t h e  i n i t i a l  t r a n -  
s i e n t  c o n d i t i o n s ,  p a r t i c u l a r l y  i n  t h e  case o f  90% o f  a l l  t r a n s i e n t s  i n  which 

PCS r e c o v e r y  i s  q u i t e  l i k e l y ,  t h e  Emergency Procedure G u i d e l i n e s  o f t e n  s t r e s s  

t h e  use o f  t h e  PCS as a p r e f e r r e d  source o f  hea t  removal f o r  t h e  p l a n t .  Steps 
r e g a r d i n g  w a t e r  l e v e l  c o n t r o l  (RC/L-2) , vessel  p ressu re  c o n t r o l  (RC/P-2) , 
u s i n g  t h e  main condenser as t h e  p r e f e r r e d  hea t  s i n k  (RC/P-l) ,  and use o f  t h e  
main condenser f o r  emergency d e p r e s s u r i z a t i o n  (C2-1) a r e  examples [Ref .27] .  
T h i s  i s  n o t  s u r p r i s i n g  when one c o n s i d e r s  t h a t  o p e r a t o r s  a r e  ex t reme ly  
f a m i l i a r  w i t h  o p e r a t i o n  o f  t h e  PCS s i n c e  i t  i s  t h e  normal hea t  r e j e c t i o n  p a t h  
f o r  t h e  p l a n t .  

C o n s i d e r i n g  t h e s e  p o i n t s ,  one can b e g i n  t o  see t h e  p o s s i b l e  impor tance t h a t  
t h e  a b i l i t y  o f  opening t h e  M S I V s  m i g h t  have i n  t h e  TC and TW sequences. Wi th 
PCS r e c o v e r y  l i k e l y ,  e s p e c i a l l y  f o r  t h e  extreme l o n g  t i m e  p e r i o d s  assoc ia ted  
w i t h  t h e  r e c o v e r y  p o t e n t i a l  f o r  t h e  TW scenar io ,  t h e  a b i l i t y  o f  t h e  MSIVs t o  
be reopened f o l l o w i n g  exposure t o  s i g n i f i c a n t  env i ronmenta l  c o n d i t i o n s  w i t h i n  
t h e  conta inment  c o u l d  s p e l l  t h e  d i f f e r e n c e  between s u c c e s s f u l  r e c o v e r y  o f  t h e  
PCS and f a i l u r e .  The added f a c t s  t h a t  t h e  Residual  Heat Removal system i s  of 
l i t t l e  use i n  a TC s c e n a r i o  (power i s  t o o  h i g h )  and i s  l i k e l y  f a i l e d  and hence 
i t s  r e c o v e r y  i s  u n c e r t a i n  i n  t h e  TW scenar io ,  add f u r t h e r  arguments f o r  t h e  
impor tance o f  t h e  MSIVs i n  t hese  two sequences. 

Given t h e  PCS can n o t  be r e s t o r e d ,  o p e r a b i l i t y  o f  t h e  p r i m a r y  system SRVs 
becomes more i m p o r t a n t  p a r t i c u l a r l y  i f  c o n d i t i o n s  a r i s e  (as  t h e y  w i l l  i n  t hese  
two sequences) where t h e  h i g h  p r e s s u r e  emergency c o r e  c o o l i n g  systems eventu-  
a l l y  f a i l  due t o  env i ronmenta l  c o n d i t i o n s  w i t h i n  conta inment  ( f o r  example, 



HPCI/RCIC will fail due to high temperature suppression pool water which 
ultimately becomes the suction source for these systems in both sequences). 
The only way that low pressure systems can then be used to continue the core 
heat removal process is through use of the SRVs so that low pressure can be 
maintained in the primary system. 

It is on the basis of these qualitative considerations that both the MSIV 
solenoids and the SRV solenoids appear as potentially reasonable candidates 
for testing in the PEEESAS program. The following subsections address in a 
more quantitative manner, the potential importance o f  these devices in the TC 
and TW scenarios. 

4 . 3  MSIVs in the TC Sequence 

The first case considered is operation of MSIVs during a TC sequence. Using 
current Accident Sequence Evaluation Program (ASEP) estimates as a base1 ine, 
there is roughly a 50/50 chance of MSIV closure in this sequence [ref.28]. 
Current PRA estimates give no credit for reopening the MSIVs in the case where 
the MSIVs close at or shortly following sequence initiation. Reasons for this 
include the time necessary to equalize pressure around and open the valves, 
the short time to restore other portions of the PCS if they were lost, and 
operator occupation with other aspects of accident management. Therefore, the 
current non-recovery probability associated with opening the MSIVs is = 1.0. 
This implies that any environmentally induced failure of the MSIVs (due to the 
rapidly forming severe conditions experienced within containment) will not 
produce any change in the sequence probability as currently estimated. 
However, if future PRA estimates give some credit for opening MSIVs in this 
sequence, environmentally induced valve failure will become a factor to 
consider. 

When the MSIVs initially stay open in this sequence there are different 
factors t o  consider. The sequence becomes much longer affording more oppor- 
tunity for recovery as long as the PCS remains in operation. Without the main 
turbine on line, the PCS in most plants is typically capable of absorb ng 
about 25% reactor power. Current estimates for power equilibrium level is 
about 30% in this sequence which means the suppression pool will be absorb ng 
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5% reactor power. The 5% power absorbed in the suppression pool will eventu- 
ally raise environmental conditions to critical levels. If the MSIVs should 
subsequently shut because of a previously unconsidered environmentally induced 
failure of the MSIVs, the MSIV open contribution to the sequence probability 
is eliminated, and the MSIV closure contribution doubles (100% MSIV closure). 
This results in the same net core damage probability, but the MSIV-closed 
cases have a higher chance of containment failure due to the smaller amount of 
time available for recovery actions. This is a more severe condition from a 
risk standpoint, and so the increased MSIV closure probability introduced by 
an environmentally induced failure of the valves could significantly influence 
the risk associated with the total TC scenario. 

4 . 4  MSIVs in the TW Sequence 

The TW sequence is characterized by failure to restore suppression pool 
cooling (RHR) or reopen MSIVs in order to use the PCS. Current PRA estimates 
assume that use of the PCS can mitigate the sequence right up to containment 
failure. Figure D-12 shows that as the sequence progresses, the probability 
of failing to restore the PCS is currently estimated to decrease exponentially 
with time [Ref.26]. In Figure D-12 it is assumed the MSIVs are able to 
operate throughout the sequence and opening them is only a matter of clearing 
the trip signal, rectifying any other PCS problems, and equalizing the pres- 
sure around the valves. In fact, the actual availability of these valves may 
be very different. Figure D-13 is taken from Appendix C and shows how pro- 
jected drywell temperature for the TW sequence compares to typical qualifica- 
tion profiles. Note from Figure D-13 that projected drywell temperature 
exceeds the qualification profile 18 hours into the accident and exceeds 
maximum qualification level about 27 hours into the accident. If an environ- 
mentally induced failure o f  the MSIV assembly occurs when qualification levels 
are exceeded, then there may be only 18-27 hours to recover the PCS instead o f  

the 35 hours presently used in PRA analysis. Looking back at Figure D-12, it 
can be seen that the nonrecovery probability at 18 hours is about .02 while 
the nonrecovery probability at 35 hours is only .004. This implies that the 
sequence probability could change by as much as a factor of 5 if environment- 
ally induced failure of the MSIVs were to occur after about 18 hours into the 
sequence. 
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4.5 SRV Air Solenoid Valves in the TC Sequence 

For the TC sequence, as explained in section 4.3, PRAs distinguish between 
MSIV open and shut cases. SRV operation is important in the MSIV shut case so 
the PRA analysis centers on that scenario. Current PRA projections indicate 
that initially the HPCI/RCIC systems will operate to maintain water level in 
the core. This can be expected to continue until the suppression pool temper- 
ature reaches about ZOOOF.  Past this point, pump failure can occur due to 
high lube oil temperatures or low suction head causing possible cavitation in 
the pump impeller leading to system failure. At this time the operator must 
be able to operate SRVs in order to obtain the low pressures necessary to use 
alternate injection systems. Current PRA estimates indicate the probability 
of failure to depressurize of the order of 0.1 [Ref.28]. Should depressuriza- 
tion failure occur, core melt is likely. Again, PEEESAS results indicate 
these numbers bear investigation. Figures D-14, D-15, and D-16 show the 
projected environmental profiles for drywell temperature, suppression pool 
temperature, and drywell pressure in the TC sequence. These figures indicate 
that just as suppression pool temperature is approaching the failure level for 
the high pressure injection systems, the entire containment volume is experi- 
encing elevated environmental levels approaching and then exceeding qualifica- 
tion limits. This suggests a possible SRV environmentally induced failure 
resulting in the inability to depressurize and engage low pressure injection 
systems. If environmentally induced failures were considered to change the 
failure to depressurize probability to 1.0, then the core melt probability 
would become 1.0 instead of 0.1. This results in a potential factor o f  10 
increase in the core melt probability. 

4 . 6  SRV Air Solenoid Valves in the TW Sequence 

The need for low pressure systems prior to containment failure in this 
sequence is relatively low. Even if HPCI/RCIC fail due to suppression pool 
temperature (which is likely to occur) the CRD system is still available and 
should be adequate to maintain vessel level. Once the containment has been 
vented or if containment failure occurs, the probability of continued opera- 
tion of the CRD system is currently estimated at approximately .9 (failure 
probability = .l) [ref.28]. Should CRD failure occur, then the SRVs would be 
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needed in order to depressurize the reactor vessel such that low pressure 
cooling systems could be used to maintain proper coolant level. As in the TC 
sequence, containment environmental levels will exceed qualification limits in 
this sequence raising the question of environmentally induced failure of the 
SRV air solenoid valves. Current. PRA estimates of depressurization failure 
are less than or equal to .1 given the containment has failed [Ref.28]. If it 
is found that because of the environments encountered the actual probability 
of SRV failure i s  greater than .1 for this sequence, them current sequence 
probabilities could change by a factor of up to ten. However, since the 
probability o f  the TW sequence coupled with a CRD failure are relatively low, 
the effect of environmental considerations on SRV performance is relatively 
small. 

4.7 Summary 

This section has investigated the potential effects of environmentally induced 
component failure on current PRA estimates. It was shown that both MSIVs and 
SRVs will experience environments in excess of qualification levels for the 
sequences of interest and thus are potential candidates for environmentally 
induced failure. This in turn suggests a possible revision in the current PRA 
estimates of failure for these components. MSIVs appear to have the greater 
influence in the TW sequence with the potential to change the sequence pro- 
babilities by a factor of five. SRVs are most important in the TC sequence 
with environmental considerations also having the potential of changing 
current sequence probabilities by up to an order of magnitude. In addition, 
MSIV operability can have a significant effect on the risk associated with TC 
sequences. 

The results from this section also lend insight to what environmentally 
induced failures could mean to overall core melt probability. Based on past 
IDCOR and ASEP work, the total core melt probability per reactor year for an 
average BWR-4 design i s  on the order of 1E-5.  TC sequences generally account 
for about 50% of this total probability, TW sequences lo%, and TB sequences 
for approximately 40%. The results of this section show that environmental 
considerations could change TC sequence probabilities by a factor of 10. If 
the TC sequence accounts for 50% o f  the total core melt probability, then a 
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factor of 10 increase in the sequence probability implies a factor of 5 
increase in overall core melt probability. Likewise, if the TW sequence 
accounts for 10% of the total core melt probability and the results of this 
section show a possible factor of 5 increase in this sequence, then this 
implies a possible factor of 1.5 increase in total core melt probability. 

These conclusions indicate that both MSIVs and SRVs are viable test candidates 
from a PRA perspective. The fact that incorporating environmental failure 
data for these components has a potential to change current PRA estimates adds 
additional support to choosing them for the testing phase of this program. 



5.0 RECOMMENDATIONS 

The recommendations presented represent the best estimate use o f  limited 
resources available for testing. The final recommended test candidates were 
identified in section 4.0 to be the MSIV for the TW or TC sequences and the 
SRV for the TC accident sequence. 

0-92 



6.0 APPENDIX SUMMARY 

This appendix investigated the survivability of electrical equipment in a BWR 
Mk I containment during severe accident conditions. The goal of this appendix 
was to analyze data presented in the first three appendices t o  arrive at a 
best estimate of which equipment and environments should be chosen for test- 
ing. To accompl ish this goal, a methodology was developed to systematically 
examine the factors necessary to make viable test recommendations. Each step 
of the methodology is discussed in subsequent paragraphs. 

Step one of the methodology implemented a three phase screening process to 
examine critical equipment for projected environments, functional importance, 
and potential failure modes. Each of the five accident sequences was examined 
to find out where projected environmental 1 evel s would exceed typical qual if i - 
cation 1 evel s. These areas were screened against the equipments “useful 
period for the sequence and any overlap of these areas was noted as a poten- 
tial concern. The next phase of the screening process determined which 
failure modes would dominate in the projected environmental conditions. This 
was accomplished by a literature review of previous tests and analysis of 
containment equipment. The final phase of the process determined functional 
importance of equipment systems based on critical factors including redund- 
ancy, noncomplexity, number of back-up systems, fail safe position of the 
equipment, providing plant status indication only, physical separation of 
redundant components, and electrical isolation. 

The second step of the methodology ranked the three phase screening results. 
Environmental severity and functional importance were summed together to 
arrive at a final ranking based on these screening criteria. Failure mode 
data was added to this ranking to indicate the most likely failure patterns to 
look for in the environments of concern. Recommended test candidates were 
chosen based on these results. 

The third step of the analysis methodology looked at current PRA estimates to 
determine how the equipment of interest might affect sequence probabilities. 
The results from this section formed the final criterion to judge the “best” 
test candidates. The results showed the M S I V  for the TW o r  TC accident 
sequence and the SRV for the TC accident sequence to be the recommended test 
specimens and environments. 
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Appendix E: Test Plan for MSIV Pneumatic Control Manifold 
Assembly 





TEST PLAN FOR MSIV PNEUMATIC CONTROL MANIFOLD ASSEMBLY 
Revision 1, 3/5/86 

1.0 INTRODUCTION 

1.1 Test Objective 

The purpose of this test is to evaluate the performance of 
electrical equipment during a severe accident. The selection 
of test equipment and severe accident environments was com- 
pleted as a part of the Performance Evaluation of Electrical 
Equipment during Severe Accident States program (PEEESAS). 
These topics are elaborated on in Section 2.0. 

1.2 Background of the PEEESAS Program 

The Reactor Safety Study and subsequent probabilistic risk 
assessments have predicted that severe accidents dominate the 
risk. The Office of Nuclear Reactor Research established a 
Severe Accident Research Plan to provide an experimental and 
analytical basis for more accurate assessments of severe ac- 
cident risks in nuclear power plants. An important part of 
the severe accident effort is to reduce the many substantial 
uncertainties in severe accident analysis. One significant 
source of uncertainty is the lack of data on component per- 
formance during a severe accident. 

Severe accidents are defined as those which lead to either 
vessel breach or containment failure and which include the 
potential for core melt and/or release of radioactivity. 
(The resulting environment may or may not be more severe than 
the design basis LOCA environment.) 

The objective of the PEEESAS program is to develop in- 
formation for electrical component performance under severe 
accident conditions. These components include those which 
would be used to mitigate an accident or provide information 
on the status of the plant. In order to evaluate the per- 
formance of electrical components, a test program was 
planned. The test plan is described below and the test will 
be conducted in FY 86. 

1.3 Scope of the PEEESAS Program 

During FY85, a method was established to determine which com- 
ponents are important during severe accidents. Browns Ferry 
Unit 1, a BWR/MARK 1, was used to demonstrate the method. 
Accident sequences, operator actions likely to occur during 
those sequences, environmental profiles, and a recommended 
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list of components for testing were determined for this 
plant. 

The component in the test plan is one of the recommended 
components. One component will be tested in each of two dif- 
ferent severe accident environments. 

2.0 TEST SPECIMENS AND ENVIRONMENTAL PROFILES 

2.1 Basis for Selection of Test Specimens and Environmental 
Profiles 

The test specimen was selected by the following procedure. 
From work done earlier this year on this program (Appendix B 
or Ref.. 1). nine components were identified as being im- 
portant to mitigating accident sequences or providing plant 
status. 

The nine components were further analyzed to determine the 
best candidates for testing by using a three step process: 
screening, ranking, and the effect on probabilistic risk as- 
sessments (Appendix D or Ref. 2 ) .  The screening process 
identified (1) when the equipment was needed during the 
accident and whether the severe accident profile was above a 
typical qualification profile prior to or during that time, 
(2) failure modes associated with the component, and (3) the 
functional importance of the component. 

The results of the screening process were evaluated by a 
ranking process. Equipment with high functional importance 
and high/medium environmental conditions (environmental con- 
ditions above the current qualification levels) were retained 
as possible test candidates. The remaining test candidates 
were the MSIV (main steam isolation valve) and SRV (safety 
relief valve) equipment assemblies. Both test candidates were 
required to operate during two accident sequences: TC (a 
transient with failure of the reactor protection system) and 
TW (a transient with failure of the decay heat removal 
system). 

These components were then evaluated for their importance to 
probabilistic risk assessments. That is, will environ- 
mentally-induced failures affect current PRA accident 
sequence probabilities or the risk associated with these 
sequences? MSIV environmentally-induced failures may 
increase the TW accident sequence probability by a factor of 
five and may increase the risk associated with the TC 
sequence (for the case where the MSIVs have been assumed to 
stay open). SRVs are most important in the TC sequence (MSIV 
closed case) where environmentally-induced failures have the 
potential to increase the current sequence probabilities by a 
factor of ten. 
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An environmentally-induced failure of the SRVs may affect the 
probability of only one accident sequence; however, an en- 
vironmentally-induced failure of the MSIV may affect the 
probability or risk of two accident sequences. Therefore, 
the MSIVs will be the first testing choice. 

Several pieces of equipment are associated with the MSIV 
equipment assembly: pneumatic control manifold assembly, 
position switch, main steam drain valve actuator, and globe 
valve. As discussed in Appendix B or Reference 1, the 
position switch is less important than the manifold assembly 
since the manifold assembly is required to operate the MSIV 
globe valve. The drain valve actuator may be needed to 
equalize the pressure across the MSIV, but since the MSIV is 
a globe valve, the globe valve may open even if the pressure 
across the valve is not equalized. In addition, the heat 
rejection path associated with the main steam drain valve 
actuator is smaller than the heat rejection path associated 
with the manifold assembly. Furthermore the manifold as- 
sembly, a complex electrical component, is more susceptible 
to failure than the globe valve. 

Therefore. the MSIV pneumatic control manifold assembly was 
chosen to be the FY-86 test candidate. Both the TC and TW 
accident sequence profiles will be used. 

2.2  Sample Selected 

The MSIV pneumatic control manifold assembly actuates the 
disc of the main steam line check valve. The MSIV pneumatic 
control manifold assembly, used at Browns Ferry Unit 1, was 
manufactured by Automatic Valve Corporation and has three 
solenoids (250Vdc. 120Vac. and 120Vac). This particular mani- 
fold assembly is only used at Browns Ferry and one plant in 
Japan. However, the same manifold using a 125Vdc solenoid 
instead of a 250Vdc solenoid is in place in many licensed BWR 
plants. Therefore. the manifold assembly with the 125Vdc 
solenoid will be used for this test. Based on discussions 
with the manufacturer, this component will be purchased for 
about $18,000 and delivered within three to four months. 

The maximum dimensions of the test specimen are as follows: 
height = 12.5 inches, width = 12.5 inches, and length = 23.2 
inches. The approximate weight of the assembly is 100 
pounds. 

The test specimen has three solenoids (125 Vdc, 120 Vac. and 
120 Vac) to operate three valves (4-way, 3-way, and 2-way). 
The solenoids have Class H insulation and the valves have 
Viton seals. The valves are lubricated with Parker Super-O- 
Lube. 
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The assembly operates in the following fashion: either the 
120 Vac or 125 Vdc main control solenoids activate the 4-way 
valve; if either main control solenoid fails, the 4-way valve 
may be operated by the other main control solenoid; and if 
the 4-way valve fails to cause the MSIV to close, the 2-way 
valve may be used to close the MSIV. The remaining 120 Vac 
exercise control solenoid operates the 3-way valve. The ?-way 
valve is normally used to slowly close the MSIV, during nor- 
mal plant operation, to determine if the MSIV will shut. 
Although the 3-way valve and exercise control solenoid can 
only slowly close the MSIV, they may be used if all other 
values and solenoids fail. 

2.3 Environmental Profiles Selected 

The environmental profiles for the severe accident portion of 
the test are shown in Figures E-1 through E-4. As described 
in Reference 3 or Appendix C, the profiles are based on the 
LTAS and MARCH computer codes. Figures E-1 and E-2 show the 
temperature and pressure profiles versus time for the TC 
sequence until containment failure at approximately 4.5 
hours. The temperature and pressure profiles for the TW 
sequence are shown in Figures E-3 through E-4. For this 
sequence, containment failure occurs at 35 hours into the 
accident. For Figures E-1 - E-4, a typical qualification 
profile is overlayed to show the sections of the severe 
accident profiles that are above the qualification profile. 

For the TC and TW sequences, the MSIV will only be opened 
prior to containment failure. Since core melt occurs after 
containment failure. the test specimens need not be exposed 
to severe accident radiation levels. In addition, the 
containment spray system is not operated in the TC and TW 
sequences; therefore, the test specimens will not be exposed 
to demineralized spray. 

3.0 TEST STRATEGY 

The MSIV pneumatic control manifold assemblies will be ex- 
posed to a simultaneous aging exposure. Then, each assembly 
will be exposed to an accident profile. In Test #1, the TC 
accident sequence profile will be used. For this profile, 
the MSIV is required to remain open until containment 
failure. However, in Test #2, the valve will start in the 
closed position and will be reopened periodically during the 
TW accident sequence profile (until containment failure). 
After containment failure, the valves (Test #1 and #2) will 
be exposed to a fragility test with step increases in 
pressure and temperature. At the completion of the test, the 
valves must close in both Tests #1 and 42. 
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Both MSIV pneumatic control manifold assemblies will be sub- 
jected to baseline tests at designated points throughout the 
test. See Section 5.0. 

4.0 ACCEPTANCE CRITERIA 

The acceptance criteria is based on the operational per- 
formance of the MSIV pneumatic control manifold assembly. 
The assembly must perform its required safety function 
throughout the accident exposure. Note: the safety function 
(valves open or close when demanded) varies as a function of 
time . 
4.1 Test #1 

For Test #1, the valve must be maintained in the open 
position throughout the accident exposure. At the conclusion 
of the test, the valves must reclose and remain in the closed 
position. 

4.2 Test #2 

For Test #2, the valve will be closed and must be able to be 
opened upon demand during the accident exposure. At the con- 
clusion of the test, the valves must reclose and remain in 
the closed position. 

5.0 BASELINE TESTS AND HEAT RISE MEASUREMENTS 

5.1 Baseline tests 

Baseline tests, representative of typical solenoid valve 
qualification tests (Ref.. 4, 5, 6, and 7 ) ,  will be conducted 
prior to aging, after aging, and after the accident exposure. 
These tests will only be used to gain further insight into 
the performance of the valves. The following baseline tests 
will be conducted. 

1. Operational tests at minimum and maximum rated voltages 
(rated voltage 2 10 percent) and minimum and maximum 
pressures (150 2 10 psig). This pressure, 150 2 10 
psig, is the upper limit provided by the instrument air 
system. 

When the applied inlet pressure is between the minimum 
and maximum operating pressure differentials, the valve 
must shift to the energized position (open) upon ap- 
plication of a voltage within the voltage limits. The 
valve must shift to the de-energized position (closed) 
upon removal of the applied voltage. 



2. 

3 .  

4. 

5. 

5.2 

The 

External leakage of valve bodies 

While energized, apply a bubble solution to all joints 
and pressurize the valve to a safe working pressure. 

Seat leakage 

In the de-energized state, check the valve for seat 
leakage at the minimum and maximum operating pressures. 

Insulation resistance measurements 

Measure the insulation resistance after 1 minute at 500 
V. 

High potential withstand test 

Measure the leakage current, after 1 minute, at twice 
the rated voltage plus 1000 Vac. This test will only 
be done at the conclusion of the test. 

Heat Rise Measurements 

heat rise due to the solenoid assembly being energized 
(heat rise from the coil) will be measured. When the sole- 
noids are energized at the service temperature and the tem- 
perature has stabilized for two hours, the heat rise 
temperatures will be recorded. After these measurements 
are made, the thermal aging calculations will be reviewed 
to ensure that the heat rise temperature of 27-3OoC was 
appropriate (Ref.. 9). Section 8.1 explains the use of the 
heat rise measurements. 

6.0 MONITORING DURING THE TEST 

The test specimen and the test environment will be moni- 
tored throughout the test. 

6.1 Monitoring of the Test Specimen 

In order to monitor the operation of the manifold assembly, 
the cycle rate, the on/off time, the cycle count, the pres- 
sure at the valve inlet and exhaust cylinder ports, and the 
supply voltage will be monitored. These parameters are 
representative of typical solenoid valve qualification 
tests (Ref. 4, 5, and 7). 

For the heat rise measurements, thermocouples will be 
placed at the following locations: (1) top and bottom 
seats of the plunger of the 125 Vdc solenoid, (2) inside 
the NEMA 4 box as close to the neoprene gasket as possible, 
( 3 )  inside the solenoid assembly housing of the 125 Vdc 
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solenoid as close as possible to the coil, and (4) on the 
silicone lead wire of the 125 Vdc solenoid as close as 
possible to the solenoid coil. 

6.2 Monitoring of the Test Environment 

The test environments will be monitored using thermocouples 
positioned throughout the steam chamber and near the test 
specimen. (Two differential thermocouples will be con- 
nected directly to the test specimen.) The pressure in the 
test environment will also be monitored. 

Automated measurements of temperature and pressure during 
the accident exposure will be made at five minute inter- 
vals. Continuous chart recording Will provide backup capa- 
bility. 

7.0 MOUNTING AND CONNECTIONS 

As shown in Figure E-5, the test specimen will be mounted 
at a forty-five degree angle with the solenoids upside down 
during the accident exposure. This is the usual installed 
configuration at nuclear power plants. 

Electrical lead wires and piping connections for ener- 
gizing, pressurizing, and monitoring shall be attached 
according to manufacturing specifications and plant 
installation requirements. The wires and piping connections 
will be brought out of the chamber and connected to moni- 
toring equipment for recording. 

8.0 TEST DESCRIPTION 

8.1 Aging Simulation 

The aging simulation will consist of simultaneous radiation 
and thermal aging. The solenoids will be energized 
throughout aging; however, no cycling of the valve will be 
done during the aging simulation. 

The manufacturer recommends replacing some of the organic 
materials of the valve after 15 months. Therefore, the 
valve will be aged to an equivalent of 15 months. 

The radiation exposure will be 1.25 Mrads at the lowest 
dose rate available at the HIACA facility (approximately 
.09 Mrad/hr.). The radiation damage threshold is approxi- 
mately 1 Mrad for several of the materials in the manifold 
assembly and Viton is susceptible to dose rate effects. 

The maximum service temperature was given as 85OC. Self- 
heating of the coil will raise the service temperature to 
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112OC. Since the solenoids are isolated from the rest of 
the valve, only the solenoids need to be analyzed using the 
higher service temperature. In order to avoid over-aging 
any part of the valve, part of the aging of the solenoids 
will done separately. Then the solenoids will be rein- 
stalled into the valve to complete aging. The two-step 
aging process was used in Refs. 5, 6 ,  and 7 in order to 
avoid over-aging the elastomeric materials. The thermal 
aging calculations are found in Attachment A. 

First, the solenoids will be thermally aged at 13OOC ( 1 6 O O C  
including self-heating) for 4 days. An activation energy of 
1.0 eV was used. Then the solenoids will be replaced and 
the entire assembly will be exposed to 13OOC (16OOC for the 
solenoids because of self-heating) for 12.2 days and 1.25 
Mrads. For this portion of the aging calculation, an acti- 
vation energy of 1.0 eV was used. 

8.2 Accident Simulation 

As required during the accident simulation, the solenoids 
will be energized (rated voltage 2 10 percent) and the 
valves will be pressurized at the inlet ports with instru- 
ment air. The applied inlet pressure will be 150 2 10 
psig. 

The test valves will be energized at the rated voltage for 
a minimum of four hours, at 85OC. to produce thermal 
saturation of test valve coils and to simulate the maximum 
typical temperature prior to an accident (Ref. 7). 

8.2.1 Test #1 

The valve must be energized until Test #1 has been com- 
pleted. The temperature and pressure profiles for Test #l 
are shown in Figures E-6 and E-7. These profiles correspond 
to the TC accident sequence, until containment failure at 
4.5 hours. If the valve is still operable at containment 
failure (remains open), the pressure and temperature will 
be increased in steps to determine the fragility level of 
the manifold assembly. 

The following procedure will be used during the fragility 
portion of the profile. The environmental temperature will 
be increased in 25OF increments and held at that tem- 
perature until the valve has stabilized at the environ- 
mental temperature for ten minutes. The temperature will 
continue to be increased in 25OF increments until the valve 
fails to remain open. The minimum differential pressure to 
open the manifold assembly is 28 psig (Ref. 9). Therefore, 
the chamber pressure will be increased in 5 psig increments 
until the pressure reaches a maximum pressure of 132 psig. 
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At the conclusion of the test, the valve will be cycled (if 
necessary) to the closed position. The valve must close, 
at that time, to perform its required safety function. 

8 . 2 . 1  Test #2 

The profiles for Test #2 are shown in Figures E-8 and E-9. 
This profile corresponds to the TW accident sequence until 
containment failure at 35 hours. The valve will be cycled 
every 2 hours during the profile until containment failure. 
The valve will be open long enough to allow for observation 
and then the valve will be de-energized. If the valve can 
still be cycled from the closed position to the open PO- 
sition at containment failure, the pressure and temperature 
will be increased to determine the fragility level of the 
manifold assembly. 

The following procedure will be followed during the fragi- 
lity portion of the profile. The valve will be cycled at 
each fragility plateau. The valve will be open long enough 
to allow for observation and then the valve will be de- 
energized. The temperature will be increased in 25OF 
increments and held at that temperature for 10 minutes 
after the valve has stabilized at the environmental tem- 
perature. The temperature will continue to increase in 25OF 
increments until the valve fails to open. The pressure 
will be increased in 5 psig increments until the pressure 
reaches 132 psig. Since the minimum differential pressure 
to open the manifold assembly is 2 8  psig (Ref. 9). the 
maximum chamber pressure may be 132 psig. 

At the conclusion of the test, the valve will be cycled (if 
necessary) to the closed position. The safety function of 
the valve is to close at that time. 

9.0 TEST FACILITIES 

9.1 HIACA: Radiation and Thermal Aging Facility 

The accident simulation test will take place in Sandia's 
High Intensity Adjustable Cobalt Array (HIACA). A complete 
description of the HIACA is contained in Reference 8. A 
brief description follows. 

The HIACA consists of thirty-two 24-inch long Cobalt-60 
source pencils. The pencils are arranged in a circle, 
giving a cylindrical test volume that supplies a rela- 
tively uniform dose to test specimens. The array is 
adjustable: the pencils can be moved to accommodate larger 
test specimens at lower dose rates or smaller specimens at 
higher dose rates. Dosimetry runs will be made prior to the 
experiment. 
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9 . 2  Steam System: Accident Simulation 

Capabilities of the steam system are given in Table 1. The 
system is designed to accommodate severe accident testing. 

TABLE 1: General Capabilities of the Steam System 

Design (system and vessels) 
Pressure 
Temperature 

Accumu la t o r s 
Total volume 
Water volume 

Saturated steam ramps-- 
12,000 lb. peak (16 ft.3 chamber 

with ID=20.5in) 
0-70 psig (314OF sat.) 
0-110 psig (343OF sat.) 

Superheat steam ramps 
ramp (pressure to 70 psig) 
con t i nu ou s 

200 psig 
750°F 

16 ft.3 
16 
8 

1 chamber 

10 sec. 
22 sec. 

to 750°F 
- < 10 minutes 
300 lb./hr. 

9.3 Test Chamber 

The test chamber to be used for this test will depend on 
availability. If possible, simultaneous radiation and 
thermal aging and the accident simulation will take place 
in the same chamber so that handling of the test specimen 
will be minimized. 

9.4 Instrumentation 

Appropriate instrumentation will be employed to monitor the 
test environment and the test specimen response. The test 
facility is equipped with a variety of data acquisition 
systems capable of monitoring and recording the necessary 
pressures, temperatures, ramp times, and other pertinent 
data. The instrumentation channels for monitoring the test 
specimen response will be on a separate data acquisition 
system, which can be interfaced to a computer to facilitate 
analysis. 

E-1 2 



10.0 QUALITY ASSURANCE 

Quality assurance will be handled in accordance with QAP 
6447-2, Revision A. (QAP 6447-2, Revision A is found in 
Attachment B.) Some specific areas addressed by the QAP 
are described below. 

10.1 Test Specimens 

The purchase Order will specify that a Certificate of Com- 
pliance/Conformance accompanies the test specimens to 
ensure that the test specimens are Class 1E qualified in 
accordance with appropriate requirements. The Certificate 
must indicate the nuclear standards to which the equipment 
has been qualified, including 10 CFR 50 Appendix B, 
NUREG-0588, IEEE-382, IEEE-344, and IEEE 323-1974. The 
manufacturing lot and data codes are also required to 
appear on the certificate. 

10.2 Documentation Control 

The documents will provide an auditable trail of information 
describing test specimens, any preparation of the test 
specimens, test configuration, test environments, pro- 
cedures, test results, analysis methodology, and data 
analysis. The following information will be stored in 
the appropriate files: data sheets, l o g  books, drawings, 
calibration data, plots, photographs. datalogger paper 
tapes, hard copy printouts of computer data files, 
datalogger and computer channel configuration documents, 
test plan, and final report. 

The final report will be subject to peer review for tech- 
nical accuracy and management review and approval prior to 
issuance. 

10.3 Photographs 

Prior to testing, color photographs will be taken of the 
test setup, instrumentation, test chamber, and test speci- 
men. These will include both general overview shots as 
well as close-ups of pertinent details. After the test, 
similar photographs will be taken of the test specimen. 
Photographs of the test specimen will be taken during set- 
up of the test, during testing if Warranted, after the 
test, and during disassembly of the test. 

10.4 Nonconf ormance/Unusual Occurrences 

In the event of a nonconformance, the nonconformance will 
be identified in the lab notebook. This identification 
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will include the date and time of the occurrence, nature of 
the deviation, expected or planned occurrence or procedure, 
magnitude of the deviation from the planned procedures, 
effect of the deviation on the test and test results, dis- 
position of the test items, and any corrective action re- 
quired. 

10.5 Equipment Calibration 

The principal investigator will assure that test and 
measurement equipment used during the test will have valid 
calibration stickers and that calibration will not expire 
during the planned course of the experiment (calibration 
against standards which are traceable to the National 
Bureau of Standards). If the time required for testing is 
modified due to unanticipated occurrences and the Cali- 
bration of the equipment expires during the test program, 
the principal investigator may elect to continue using the 
equipment. In such a case, the equipment will be 
calibrated after completion of the test. The principal 
investigator will analyze the results of the post-test 
calibration to ascertain the effect on test results. 
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ATTACHMENT A 

THERMAL A G I N G  CALCULATLONS 

1. G i v e n  C o n d i t i o n s :  

a .  S e r v i c e  T i m e  

ts  = 1 5  months ( m a n u f a c t u r e r ' s  s u g g e s t e d  r e p l a c e m e n t  
p e r i o d )  

b .  S e r v i c e  T e m p e r a t u r e  

For  a l l  components  b u t  t h e  s o l e n o i d :  

Ts = 1 8 5  F = 85 C = 358 K 

For  t h e  s o l e n o i d :  

Ts = 1 8 5  F + AT (AT d u e  t o  

Ts = 85 C + 27 C = 112 C = 

c .  A c t i v a t i o n  E n e r g i e s  

V i t o n :  E a  = 1.11 e V  

A s s u m e  f O K  s o l e n o i d :  Ea = 

2 .  A c c e l e r a t e d  Aging:  

se  I f  - hea  t i n g  ) 

385 K 

1 . 0  e V  

a .  C a l c u l a t i o n  f o r  a l l  compon-nts  b u t  s o , e n o i L s  ( m a n i f o l d  
a s s e m b l y  e n e r g i z e d )  

Ts = 358 K 

ts = 1 5  months 

Ea  = 1 . 0  e V  

J kg = 1 . 3 8  E-23 - K 

l ev  = 1 . 6 0 2  E-19 J 

Ta = 130 C = 403 K ( 1 3 0  C u s e d  i n  a p r e v i o u s  t e s t  of 
AVCO m a n i f o l d  a s s e m b l y )  

= e x p  - ta 

t S  S a 
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1 .602  E-19J  
1 e V  

1 . 0  e V  ta = ( 1 5  mon ths )  exp 

1 . 3 8  E-23 

358K 403K 

= - 4 0  months = 1 2 . 2  d a y s  ta 

b. C a l c u l a t i o n  f o r  s o l e n o i d s  

1. When a s s e m b l e d  i n  m a n i f o l d  a s s e m b l y  and  e n e r g i z e d  

T a  = 130 C + 30 C 

= 160 C = 433 K 

t a  = 1 2 . 2  d a y s  

Ea = 1 . 0  e V  

1 e V  = 1 .602  E-19 J 

TS = 385 K 

t S  = ?  

t S  = exp[- 
(+s - +a)] 

1 2 . 2  d - 
1 - ts  - 1 . 0  e V  1 . 6 0 2  E-19  J 1 expr 1 . 3 8  E-23 )(385 K 433 ISJ 

= 3 4 5 . 1  d = 1 1 . 3  months 
t S  

2 .  T h e r e f o r e ,  t h e  s o l e n o i d  must  be a g e d  ( a n d  e n e r g i z e d )  
f o r  a n  a d d i t i o n a l  t s  = 1 5  - 1 1 . 3  months = 3 .7  months 

Ts = 385 K 
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tS 

Ea 

kg 

lev 

Ta 

ta 

- 
t S  

ta 

3.7 months 

1.0 eV 

J 1.38 E-23 - K 

1.602 E-19 J 

130 

? 

exP 

C -+ 30 C = 160 C = 433 K 

r 

K \  

(38; K - 433 K 

.13 months = 4.0 days 

E-21 

. - I-" -.1__1, .-I"--_ .-I ._.. .." - , . . . .- .--.-I... XI._ -~ -I -" -. , 



ATTACHMENT 6 QAP 6447-2 
Rev A 
Page 1 

QUALITY ASSURANCE PROCEDURE 

Performance Evaluation of Electrical Equipment During 

Severe Accident States (PEEESAS) Test Program 

Page 1 2  3 4 5 6 7 8 9 10 
Revision A A A A A A A A A A 

Approved by: D. A. Brosseau 12/3/85 
Q. A. Coordinator Date 

D. L. Berry 12/3/85 
Program Manager Date 

E-28 



QAP 6447-2 
Rev A 
Page 2 

PERFORMANCE EVALUATION OF ELECTRICAL EQUIPMENT 

DURING SEVERE ACCIDENT STATES TEST PROGRAM (PEEESAS) 

1.0 POLICY 
Sandia National Laboratories (SNL) has as a primary objective the 

solution of engineering and scientific problems of interest to the 
public and to sponsoring organizations such as the NRC. It is the 

policy of SNL to take appropriate steps through selective applica- 

tion of appropriate quality assurance program controls to ensure 

that work is done to quality standards commensurate with the 

activities performed. 

1.1 Purpose The purpose of this Quality Assurance Procedure (QAP) is to 

summarize the quality assurance requirements that have been 

identified for implementation on a project-specific basis to the 

tasks identified herein. This QAP and its' set of requirements 

shall provide the basis for documentation of all quality-related 

tasks of the PEEESAS Test Program. 

1.2 Scope This QAP defines the total applicable set of QA requirements 

based upon the 18 QA criteria of 10CFR50, Appendix B, and provisions 

of the 6410/6440 Quality Assurance Program Plan. Further, the 

extent of application of each QA criteria is governed by the Quality 

Level assigned to the PEEESAS Test Program. 

1.3 Applicability This QAP applies to the task or tasks defined herein 

to the extent required. All requirements shall be adhered to by 

project personnel directly involved with or who interface with the 

specific SNL project task. No other quality assurance plans, except 

as noted in this procedure, apply to the particular program covered 
by this QAP. 

project scope or task definition changes shall be accomplished by 

revisions to this QAP. 

Changes or revisions of project QA requirements due to 
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2.0 GENELtllL 

2.1 Introduction This QAP is subordinate to a number of key quality 

assurance documents, including: 

a. The 6410/6440 Quality Assurance Program Plan (QAPP) 

b. The Organization 6000 QAPP 

c. 10CFR50, Appendix B 

d. ANSI/ASME NQA-1 

This project-specific QAP is consistent with the governing QA 
requirements, to the extent appropriate, for the specific project 

tasks and associated Quality Levels as further defined herein. 

2.2 Organization This QAP falls within the existing organization 

structure and provisions outlined in its' parent QAPP documents. No 

specific organizational changes are required to implement the 

project tasks or quality assurance provisions. Existing organiza- 

tional responsibilities and authorities are unafEected and shall 

prevail for all project work and review/approval requirements. 

2.3 Quality Assurance Program The administration, documentation, 

implementation, monitoring and control of the applicable SNL Quality 

Assurance Programs shall not be negatively affected or diminished by 

this QAP. All QAPP guidelines shall apply to the extent defined in 

this QAP as appropriate to the particular project tasks. Reference 

is made within this QAP to Energy Programs Instructions ( E P I s )  that 

apply to tasks specific to this project. E P I s  shall be implemented 

as appropriate to the nature and scope of project tasks. All 

questions regarding specific implementation requirements in EPI's 

shall be referred to the QA Coordinator for resolution. 
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3.0 GEbTEEUL PROJECT DESCRIPTION 

This QAP specifically applies to testing associated with the PEEESAS 

Test Program (Division 6447). The purpose of the testing is to 

evaluate the performance of electrical equipment, during a severe 

accident, which would be used to mitigate an accident or provide 

information on the status of the plant. The results of this program 

will provide data on environmentally-induced equipment failures. 

For FY-86 testing, the test specimens will be exposed to 

simultaneous radiation and t h e m 1  aging and a severe accident test 

profile. Accident test profiles are based on accident sequences for 
a BWR/HABK I. Throughout the accident profiles, the operational 

performance of the test specimen will be monitored to ensure that 

the test specimen performs its required safety function. 

Overall task Quality Level is 111 or Minor as defined in EPI 11-3. 

The following section defines the applicable quality assurance 

criteria and tasks that are required during the execution of this 

expe r iment a 1 pro g ram. 

4.0 REQUIREMEbTTS 

It shall be the responsibility of the principal investigator (PI) to 

plan and conduct all project tasks within the quality assurance 

requirements listed in this section of this QAP. Determination of 

requirements is based upon the assigned Quality Level (111, Minor) 

and the overall program requirements of referenced governing 

documents, including the 6000 QAPP and 6410/6440 QAPP. The require- 

ments are listed in the order provided in 10CFR50, Appendix B. 

Attachment I to this QAP provides an itemized checklist of QA 
requirements for all major project tasks. 
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4.1 Design Control Required tasks associated with design control 

include the following: 

a. Identify project objectives in appropriate statements of work 

and program plans. 

b. Develop and document detailed testlexperiment plans and 

procedures, including appropriate acceptance criteria. 

c. Obtain one technical peer review for test plans/procedures and 

document using appropriate forms in accordance with E P I  111-2 or 

by use of memoranda to file. See QA Coordinator regarding E P I  

implementation requirements. 

d. Obtain SAND document reviews and approvals, as appropriate, and 

document on established forms. 

e. Control document changes and drawing revisions in accordance 

with established procedures. 

f. Experimental results and log book data shall be maintained in an 

auditable, retrievable manner. 

Route all test plans and peer review records to the QA Coordinator 

for review and filing. 

4.2 Procurement Procurement activities and associated quality assurance 

provisions are only marginally applicable to this project due to the 

nature and limited scope of the overall experimental program. 

Procurement QA documentation shall be established in accordance with 

EPI I V - 2  (see QA Coordinator for details on current E P I )  as follows: 

a. Include technical and QA requirements in the PRs for the test 

specimens. QA requirements shall include, as appropriate: 

(1) Right of access for inspection and/or audit. 

( 2 )  Required supplier submittals of certifications, evidence o f  

quality. 

( 3 )  QA Plan, if required, which meets 10CFR50 requirements. 
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b. 

C. 

d. 

e. 

(4) Identification of inspection requirements and hold points. 

( 5 )  Other special instructions and acceptance requirements. 

Complete the form "Quality Requirements for Purchase 

Requisition" ( E P I  IV-2) in consultation with the QA Coordinator, 

and obtain QA Coordinator or alternate designee review of the PR 

package to verify the adequacy of QA requirements, prior to 

management approval. 

Process Change Requisitions in accordance with establ-ished 

procedures to include the original review and approval 

requirements. 

Ensure adequate translation of technical requirements in the PO 

and contract documents. 

Close out contract documentation in accordance with established 

procedures, Section 9 ,  EPI I V - 2  (see QA Coordinator). 

4.3 Instructions, Procedures and-Drawings Instructions and procedures, 

including appropriate drawings or sketches, shall be developed, 

referenced and utilized to accomplish the project tasks associated 

with the PEEESAS Program. Procedures shall be prepared, reviewed 

and approved in accordance with EPL XL-1 and EPL 1 L L - 2 ,  with 

inclusion of quantitative and/or qualitative acceptance criteria to 

assure measures of successfully meeting requirements. See QA 

Coordinator for EPI implementation requirements. 

4.4 Document Contra The following requirements apply: 

a. Specify and control preparation, review, approval, distribution 

and changes made to project documentation in accordance with 

established departmental procedures. 

b. Ensure latest issue of all documents is at all appropriate work 

locations. 
c. Project files shall be controlled and indexed to ensure access 

to current issues of project documents. 
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4.5 Control of Purchased Items and Services Required tasks associated 

with this QA category include the following: 

a. Specify or request source inspections of suppliers and 

appropriate hold points, if deemed appropriate, in accordance 

with E P I  V I I - 1 .  (See QA Coordinator for implementation 

details.) Participation is recommended to ensure technical 

requirements are adhered to. 

b. Coordinate and specify acceptance or rejection (deviation) of 

materials with the receiving and purchasing organizations and 
the QA Coordinator. 

c. Specify and verify receipt of required supplier certifications 

with test components. 

d. Determine nonconformances or deviations, coordinate or specify 

corrective action, and conduct follow-up activities in 

consultation with the QA Coordinator. 

4.6 Identification and Control of Items Quality assurance requirements 

associated with this category on the PEEESAS Test Program are 

limited to ensuring adequate marking, identification, and 

traceability of the test specimens throughout the experimental 

program. Identification shall be appropriately cross-referenced to 

procedures and lab notebook entries and data. 

4.7 Control of Special Processes There are no applicable requirements 

associated with special processes in the PEEESAS Test Program. 

Operation of test facilities is conducted through well-established 

SUL procedures using qualified personnel. Operator and test 
personnel qualification and certification records are documented and 

maintained in accordance with established SbTL procedures. 

4.8 Inspection The need for and control of any required inspection or 
testing activities and personnel qualifications shall be defined in 
appropriate specifications, test plans, or procedures. 
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4.9 Test Control All experiments and tests shall be conducted in 
accordance with appropriate test plans and procedures prepared, 

distributed and revised in accordance with E P I  X I - 1  (for details, 

see QA Coordinator) and established departmental standards and 

procedures. SNL facility operation and desired test conditions 

shall be called out and controlled by test procedures. Test log 

books shall be maintained and controlled. All test plans and 

procedures shall include project or task Quality Level assignment 

and any applicable hold points. 

4.10 Control of Measuring and Test Equipment QA requirements are as 

follows : 

a. Ensure all equipment, gages and standards are either entered 

into the SNL calibration system or are calibrated and controlled 

by project personnel via appropriate procedures (EPI XII-4; see 

QA Coordinator). 
b. Verify all calibration stickers are current and will remain so 

€or the expected duration of the test. 

4.11 H I  Quality assurance requirements 

associated with handling, storage and shipping are limited to 

"common sense" care and handling of test specimens to protect them 

from loss, damage, exposure to elements or sunlight, or other 

degradation. Handling requirements shall be outlined, as 

appropriate, in test plans and procedures. Supplier handling, 

packaging, and shipping requirements shall be specified to meet the 

requirements typical of shipments for nuclear power plant use. 

4.12 Inspection, Test and Operating Status QA requirements are as 

€0 1 lows : 

a. Identify the test specimens and indicate test status by 
appropriate stickers, marking, or notations in accordance with 

written procedures or instructions. 



b. Provide controls and instructions authorizing application and 

removal of status indicators and for segregation and control of 

nonconforming items. 

c. Provide necessary status indicators] as appropriate, to inform 

other SNL personnel of the operating status of test and 

experimental facilities. 

4.13 Control of Nonconforming Items Required QA activities are as 

follows: 

a. Report nonconformances via entries in lab o r  field notebooks. 

b. Determine and docurttent all dispositions, including material 

segregation and/or rejection. 

c. Determine and iniplement corrective actions (paragraph 4.14). 

d. Implement means to prevent recurrences of nonconformances . 

4.14 

4.15 

Corrective Actioq QA requirements are as f o l l o w s :  

a. Following identification of nonconfot-mances and disposition, 

determine the cause(s) and appropriate corrective actions, 

document in lab notebooks and implement. 

b. Monitor the effectiveness of any corrective actions. 

Quality Assurance Records QA requirements are as follows: 

a. 

b. 

C. 

Maintain and control records by ensuring all records are 

identifiable and retrievable. 

Determine and document records retention requirements. Minimum 

retention shall be for the life of the project, including 

follow-on work. 

Following project con@letion and official transfer of all 

records to sponsor files, archive all records in accordance with 

SNL procedures. 
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4 . 1 6  Audits A l l  project personnel shall  a s s i s t ,  participate, cooperate 

and follow up on a l l  audit o r  surveillance act iv i t ies  in areas 

affected and in accordance with the outline procedure provided in 

EPI XVIII-1. Regarding specific implementat ion procedures and 

principal investigator responsibilit ies,  consult with the QA 

Coordinator for detai ls .  



QAP 6447-1 
Attachment I 

Project Activity 

Test Plan 

Purchase Requisitions: 

Major 

Hinor 

Test Fixture Design 

Test Procedures 
line Tests 

Base- 

Data Acquisition: 
Log Books 
Photographs 
Data Sheets 
Computer Tapes, 
Files, Etc. 

QA Requirements 

Preparation/Peer Review 
Revision Review 
Include: Quality Level, 
Acceptance Criteria, Applicable 
Hold Points 

Specify Test Specimen Handling 
and Applicable Inspection 
Requirements 

Distribution to QA Coordinator 

Include Technical Specifications 

Require Supplier Certifications 
Handling, Storage, Shipping 
Requirements 

Specify Right of Access to 
Supplier Facilities (if 
applicable) 

and Requirements 

Require Contractor Inspections 
Source Inspections, Hold Points 

( if applicable) 
"QA Requirements for Purchase 
Requisition" Form and QA 
Coordinator Review 

PR to PO Translation Verification 
Receiving Inspection (Inspection 

Non-conformance/Deviation/Correc- 
Code X) 

tive Action Documentation 

lone 

Informal Peer Review Suggested 

Preparation/Review/Approval 
Uodif ications 
Test Status Designation 
Peer Review, if Appropriate 
Contractor Test Control 

Auditable and Retrievable 
Identification and Control of 

Test Status Designation (if 

lon-conformance/Corrective Action 

Test Specimen 

app licab le 1 

Documentation During Test 

QAP Ref. 

4.lb,c 
4.le 
4.lb 
4.9 

4.6,4.8, 
4.11 

4.1 

4.2a 

4 .  2a,4. 5c 
4.2a, 4.11 

4.2a 

4.8 
4.2a, 4.5a 

4.2b 

4.26 
4.2a, 4.5b 

4.56 

- 

- 

4 .lb,4.3 

4 . 9  
4.1~~4.3 
4.9 

4.lf 
4.6 

4.12 

4.13 ,4.14 

- 

EPI Ref. 

XI-l,II1-2 
XI-1 
XI-1 

XI-1 

XI-1 

IV-2 

IV- 2 - 
IV- 2 

- 
IV-2,VII-1 

IV-2 

IV- 2 
IV-2 

IV-2 

XI-l,III-2 
v-1 

111-2 
- 
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Project Activity QA Requirements 

Instrument Calibration Verify Calibration Documentation 
Calibration Stickers Current 

Ensure Contractor Calibration 
During Test 

Data Analysis None 

Quick Look Reports None 

SAND Reports Preparation (Format and Content) 
Peer Reviews 
Uanagement App rova 1 
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