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ABSTPACT

NUREG-0578, Section 2.1.9.c outlines the scope and requirements for
analysis of transient and accident scenarios, utilizing the design basis
events as specified in Chapter 15 ot the FSAR. The information derived
from these analyses, which included the use of event trees, was used in
reviewing and evaluating emergency and abnormal operating instructions

and in providing input into operator training programs.

The results of the evaluation indicate that the Emergency Operating
Instructions (EOIs) and the Abnormal perating Instructions (AOIs) fully
cover the current design basis events. Moreover, the EOIS address a
number of events beyond the design basis. A review of the event trees
and the accidents reported in the Safety Analysis Report show that when
followed, the EOIs assure events that are much less severe than those
reported in the SAR. As a result of this review specific recommen-
dations concerning EOIs and their incorporation (together with event
trees) into operator training programs have been made which provide
added assurance that appropriate operator actions occur even curing

events beyond the design basis of nuclear plants.
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1.0 INTRODUCTION AND SUMMARY
NUREG-0578, Section 2.1.9.c outlines the scope and requirements for
analysis of transient and accident scenarios, utilizing the design basis
events as specified in Chapter 15 of the FSAR. These analyses are to be
performed for the purpose of identifying appropr iate and inappropriate
operator actions relating to important safety considerations such as
prevention of core uncovery and prevention of more serious accidents.
The information derived from these analyses, which may include the use
of event trees, is to be used in reviewing and evaluating emergency and
abnormal operatirg instructions and to provide input into operator

training programs.

To provide a systematic, efficient way in which to respond to these
requirements the event trees provided in this report have been gener-
ated. These trees identify sequences of functions called upon to
operate during the transients and,consequently, the need for further
analyses of sequences may be defined. They also serve as a useful
vehicle to examine operator actions and to evaluate abnormal and emer-

gency operating instructions.

The results of the evaluation indicate that the Emergency Operating
Instructions (EOIs) and the Abnormal Operating Instructions (AOIs) fully
cover the current design basis events. Moreover, the EOIs and AOIs
address a number of events beyond the design basis. (See Appendix A and
). A review of the event trees and the accidents reported in the
Safety Analysis Report show that when followed, the EOIs and AOIs assure
events that are much less severe than those reported in the SAR. As a
result of this review specific recommendations concerning EOIs and AOTs
and their incorporation (together with event trees) into operator train-
ing programs have been made which provide added assurance that appro-
priate operator actions occur even during events beyond the design basis
of nuclear plants. These results, then, meet the intent of NUREG-0578,

Section 2.1.9.c.
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2.1 DEFINITION AND USE OF EVENT TREES

The application of risk methodology requires the development of a large
number of accident scenarios for a variety of initiating events, fol-
lowed by the identification of the scenarios which are high contributors
to risk. In nuclear power plant safety analyses, a typical initiating
gevent is a significant occurrence that may take place during power plant
operation which requires that the reactor be shut down. The initiating
event may be a mechanical failure such as a large pipe break in the
reactor coolant system or a transient event, such as a complete
loss-of-load to the plant, Either type of occurrence places heavy
demands on a plant operator and on operating and/or emergency safety
systems. If enough safety systems were to fail and/or a plant operator
were to fail to respond properly, the potential for reactor core damage
and large radioactive releases could exist. Thus, there is a need for a
systematic approach to organizing the large number of potential acc ident
scenarios and for evaluating their likelihood of occurrence. Event tree
analysis provides such an approach. Event trees, once prepared, may
also be used as an aid to identify critical accident sequences in
reviewing plant operaticnal procedures and can serve as a too!l in

designing operator training programs.

A prime example of the application of event tree methodology is pre-
sented in Apendix 1 of WASH-1400 (Reactor Safety Study). Some basic

concepts are summarized in the paragraphs that follow.

An event tree is a forward-looking (or inductive) logic diagram whose
form is similar to that of decision trees used in business administra-
tion and in economics: the tree consists of an initiating event and a
number of branches which connect that event to other subsequent events

to produce defined sequences.




The development of an event tree for safety analysis is started by
defining the various system design functions which could have an impact
on meeting pre-defined safety limits. In WASH-1400 and in this study
this includes such functions as electric power, reactor trip, auxiliary
feedwater, and emergency core cooling. These functions are used as
event headings in the tree and are initially considered in chrono-
logical order as required in the system response to the initiating
event. The tree proceeds from left to right (initiating event first) by
addition of branches under each heading corresponding to success oOr
failure of the safety function in meeting its design functional require-
ments. Successful performance of a function is indicated by an upward
drawn b -anch and failure by a downward drawn branch. Diagram (a) of
Figure 2.1 illustrates the initial construction of an event tree. It
shoull be noted that the tree presented is for illustrative purposes
only and thus does not show all safety system functions required for a
smal’ loss-of-coolant accident (LOCA) event. After the tree is drawn,
paths across it can be traced by choosing a branch under each successive
heading. For example, event sequence AééD of the basic event tree
shown, indicates an accident scenario whereby a small LOCA is
experienced; electrical power is provided successfully to all safety
systems; there is successful trip of the reactor; and the secondary
auxiliary feedwater system fails to function. Note that each sequence
may really denote one or more possible sequences depending on the timing
of the various failures indicated in the tree.

when more headings are used because of additional safety functional
requirements, the number of accident sequences can become quite large
(i.e., 21 paths, where "n" is the number of individual headings).
Fortunately, when functional and operational relationships between sys-
tems are considered many sequences that are illogical or meaningless are
eliminated from the event tree.
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(b) Reduced Event Tree

FIGURE 2.1

Sample Event Tree
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The development of an event tree is a two-step process that requires the
analyst to: (1) define an initiating event and construct an initial
event tree as described above, and (2) reduce the initial event tree to
a final form. To perform the latter step it is necessary to

- identify the conditional dependencies in the tree and thus
eliminate illogical or impossible event sequences, and

~ identify timing and sequential dependencies and incorporate them
in the tree; if necessary, construct additional event trees for
the same initiating event with differently ordered subsequent

events.

Diagram (b) of Figure 2.1 is an example of an initial basic event tree
reduced by considering the above items. For example, Safety Systems #2
and #3 depend on the availability of Safety System #1, Electric Power.
Since failure of electric power will lead to eventual core uncovery for
the sample event (a small break LOCA) regardless of the operability of
reactor trip and auxiliary feedwater, branch choices for these functions
need not be shown., Thus, the last four sequences may be eliminated from
the basic tree, to be replaced by a single sequence AB as shown.

The event tree presented in this section was introduced to illustrate
the thought processes involved in developing event trees. The actual
trees oresented in the appendices were drawn with many iterations, and
with many interactions examined to assure completeness and adequacy.
Thus, although only one tree is shown for an initiating event, a large

number of trees were drawn before a final structured choice was made.

2.2 REVIEW STAGES
The review of transient events is divided into three segments. The
first is pre-reactor trip. The pre-reactor trip segment is significart,
since the operator or system response during this interval can impact

N
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post-reactor trip conditions and how the operator would proceed to
ctabilize the plant; in addition, a significant aspect of the Abnormal
Operating Instructions should be to assure that abnormal conditions do
not evolve into emergency conditions. The second segment is post-reac-
tor trip which is designed to study the longer term decisions the opera-
tor must make in bringing the plant to a stabilized shutdown condition;
this section focuses on post-trip conditions which initially do not
involve a loss of primary or secondary system coolant; it emphasizes
diagnosis of current plant status (trends) and what types of failures
could occur if these trends continued without operator corrective
action. The third segment of the review is for loss of primary or sec-

ondary coolant accidents.

Figure 2.2 shows a block diagram of the process used in assessina opera-
tor actions. The FSAR accidents were used to define the types of events
studied. Control event sequences were developed for FSAR accidents
which show alternate paths the accidents may tollow using FSAR and non-
FSAR assumptions for severity of failures and equipment responses. Most
of these event sequences were developed for the time frames normally
studied in the FSAR (i.e., up to and immediately following time of reac-
tor trip or safety injection). The intent is .o show the control system
interactions which could significantly affect the accident (i.e.
increase the severity or transform the accident into an alternate
unexpected event). The Contro! Event Trees were then used for a general
review of the plant Abnormal Operating Instructions (ACIs). The review
was made to assess the operator's ability to diagnose che transient and

the appropriateness of corrective actions.

Reactor trip event trees were developed for non-LOCA and Loss of Primary

Secondary Coolant Accident sequences. The non-LOCA emphasis was
placed on paths which could ultimately lead to a LOCA, loss of sec-
ondary coolant or core uncovery if correct operator action were not
performed., Instrumentation available to the operator to assess plant
status and safety equipment operation has been identified for each
safety function., The event trees and instrumentation were then reviewed
with respect to the abnormal and emergency operating instructions to
assure that adequate guidance was provided.
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3.0 CONCLUSIONS AND RECOMMENDATIONS

As a result of the evaluation of the event trees, transient events, and
various analyses with respect to emergency and abnormal operating
instructions (EOIs and AOIs), the following conclusions and recommenda-
tions are provided with respect to current EOIs, AOIs and operator
training.

3.1 PROCEDURES

The results of the evaluation indicate that the EOIs and ACIs fully
cover the current design basis events. A review of the event trees and
of the accidents which lead to safety injection results in the conclu-
sion that the EOIs and AOIs provide complete coverage and, in fact, when
followed will result in much less severe events than those reported in
the SAR. In addition, the event trees presented in Appendices A and C
incorporate accident scenarios which are beyond the current design
bases. It should be noted that many of these sequences incorporate
multiple failures within a system which result in more than one total
loss of function. Despite this, the EQOIs and AOIs in most instances
provide quidance to restore or to augment critical functions in order to
mitigate these events or to bring them back within the design basis.

The EOls incorporate many lessons learned from TMI. Examples of these
considerations and how they relate to the amount of coverage identified
in Appendix A are given in Table 3.1. As disrussed, Tables A3, A5,

A.7, A.9, A.11, and A.13 summarize how event tree sequences are

covered in the instruction guidelines.

In addition other plant operating experiences have been incorporated
into the EOIs and ACIs. Westinghouse has evaluated recent events,
including the North Anna transient (stuck open steam dump valve), and
the Prairie Island steam generator tube rupture and has made additional
changes to the instruction guidelines. An example of a change made to
the quidelines based on operating experience is the modification of E-3
Step 9 to include an instruction to close the supply valve in the steam-
line to the auxiliary feedwater pump associated with the faulted steam

generator.
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TABLE 3.1

TMI RELATED CONSIDERATIONS

Where Consideration Incorporated

Consideration Instruction Step
1. Improved diagnostics E-0 D
2. Possibility of misdiagnosing events £E-0 D.5
E-1 C.1, C.3.G Caution, C.3.J Caution
£-2 Eeds s Kb
£E-3 o b |
3. Criteria for Emergency Coolant Injection E-0 Bl Geds Bads Bl
(ECI) termination/continuation E-1 .1, C.3. C.8, £.7, C.9. €.1D
- C.11, C.12, Tables
w £-2 c.1l, £.5, €.6, £.10, Table E~2.1
E-3 C.7, €C.13, C.14
4. RCP trip criteria E-0 D.2
E-1 C.5
E-2 C.2
£-3 Gats La13s Cod7
5. Instructions on instrumentation £-0 Notes
E-1 Notes
E-2 Notes
E-3 Notes
6. Auxiliary feedwater flow verification E-0 Lty texd
E-1 €l €2
E-2 C.4
E-3 C.6
7. Containment Isolation verification/ E-0 Loty L3S
maintenance £-1 Lad
E-2 c.l
E-3 Ch
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Some events which are not addressed in the instruction guidelines do not
require coverage because their likelihood of occurrence is extremely
small. Two examples are the loss of all secondary steam relief capa-
bility via the failure to open of any steam dump, relief or safety
valves, and the loss of primary relief capability via failure to open of

any pressurizer relief or safety valves.

Some specific revisions or improvements to the guidelines are recommen-
ded as a result of the review.

- A number of the non-design basis event tree paths may lead to Inade-
quate Core Cooling (ICC) scenarios due to complete loss of safety
function (e.g., total loss of total auxiliary feedwater). Activ-
ities in this area are continuing under separate review; therefore
no specific recommendations have been made as part of this study.
However, the paths identified in this study should be utilized as an
input to this activity.

- In the case of multipie events, the structure of the guidelines
should permit the operator to detect the multiple events and to
direct him to the procedure for the most critical event, For
example, a secondary high energy line break at power (Procedure E-2)
can poientially result in water relief from the pressurizer PORVs.
The guidelines should caution the operator that relief can occur in
this situation due to the resultant system heatup, and if it does,
to verify PORV reclosure after the pressure falls below the set-
point. [If the valves do not reclose, the guidelines should direct

the operator to go immediately to E-1.

- In the steam generator tube rupture event (Procedure E-3), two
cautions should be added to the guidelines. If isolation of the
faulted steam generator is not achieved, the operator should be
cautioned that he will be unable to meet the subcooling criteria for
the non-faulted loops for safety injection termination; in this
instance the operator should be instructed to base his decision for

(%)
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safety injection terminati.n on pressurizer level and RCS pressure,
paying close attention ‘o coitainment parameters and PORV status; he
should subsequently obtair the required subcooling when the steam
generator can be isolated. If the steam line isolation valve to the
faulted steam generator cannot be ciosed, the operator should be
cautioned to close the steamline isolation valves to the other steam
generators in order o isolate the affected steam generator. Steam
relief can then proceed from the intact steam generators using the
atmospheric steam dump valves without resulting in release of radio-

active steam.

In conclusion, the EOIs and AOIs have been reviewed with respect to the
event tree sequences develope/ for the various transients and the degree
of coverage for these sequences delineated. Specific recommendat ions
for additions to the EOIs and AOIs have been identified. Therefore, the
intent of NUREG-0578 Section 2.1.9.c has been met.

3.2 TRAINING

The EOIs have been used as the basis for extensive training of operating
plant personnel. At week-long seminars, the EQOIs were discussed on a
step-by-step basis, along with background information which provided the
basis for the EOIs and included the systems design and better estimate
analyses. This permitted a more effective adaptation of the EOIs into
plant specific procedures. Additional plant specific training on the
plant procedures was provided to plant operators. Current desigm bac<is
ever . are fully covered by the training programs utilizing the EOIs,

plant procedures and simulators.

Ir addition, these event trees can be beneficial in augmenting operator
craining for events beyond the current design basis. Specific training
can be aimed at significant event paths. Certain of the branches of
several event trees lend themselves to evaluation and training on simu-
lators. The event trees can be applied to the training which will be
conducted in connection with Inadequate Core Cooling activities.



APPENDIX A

ANALYSIS OF LOSS OF PRIMARY AND

SECONDARY COOLANT ACCIDEN>

A.1 TRANSIENT DESCRIPTION
This section presents the event trees relating to loss of primary and
secondary coolant accidents for a 4-loop, RESAR-3 type pressurized water
reactor. The analysis, in terms of potential safety function failure,

is applicable to all plants; differences from RESAR 3 will exist in the
definition of plant systems and system failure, and perhaps in some
individual statements made in table footnotes about even' trends and
possible operator actions; these differences, however, will not alter

the recommendations and conclusions resulting from this review.

A loss of primary coolant accident (LOCA) is defined as a rupture of a
pipe in the reactor coolant system (RCS) of a size whereby the normally
operating charging system flow is not sufficient to maintain pressurizer
water level and press're within desired operating limits. In general,
emergency core cooling systems (ECCS) are designed to cover two main
categories of breaks in the RCS, large and small. The large break
covers sizes that range from the equivalent of a ten-inch diameter hole
size to the double-ended guillotine rupture of the largest pipe in the
RCS. A small break covers sizes of one-half inch to ten inch2s equiva-
lent diameter holes in the RCS. Treated separately is steam generator
tube rupture (SGTR) accident, a small break discharging to the secondary

system rather than to the containment,

A loss of secondary coolant accident can be separated into two types of
events, feedline and steamline breaks. A feedline break is defined as a
rupture of a pipe in the feedwater system of a size whereby the normal
feedwater system flow is not sufficient to maintain steam generator
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water level. A steamline broak is defined as a rupture of a pipe in the
steam system or the failure to reclose of steam dump, steam generator
safety or relief valves.

A.1.1 LARGE BREAK LOCA TRANSIENT

Before the large break occurs, the unit is assumed to be in an equili-
brium condition, i.e., the heat generated in the core is being removed
via the secondary system. At the beginning of the blowdown phase, the
ent ire RCS contains subcooled liquid which transfers heat from the core
by forced convection with some fully developed nucleate boiling. There-
after, the core heat transfer is based on local conditions witl transi-
tion boiling and forced convection to steam as the major heat transfer
mechan isms.

The heat transfer between the RCS and the secondary system may be in
either direction, depending on the relative temperatures. In the case

of heat removal from the primary side, secondary system pressure increases,

and the main stea afety valves may actuate to iimit the pressure.
Makeup water to the secondary side is automatically provided by the
auxiliary feedwater system, The safety injection signal actuates a
feedwater isolation signal which isolates normal feedwater flow by clos-
ing the main feedwater isolation valves and also initiates emergency
feedwater flow by starting the auxiliary feedwater pumps. The secondary
flow aids in the reduction in RCS pressure. When the RCS depressurizes
to 600 psia, the accumulators begin to inject borated water into the
reactor coolant cold legs. If loss of offsite power is assumed, the
reactor coolant pumps are tripped at the inception of the accident. The
effects of pump coastuuwn are included in the blowdown analysis.

The large break LOCA has four characteristic stages: blowdown, refill,
reflood and long-term recirculation. The blowdown phase of the tran-

sient ends when the RCS pressure (initially assumed at 2250 psia) falls
to a value approaching that of the containment atmosphere. At the time
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that bypass of emergency core cooling water ends, refill of the reactor
vessel lower plenum begins. Refill is complete when emergency core
cooling water has filled the lower plenum of the reactor vessel.

The reflood phase of the transient is defined as the time period lasting
from the end-of-refill until the reactor vessel has been filled with
water to the extert that the core temperature rise has been terminated.
From the later stage of blowdown through the beginning of reflood, the
accumulator tanks rapidly discharge borated cooling water into the RCS,
contr ‘buting to the filling of the reactor vessel downcomer. The
downcomer water elevation head provides the driving force required for
the reflooding of the reactor core. The low head and high head safety
injection pumps aid in the filling of the downcomer and, subsequently,
supply water to maintain a full downcomer and complete the reflooding

process.

Continued operatiun of the ECCS pumps supplies water during long-term
cooling. Core temperatures have been reduced to long-term steady state
levels associated with the dissipation of residual heat generation.
After the water level of the refueling water storage tank reaches a
minimum allowable value, coolant for long-term cooling of the cure is
obtained by switching to the cold leg recirculation phase of operation
in which spilled borated water is drawn from the containment sump by the
row head safety injection (residual heat removal) pumps and returned to
the RCS cold legs. Approximately 24 hours after initiation of the LOCA,
the ECCS is realigned to supply water to the RCS hot legs in order to
control the boric acid concentration in the reactor vessel.

A.1.2 SMALL BREAK [OCA TRANSIENT

As contrasted with the large break, the blowdown phase of the small
break occurs over a longer time period. Thus, for a small-break LOCA
there are only three characteristic stages, i.e., a gradual blowdown in
which the decrease in water level is checked, core recovery, and long-
term recirculation,



Unlike the large break in which all decay heat may be removed by the
break, small breaks depend on the steam generator for heat removal early
in the transient for break sizes in the range 1/2 to 2 in~hes equivalent
diameter. Therefore, small breaks may be subdivided into two groups,
i.e., 1/2 to 2 and 2 to 10 inch equivalent diameter hole size. The
grouping reflects the differences in demand imposed Ly break size on the
equipment that has to operate to provide core cooling. An event tree
for small breaks in the range of 2 to 10 inch equivalent diameter hole
size would be similar to that shown in Figure A.1 for the large break;
that is, since decay heat is removed by the break, the secondary system
is not relied upon for long term heat removal. (See WCAP-9600, Section
3.2 for a discussion of limiting break,.) However, the large LOCA tree
does not incorporate a branch point for reactor trip (kPS function),
which is required to mitigate the accident for smaller breaks in the 2
to 10 inch range. The RPS branch point is included in the event tree
for the 1/2 to 2 inch range; but that tree considers (conservatively)
equipment requirements that are unnecessary for the 2 to 10 inch range.
Therefore, for the purposes of this study, since the 2 to 10 inch range
of break sizes is covered by sequences in both event trees, only two
LOCA event trees will be discussed, one for large LOCA and one for small
LOCA in the 1/2 to 2 inch equivalent diameter range.

A.1.3 FEEDLINE BREAK TRANSIENT

For this section feedline rupture is defined as a break in a feedwater
pipe large enough to prevent the addition of sufficient feedwater to the
steam generators to maintain shell-side fluid inventory in the steam
generators. For pipe breaks smaller than this size see Appendix B
Section B.2.5.

Due to the continued reverse blowdown of the ruptured steam generator,
the heat removal capability of the steam generators exceeds the heat
generation by decay of fission products in the core. The secondary and
primary temperatures continue to decrease from the time ¢f reactor trip
until the low steamline pressure setpoint is reached, at which time all



main steamline isolation valves close and .afety injection flow to the
primary system is initiated. At that time the reverse steam b1owdown
through the ruptured steam generator ceases and the pressure in the
intact steam generators increases until the steam generator safelty
valves open. Due to the loss of heat sink and a smaller delta tempera-
ture from primary to secondary, less heat transfer from primary to

secondary exists and the primary temperatures again begin to increase.

The transient is turned around when the auxiliary feedwater supply 1S

adequate to r 1ove the decay heat gererated in the core.
A.1.4 STEAMLINE BREAK TRANSIENT

Excessive steam releases from the secondary system cause an increase in
the heat extraction rate from the reactor coolant system, resulting in a
reduction of primary system temperature and pressure and reduction in
RCS volume. Through control systems or through the inherent load fol-
lowing nature of an undermoderated PWR, core power will increase in an
effort to equalize the thermal load caused by the steam leak. See

Appendix B Section B.3.2 for a discussion of control functions.

Breaks of various sizes at different locations may be postulated to
occur in the main steam system which cause an increase in steam load.
The incremental steam load would cause a rapid primary and secondary
depressurization and cooldown. If the plant is at full power, a power
increase could result due to the cooldown in the presence of a large
negative temperature coefficient of reactivity (end of life); the reac-
tor is tripped on overpower signals or on low steamline pressure., If
the plant is at hot shutdown, sufficient cooldown could occur to allow a

return to criticality,

A second type of steamline break would be a failed open steam dump,

steam generator safety or relief valve. Because this "break" is small,

>
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plant control systems may be capable of maintaining pressurizer pres-
sure, pressurizer 'evel, steam generator level and reactor power below

protection system setpoiats, establishing a new steady state condition,
This case is considered as an initiating event in this study and also as

a consequential (additional) failure.
A.1.5 STEAM GENERATOR TUBE RUPTURE TRANSIENT

The accident examined is the rupture of a steam generator tube(s),
creating a maximum break area equal to that of the comp'ete severance o
a single tube. The transient is assumed to take place at power, at
which time the reactor coolant is contaminated with fission products
corresponding to continuous operation with limited amount of defective
fuel rods. The accident leads to an increase in the contamination of
the secondary system due to the leakage of radioactive coolant from the
RCS. In the event of a coincident loss of offsite power or failure of

the steam dump system, discharge of activity to the atmosphere takes

place via the steam generator safety and/or power-operated relief valves.

[f normal operation of the various plant control! systems is assumed, the
following sequence of events is initiated by a tube rupture:

a. Presurizer low pressure and low level alarms are actuated and charg-
ing pump flow increases in an attempt to maintain pressurizer
level. On the secondary side, there is a steam flow/feedwater flow
mismatch before trip as feedwater flow to the affected steam genera-

tor is reduced due to the additional break flow to that unit.

b. Continued loss of reactor coolant inventory leads to a reactor trip
signal generated by low pressurizer pressure, fnllowed b, a safety
injection signal. Plant cooldown follewing reactor trip leads to a
rapid charnge in pressurizer level. The safety injection signal
automatically terminates normal feedwater supply and initiates aux-
iliary feedwater addition.

A-6
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fhe steam generator blowdown radiation monitor and/or the condenser
air ejector radiation monitor will alarm, indicating a sharp
increase in radioactivity in the secondary system, and will

automatically isolate steam generator blowdown.

The reactor trip automatically trips the turbine; if offsite power
is available the steam dump valves open, permitting steam dump to
the condenser. In the event of a coincident station blackout, the
steam dump valves would automatically close to protect the con-
denser; steam generator pressure would rapidly increase, resulting
in steam discharge to the atmosphere through the steam generator

safety and/or power-operated relief valves.

Wwithout operator intervention, the RCS would event. 1ly stabilize at a
pressure at which safety injection flow would match break flow through
the rupture. However, the operator is expected to determine that a
steam generator tube rupture (SGTR) has occurred, and to identify and
isolate the faulted steam generator before starting the cooldown by use
of the non-faulted steam generators. The cooldown to 509F below

no- load temperature beqgins by dumping steam from the non-faulted steam
generators to the condenser if offsite power is available, or by opening
the steam generator atmospheric relief valves if offsite power is not

available. Once the primary temperature is reduced to 500F below

no-load, the primary pressure can be reduced by use of the normal

pressurizer spray sys‘sm, or by pressure relief through one pressurizer
PORY if normal spray is not available. When the reactor coolant
pressure falls to that of the faulted steam generator, the
depressur izai ion process via spray is terminated or the PORV is closed.
The primary pressure is then allowed to increase 200 psi, and when the
pressurizer water level is greater than 20 percent of span, the SIS is

manually turned off,

The normal charging and letdown systems are established to maintain a

water level at 20 percent of span. Normal pressurizer spray (if an RCP




is in service) is used to decrease the reactor coolant pressure below
that of the faulted steam generator thus terminating the leak flow;
otherwise use is made of auxiliary spray or brief intermittent opening
of one PORV. The faulted steam generator is slowly depressurized by
opening an atmospheric relief valve or the bypass valve to the condenser
(if the condenser is available). Continuation of the cooldown and
depressurization of the RCS and the faulted steam generator is

accomp lished by minimizing leak flow until the residual heat removal system

(RHRS) can be put into operatio) (3500F, 400 psia). Once the RHRS is
in operation and RCS hot leg temperature is reduced below 2000F, the
pressure is reduced with the auxiliary spray until the RCS and the
faulted steam generator pressures have equilibrated,

A.2 SYSTEMS DESCRIPTION

The systems required to mitigate the consequences of a break in the RCS
or secondary system pressure boundary, defined as core uncovery for the
purposes of this study, are shown in the event trees of Figures A.l-
A.6. For the purpose of tree construction, the 2ssumption has been made
that containment heat removal systems do not have significani impact on
emergency coolant availability and on progress/trends of the transient;
therefore, these systems do not 2ppear in the event trees. A brief
description of each system pertinent to the event trees is presented in
the paragraphs that follow,

A.2.1 ELECTRIC POWER (EP)

The Electrical Power system provides a reliable source of power to all
plant auxiliaries required during any normal or emergency mode of plant
operation., The design of the system is such that sufficient indepen-
dence or isolation between the various sources of electrical power is
provided to guard against concurrent loss off all auxiliary power.
Independence and isolation of supply to the various redundant engineered
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- failure into a safe condition

- additional passive failure must be assumed if an unsafe condition
can be caused by an active channel (control) failure, when channels
are used for both control and protection

The system automatically trips the plant, by gravity insertion of con-
trol rods into the core, whenever plant conditions monitored by nuclear
and/or process instrumentation reach specified limits. The system also
provides alarms that alert the plart operator when manual action is
required to prevent a plant trip. The Reactor Protection System
includes the following trip functions:

- overtemperature AT

- overpower AT

- high/low pressurizer pressure

- high pressurizer level

- reactor coolant system low flow

- nuclear instrumentation high flux
- turbine trip

- manual trip

- safety injection trip

- low-low steam generator level

Note that, except for the undervoltage and fault trips associated with
the reactor coolant pump breakers, all circuits are redundant.

Safety injection actuation provides the output signal and logic used to
initiate emergency diesel startup, feedwater isolation, startup of aux-
iliary feedwater pumps, startup of emergency containment fan coolers,
startup of essential service water pumps and service water isolation,
and other selected safeguards functions. ESF actuation signals provided
by the protection system include:



- low pressurizer pressure
- low steamline pressure
- high containment pressure

- manual signal

For the event trees, failure of the RPS is conservatively defined to be
the failure of more than two full length control rod assemblies to
insert into the core. The failure of the required control rod
assemblies to insert may be caused by electrical faults in the signals
or equipment required to release the rods into the core, or by
mechanical faults that cause a hangup of more than two full- length

control rod assemblies.
A.2.3 AUXILIARY FEEDWATER SYSTEM (AFWS)

The Auxiliary Feedwater System serves as a backup system for supplying
adequate cooling water to the steam generators at times when main feed-
water is not available in the event of a plant trip coupled with a loss
of offsite power. The AFWS consists of two motor-driven pumps and a
single turbine-driven pump. One of the two motor-driven auxiliary feed-
water pumps supplying two of the four steam generators will provide
enough feedwater to safely cool the unit down to 350 OF/400 psig at
which time the Residual Heat Removal System can be utilized. The single
turbine-driven auxiliary feedwater pump has twice the capacity of either

motor-driven pump and can supply all four steam generators.

The pumps normally deliver water from the condensate storage tank

(CST). The capacity of the CST allows the plant to remain at hot
standby for 4 hours and then cool down the primary system at an average
rate of 50 OF /hour to a temperature of 350 OF. Two redundant
safety-related back-up sources of water from the essential service water

system are provided for the pumps.

Sufficient redundancy is provided throughout the auxiliary feed and
supporting systems to ensure the required flow to the minimum number of
loops while subjected to a single active failure in the short term, or a



single active or passive failure in the long term. Diversity and
physical separation of parallel power supplies, water sources, feedwater
routes, and controls are provided to cover the many conditions which can
cause a loss of normal feedwater or partial loss of auxiliary feed-
water. Sufficient remote and local controls, and remote indication of
the system state, are provided to allow supervision and manual control
from both the control room and local to the auxiliary feed pumps.

For the development of the event trees, auxiliary feedwater delivery
failure is considered to be less than full delivery from one of the two
electric-driven feedwater pumps or the equivalent flow from the steam-
driven auxiliary feedwater pump. The period of demand and operation for

the SSR and AFWS are about 1 day for the small LOCA event.
A.2.4 MAIN STEAM ISOLATION (MSI)

One main steam isolation valve (MSIV) and associated bypass isolation
valve (BIV) is installed in each of the four main steam lines outside
the containment and downstream of the safety valves. The M5IVs are
installed to prevent uncontrolled blowdown from more than one steam
generator. The valves isolate the nonsafety-related portions from the
safety-related portions of the system. For emergency closure of either of
the two solenoids, provided for the two separate pneumatic/hydraulic
power trains and energized from separate Class IE sources, will result
in valve closure. The valves are designed to close in 1.5 to 5 seconds
against the flows associated with line breaks on either side of the
valve, assuming the most limiting normal operating conditions prior to

occurrence of the break.

The main steam BIV is used when the MSIVs are closed to permit warming
of the main steam lines prior to startup. The bypass valves are air-
operated globe valves. For emergency closure, eithe: of two separate
solenoids, when de-energized, will result in valve closure; the sole-
noids are energized from a .eparate Class IE source.

A-12



For the event trees failure of the MSI function is defined as failure of
the MSIV and/or BIV to isolate the main steam line to the faulted gen-
erator, or failure to terminate auxiliary feedwater to that steam

generator.
A.2.5 SECONDARY STEAM RELIEF (SSR)

The SSR system bypasses steam from the turbine-generator to the main
condenser or releases steam to the atmosphere (if condenser is not
available) in order to minimize transient effects on the RCS during
startup, hot shutdown, cooldown, and accident conditions of the plant,
SSR consists of three subsystems or functions: steam dump to the con-
denser, power-operated relief valves, and safety valves located on each

main steam line,
A. Steam Dump to the Condenser (SDC)

The steam dump system has the capacity to bypass 40% of the main
steam to the condenser at full load steam pressure. It will permit
a 50% electrical step-load reduction from full power without reactor
trip or lifting of the main steam relief and safety valves. Condi-
tions permitting heat to be removed via this system require that the
MSIVs be open and that the condenser vacuum be maintained within
acceptable limits by (1) operability of the condenser air ejector
system; and (2) operability of the circulating water system for
condenser cooling. The system is composed of a manifold connected
to the main steam lines upstream of the turbine stop valves and
lines from the manifold with regulating (dump) valves to each con-
denser shell. There are 12 dump valves that are air-actuated,
pilot-operated, spring-oppused, and fail closed upon loss of air or
loss of power to their control system. Hand switches in the main
control room are provided for selection of either system operating
mode, automatic or manual. Pressure controllers and valve position
lights associated with the steam dump system are also located in the

main control room,
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Main Steam Safety and Relief Valves (S/R)

There are four power-operated atmospheric relief valves in the main
steam system, one installed in the outlet piping of each steam gen-
erator. The valves zce provided for controlied removal of reactor
decay heat when the main steam isolation valves are closed or when
the steam dump system is not available. The valves will pass suf-
ficient flow at all pressures to achieve a 500F per hour plant
cooldown rate to at least 3500F, The total capacity of the four
valves is 15% of rated main steam flow at steam generator no load
nressure. The maximum actual capacity of each relief valve at
design pressure is limited to reduce the magnitude of a reactor
transient if one valve would inadvertently open and remain open.

The relief valves, ANS Safety Class 2 type components, are air-oper-
ated, supplied by a safety-grade air supply and controlled from
Class IE sources. A non-safety grade air supply is available during
normal operating conditions. The capability for remote manual valve
operation is provided in the main control room and at the plant

auxiliary shutdown panel.

There are five safety valves installed in each main steam line. The
spring-loaded safety valves provide over-pressure protection in
accordance with the ASME Section III code requirements for the
secondary side of the steam generators and the main steam piping.
The valves discharge directly to the atmosphere via vent stacks.

The set pressure of each valve within a steam loop varies (values of
1185, 1197, 1210. 1222, and 1234 psig) along with its discharge
capacity. The maximu -<tual capacity of the safety valves at their
design pressure is limited to reduce the magnitude of a reactor
transient if one of the valves would open and remain open. The
valves are designed and constructed to meet seismic Category I

requirements and are ANS Safety Class 2 type somponents.
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In the event trees, SSR column heading SOC represents operation of
the valves dumping steam to the condenser. After completion of the
first three trees, it was noted that the valves could fail to open
or fail to reclose as dis.ussed next for relief and safety valves.
Thereafter, the dump valve function was included in the safety/
relief valve function in order to simplify the event trees. SS5R
column heading S/R-VO represents the opening of the steam generator
safety and/or relief valves during significani heat up of the
secondary system. Failure of this function corresponds to failure
to operate of all safety and power-operated relief valves. Note
that operation of one or more safety or relief valves constitutes suc-
cess. Column heading S/R-VR represents the re-closing of all these
valves which is necessary to prevent excessive cooldown of the

primary system.
A.2.6 PRIMARY PRESSURE CONTROL (PPC)

The pressurizer functions as the Py imary Pressure Control system to
maintain RCS pressure at desired limits during steady-state reactor
operation and limits pressure changes during transients. Electric
immersion heaters, and a spray nozzle are located in the pressurizer.
Safety/relief valves discharge to a pressurizer relief tank.

A. Pressurizer Normal Spray, Heaters and Auxiliary Spray

During an outsurge of water from the pressurizer, flashing of water
to steam and generation of steam by automatic actuation of the heat-
ers keeps the pressure above a minimum allowable limit. During an
insurge from the RCS, the spray system, which is fed from two cold
legs, condenses steam to prevent the pressurizer pressure from
reaching the setpoint of the power-operated relief valves during
normal design transients. Heaters are energized on high water level
during insurge to heat the subcooled water t :t enters the
pressurizer from the reactor coolant loop.



Two separate, automatically controlled spray valves with remote
manual overrides are used to initiate pressurizer spray. In
parallel with each spray valve is a manual throttle valve which
permits a small continuous flow through both spray lines to reduce
thermal stresses and helps to maintain uniform water chemistry and

temperature in the pressurizer. Temperature sensors with alarms are

provided in each spray line to alert the operator to insufficient
bypass flow. The spray rate is selected to prevent the pressurizer
pressure from reaching the relief valve setpoint during a step

reduction in power level of 10 percent of full load.

The pressurizer spray lines and valves are large enough to provide
the required spray flow rate under the driving force of the differ-
ential pressure between the surge line connection in the hot leg and
the spray line connection in the cold leg. The spray line inlet
connections extend into the cold leg piping in the form of a scoop
in order to utilize the velocity head of the reactor coolant loop
flow to add to the spray driving force. The spray valves and line
connections are arranged so that the spray will operate when only
one reactor coolant pump is operating in one of the two cold legs

connected to the spray system.

A flow path from the CVCS to the pressurizer spray line is also
provided. This path provides auxiliary spray to the vapor space of
the pressurizer during cooldown when the reactor coolant pumps are
not operating. The thermal sleeves on the pressurizer spray con-
nection and the spray piping are designed 10 withstand the thermal
stresses resulting from the introduction of cold spray water.

Pressurizer Safety/Reiief Valves

Three spring-loaded safety s/alves and two power-operated relief
valves provide for overpressure protection and control. The ASME-

code safety valves, 2.5 in, diameter, are set for the system design
pressure of 2485 psig. The combined capacity of the valves is equal



to, or greater than, the maximum surge rate resulting from complete

loss of load without reactor trip or any other control except that
the secondary plant safety valves are assumed to operate when steam
pressure reaches their setpoint, A resistance temperature detector
is installed in the discharge piping of each safety valve in order
to provide indication and a high temperature alarm in the control

room to warn the operator of an actuated or leaky safety valve.

The two power-operated relief valves are set to open at 2335 psiq.
Their opening, 1.3 in, diameter, is actuated on signals generated by
the pressurizer pressure transmitters. A resistance temperature
detector, installed in the discharge line common to both valves,
serves the same purpose as those for the safety valves. The power-
operated relief valves are provided to limit any pressure excursion
and thus limit the operation of the spring loaded pressurizer safety
valves. Motor-operated stop valves, located ahead of the power-
operated relief valves, are provided in order to remove those valves
from sersice should they leak excessively. This is allowable since
the safety valves are sized to protect the reactor coolant system

without the aid of the power-operat :d relief valves.

In the event trees, the PPC column head ng SPRAY represents the func-

tioning of the normal and auxiliary spray systems within the pressurizer

juring RCS depressurization and cooldown to cold shutdown conditions,

ailure of this function is defined as failure to deliver spray

flow from reactor coolant loop cold leqs or from the CVCS,

PPC column heading S/R-VO represents the opening of the pressurizer
safety and/or relief valves dur.ng significant heatup of the primary
system, Failure of this function corresponds to failure to operate of
111 safety and relief valves, Note that operation of one or more safety
or relief valves constitutes success. Column heading S/R-VR represents
the closing of all these valves which is necessary to prevent excessive

discharge of coolant from the primary system,
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A.2.7 CHEMICAL AND VOLUME CONTROL SYSTEM (CVCS)

The basic functions of the Chemical and Volume Control System (CVCS) are

to:
a. Maintain programmed water level in the pressurizer.
b. Maintain seal-water injection flow to the reactor coolant pumps.

c. Control reactor coolant water chemistry conditions, activity level,

soluble chemical absorber concentration and makeup.
d. Provide means of filling, draining, and pressure testing of the RCS.

e. Provide injection flow to the RCS following actuation of the Safety

Injection System.

The charging and letdown functions of the CVCS are « wloyed to maintain
a programmed water level in the pressurizer, thus ma..taining a proper
reactor coolant inventory during all phases of plant operation. This is
achieved by means of a continuous feed-and-bleed process during which
the feed rate is automatically controlled, based on the pressurizer

water level.

Reactor coolant is let down to the CVCS from a reactor coolant loop
cross-over leg. It then flows through the shell side of the regenera-
tive heat exchanger where its temperature is reduced by heat transfer to
the charging flow passing through the tubes. The coolant then experi-
ences a large pressure reduction as it passes through a letdown orifice
and flows through the tube side of the letdown heat exchanger where its
temperature is further reduced. Downstream of the letdown heat
exchanger, a second pressure reduction is performed by the low pressure
letdown valve, which maintains upstream pressure and thus prevents
flashing downstream of the letdown orifices. The coolant then flows
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through one of the mixed bed demineralizers and may pass through the
cation bed demineralize- for further purification, through the reactor
coolant filter and into the volume control tank (VCT) through a spray
noz:'e in the top of the tank.

An ~iternate letdown path is provided which allows part or all of the
letdown flow to pass through the Boron Thermal Regeneration System
(BTRS) when boron concentration changes are desired to follow plant
load. The alternate letdown flow path is directed to the BTRS down-
stream of the mixed bed demineralizers. After processing by the BTRS,
the flow is returned to the CVCS at a point upstream of the reacter
coolant filter.

Three charging pumps (one positive displacement pump and two centrifugal
charging pumps) are provided to take suction from the VCT and return the
purified reactor coolant to the RCS. Normal charging flow is handled by
a single pump. The bulk of the charging flow is pumped back to the RCS
via the tube side of the regenerative heat exchanger where the outlet
temperature approaches the reactor coolant temperature. The flow is
then injected into a cold leg of the RCS. Two redundant injection paths
are provided for rapid boration of the system. A flow path is also
provided from the regenerative heat exchanger outlet to the pressurizer
spray line. An air operated valve in the line is employed to provide
auxiliary spray to the vapor space of the pressurizer.

A portion of the charging flow is directed to the reactor coolant pumps
(nominally 8 gpm per pump) through a seal water injection filter. From
the pumps, the leakage water goes to the seal water heat exchanger and
then returns to the VCT for another circuit. If the normal letdown and
charging path through the regenerative heat exchanger is not operable,
water injection into the RCS through the reactor coolant pump seals is
returned to the VCT through the excess letdown heat exchanger.

Surges from the RCS accumulate in the VCT unless a high water level in
the tank causes flow to be diverted to the Boron Recylce System. Low



level in the VCT initiates makeup from the reactor makeup control system
(RMCS). If the RMCS does not supply sufficient makeup, the suction of
the charging pumps is transferred from the VCT to the refueling water
storage tank.

For the event trees, failure of the CVCS letdown and charging function
is defined as operator errors and/or equipment malfunctions that prevent
cooldown of the RCS to a cold shutdown state via the CVCS.

A.2.8 EMERGENCY COOLANT INJECTION (ECI) AND RECIRCULATION (ECR)

The Safety Injection System (SIS) provides emergency core cooling in the
event of a break in either the Reactor Coolant or Steam System. Borated
water is introduced into the Reactor Coolant System (RCS) in order to
cool the core and to prevent the possibility of an uncontrolled return
to criticality. The emergency core cooling following a LOCA is divid-d

into three phases:
A. Emergency Cooling-Cold Leg Injection (ECI)

The cold leg injection phase is defined as that period during which
borated water is delivered from the Refueling Water Storage Tank
(RWST) and accumulators, if actuated, to the RCS cold legs. The
primary emphasis during this phase is directed towards minimizing or
preventing damage to the core, by rapidly refilling the reactor
vessel and reflooding the core.

B. Emergency Cooling-Cold Leg Recirculation (ECRC)
The cold leg recirculation phase is that period during which borated
water is recirculated from the containment sump to the RCS cold

legs. The primary function of the SI system during this phase is to
remove the decay heat from the reactor core.
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Emergency Cooling-Hot Leg Recirculation (ECRH)

The hot leg recirculation phase is that period during which borated
water is recirculated from the containment sump to both the hot and
cold legs of the RCS. The primary function of the SI system during

this phase is to terminate any toiling in the core, prevent possible

boron precipitation buildup and to maintain the core in a subcooled
condition as long as apling is required.

The overall safety injection system consists of three systems, two
active (high-head and low-head) and one passive:

High-Head System

The high head system utilizes twd subsystems. The first subsystem,
which provides extremely rapid response to the safety injection
actuation signal, utilizes a boron injection tank (BIT) located
upstream of the cold leg injection header, and two parallel centri-
fugal charging pumps (shut-off head of 2700 psia) of the Chemical
Volume Control System. Following an actuation signal, the suction
of the charging pumps is diverted from the Volume Control Tank to
the RWST. The parallel valves isolatirg the boron injection tank
from the pumps and the parallel valves isolating the tank from the
injection header are then automatically opened. Initially, the

refueling water flow forces the highly concentrated boric acid solu-

tion from the tank, and into the cold legs of each loop.

The second subsystem employs two parallel high head safety injection

(HHSI) pumps, valved to take suction from the RWST to deliver
borated water to the core through injection nozzles on the RCS cold
legs. The shut-off head of these pumps is 1500 psia. After the
injection and cold leg recirculation phases, the HHSI subsystem is
realigned by operator action for hot leg injection and pump suction
from the discharge of the RHR heat exchangers for long term cooling

of the reactor.




Low Head System

The low head system utilizes the two parallel residual heat removal
pumps, both of which take suction from the RWST. During the injec-
tion phase, borated water is pumped through the residual heat
exchangers, to the same injection nozzles used for the accumulators
on the RCS cold legs, once RCS pressure drops below that of the pump
shutoff head, 200 psia.

The changecver from the injection mode to the recirculation mode
(cold leg) is initiated automatically and completed manually by
operator action from the main control room, Protection logic 1is
provided to automatically open two parallel SI system recirculation
sump isolation valves when two-out-of-four RWST level channels
indicate a RWST level less than a low-low water level setpoint in
conjunction with the initiation of the SI actuation signal. When
the containment sump recirculation valves are fully open, RHR pump
suction from the RWST is automatically isolated, and the two RHR
pumps are aligned to take suction from the sump and to deliver water
directly to the RCS. The low-low RWST level signal is alarmed to
inform the operator to initiate manual action to align RHR pump
discharge to the suction of the centrifugal charging and high head
safety injection pumps in order to assure injection of sufficient
coolant into the RCS when the RCS pressure rcmains above the RHR

pumps shutoff head.

The cold leg to hot leq recirculation switch-over procedure requires
manual action by the operator to align isolation valves to terminate
RHR flow to one RCS cold leg and establish flow to a hot leg of the
RCS. The operator must also stop the HHSI pumps one-at-a-time and
realign valves within the HHSI subsystem to terminate flow to the
cold legs and establish flow to all RCS hot legs.



3. Accumulators

The passive accumulative subsystem utilizes the stored energy of
compressed nitrogen to inject borated water (2000 ppm boron concen-
tration) into the cold legs of inhe RCS when system pressure drops
below 600 psia, the cover gas pressure. One accumulato~ tank per
loop is provided and is sized so that only the contents of ‘hree of
the four tanks are necessary to provide sufficient liquid to
initiate refill of the reactor vessel following a large break.

Each discharge line contains two swing check valves (in the event
that one leaks) and one normally open motor-operated valve for the

purpose of isolating the tank.

The SIS is designed to tolerate a single failure without loss of its
core protective functions. This failure is limited either to an active
failure during the short term (injection) phase following a LOCA or to
an active or passive failure during the long-term (recirculation) phase.

In order to meel the single failure criterion, it is necessary that
redundancy in system design be employed. For example, valves which need
to be opened for proper SIS functioning are duplicated in parallel;
valves which must be closed are duplicated in series.

A.2.8.1 ECI Termination

For the SGTR accident, once the RCS pressure has been decreased to that
of the faulted steam generator and break flow through the rupture has
been stopped, the depressurization process via pressurizer spray or
relief valve is terminated. To permit continued depressurization and
cooldown’the high head safety injection pumps must be tripped. At this
point, normal Chemical and Volume Control System (CVCS) charging and
letdown flow is estallished to maintain the pressurizer water level

within allowable span limits and to aid in subsequent RCS cooldown. If,
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during subsequent recovery actions, pressurizer water level cannot be
maintained above 20 percent indicated level, re-initiation of safety
injection will be required.

For the large break event tree then, ECI failure is (1) delivery of less
borated water than would result from the discharge of three accumulators
into the RCS cold legs immediately following a large pipe break, or {2)
delivery of borated water at a flow rate less than the design output of
one low head safety injection pump to the RCS cold legs (starting at
about thirty seconds following a large pipe break). Failure of ECR is
defined as failure to inject intn the RCS from at least one low- head
pump. Failure to realign to hot leg delivery (or failure to achieve
coolant delivery, in part, through the hot legs with the continuance of
delivery into cold legs) is also considered ECR failure.

For the remainder of the event trees, ECI failure is less than the
equivalent in delivery of one train of the high head system. Failure of
ECR is defined as failure to deliver water from the containment sump to
the reactor cold legs by at least one high head pump taking suction from
the discharge from one low head pump. ECR failure is also considered to
be failure to switch to hot leg injection at about 1 day after the
initiating event occurs.

For the SGTR event tree, ECI TERMINATION failure is defined as improper
operator actions and/or equipment failures whereby ECCS flow from the
HHST pumps (both trains) is not terminated, accumulator injection is not
isolated, or valve alignment for normal charging and letdown via the
CVCS is not accomplished.

A.2.9 RHRS RECIRCULATION

The residual heat removal system (RHRS) functions to remove heat from
the RCS when RCS pressure and temperature are below approximately 425
psig and 350 OF, respectively. Heat is transferred from the RHRS to
the component cooling water system.
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The RHRS consists of two residual heat exchangers, two residual heat
removal pumps, and the associated piping, valves, and instrumentation
necessary for operational control. The inlet and return lires of the
RHRS are connected to the hot and cold legs, respectively, of two reac-
tor coolant loops. These return lines are also the ECCS low head
injection lines as reported previously in Section A.2.8.

The RHRS is isolated from the RCS on the suction side by two motor-
operated valves in series on each suction line. Each motor-operated
valve is interlocked to prevent its opening if RCS pressure is greater
than 425 psig and to automatically close if RCS press.re exceeds 750
psig. The RHRS is isolated from the RCS on the discharge side by two
check valves in each return line. Also provided on the discharge side
is a normally open, motor-operated valve downstream of each RHRS heat
exchanger.

During RHRS operation reactor coolant flows from the RCS to the residual
heat removal pumps, through the tube side of the residual heat
exchangers, and back to the RCS. The heat is transferred to the com-
ponent cooling water circulating through the shell side of the residual
heat exchangers. Each inlet line to the RHRS is equipped with a pres-
sure relief valve designed to relieve the combined flow of all the
charging pumps at the relief valve set pressure. These relief valves
also protect the system from inadvertent overpressurization during plant
cooldown or startup. Each discharge line from the RHRS to the RCS is
equipped with a pressure relief vaive designed to relieve the maximum
possible backleakage through the valves isolating the RHRS from the RCS.

The RHRS is designed to be fully operable from the control room for
normal operation and accident transients. Manual operations required of
the operator are: opening the suction isolation valves, positioning the
flow control valves downstream of the RHRS heat exchangers, and restart-
ing the residual heat removal pumps if previously tripped by operator
action. By nature of its redundant two-train design, the RHRS is
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designed to accept all major component single failures with the only
effect being an extension in the required cooldown time. Fro two low
probability electrical system single failures, i.e., failure in the
suction isolation valve interlock circuitry or diesel generator failure
in conjunction with loss of offsite power, limited operator action out-

side the control room is required to open the suction isolation valves.

The RCS cooldown rate is manually controlled by regulating the reactor
coolant flow through the tube side of tne residual heat exchangers. The
flow control valve in the bypass line around each residual heat
exchanger automatically maintains a constant return flow to the RCS.
Instrumentation is provided to monitor system pressure, temperature, and
total flow. Coincident with operation of the RHRS, a portion of the
reactor coolant flow may be diverted trom downstream of the residual
heat exchangers to the (CVCS) low pressure letdown line for cleanup

and/or pressure control.

In the event tree)fa'?ure of the RHRS recirculation function corresponds
to failure to deliver water to RCS cold leg by at least ore train of
RHRS.

A.3 EVENT TREE DESCRIPTION

Table A.1 is a glossary of safety system functions examined in the event
trees that follow, including definition of function failure. In this
study, system operability success is defined as the degree of perform-
ance required by the NRC, estimated with conservative assumptions. [t
should be noted that if the system is degraded to the extent that
perfornance is somewhat less than that normally required for success.
the system may still be capable of performing the required function
depending upon the margin incorporated in the design.
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A.3.1 LARGE LOCA (FIGURE A.1)

The initiating event is a random rupture in the RCS boundary during
normal full-powe: operation that creates a break area ranging from about
10 inches in diameter up to the double-ended rupture of the largest
primary pipe (limiting cold leg). Through the break, coolant is dis-
charged to the contaimment, and results in depressurization of the RCS.
Note, that as discussed in Section A.1.2, small breaks in the range of 2
to 10 in. equivalent diameter may be treated as "large" breaks for the
purpose of this study. Table A.2 presents the system status for this

event tree.
A.3.2 SMALL LOCA (FIGURE A.2)

The initiating event (SZ) is a random rupture in the RCS boundary
during normal full-power operation that creates a break area ranging
from 1/2 to 2 inches in diameter through which loss of coolant occurs.
The event tree is applicable to any break location in the RCS that dis-
charges to the contaimment, but discussions in Table A.4 Footnotes deal
with the limiting cold leg break behavior. Table A.4 presents the sys-

tems status for this event tree.
A.3.3 FEEDLINE BREAK (Figure A.3)

The initiating event (53) is a random rupture in the feedwater piping
system during nominal full-power operation. Operating at intermediate
powers at shutdown conditions will result in less limiting results,
however the trends identified will be unchanged. Table A.6 presents the
systams status for this event tree.

A.3.4 STEAMLINE BREAK (Figure A.4)

The initiating event (Sa) is a random rupture in the steam piping
system or the inadvertent opening with failure to reclose of a steam
dump, steam gererator relief or safety valve during normal full power
operation. Table A.8 presents the systems status for this event tree.
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A.3.5 STEAM GENERATOR TUBE RUPTURE (Figures A.5 and A.6)

The initiating event (SGTR) is a random rupture of a steam generator
tube during normal full-power operation, creating a maximum break area
equal to that of complete severance of a single tube. Through the

break, coolant is discharged to the shell side of a steam generator, and

results in the depressurization of the RCS and release of fission pro-
ducts to the atmosphere via the condenser air ejector system and/or
steam generator safety/relief valves. Two trees are developed for SGTR;
the first (Figure A.5) starts with the initiating event and ends with
equilibration of primary and faulted secondary pressures, i.e. termina-
tion of break flow; the second continues on to RCS depressurization to
atmospher ic pressure, cooldown to a temperature below 2009F, and zero
break flow. Tables A.10 and A.12 present the systems status for the

SGTR event trees developed.

A.4 INSTRUMENTATION OESCRIPTION

The following discussion characterizes the symptoms of Loss of Coolant
Accident , Secondary High Energy Line Break (SHELB) and Steam Generator
Tube Rupture primarily+in terms of several important instrument indica-
tions. It is assumed that reactor trip and safety injection initiation
have ocrurred, Section C.3 provides a discussion of instrumentation
available to the operator to perform safety functions following ANS

Condicion I, II, III or IV events.

A.4.1 CONTAINMENT PRESSURE, CONTAINMENT SUMP WATER LEVEL, CONTAINMENT
RADIATION

Since a LOCA involves loss of primary system inventory, there will
always be an increase in cont inment pressure, sump water level and
containment radiation, However, for very small breaks, observable con-

tainment pressure and sump water level changes may be very slow. The
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rate of increase will depend on break size and location. While the
symptoms as shown on these 3 sensors are typical of a LOCA, they are not
unique to LOCA. The sensors will give similar indications with a SHELB
in containment if prior to the break there existed an observable primary
to secondary leakage. Thus, it is necessary to have additional data to
determine if the break is a LCCA or SHELB.

For a small SHELB, particularly with continued operation of containment
fan coolers, the pressure increase could be undetectable. Containment
sump level could significantly increase, but after isolation of
auxiliary feedwater to the faulted steam generator, no increase should
take place, unless containment spray has been activated.

One distinguishing feature of the SGTR transient is that the containment
instrumentation will show no change over pre-accident conditions. The
absence of the containment instrument indications is one feature which
allows the operator to distinguish between SGTR and LOCA or SHELB inside
containment. The absence of containment instrumentation indications
will not allow the operator to distinguish between SGTR and spurious SI

initiation or secondary side line breaks outside containment.
A.4.2 RCS WIDE RANGE PRESSURE

Since a LOCA involves the loss of primary system inven.ory, there will
be a reduction in RCS pressure at a rate and of a magnitude dependent on
break size. This indication, however, is not unique to LOCA and addi-
tional information is needed to define the type of break.

A SHELB does not involve a loss of primary coolant. The Reactor Coolant
System (RCS) pressure will follow the trends of primary temperatures, as
heatup or cooldown will expand or shrink the RCS water inventory. This
instrument tion is used in the termination procedures for reactor cool-
ant pump ope-ation and Safety Injection. It is also used in verifying
that the RCS p.essure is sufficient to maintain subcooled conditions.
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Since a SGTR does involve a loss of primary system inventory, there will
be a reduction of RCS pressure and temperature. These reductions in
conjunction with the absence of containment instrument indications pro-
vide additional confirmation of a SGTR rather than a small LOCA. When
the SI flow matches the leak flow rate, the RCS precsure and temperature
will equilibrate at values below nominal setpoint values, and they may
be decreasing slowly in a fairly stable manner,

A.4.3 PRESSURIZER WATER LEVEL

Following a LOCA, pressurizer water level will decreasc (or even drop
below the lower tap) initially. This is caused, in part, by the pipe
leak mass outflow, the volume shrink following reactor trip and the
volume shrink caussed by injecting cold SI water. In the case of a small
LOCA, once the RCS pressure equilibrates, continued operation of the
HHSI can lead to re-establishing level in the pressurizer. This refill
process should be relatively slow. It should not exhibit rapid fluctua-
tions or occur very early in the transient. These symptoms may also
occur for certain small LOCAs or secondary side breaks, but the presence
of containment instrument indications allows the larger LOCA events to
be distinguished. In the case of a LOCA from the pressurizer vapor
space or a stuck open relief valve, indicated pressurizer level will

rise.

For a SHELB, pressurizer level will respond to RCS volume variations
induced by primary temperature cianges. With due credit for charging,
letdown and Safety Injection (SI) flow, it will be apparent that no loss
of RCS inventory occurred, as opposed to losc of reactor coolant or
steam generator tube rupture accidents. This is unique to loss of sec-
ondary coolant events and can be verified during the long term recovery
phase of the accident. This instrumentation is used to verify suffi-
cient pressurizer water vol'me to cover the heaters. It is also used as
an input to the level controiler once the plant is stabilized. Caution
should be exercised when using this instrumentation due to the
possibility of large errors in the indicated level.
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Following a SGTR, it is expected that the pressurizer level will ini-
tially drop. This is caused in part, by the tube leak mass outflow, the

volume shrink following reactor trip and the volume shrink caused by
injecting cold SI water. Once the RCS pressure equilibrates, continued
operation of the HHSI will lead to re-establish’ag level in the pres-

surizer. This refill process should be relatively slow.

A.4.4 RCS WIDE RANGE THot AND TCold

In general, these indicators will show time variation after LOCA, SGTR
and SHELB. The magnitude of the changes will (. “end both on break size
and location. For that reason, these parameters are not particularly

useful in type-of-accident diagnostics.

Thuot 15 used in determiniing which Safety Injection termination proce-
dure to use. It is also used in verifying that the RCS temperature is
sufficiently low to maintain subcooled conditions. THot is used in

conjunction with TCold in verifying that core cooling is taking place

through either forced flow or natural circulation.
A.4.5 STEAM GENERATOR LEVEL (NARROW AND WIDE RANGE LEVELS)

This instrumentation is used in the Safety Injection terinination proce-
dure and to verify adequate secondary side heat sink capability for

plant cooldown.

For a LOCA, SG level instruments should display readings in their normal

range,

With due credit for auxiliary feedwater operation, low steam generator
level will occur in at least one steam generator for a loss of secondary
coolant. For certain break locations the accident will appear similar
to a loss of normal feedwater. Hence, this parameter alone is not suf-

ficient to diagnose a loss of secondary coolant.
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Following AFW actuation for an SGTR, the SG level may initially fall
then rise due to AFWS operation. If a large SGTR has occurred, it may
become difficult for the operator to maintain water level in the affec-
ted SG without throttling back the AFW to that SG., If the AFW flow to
all SGs are balanced, then the affected SG water level should rise at a
higher rate due to the mass flow from the break. For very small SGTRs,
it may be very difficult to notice any difference in SG levels or level
rise rates among the SGs. SG level indication does not provide any key
information to aid in short term diagnosis for an SGTR. However, it
should be verified that level has been established so that the steam
generators can be used as heat sinks.

A.4.6 STEAMLINE PRESSURE

For a LOCA, this instrument should display a reading in its normal
range. However, very low steam generator pressure, €.g. lower than the
steamline isolation setpoint, in one or more steam generators is indica-
tive of a loss of secondary coolant. But certain break locations can
produce no change or actually lead to an increase in steam generator
pressure; hence, this parameter alone is not sufficient for diagnosis of
a loss of secondary coolant,

Following a SGTR, steam pressure in the affected SG may continue to stay
at a pressure above that found in an intact SG. This symptom is of
limited diagnostic utility for very small SGTR leak rates.

A.4.7 STEAM FLO., FEEDWATER FLOW

For a loss of secondary coolant, these parameters can exhibit widely
differing behavior, depending upon break size and location. High steam
flow after safety injection actuation is indicative of a loss of secon-
dary coolant. The accident is certainly a loss of secondary coolant
event if high steam flow persists after successful steamline
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isolation, with the due credit for potential steamline relief/safety
valve operation. This is also the case for feedwater flow since feed-

water isolation occurs on a safety injection signal.

A.4.8 CONDENSER AIR EJECTOR RADIATION AND SG BLOWDOWN RADIATION

These symptoms are the ones most characteristic of a SGTR event,
Assuming that no leakage existed prior to the event, high-radiation
alarms will result rapidly following SGTR. If some leakage (within tech
specs) exists prior to the event, the signal will rapidly increase cor-
responding to the increased leak rate into the SG. If the normal
operating range for these instruments is low, the presence of high radi-
ation levels due to the SGTR may drive the response off-scale so rapidly
that no useful information can be obtained regarding rate phenomena.

These instrument indications can also be useful in helping to
distinguish between certain swall LOCAs and SGTR.  If the LOCA is small
enough that immediate indications from containment sump levels and con-
tainment radiation do not occur, the absence of SG blowdown radiation
and condenser air ejector radiation in conjunction with continued opera-
tion of the HHSI should guide the operator to look for alternative indi-

cations of a LOCA.
A.4.9 AUXILIARY FEEDWATER FLOW

Following an "S" signal during an SGTR event, the AFWS will deliver to
all SGs. If the SGTR flow is large, it may be necessary to throttle the
AFW delivered to the affected SG to avoid over-filling that SG. In this
manner, AFW flow can potentially proviae additional confirmatery
information that a SGTR has occurred. For very small SGTRs, preferen-
tial throttling of AFW flow to the affected SG may not be required. For
all SGTRs, AiW should be maintained at least until identification and
isolat i n of the affected SG oczurs. Following that, AFW flow to the
intact 5G6s is required to provide a heat sink.
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A.4.10 CONDENSATE STORAGE T/NK LEVEL

This instrumentation is used for these transients in verifying that an

adequate water source is available for auxiliary feedwater, 1.e., secon-

dary side cooling. It is also used in determining if switchover to a

secondary source of water for auxiliary feedwater is necessary.
A,4.11 IN-CORE THERMOCOUPLES

This instrumentation is used for these transients as an additional
indication of core temperatures and can be used to verify that core

cooling is taking place.
A.5 PROCEDURES REVIEW

The Emergency Operating Instructions* provide coverage for current
design basis events, e.g., RCS pipe break with single active failure.
The FOls consider situations in which the operator may misdiagnose the
event; and in some cases multiple equipment failures have been in-
cluded. The review of the instructions is carried out by identifying
the steps in the instructions which address the function/loss of

function pair in the event trees.

*E-0: Immediate Actions and Diagnostics, Rev, 2
E-1: Loss of Reactor Coolant, Rev. 2
f-2: Loss of Secondary Coolant, Rev. ?

F-3: Steam Generator Tube Rupture, Rev, 2



For sequence 1 of the event trees, which represent the design basis
cases, the instructions naturally address all of the functions identi-
fied for the event. For example, E-0 (Steps Cl-3, D1-5) instructs the
operator to verify the operability of system functions listed, and sends
him to the appropriate instruction based on appropriate instrument read-
ings. E-1 (Notes and steps Cl1-5) instructs the operator to verify the
operability of the monitoring instrumentation, and states the conditions
under which safety injection may be terminated and normal makeup and
letdown re-established. Finally, E1 (Steps C7-14 and Table E-1.1) lists
the instructions for switchover to recirculation (cold and hot leg).
Background information, describing the philosophy and basis for develop-
ing the instructions and discussing instrument readings, is provided for
operator training programs. For the remaining sequences, the steps in
the instructions which address particular function/loss of function
pairs in the event tree are indicated in the table which follows each

event tree status table.

Tables A.3, A.5, A.7, A.9, A.11, and A.13 identify several functions the
loss of which are considered to be partially covered by the instruction
quidelines. In most cases the guidelines direct the operator to man-
ually or locally effect repairs in order to get critical safety equip-
ment operating. This would include situations where there is partial or
total loss of function, e.q., failure to start of one or 311 safety
injection pump(s) respectively. The partial coverage column in these
tables is meant to identify those situations in which the possibility
exists that the operator may be unable to get critical safety equipment
operating from the control room, but in which all of the possible con-
tingency steps have not been incorporated in the instruction guide-
lines. It should be noted that many of these situations incorporate
muitiple failures within a system, which result in more than one total
loss of function; these sequences are well beyond the current design
basis. The probability of occurrence of such failures, coincident with
the initiating event, is likely to be small enough to preclude the need
for inclusion of contingency steps; alternatively it may be that
incorporation of such steps may increase the complexity of the procedure
and pose a greater risk of operator error or delay than not

incorporating the step.



G R G =N A s oA G = =

SYMBOL

EP

RPS

AFWS

SSR
SD/S/R-VO0
SD/S/R-VR

SOC
PPC

TABLE A.1 Glossary of Safety Functions

FUNCTION

ELECTRICAL OWER
REACTOR PROTECTION
SYSTEM

AUXILIARY FEEDWATER
SYSTEM

SECONDARY STEAM RELIEF

PRIMARY PRESSURE CONTROL

SPRAY/AUXILIARY SPRAY

S/R-VO

S/R-VR

cves

ECI

ECR

ECI TERMINATICN

L)

RHRS

CHEMICAL VOLUME AND
CONTROL SYSTEM

EMERGENCY COOLANT
INJECTION

EMERGENCY COOLANT
RECIRCULATION

MAIN STEAM ISOLATION

RESIDUAL HEAT REMOVAL
SYSTEM

——

NEFINITION OF FUNCTION FAILURE

FAILURE TO PROVIDE AC POWER TO BUSES THAT
FURNISH POWER TO ESFS

FAILURE OF MORE THAN 2 CONTROL R0D ASSEMBLIES
TO INSERT IN CORE--ELECTRICAL/MECHANICAL FAULT

FAILURE TO DELIVER THE EQUIVALENT OF FULL
FLOW OF ONE MOTOR-DRIVEN AFW PUMP

FAILURE TO OPEN OF ALL STEAM GENERATOR STEAM
DUMP, SAFETY AND RELIEF VALVES®

FAILURE TO RE-CLOSE OF ALL STEAM GENERATOR
STEAM DUMP, SAFETY AND RELIEF VALVES

FAILURE TO OPERATE OF ALL STEAM DUMP VALVES*

FAILURE TO DELIVER SPRAY FLOW FROM REACTOR
COOLANT LOOP COLD LEGS/CVCS

FAILURE TO OPEN OF ALL PRESSURIZER SAFETY
AND RELIEF VALVES*

FAILURE TO RE-CLOSE OF ALL PRESSURIZER SAFETY
AND RELIEF VALVES

FAILURE OF CHARGING AND LETDOWN FUNCTIONS THAT
PREVENT COOLDOWN OF RCS TO COLD SHUTDOWN

FAILURE TO DELIVER BORATED WATER FROM AT LEAST
3 ACCUMULATORS OR 1 LHSI PUMP TO RCS COLD LEGS
(LARGE LOCA) OR

FAILURE TO DELIVER FLOW FROM AT LEAST 1 TRAIN
OF HHSI SYSTEM

FAILURE TO INJECT WATER INTO RCS FROM AT LEAST
1 HHSI OR LHS! PUMP, OR FAILURE TO RE-ALIGN
TO HOT LEG INJECTION

OPERATOR ACTIONS AND/OR EQUIPMENT FAILURES THAT
PREVENT TERMINATION OF FLOW FROM HHSI PUMPS OR
FAILURE TO ALIGN VALVES FOR NORMAL CHARGING
AND LETDOWN VIA CVCS

FAILURE TO ISOLATE MAIN STEAM LINE TO FAULTED
STEAM GENERATOR OR FAILURE TO TERMINATE AUX-
ILIARY FEEDWATER TO THAT STEAM GENERATOR

FAILURE TO DELIVER WATER TO RCS COLD LEG BY
AT LEAST 1 TRAIN OF RHRS

*Note that operation of one or more safety or relief valves constitutes success,
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HE N EE B B B B BN A B BN B BN T B BN EE e =

SEQUENCE | EVENT A £ - g . F 6 H ! J K CORE
NUMBER | SEQUENCE UNCOvERy | TOOTMOTES
LARGE £p aps | AFNS SSR SSR SSR PPC PPC ecr ! Ecr
LOCA SOC |{S/R-VO | S/R-VR | S/R-VO |S/R-VR
] ABJK f OA 0A f‘ : OA 0, 0A 0A Y/N »
2 ABJK f 0A 0A OA 0A °A °A OA f Y b
3 ABJ f OA OA 0A OA 0A OA 0A f 0J Y b
4 AB f f OA 0A OA OA °A 0A OA ls ZB Y -
1 Key:
= £ - fatlure
fN - dependent time-delayed failure caused by failure of "N"
0N - does not matter; operation ¢f function has no effect because of faflure of “*N"
PN - does not matter; operation of function has no effect because of operation of “N"
ZN - failure predicated by failure of “N"
Y - core uncovery occurs; operator action, short of reversing inftfal system faflure(s), will not mitigate

transient
N . PO core uncovery cccurs, unless operator acts to counter the effects of the safeguards system
Y/N - core uncovery may occur and proper operator action may orevent {t

Footnotes:
a. No loss of critical function. Design Basi: Event,
b. Failure of ECI or ECR leads to core uncovery.

¢. Fatlure of EP prevents operation of other systems,

TABLE A.2 Large LOCA Systems Status
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TABLE A.3 PROCEDURES REVIEW: LARGE LOCA EVENT TREE

Function Of Sequence - - Coverage Of Reference
Interest Number Pertinent Steps Of W EOI's Instructions
Instruction Full / Partial®*/ None
Design Basis
! E-1 at* Event
ECR 2 E-1 C.4; C.€ o b,c ‘
B0 G, |
Table E-1.l: f
Prereq. A, C, E, F, %
Table E-1.2: !
Contingency
Action, Step 1 Events Beyond
Design Basis
T
s ECI 3 E-0 c.1.b; C.2.f; C.3.a b
E-1 G35 L4 1
EP 4 E-0 L. 2.0 b
£-1 C: Second Caution

*  partial coverage is defined to mean that contingency action has not been specified in the event that
safety function which failed cannot be re-established (e.g., by manual, local, or repair actions).

#* a, No loss of critical function. Design basis event,

b. Contingency action in the event of failure of safety system function may be required.
c. The need for rapid switchover to recirculation phase for large break LOCA has been addressed.
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S, £p RPS | AFWS SSR SSR SSR PPC PpC £l ECR szf;v'::zz szgz::? UNEg::"
soc | S/R-ve | S/R-VR | S/R-v0 | S/R-VR v
3 ABCDE JK ) N
£ [ X ABCDE JK 2 Y/N
el - sBFDE 3 "
. 3 : ARCDEFGIK 8 \
G r X — ABCDEFGJK 5 Y/N
s - > : ABEDEFG 3 Y/N
ARCDEFGIK 7 YN
¢ | ABEDeReX 8 Y/N
- ABCDEFGY 9 Y/N
” J ABCDEFHT K 10 Y/N
3 ! F_—j;-_—{:::EE::: ABCDEFHIJK n Y/N
" - ABCDEFHIJ 12 Y/N
- : = - K r-—:—- A%E:?zrﬁx;i 13 Y/N
& F i , ABCDEFHIJK 14 /N
- ; RBCDEFHIY 15 Y/N
= ABCDEFH 16 Y/N
. _3_{:": ABCORT 3 17 /N
N 1 3 E ABCOHI K 18 Y/N
8 H - ABCDHTY 19 Y/N
SUCCESS 3 aBCOMINK 20 Y/N
I b ! _J_‘L—'——A ABT DR 13K 21 Y/N
ABCONI 22 YN
T ¢ 4 ABCOH 23 Y/N
! ARC 24 Y/N
FAILURE
2 AB 25 Y

0.5"

FIGURE A.2 Small LOCA Event Tree
Equiv. Dia. < 2.0"
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4} [ o v" [ o ’ C"_‘-A | '; - “‘ N ? 9_—
' £ £ £ £
2 ABCDE JK f Pr Pe Pe Pe
3 ABCDEJ f ’F Pr v! pg
o | sseeci « s e | P
5 ABCDEFGIX f f Peg | pm
6 ABCDEFGY f f Pee L
? ABLDEFGIK f f ' 0, 0,
8 ABCDE FG UK f ' f 0 | 9%
9 ADCDERGS ¢ ' ' o | %

10 ABCOEFHT JK ¢ ' f 0
n ABCDEFH1JX f f ¢ 0
12 ABCDEFHIJ f e 0
13 ABCDE FRI X ' ¢ | ¢ 0 ’
1 ABCDEFHIJK ' t o]t 0p ¢
15 ABCOEFHIJ f ¢ ¢ 0 ¢
16 ABCDEFH ¢ f ¢ 0, f 0,
7 ABCOH1JK f f 0% | % %
8 ABCOMIJK f ' % | % 0,
19 AECORIJ ¢ ’ £ 0, | % 0y
20 ABCON1JK f f 90 OD OD ¢
21 ABCOMIJK ¢ f o | % 0, f
22 ABCOWIY f f 9% | % o '
23 ABCOH f ¢ 0, | 9, 0, f 0,
2 ABC ¢ ¢ o |9 | 0 o |0
o - g 1% | % [%|% 0 0 | O
SIS IR L

e —————
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Y/N

T3 1 uﬂ r.;::‘.r_“ o
¢ (CR | UNCOYERY FOOTNOTES
T — —

" a,b
f Y/N ¢
f 03 Y/N d
N e,a,b
f Y/N 4
f 0, Y/N d
Y/N 9
f Y/N ¢, 9
f OJ Y/N d
Y/N h
¢ Y/N R,
4 0J Y/N h,d
Y/N 1,h
¢ Y/N f.h,¢
f 0, Y/N J
0, CH Y/N Kk,1
Y/N m
f Y/N m,c
f CJ Y/N m,d
1IN 1,
f Y/N 1.,¢c
f 0J Y/N Jod
OH CH Y/N 1,n
OC QC Y/N 1,0
:B 28 Y P

fallure

dependent time-delayed failure caused by faflure of "N"

does not matter; operation of function has no effect because of failure of *N"

does not matter; operatfon of functfon has no effect because of operation of °N°

fatlure predicated by failure of "N"

core uncover ceurs; operator action, short sf reversing initial system exilure(s),
transicnt

no core uncovery occurs, unless aperator acts ta counter the effe

ure Your '

TABLE A.4 Small LOCA Systems Status

A-47

will not mitigate

ts of the safeguards systems







Table A.4 Footnotes (Continued)

In the unlikely event of complete loss of SSR, primary system pres-
sure will increase as secondary side pressure increases in attempt
to equilibrate at RCS pressure. If the pressurizer relief valves
operate normally, primary system will stabilize at the valve set
pressure and will result in a net loss of inventory. I[f the opera-
tor does not take action to hold open the pressurizer PORV(s) or
establish SSR to depres.urize the secondary side, then the secondary
side will probably rupture.

If pressurizer safety or relief valve fails to reclose, the break
may be large enough to depressurize the primary system, increase
safety injection and enable the system to equilibrate at a pressure
at which safety injection flow equals total break flow, with the
core covered. If the total break area is not large enough to
depressurize the primary system, RCS will stabilize at the relief

valve set nressure and will result in a net loss of inventory.

Depending upon break size and decay heat generation at the time of
pressurizer safety or relief valve failure, break may be large
enough to depressurize the RCS to the point of actuation of the
accumulators and low head safety injection pumps. If the total
break area is not large enough to depressurize the primary system,
RCS will stabilize at the relief valve set pressure and will result
in a net loss of inventory; this sequence is similar to sequence 12
except that the loss of primary inventory will be more rapid.

With the unlikely unavailability of any function to depressurize the
primary system and no capability for secondary steam relief, opera-
tor action may not prevent core uncovery for these coincident fail-
ures. The primary and/or secondary system will probably rupture
which, depe~ding upon location and size of break, may provide suffi-
cient primary and/or secondary relief capacity to mitigate core

uncovery.
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Table A.4 Footnotes (Continued)

1.

m'

ECCS cannot operate against system pressures anticipated.

Failure to obtain auxiliary feedwater flow will eventually result in
primary pressure increase to the pressurizer safety or relief valve

set pressure. Normal valve operation would maintain system pressure
at the valve setpoint, and would require operator intervention to

depressurize the system by manually holding the valve (s) open and allow
sufficient safety injection to make up loss. Westinghouse performed

analyses described in WC..P-9600 which indicated that the operator
had time to initiate auxiliary feed flow or to open all PORVs to
prevent core uncovery. With the subsequent depressurization, the
RCS eventually stabilizes at a pressure at which safety injection
flow matches break flow.

In the unlikely event of failure of pressurizer safety and relief
valves to open, depending upon location and size ot consequential
primary system rupture, the break may provide sufficient relief
capacity to increase safety injection to prevent core uncovery.

Initiating event plus RPS failure is of sufficiently low probability
that additional function failures were not considered in event tree
evaluation. Due to increase in primary system pressure, core uncov-

ery may occur,

Failure of EP prevents operation of other systems.
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TABLE A.5 PROCEDURES REVIEW: SMALL LOCA EVENT TREE

Function Of Sequence ' Coverage Of Reference
Interest Number Pertinent Steps Of W EOI's Instructions
Instruction Step Full / Partial*/ None
14 E-1 a |
Design Basis Events
SSR/SDC 5-16 E-1 c
PPC 13-15; £E-0 0.1.b X Events Beyond
S/R-VR 20-22 E-1 .23 £.3 Design Basis
ECR 2; 5;: 8B; E-1 C.4; C.10; C.11; b
10; 14; Table E-1.1:
18; 21 Prereq. A; Step 5
ECI 33 63 9; £E-0 C. b C.2.€:C.30 b
}gf ;g; E-1 €.3; C.4 Events Beyond
H Design Basis
v SSR 7: 8; 9 £-0 D.4 d,b
w S/R-VR E-2 C.6
AFWS 17-23 E-0 c.2.e; C.3.b b
E=1 =
EP 25 E-0 c.2.b b
E-1 C: Second Caution
RPS 24 £E-0 C.V.a3 C.2.83 C.3 ©
SSR 10-16 E-0 C.dit e
S/R=VO
PPC 16; 23 e Events Beyond
S/R=V0 Design Basis

* Partial coverage is defined to mean that contingency action has not been specified :n the event that safety
function which failed cannot be re-established ?e.g.. by manual, local or repair actions).

** See Footnotes



Igble A.QﬁfootnoEgE

a. No loss of critical function. Design basis event.

b. Contingency action in the event of failure of safety system function

may be required.

c. EOI was written to provide coverage in the event of loss of off-site
power, which includes loss of steam dump to condenser.

d. In the case of multiple function failure which results in multiple
events, e.g., LOCA and steam break, explicit instructions may need

to be developed.

e. Failure of total function has very low probability due to system
design and need not be addressed.

X. Denotes full coverage for sequences.
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Table qlngootnotes

a.

No loss of critical function. Design basis event.

Failure of ECR may lead to core uncovery. For smaller relief flows,
extended time may be available for the operator to attempt to rees-
tablish ECR (e.qg., repair equipme.t) if he recognizes the failure
during injection phase.

ECI failure, without operator action, may lead to core uncovery, and
may result in inadequate core cooling. If the RCS depressurizes, the
operator can actuate accumulators and low head safety injection
pumps to recover core.

[f pressurizer safety or relief valve fails to reclose, the result-
ing relief may be large enough to depressurize primary system,
increase safety injection and enable the system to equilibrate at a
pressure at which safety injection flow equals total relief flow,

with the core covered.

Failure to obtain auxiliary feedwater flow will eventually result in
primary pressure increase to the pressurizer safety or relief valve
setpoint. Unless the operator keeps the relief valves open to
reduce primary pressure below the high head SI pump cut off head,
the valves will cycle and the core may uncover.

With auxiliary feedwater flow injecting into intact steam generators
and witnout primary pressure relief through the pressurizer safety
or relief valves, primary pressure should not increase sufficiently

to cause a break in the primary system.

Pressurizer safety or relief valve failure to reclose may
depressurize the RCS and may lead to LOCA.
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Table A.6 Footnotes (Continued)

m,

For an unlikely failure of pressurizer safety and relief valves to
open concurrent with the failure to obtain auxiliary feedwater flow,
the primary system will probably rupture. .n this case, proper
operator action may prevent core uncovery, assuming the availability
of EC1 and ECR,

Failure of steamline isoiation through the MSIV's or relief valves
will decrease the effectiveness of the AFWS. In the case

of a feedline break inside containment, MSIV failure will result in
a more adverse containment pressurization since the intact steam
generators would be able to blowdown through the feedline rupture
(assuming no check valves or operator action to isolate the faulted

feedline),

[nitiating event plus RPS failure is of sufficiently low probability
that additional function failures were not considered in event tree
evaluation., Due to increase in primary system pressure, core
uncovery may occur.

Fairlure of EP prevents operation of other systems,

Leads to combined feedline-steamline break incident. Sequence

continues on with event tree, Figure A.4.
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TABLE A.7

PROCEDURE REVIEW - FEEDLINE BREAK EVENT TREE

Pertinent Steps Coverage of Reference
of W EOI's Instructions**
Instruction Step Full/Partial*/None

£-0 X
£-2
£-0 D.1, D.5 ¢
£-2 C.3, C.6.D0 A-D
£-2 €.5.C, Table £-2.1 [
£-0 £.):0, C.2.7, C.%.0 a
£-2 €.5.¢c, C.6
£-2 €C.3, C.6. A-D c
E-2 C.7.A, C.7.8 b
£-0 C.2.¢, 2.3.0 <
£-2 c.4
£-0 C.4, D.4 a
£-2 8, C.3
£-0 £ .28, C:3 a
E-0 c.2.b 1
£-2 o

b

Design Rasis Events

Events Beyond
Design Basis

Events Beyond
Design Basis

Partial coverage is defined to mean contingency action has not been specified in
the event that safety function which failed cannct be re-established (e.g., by

Function Sequence No.
of Interest
1
PPC 2 thru 4
S/R-WR 11 thru 13
18 thru 20
25 thru 27
ECR 3;9; 12;
19; 23; 26
ECI 4; 10; 13;
20; 24; 27
SSR 6; 15
S/R-WR
SSR 7: 16
SR-VO
AFWS 8 thru 16
22 thruy 28
MSI 17
£-2
RPS 29
£P 30
PPC 5; 14; 21; 28
SR/V0
-
manuz), local
e

or repair actions).

In review of the instructions, it is assumed that the operator has entered E-2

from £-0.
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Table A.7 Footnotes
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Tabl

a.

D

e A.8 Footnotes
No loss of critical function. Design Basis Event,

Operation of the safety injection system assures shutdown of the
reactor via boration. Therefore reactor trip is not required to
prevent core uncovery. Reactor trip is desired to assure rapid
shutdown and to maximize subcriticality in the event of consequen-
tial failures. Care must be taken to terminate function to prevent

uverpressurization.

ECI1 failure requires reactor shutdown via RPS. Reuctor trip is
required to minimize steam g rerator cooling requirements with a
steam generator isolated an ile using the auxiliary feedwater

system.

Steam break isolation is accomplished via closure of the Main Steam-
line Isolation Valves or via isolation of auxiliary feedwater frum

the faulted steam line/generator.

Although pressurizer S/R valves were not expected to operate ‘or
this sequence, a random or consequential (adverse environment) fail-
ure results in the valves opening with a failure to recilose. This
results in a vapor space type LOCA. Operator should attempt to
isolate/requlate the break and must not terminate safety injection

until he has done so. ECI required to prevent core uncovery.

Failure of reactor trip could result in inadequate secondary cooling
which results in primary system heatup. Result is significant
release from pressurizer relief valves and loss of primary coolant

inventory.
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Table A.8 Footnotes (Continued)

P

ECR failure could lead to core uncovery for cases in which pressur-

izer relief and safety valves cannot be reclosed or are required for

long term cooling. Without significant loss of primary inventory,
this function is not required. For small losses of primary inven-
tory, extended time (up to 1 day) ma be available for the operator
to restablish ECR (e.g. repair) 't he recognizes the failure during

injection phase.

Core will uncover, the availability of reactor trip will signifi-
cantly change time to ~~-= uniovery.

Cooldown will continue due to failure of valves on unisolat-d steam
generators. Potential exists for core to return critical or tor
inadequate core cooling due RCS shrinkage and depressurizatior of

primary system it ECI is not available.

In the unlikely event of complete '~<s of SSR, primary system pres-
sure will increase as secondary side pressure increases in attempt
to equilibrate at RCS pressure. If the pressurizer relief valves
operate normally, primary system will stabilize at the valve set
pressure and will result in a net loss of inventory. If the opera-
tor does not take action to hold open the pressurizer PORV(s) or
establish SSR to depressurize secondary, then the secondary side

will probably rupture.

ECI cannot operate against system pressures anticipated.

Turbine driven auxiliary feedwater pump may be available,

Failure to obtain auxiliary feedwater flow will eventually rcsult in
primary pressure increase to the pressurizer safety or relief valve
setpressure. Normal valve operation would maintain system pressure
at the valve setpoint, and may require operator intervention to

depressurize the system by manually holding the valve open and
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TABLE A.9

PROCEDURE REVIEW: STEAML INE BREAK EVENT TREE

Function Sequence No. Pertinent Steps Coverage of Reference
of Interest of W EUl's Instructions**
Instruction Step Full/Partial*/None
1 E-0 X Design Basis Event
E-2
SSR/V-0 15-19 £-2 C.7.A, C.7.8 c Events Beyond
£-0 €.3.C Design Basis
ERR 5, 12, 16 £-2 £.5.¢, a
24, 28 Table E.2-1
RPS 3, 7, 10, 14 (-0 Cl.0, €2 3
18, 22, 26 €3
ECI 2 L 7. -£0 C.1b, €. 2.7, €.3.3 a
9, 10, 13, E-2 C.5:C, C.&
14, 17, 18
0, 22, &8,
L 26, 29
T
o PPC/V-R 4-7, 11-14, E-2 C.6 A-D, C.5.C b
23-26 £-0 D.1, D.5
EP 3l £-0 C.2.b a
£-2 Ca
°pC/V-0 19, 30 c
SSk V=R 8-14 £-2 c.6.0, C.3 d
MSI 20-26 E-0 c.4 A
E-2 8. C.3
AFWS 27-30 £E-0 C.2.¢, £.3.b a Events Beyond
£-2 c.4 Design Basis
" Partial coverage is defined to mean contingency action has not been specified in

the event that safely function which failed cannot be re-established (e.g., by
manual, local or repair actions).

L In review of the instructifons, 1t 1s assumed that the operator has entered E-2
from £-0.
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A 8 ¢ ) £ ¥ " l . = L -
-. " N P ST T e T e | s, | e oo
m:‘;.::' EP RFS ECI AFWS ra; .L_:b' e ""I:“ ) n«\:‘ SPRAY S /R=VO &/ Bk TERM. (JUENCE "
NOTE: The event "L*" represents ECI continuatior ! I-_.— . . ' :
since the SCTR colncident with fallure of r_ L——:—‘ D Sink i Y/
& subsystesm to respond properly has pro- » - L ABCDEFCHIJKL ) N ¢
gressed to a more sericus accldent that re= H — P_L__{: ABCDEFCHIIKL . e
quires continued core cooling. J - ]
L 3 Y/N
- I ——-K—{I 6 Y/N
g L ? /N
'—_—"—":: ABCDEFGHIIL 8 /N
_ v 1o | ABCOEFGHL® 9 /N
Y - | 10 Y/N
- L] aBcoEFCIL 11 Y/
X 4 1 | ascoErciL 12 /N
- | ABCDEFG1IKL 13 /N
. : - —E—{T . ] @i 14 0
. L* ABCDEFGIIKL® 15 Y/
L Le | ABCOEFGIIKLS 18 /N
J ABCDEFGLJ 17 /N
~ - L , ABCDEFGHIL 18 N +
: - —{ .| ascoereaie 19 "
- . t_ | ‘E-CI.’EFE'—'.HE 20 N+
3 ———-{: ABCDEFGHIJKL 21 /N
g pibfwlie | |
¢ I ——E ABCDEFGHLIKL® N /N
L | ascperceIJL i Y/8
3 1] | Af'?._Egr:'.GEJL 2 /N
3 L | A{S:ﬁr--xm 26 /R
F *l__ﬁju. ABCLEFGHLS 27 v/
: L | ;.'EE'.::EF:EZ 2 “/m
~ r—- —.‘ L | AscDEFGI 29 Y/N
- 1 . 2 L | ABCOEFGIIKL 30 /N
{ 3 L | A.L: n.:i'x't i Y/§
Le | ABCOEFGLIF.® 2 Y/N
L . L* | ABCDEFGLIKL® 1 /%
J ABCDEFGLJ 1 /N
. Jaowme s | o
- L* | ABCDEFJKL® 7Y /N
X - pemtnyy o Le | ascosFIeie 7 /N
< L* | ABCDEF JKL* 38 /N
J ABCDEFJ 9 Y/N
£ ABCDEFIKL® 0 /N
pra— . ABCDEF JKL# 41 05
1 8 . - u_‘a[fsrzxi- a2 Y/®
ABCDEF JKL* &3 Y/N
| ABCDEFJ Ak Y/N
o D 1 ABCD s /8
C ~ | asc a6 Y/N
) | & a7 Y
FAILURE
TR :'.: c’,"““" f:.\v“xrjt,‘ r TU‘\“: R”[‘? jre Fv.,r\’_ Tr(}(\ = !]F' ]
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Table A.10 - Footno'es

a.

Mo loss of critical function., Design basis event.

Failure of operator to terminate ECI may lead to pressurization of
faulted steam generator to S/R valve setpoint, with eventual filling
of the faulted steam generator and <ubsequent water relief with
potential valve failure. Operator would have > 1-1/2 hrs, depend-
ing on break size, to terminate safety injection before filling the
steam generator; he may be able to reduce primary pressure to that
of the faulted steam generator by use of steam dump to the condenser
(if available) or through the atrospheric relief valves in the

intact loops once the faulted steam generator has been isolated.

Failure to terminate ECI will prevent equilibration and may result
in primary system going water solid with water relief through pres-

surizer S/R valves,

Although utilization of normal pressurizer spray system is preferred
mode of reducing primary system pressure, alternate mode is use of
PORV,

Failure of pressurizer PURV to reclecse results in LOCA in pres-
surizer vapor space. Operator should attempt to isolate/regulate
the PORV break.

Termination of ECI results in RCS water inventory loss and may lead

to core uncovery and potentially to inadequate core cooling.

With pressurizer spray and S/R valves uravailable, operator may be
able to reduce primary pressure to that ¢f the faulted steam genera-
tor by use of steam dump to the condenser in the intact loops.
Faulted steam generator must be isolated prior to the start of the

cooldown,

Similar to note (c), except that failure of pressurizer S/R valves
may lead to overpressurization of the RCS.
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Table A.10 - Footnotes (Continued)

If coincident SGTR and steambreak (steam dump, safety or relief
valve failure) were to occur on the faulted steam generator, an

alternative for the operator may be to hold oper pressurizer PORV(s) to

provide water to the containment sump for continued core cooling
during recirculation phase; system depressurization would then occur.

If coincident SGTR and steambreak (steam dump, safety or relief
valve failure) were to occur on the non-faulted steam generator, the
gperator may be required to maintain SI flow to the RCS to compen-

sate for the resultant shrinkage.

In the unlikely event of complete loss of SSR, primary and secondary
side pressures increase. If pressurizer S/R valves operate nor-
mally, primary system will stabilize at valve set pressure and will
result in a net loss of inventory. If sufficient time exists opera-
tor may attempt to depressurize by use of pressurizer PORV (s) before

secondary side ruptures.

Valve failure corresponds to action recommended to operator in note
(1). Failure may yield break large enough to depressurize primary
system with secondary to follow suit, if time (before rupture) per-

mits.

With the unlikely unavailability of any function to depressurize
pr imary or secondary systems, operator action may not terminate

breat flow to faulted steam generator for these coincident fail-
ures. System rupture will probably occur,

ECCS cannot operate against system pressures anticipated.

Sequences 18-34 are similar to 1-17, respectively, except for
failure to isolate faulted steam generator which would lead to
increased radiological releases for sequences 18-34, when such
release occurs. It is import> * to note that with failure to
isolate, operator will be unc = ‘o meet the subcooling criterion
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Table A.10 - Footnotes (Continued)

(in loops with non-faulted steam generators) for safety injection
termination. In this instance, then, operator would have to be
cautioned to discegard that criterion when he cannot isolate the
faulted steam generator and to rely on pressurizer level and RCS
pressure to decide on safety injection termination.

If the steam line isoiation valve to the faulted steam generator
cannot be closed, the steam line isolation valves to the other steam
generators may be closed in order to isolate the affected steam
generator. Steam relief can then proceed from the intact steam
generators using the atmospheric steam dump without resulting in

release of radioactive steam.

Failure to terminate ECI leads to pressurization of secondary system
to S/R valve setpoint, and filling of the steam generators at a more
rapid rate than in note (c). Operator would have some time to
terminate safety injection before filling secondary; he would need
to utilize steam relief to reduce RCS pressure.

with pressurizer spray and S/R valves unavailable, operator may be
able to reduce primary pressure by utilizing steam relief to bring
down secondary pressure and re-establish normal charging and let-

down; however, with these coincident failures, there is increased

probability of filling faulted steam generator.

Failure to obtain auxiliary feedwater flow eventually results in
primary pressure increase to pressurizer S/R valve setpoint, Normal
valve operation would maintain system pressure at valve setpoint and
would require operator intervention to depressurize the system by
manually holding the valve (s) open and allow sufficient safety injec-
tion to make up loss. Operator response time calculated in

WCAP-9600 for initiating auxiliary feed flow or opening all PORVs
would be extended somewhat in this instance since water is being
supplied to the faulted steam generator through the rupture.
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Function of
Intere-t

ECI
Terminaticn

PPC
S/R-VR

SSR
SD/S/R-VR

MSI
Faulted SG
AFWS

ECI

RPS
EP

SSR
SD/S/R-VO

PPC
/R-VD

TABLE A. 11

Sequence
Number

2; 4; 8; 12;
W 19 2V: 25;
29; 31

5; 6; 15; 16;
2V 22; 32 A%
37, 38; 42; 43

9; 10; 26; 27

18-34

35-44

45

46
47

11-17; 28-34

7, R; 24; 25;

34; 39; 44

Pertinent Steps of W EOIL's

Instruction

£E-3

E-3

o

OO0

[ ) ()

lalal

L~ Han B on ]

lalel
-~

Step
13; C.14
3.0
3z €.1%: €.13
11-C.14
3; C.4; C.6
4
-
285 £.3.0
.6
Y:b: 2.4
3.2
43 €.2.405 €3

.b

PROCEDURES REVIEW - STEAM GENERATOR TUBE RUPTURE EVENT TREE NO. 1

Coverage of Reference
Instructions

Full / Partial*/ None

ar Design Basis
Events
" |
!
b,cC
b,c
b
b

Events Beyond
Design Basis

- |
|

d  Events Beyond
Design Basis

*Partial coverage is defined to mean contingency action has not been specified in the event that safety function
which failed cannot be re-established (e.g., by manual, local, or repair actions.)

*+See footnotes
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FIGURE A.6 Steam Generator Tube Rupture Event Tree - No, 2
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TABLE A.13 PROCEDURES REVIEW: STEAM GENERATOR TUBE RUPTURE EVENT TREE NO. 2

Function of Sequence Pertinent Steps of W EOI's Coverage of Referen .
Interest Number Instructions
Instruction Step Full / Partial*/ None
'z & E-3 ave

RHRS 2% 6 E-3 C.28; C.2) b

SSR - O E-3 C.18; C.19; b,c

SD/R-VR C.23; C.2%

SSR 4 8 E-3 c.18; C.19;

SD/R-VO €.23; C.26 d

PPC 9! E-3 C.15-Caution b,c

R-VR C.20-Caution

CvCs 11 E-3 C.15-Caution b

PPC 10" E-3 €.20 d

R-VO

* Review of Instructions begins with E-3: C.15

Partial coverage is defined to mean that contingency action has not been specified in the event that
safety function which failed cannot be re-established (e.g., by manual, local or repair actions).

*¥ See Footnotes
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APPENDIX B
ANALYSIS OF NON-LOCA PRE-TRIP ACCIDENTS

(Control Event Trees)

B.1 CONTROL EVENT TREE DEFINITIONS

B.1.1 INITIATING EVENT

For the control event tree construction, a spectrum of initiating events
was assumed, For example, a loss of normal feedwater accident may not
result in a total loss of feedwater as shown in the FSAR but rather a
slow closing of the feedwater control valve. If this sequence occurs,
reactor trip on low steam generator level could be delayed sufficiently
that a significant number of control interactions could occur. Thus the
control event trees are constructed to provide for both the worst case
and less limiting failures. This method addresses the concern that
bounding analysis may not be limiting, since interactions could result
in a more limiting approach to safety limits in this longer term,

B.1.2 CONTROL EVENT TREE METHODOLOGY

The purpose of this appendix is to systematically show the impact of
control system interactions up until reactor trip. The concerns being
addressed are: 1) Could operator or system actions in this time inter-
val significantly affect post-trip/cooldown conditions? 2) Could these
actions change transient trends to the extent that procedurally pre-
scribe actions are inappropriate?

The first task in this effort was to combine all of the control systems
into groups based on function (i.e., the function Rod Control is com-
posed of automatic and manual control rod movement systems, conurul rod
blocks, etc.). These groups are listed and defined in Section B.1.3.
Event trees were developed for each initiating event and are provided in
Section B.2.
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The functions were defined as having three operating conditions for
impact on the system. For example, the steam generator power -operated
relief valves can fail open, fail closed or respond normally (open when
required). Another example is feedwater flow control where control may
be excessive, inadequate or normal (steam generator level is main-
tained). The event tree starts with an initiating event (see Section
B.1.1). For each function three modes of operation are postulated. If
a path results in a tripped condition (denoted by R in the event dia-
gram), that branch is terminated. Review would continue ir the posctrip
tree. However, an assessment of the corditions existing at the time of
trip is made to define if a LOCA, Steambreak, Feedbreak or Non-L0SS of
Primary/Secondary Coolant sequence has developed. In aadition, alter-
nate modes are reviewed to assess whether a sequence of events could
develop into an accident more severe or significantly different than the
initiating event, For example, if a steam generator relief valve opens
during a partial loss of electrical load event and then the valve fails
to close, the transient of importance to operator action is the credible
steamline break transient, not the loss of load. This ‘s significant
since the operator's responses and system trends aro revers2d from the
initiating event. Thus the potential for misopera®ion is significantly
increased. For these paths, the trees show an exit to the transient of
most importance. Thus, it is possible for an initiating event to result
in several iterations of event trees un' il the most limiting sequence is
identified. Based on these sequences, the most limiting or critical
functions can be identified. It is possible that recovery from the
initiating event can be achieved for some branches. This would result
in a new steady state condition and is denoted by S5 in the event trees.

B.1.3 CONTROL EVENT TREE FUNCTION DEFINITIONS

The following is an explanation or definition of each of the functions
listed in Table B.1 which are used in the development of the control
event tree .. The reasoning behind grouping different systems together
in the same function is also discussed. The operation of systems in the
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same function in opposing directions under certain conditions will be

discussed in the specific transient sections. Manual operations,
causing or preventing the functioning of each system described below,

are also included.

Table B.1

Control Event Tree Functions

Pressurizer Power Operated Relief Valves (PRSZR PORV)

Steam Generator Power Operated Relief Valves (SG PORV)
Feedwater Control (FW CONT)

Rod Control (ROD CONT)

Pressurizer Level Control bv Charging and Letdown (PRSZR LEV)
Pressurizer Pressu-e Control by Spray and Heaters (PRSZR PRS)

Steam Load Control by Turbine Throttle Valves and Steam Dump Valves
(STM LD CONT)

B.1.3.1 PrESSuri{gf_RQHgtjquiQQSQJygL[thYq[[g§r (ﬂ{§§{j¥y{[l

Pressurizer pressure control for this function is the control of primary
pressure by means of the power operated relief valves (POR7). The oper-
ation of these valves can help to maintain primary pressure for transi-
ents in which the pressure tends to increase. PORV actuation might also
delay or prevent a reactor trip on high primary pressure or the actua-

tion of pressurizer safety valves,
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The three modes of operation for this function are 1) normal - the
PORV's operate normally on demand to open and close as -equired to main-
tain pressure 2) failed open - the PORV's fail in the stuck open
condition, causing a primary depressurization and potentially a LOCA
sequence, 3) failed close - the PORV's will not open on demand and re-
main fully closed, which could start a primary overpressurization.
B.1.3.2 Steam Generator Power Operated Relief Valve (SG PORV)

This function concerns the control of steam generator pressure by means
of the steam generator PORV's. It also augments the steam dump system
in providing a means of heat removal from the secondary. Loss of both
steam dump and the PORV function would require reliance on the steam
generator safety valves for steam relief. [Inadvertent actuation of the
PORV's could initiate a cooldown transient. Actuation cf the PORV's can
help to maintain steam pressure below the safety limits reduce the
need for steam generator safety valve actuation.

The three modes of operation for this function are 1) normal - the
PORV's operate normally on demand to open and close as required to main-
tain steam pressure, 2) failed open - the PORV's fail in the stuck open
condition, potentially causing a primary cooldown event similar to a
steambreak, and 3) failed close - the PORV's will not open on demand and
remain fully closed, which could lead to reliance on steam generator
safety valves for ultimate steam relief.

8.1.3.3 Feedwater Control (Fw CONT)

For this function feedwater control consists of maintaining a secondary
heat sink via the main and auxiliary feedwater control systems. Exces-
sive feedwater flow via a feedwater control valve malfunction, for exam-
ple, can initiate a cooldown transient. Bypass of a feedwater heater
chain could have a similar effect. A decrease in or termination of
feedwater flow cou'd lead to a heatup event with the potential for loss
of heat sink.

B-4



The three modes of operation of this function are 1) normal - the
feedwater control system operates normally to maintain steam generator
juventory at the programmed level, 2) excessive - the control system
provides excessive feedwater which can lead to a cooldown event, and 3)
inadequate - the control system provides insufficient inventory in the

steam generators to maintain a secondary heat sink.

B.1.3.4 Rod Control (ROD CONT)

This function includes the operation of the automatic rod control
system, manual rod control, and rod withdrawal blocks. Automatic and
manual rod control can function to alleviate a slow heatup transient
where rod motion can minimize any increase in Tpu. Switching to

manual control may alleviate an automatic rod control misoperation such
as a rod withdrawal. A rod withdrawal block could halt any further rod
withdrawal during an overpower transient on a high nuclear flux or over-

temperature signal before a reactor trip occurs.

The tree modes of operation for this function are 1) normal - the rod
contro! svstem operates as designed to maintain primary coolant temper-
ature, the rod blocks can function to limit overpower transients, or
switching to manual control can alleviate control system misoperation,
2) overcompensate - too much position reactivity is inserted into the
core via automatic or manual operation of the rod control system, and 3)
undercompensate - the rod control system does not compensate for primary
coolant temperature swings or the rods are in manual operation and no

action is taken,

B.1.3.5 Pressurizer Level Control By Charging and Letdown (PRSZR LEV)

For this function the chemical and volume control system (CVCS) controls
primary inventory through charging and letdown, both of which can have
opposite effects under different conditions. The charging operation can
help to maintain inventory during a primary depressurization event.
Conversely axcessive charging during a pressure increase or heatup event

could tend to overpressurize the primary. The letdown operation can
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help to maintain proper primary inventory during a heatup or
pressurization event, Excessive letdown during a depressurization event
could aggravate the transient., Charging and letdown are also important
for insuring the effectiveness of pressurizer pressure control. The
failure of the CVCS to operate properly could eliminate or reduce the
effectiveness of pressurizer heaters or spray. Event trees which are
affected by CVCS operation will specify which mode of operation is of

importance for operator decision making.

The three modes of operation for this function are 1) normal - charging
and letdown operate normally to maintain the programmed primary inven-
tory, 2) excessive - primary inventory becomes excessive because of too
much charging versus letdown, possibly leading to primary overpressur-
ization and water relief from the pressurizer, and 3) deficient -
primary inventory decreases because of too much letdown versus charging,
possibly leading to primary depressurization.

<

B.1.3.6 Pressurizer Pressure Control By Spray and Heaters (PRSIR PRS)

Pressurizer pressure control for this function is the control of primary

pressure by means of pressurizer heaters and spray.

The heaters may act to maintain primary pressure during transients in
which the pressure tends to decrease. The functioning of heaters and
spray may depend on the correct operation of other functions such as
charging and letdown by the CVCS. Pressurizer spray may act to control
pressure for cases where the pressure trends are downward.

The three modes of operation for this function are 1) normal - heaters
and spray are available and function properly to maintain the nominal
pressure, 2) over pressurization - heaters operate excessively and spray
does not come on or is not available, resulting in primary overpressur-
ization, and 3) depressurization - spray operates excessively and
heaters don't function or aren't available, resulting in primary
depressurization,
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B.1.3.7 Steam Load Control By Turbine Throttle Valves and Steam Dump
Valves (STM LD CONT)

This function consists of controlling the plant steam load by means of
manual turbine load changes, automatic turbine runback, and the steam
dump system. The operator can determine the need for a load change and
manually adjust the load via the turbine throttle valves. Automatic
turbine runback will reduce turbine load on a high overtemperature sig-

nal possibly before a reactor trip.

The function of steam dump control serves to augment the reactor load
when turbine load is reduced or lost. It also supplies a means of heat
removal from the secondary if needed before and after a reactor trip.
Inadvertent actuation of steam dump initiate a cooldown transient.
Steam dump can be controlled on either average primary temperature or
secondary steam pressure.

The three modes of operation for this function are 1) normal - steam
load is controlled as designed through the turbine control system and
cteam dump, 2) failed open - excessive steam flow through the turbine
throttle valves or steam dump potentially results in a cooldown trans-
jent, and 3) failed closed - loss of the turbine or steam dump will
require some o*her system such as the steam generator PORV's to maintain

heat dissipation capability,

B.2 CONTROL EVENT TREE DESCRIPTIONS

This section presents a discussion of the control event trees for the
transients listed in Table B.2. These transients are the events speci-
fied in Section 15 of the Final Safety Analysis Report (FSAR). For each
event a transient description is provided which briefly discusses the
nature and cause of the event. The control event tree diagram is shown
for each transient. The effects of the operation of the control func-
tions defined in Section B.2 on the course of each transient are briefly
descr ibed in tabular format.
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Control event trees are not presented for some of the Section 15
transients because they are covered by the event Lrees of other trans-
jents or they do not apply. Feedwater system malfunctions causing 4
reduction in feedwater temperature and an excessive increase in
secondary steam flow are covered by the event tree for a spectrum ot
main steamline breaks. The effect of ‘he operation of the control func-
tions defined in Section B.2 would be . ‘milar for these three transients
all of which are essentially an increas. in secondary load. Loss of
nonemergency AC power to the plant auxiliaries is covered by the event
trees of other transients which would result fram such an event such as
loss of reactor coolant flow and loss of normal feedwater.

Uncontrolled rod cluster control assembly (RCCA) bank withdrawal from a
subcritical or low startup condition and a single RCCA withdrawal are
both covered by the event tree for an uncontrolled RCCA bank withdrawal
at power event. All three events are power excursions in which the
control functions defined in Section B.2 would have essentially the same

effect.

A statically misaligned RCCA is not addressed since this transient would
not be expected to result in either a reactor trip or a violation of any
core safety limits. A dropped RCCA and a dropped RCCA bank are not
addressed. For plants whose protection system design provides an immed-
jate reactor trip on these events, there would be no control function
interactions. For plants whose design does not provide an immediate
reactor trip the effect of the control functions on the course of these
two events would be covered by the event tree for the RCCA bank

withdrawal at power.

Inadvertent loading of a fuel assembly into an improper position is not
addressed since the effects are either detcctable during startup physics
testing or are inconsequential., Chemical and volume con. ol system
malfunction that increases reactor coolant inventory is not treated
since it is covered by boron dilution and inadvertent operation ot ELLS

during power operation.
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TABLE B.?2

CONTROL EVENT TREE TRANSIENTS

Feedwater System Malfunctions Causing a Reduction in Feedwater
Temper ature

Feedwater System Malfunctions Causing an Increase In Feedwater Flow
Excessive Increase in Secondary Steam Flow (Excessive Load Increase)
A Spectrum of Main Steamline Breaks

Loss of External Electrical Load/Turbine Trip

Loss of Nonemergency AC Power to the Plant Auxiliaries (Loss of Uffsite
Power )

Loss of Normal Feedwater
Feedwater System Pipe Break
Loss of Forced Reactor Coolant Flw (Complete and Partial)/Locked Rotor

Uncontrolled Rod Cluster fontrol Assembly (RCCA) Bank withdrawal Fram a
Subcritical or Low Startup Condition

Uncontrolled Rod Cluster Control Assembly Bank Withdrawal at Power

Rod Cluster Control Assembly Misoperation (Including a dropped RCCA, a
dropped RCCA Bank, a statically misaligned RCCA, and withdrawal of a
single RCCA)

Startup of an Inactive Reactor Coolant Loop at an Incorrect Temperature

Chemical and Volume Control System Malfunction That Results in a
Decrease in Boron Concentration in the Reactor Coolant (Boron D tution)

Inadvertent Loading of a Fuel Assembly Into an Improper Position
Spectrum of Rod Cluster Control Assembly Ejection Accidents
Inadvertent Operation of ECCS During Power Operation

Chemical and Volume Control System Malfunction That Increases Reactor
Coolant Inventory

Inadvertent Opening of a Pressurizer Safety or Relief Valve
Steam Generator Tube Rupture

Loss of Coolant Accidents
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B.2.1 FEEDWATER SYSTEM MALFUNCTIONS CAUSING AN INCREASE IN FEEDWATER
FLOW

B.2.1.1 Transient Description

Additions of excessive feedwater will cause an increase in core power by
decreasing reactor coolant temperature. Such transients are attenuated
by the thermal capacity of the secondary plant and of the RCS. The
overpower -overtemperature protection (neutron overpower, overtempera-
ture, and overpower delta-T trips) prevents any power increase which

could violate core safety criteria.

An example of excessive feedwater flow would be a full opening of a
feedwater control valve due to a feedwater control system malfunction or
an operator error. At power this excess flow causes a greater load
demand on the RCS due to increased subcooling in the steam generator.
With the plant at no-load conditions, the addition of cold feedwater may
cause a decrease in RCS temperature and, thus, a reactivity insertion
due to the effects of the negative moderator coefficient of reactiv. y.

Continuous addition of excessive feedwater is prevented by the steam
generator high-high level trip, which closes the feedwater isolation
valves,

An increase in normal feedwater flow is classified as an ANS Condi-
tion Il event, a fault of moderate frequency.

The control event tree for the addition of excessive feedwater is shown
in Figure B.2.1-1. The control functions used in the tree and their
effect on the transient are shown in Table B.2.1-1. The functions not
included in the tree and the reasons for not using them are shown in
Table B.2.1-2.
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EXCESSIVE FEEDWATER EVENT
PRSZR PORY SG PORV FW CONT ROD CONT PRSZR LEV PRSZR PRS
Normal
» - —
Normal Overpre )
Noym + Depres
,._'__‘...d_]_______ﬁs"-'? ._p R
. \ E . :
Recovery) Normal . i
\ Y] a gexcessive e R ‘/OVQY'; 'W‘S‘S’ur]?t',\‘
Deficient
{ =" ——  RCS Depressurization,
Normal “xcessive | Over Comp. .
o TNo Actu-Fion) Tr R (same as Rod Withdrawal at Power)
|
i
' |
Under Comp. ; .
(same as Normal)
1 2l
acee Loss of Normal FW, R
Normal Failed Open
Lods L —— P Steambreak, R
(No Actuation)
. : Failed Closed - 11
Excessive (same as Normal
Feedwater Failed Open .
e ——— ) 1 OCA n
LULA f
’ SS - Steady State
* R - Reactor Trip






B.2.2 A SPECTRUM OF MAIN STEAMLINE BREAKS

B.2.2.1 Transient Description

Excessive steam releases from the secondary system cause an increase In
the heat extraction rate fram the reactor coolant system, resulting in a
reduction of primary system temperature and pressure. Through control
systems or through the inherent load following nature of an under-
moderated PWR, core power will increase in an effort to equalize the
thermal load caused by the steam leak. The overpower-overtemperature
protection (neutron overpower, overtemperature and overpower delta-T
trips) prevents power increases which could violate core safety criteria
«hile the steam)line break protection (low steamline pressure safety
injection (SI) and steamline isolation, low pressurizer pressure S1)
provide immediate trips for large breaks. Furthermore, for breaxks
occurring inside containment, various containment pressure signals
provide reactor trip, safety injection, steamline isolation and other

containment system actuations,

Breaks of various sizes at different locations may be postulated to
occur in the main steam system., For example, a steamline break having a
one square foot area could occur on the main steam header, outside con-
tainment. The incremental steam load would cause a rapid primary and
secondary depressurization and cooldown. If the plant is at full power,
a power increase could result due to the cooldown in the presence of a
large negative temperature coefficient of reactivity (end of life). The
reactor is tripped on overpower signals or on low steamline pressure
(S1). 1If the plant is at hot shutdown, sufficient cooldown could occur

to allow a return to criticality.

A second example of a steamline break would be a single failed open
steam dump, steam generator safety or steam generator relief valve.
Because this "break" is small, plant control systems may be capable of
maintaining pressurizer pressure, pressurizer level, steam generator
level and reactor power below protection system setpoints, estapl ishing

a new steady state condition.
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SPECTRUM OF STEAMLINE BRFAKS

PRSZR PORV SG PORV FW CONT ROD CONT
Normal __ __ . R.€8
__-,:'.ZL‘;‘&L___H_ T Qvere omp PR

LUndercomp ____ _ g

Normal g
Normal Excessive _lovercomp R
LUndercomp R
Normal o
Inadequate  [Overcomp R
Undercomp R
Normal ¢
Normal . |Overcomp o
Undercomp o
Normal R
Normal Failed Open Excessive __lCVF.'LS-A‘)L"P.- ——R
{Undercomp ______ o
Normal o
Inadequate _ Overcomp o
{Undercomp —R

LEsAing Closed (Same as Normal)

teamline Break Failed Open

— LOCA, R

|Failed Closed B-19

(Same as Normal)




TABLE B.2.2-1

DECISION POINTS FOR A SPECTRUM OF MAIN STEAML INE BREAKS

Function

PRSZR PORV

SG PORV

FwW CONT

ROD CONT

Discussion

Wwould not be expected to actuate since pressure is

expected to decrease for all cases, pretrip.

FAILED closed would be equivalent to NORMAL mode.
FAILED open leads directly to a LUCA event, discussed
by a different pretrip event tree. This case 15§
considered only because of possible control system-
enviromment interaction for breaks inside containment.,

Wwould not be expected to actuate since pressure 15
expected to decrease for all - ases, pretrip.

FAILED closed would be equivalent to NORMAL mode.
FAILED open has little effect on the pre trip steam-
line break events but could lead to a nonstandard
precondition for post trip conditions. This case is
considered only due to possible control system-
environment interaction for breaks outside
containment .

This function is only considered for very small
breaks where recovery fram the transient 1s possible.
Transient would continue for EXCESSIVE mode, at a
slightly greater rate,

INADEQUATE mode is the expected mode for the majority
of steamline break sizes.

EXCESSIVE mode is considered only as a consequence
of control system-environment interaction for breaks
inside containment.

NORMAL mode (automatic) could produce a new steady
state for very small break sizes, or a safety

actuation.
Other modes should result in safety actuation.
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B.2.3 Loss of External Electrical Load/Turbine Trip

B8.2.3.1 Transient Description

Major load loss on the plant can result from loss of external electrical

load or fram a turbine trip. For either case off site power is avail-

able for the continued operation of plant components such as the reactor

coolant pumps.

For a turbine trip, the reactor would be tripped directly (unless below

approximately 10 percent power) fram a signal derived fran the turbine

autostop ni  pressure (Westinghouse Turbine) and turbine stop valves.
The automatic steam dump system would accommodate the excess steam gen-
eration. Reactor coolant temperatures and pressure do not significantly
increase if the steam dump system and pressurizer pressure control
system are functioning properly. If the turbine condenser was not
available, the excess steam generation would be dumped to atmosphere.

For a loss of external electrical load without subsequent turbine trip,

no direct reactor trip signal would be generated. Plants with full load

rejection capability would be expected to continue without a reactor
trip. Plants with lesser load rejection capability would be expected to
trip from the Reactor Protection System. A continued steam load of
approximately 5 percent would exist after total loss of external elec-
trical load because of the steam demand of plant auxiliaries.

In the event the steam dump valves fail to open following a large loss
of load, the steam generator safety valves may lift and the reacCtor may
be tripped by the high pressurizer pressure signal, the high pressurizer
water level signal or the over-temperature AT signal. The steam gen-
erator shell side pressure and reactor coolant tempertures will increase
rapidly. The pressurizer safety valves and steam generator safety

valves are, however, sized to protect the Reactor Coolant System and

steam generator against overpressure for all load losses without assum-

ing the operation of the steam dump system, pressurizer spray, pres-
surizer power operated relief valves, automatic rod ciuster control

assembly control nor direct reactor trip on turbine trip.
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_Fiqure B.2.3-1

LOSS OF EXTERNAL ELECTRICAL LOAD/TURBINE TRIP

STM LD ROD PRSZIR
SG FW PRSZR PRSZR
CONT CONT PORY CONT PRS LEV PORV
Normal <5, R
Normal R
Normal EXCess Failed Open | qca,R
Failed Closed
Inadequate R R
Normal Q
Normal Over Press. Failed Open LOCA .R
‘Failed Closed
Depress R R

Normal (1) Excessive

R

| Inadequate R

Hoems Failed Open cpoampreak , R

-
failed Closed (same as Normal)

Normal Over Comp

(not credible)

Normal (same as (1))

Un Comp |Fail
\Under Comp |Failed Open ¢yo.nbreak » R

oss of \Failed Closedp
03! F Op
.0ad | Failed Openc,q mpreak , R

Normal (same as (1))
Hormal Failed Open <, .. break , R
Failed Failed Closed,

| Closed  Dver Comp (.  edible)

]

Inre
LI)V(_L’T__C_()_”P = ( same as l"'ur"nd‘ )

II B-27



Function

STM LD CONT

ROD CONT

SG PORV

FW CONT

PRSZR PRS

PRSZR LEV

TABLE 8.2.3-1

DECISION POINTS FOR A LOSS OF EXTERNAL ELECTRICAL

_LOAD/TURBINE TRIP

Discussion

Steam dump assumes the load under NORMAL mode.
FAILED OPEN mode leads to steambreak. FAILED CLOSED
mode will lead most likely to a reactor trip since
secondary heat removal has been interrupted.

NORMAL mode may control primary temperature and power
if initia)l power imbalance is not too large or if STM
LD CONT functions properly.

OVER COMPENSATE mode is not credible. If steam dump
fails closed UNDER COMPENSATE mode will be the same
as NORMAL mode and a new steady state will be dif-
ficult to achieve without a reactor trip. If steam
dump functions properly UNDER compensate mode won't
be as likely to result in reactor trip.

NORMAL mode if required, will assist in taking up
load.

FAILED OPEN mode will lead to steambreak.

FAILED CLOSED mode will most likely result in reactor
trip unless the steam dump functions properly and the
rod control system maintains the proper primary tem-
perature.

NORMAL mode will maintain appropriate steam generator
level.

EXCESSIVE mode will overfill steam generator and
result in reactor trip.

INADEQUATE mode will empty steam generator and result
in reactor trip.

NORMAL mode will maintain nominal primary pressure.
OVERPRESSURIZATION mode will increase primary pres-
sure towards relief valve setpoint or reactor trip.
DEPRESSURIZATION mode will decrease primary pressure
until reactor trip results.

NORMAL mode will maintain inventory in pressurizer.
EXCESSIVE mode will tend to fill pressurizer and
result in reactor trip.

DEFICIENT mode will terd to empty pressurizer and
result in reactor trip.
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B.2.4 LOSS OF NORMAL FEEDWATER FLOW

B.2.4.1 Transient Description

A loss of normal feedwater (from pump failures, valve malfunctions, or
loss of offsite AC power) results in a reduction in capability of the
secondary system to remove the heat generated in the reactor core. [t
an alternative supply of feedwater were not supplied to the plant, core
residual heat following reactor trip would heat the primary system water
to the point where water relief fram the pressurizer would occur,
resulting in a substantial loss of water from the Reactor Coolant

‘)ystr:m (RCS) .

Reactor trip and auxiliary feedwater initiation occurs on a low steam
generator water level in a single steam generator. The steam generator
power-operated relief valves are used to dissipate the residual decay
heat. The primary side responds to the loss of heat removal capability
with increased temperatures and pressures prior to reactor trip. Fol-
lowing the loss of feedwater flow to at least one steam generator
numerous control systems will attempt to mitigate the consequences of
the 1oss of heat sink prior to reactor trip. However, no system will

prevent a reactor trip from occurring,

A loss of normal feedwater is classified as an ANS Condition [I event,

fault of moderate frequency.

B.2.4.2 Discussion of Control Event Tree

The control system event tree for loss of feedwater flow is shown n
Fiqure B.2.4-1. The control functions used in the tree and their
effects on the transient are shown in Table B.2.4-1. The functions not
included in the tree and the reasons for not using them are shown in

Table B.2.4-2.
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Function

PRSZR PORY

S5G PORV

FW CONT

ROD CONT

PRSZR PRS

PRSZR LEV

TABLE B.

DECISTON _L’Q_[_N_VT.'_,__f'(_R__a‘:l'_.j: OF

i.d-l

NORMAI

Discussion

NORMAL :
to open before a rea
FAILED OPEN: Leads

FAILED CLOSED: DSame

NORMAL :
reactor trip.
FATLED OPEN:

FAILED CLOSED:

'l!'.Ni"
Same
NORMAL mode: Recove
steaay-state might D
may still occur.
INADEQUATE mode: Th
EXCESS Vi

mode: Thi

ctor trip.
to a LOCA event.
as the NORMA|

FEE m!;!tj_{

The pressurizer PURV would not be expected

mode .,

Would not be expected to actuate before a

to a Steambreak event.
as the NORMAL mode.

ry from the trans)
e possible, bu. a

¢ initiating event
s mode could lead

ent to a4 new
reactor trip

15 unaltered.
to an excessive

feedwater event, but most likely the initiating event

\

( loss of fteedwatier)

NORMAL :

would not be

(\’ tered.

The rod control system may adequately com-

pensate for the primary s)de transient,
uld lead to control rod inser-
tion, the effect of which would be neqligible prior

WERCOMPENSATES: WO

to reactor trip.
UNDERCOMPENSATES: 1T
transient would incr

not affected leading to results similar to

compensation,

NORMAL :
the primary pressure
OVERPRESSURIZATION:

he severity of the

ease, however, the

increase.
Prior to reactor

temperature
basic trend 15

" ._‘, W ‘,'"tl\\; "

Pressurizer spray functions to try to Fimit

trip the pres-

curizer control system (heaters) would have a very

emall effect on the
DEPRESSURIZATION:

trip.

Prior to reartor tri

transient.

xcessive pressurizer spray could
cause a depressurization with a resulting reactor

p on loss of

normal

feedwater thne

pressurizer level control has negligible impact.






B.2.5 FEEDWATER SYSTEM PIPE BREAK

B.2.5.1 Transient Description

A feedwater line rupture reduces the ability to remove heat generated by
the core from the RCS. Feedwater flow to the steam generators could be
reduced. Since feedwater is subcooled, its loss may cause reactor
coolant temperatures to increase prise to reactor trip. Fluid in the
steam generator may be discharged through the break and would then not
be available for decay heat removal after trip. The break may be large
enough to prevent the addition of any main feedwater to the steam gen-
erators. Depending upon the size of the break and the plant operating
conditions at the time of the break, the break could cause either a RCS
cooldown (by excessive energy discharge through the break) or a RCS

heatup.

For a small feedbreak normal plant control systems are capable of main-
taining nominal or near nominal operating conditions. An intermediate
size line rupture is lower bounded by those sizes in which the normal
plant control systems are unable to maintain approximate nominal plant
operating conditions and upper bounded by those sizes in which the pro-
tective functions do not occur within approximately five minutes fol-
lowing initiation of the event. The double ended main feedline rupture
system response is characterized by a rapid decrease in steam generator
water level in at least one steam generator. After the low or low-low
water level setpoint is reached in one steam generator, a reactor trip

occurs and auxilary feedwater is initiated.

Numerous control system functions can be actuated to mitigate the
consequences of the accident for small and intermediate sized breaks.
For double ended feedline ruptures the control functions will be
insufficient to prevent a rapid reactor trip on low steam generator
level.
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TABLE B.2.5-1

FEEDWATER SYSTEM PIPE BREAK

Function Discussion
PRSZR PORV NORMAL :

Feedring - The pressurizer PORVs would not be
actuated prior to reactor trip since the primary
system pressure does not increase.
Preheat - The PORV would be actuated for large and
intermediate sized breaks but not for small breaks.
FAILED OPEN: Leads to a LOCA event
FAILED CLOSED:
Feedring - Since the PORVs are not expected to
actuate this is the same as the NORMAL mode.
Preheat - Would increase the severity of the pres-
sure transient for large and intermediate sized
breaks but not change the trend of increasing
pressure; same as NORMAL mode for snall breaks.

NOTE: A feedline rupture inside containment could cause an environment
resulting in a consequential failure of a PORV transmitter or

controller.

SG PORV NORMAL :

Feedring - The steam pressure decCreases until time
of reactor trip so these valves would not be
expected to actuate.
Preheat - The steam pressure increases until time
of reactor trip, however, not sufficiently to
actuate the PORVs.

FAILED CLOSED: Since the PORVs are not expected to

actuate this is the same as the NORMAL mode.

FAILED OPEN: Leads to a steambreak event.

NOTE: A feedline rupture outside containment could cause an environment
resulting in a consequential failure of a PORV.

Fw CONT NORMAL: The feedwater control system may be able to
compensate for small break flows, but a reactor trip
may still occur.

EXCESSIVE: Failure of the control system overcom-
pensate for break flow on small breaks; same results
as an excessive feedwater event.

INADEQUATE: The feedwater control system fails to
deliver flow demanded of it or functions normally but
cannot compensate for break flow.
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B.2.6 LOSS OF FORCED REACTOR COOLANT FLOW (COMPLETE AND PART IAL)/LULKED
ROTOR

B.2.6.1 Transient Description

Complete loss of forced reactor coolant flow may result from a simul-
t aneous loss of electrical supplies to all reactor coolant pumps. This

event is classified as an ANS Condition Il event,

A partial loss of forced reactor coolant flow can result fron a mechan-
ical or electrical failure in a reactor coolant pump, or from a fault in
the power supply to the pump supplied by a reactor coolant pump DuS.

This event is classified as an ANS Condition [ event.

Normal power for the reactor coolant pumps is supplied through indi=-
vidual buses connected to the generator. When a generator trip occurs,
the buses are automatically transferred to an offsite power supply. The
pumps will continue to supply coolant flow to the core. Following any
turbine trip where there are no electrical faults or thrust bearing
failure, which require tripping the generator from the network, the
jenerator remains connected to the network for approximately 30 sec-

onds. This ensures full flow for approximately 30 seconds after the

reactor trip before any transter 1s made.

A locked rotor or reactor coolant pump shaftt break may result trom an
instant aneous seizure of a reactor coolant pump rotor or an instanta-
neous failure of a reactor coolant pump shaft. This event is classified

as an ANS Condition IV event,

The loss of flow/locked rotor events are protected by the tollowing

trips:

1. Low Reactor Coolant F low
?. Low Reactor Coolant Pump Supply Undervoltage

3. Low Reactor Coolant Pump Supply Underfrequency
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B.2.6.2 Discussion of Control Event free

The control event tree for loss of flow/locked rotor is shown 1In

Figure B.2.6-1. The only control functions used are those which lead

<

directly to another transient, i.e., LOCA, s.teambreak (See

Table B.2.6-1). All other control functions are not included since a

loss of flow/locked rotor event is terminated very rapidly by a reactor

trip and these control functions cannot appreciably affect the RCS pre

conditioning prior to trip (See Table B.2.6-2).

The termination point for all branches of this tree is the initiation

inother transient or a reactor trip.
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B.2.7 UNCONTROLLED ROD CLUSTER CONTROL ASSEMBLY BANK WITHDRAWAL AT POWER

B.2.7.1 Transient Description

Uncontrolled RCCA bank withdrawal at power results in an increase in the
core heat flux. Since the heat extraction from the steam generator lags
behind the core power generation until the steam generator pressure
reaches the relief or safety valve setpoint, there is a net increase in
the reactor coolant temperature. Unless terminated by manual or
automatic action, the power mismatch and resultant coolant temperature
rise could eventually result in DNB. Therefore, in order to avert
damage to the fuel clad the Reactor Protection System (RPS) is designed
to terminate any such transient before the DNB limits are exceeded.

The RCCA bank withdrawal can occur with a spectrum of initial power
levels and reactivity insertion rates. The automatic features of the
RPS which prevent core damage following the postulated event include
overtemperature and overpower AT reactor trips, high neutron flux
reactor trips (power range), and high pressurizer pressure and water
level reactor trips. In addition, RCCA withdrawal blocks are actuated
on high neutron flux and overpower and overtemperature AT signals at
setpoints slightly below the above reactor trips.

This event is classified as an ANS Condition II incident (an incident of

moderate frequency).

B.2.7.2 Discussion of Control Event Tree

The control event tree for the uncontrolled RCCA bank withdrawal at
power is shown in Figure B.2.8-1. The control functions used in the
tree and their effect on the transient are shown in Table B.2.8-1. The
functions not included in the tree and the reasons for not using them
are shown in Table B.2.8-2.
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Function

PRSZR PORV

SG PORV

FW CONT

ROD CONT

TABLE B.2.7-1

DECISION POINTS FOR RCCA BANK WITHDRAWAL AT POWER

Discussion

NORMAL mode will open and close as required to
requlate pressure. May not be called upon to open
depending on transient,

FAILED OPEN mode leads to LOCA.

FAILED CLOSED mode would most likely lead to reactor
trip on high pressure.

NORMAL mode will open and <lose <s required to
regulate steam pressure.

FAILED OFEN mode leads to Steambreak event.

In FAILED CLOSED mode steam pressure may increase to
safet valve setpoint. From that point on this mode
would be similar to NORMAL mode.

NORMAL mode would maintain steam generator inventory.
EXCESSIVE mode leads to Excessive Feedwater event.
INADEQUATE mode leads to Loss of Normal Feedwater
event.

NORMAL mode might lead to recovery or new steady

state via the rod withdrawal blocks, or misht still
give a reactor trip.

OVER COMPENSATE mode would be the same as NORMAL mode.
UNDER COMPENSATE mode wo.ld result in reactor trip.
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B.2.8 STARTUP OF AN INACTIVE REACT"R COOLANT LOOP AT AN INCORRECT
TEMPERATURE

B.2.8.1 Transient Description

A startup of an inactive reactor coolant pump at greater than 25 percent
of full power can only be accomplished by violation of administration
procedures. If the idle reactor coolant pump is started, the colder
water insertion into the core will cause a reactivity insertion and
subsequent power increase. This is classified as an ANS Condition II

event.

This transient will be terminated by a reactor trip on low reactor
coolant loop flow when the power range neutron flux exceeds the P-8

setpoints.

B.2.8.2 Discussion of Control Event Tree

The control event tree for the startup of an inactive reactor coolant
pump is shown in Figure B.2.8-1. The control functions used in the tree
and their effect on the transient are shown in Table B.2.8-1. The
functions not included in the tree and the reasons for not using them

are shown in Table B.2.8-2.
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B.2.9 CHEMICAL AND VOLUME CONTROL SYSTEM MALFUNCTION THAT RESULTS IN A
DECREASE IN BORON CONCENTRATION IN THE REACTOR COOLANT

8.2.9.1 Transient Description

Reactivity can be added to the core by feeding primary grade water into
the reactor coolant system via the reactor makeup portion of the chem-
ical and volume control system. Boron dilution is a manual operation
under strict administrative controls with procedures calling for a limit
on the rate and duration of dilution. A boric acid blend system is
provided to permit the operator to match the boron concentration of
reactor coolant makeup water during normal charging to that in the
reactor coolant system. The chemical and volume control system is
designed to limit the potential rate of dilution to a value which, after
indication through alarms and instrumentation, provides the operator
sufficient time to correct the situation in a safe and orderly manner.

Inadvertent opening of the primary water makeup control valve, malfunc-
tions in boric acid blend system or operator miscalculation of required
reactor coolant system boron concentrations could result in an uncon-
trolled boron dilution event. To cover all phases of plant operation,
boron dilution analysis is performed for a spectrum of subcritical
(refueling operating mode) and critical (power operation in manual and
automatic control rod control) initial conditions.

This event is classified as an ANS Condition Il incident (an incident of

moderate frequency).

The interactions of the control event tree functions during a boron
dilution at power would be essentially the same whether the control rods
are in manual or automatic control. In automatic control the operator
would select manual control when the rod insertion limits are reached.
In manual control the boron dilution event is essentially identical to
the uncontrolled RCCA bank withdrawal at power event because of the
positive reactivity addition. Therefore, a boron dilution at power is
covered by the RCCA bank withdrawal event tree in Section B.2.7.
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During a boron dilution event from a refueling or cold shutdown
condition, there are no significant interactions between the control
event tree functions. Therefore, no event tree is presented for these
cases.

B.2.10 SPECTRUM OF ROD CLUSTER CONTROL ASSEMBLY EJECTION ACCIDENTS

8.2.10.1 Transient Description

A RCCA ejection event could occur as a result of a large pressure dif-
ferential caused by a passive, mechanical failure of the drive mechanism
housing. Most of the RCCAs are fully withdrawn while the reactor is
-ritical. The consequences of an RCCA ejection will therefore most
likely be an uncontrolled depressurization event, with a maximum pos-
sible break size of approximately 3.25 inches in diameter. Should the
RCCA be partially or fully inserted before ejection, the immediate con-
sequences would be a rapid positive reactivity insertion which would
cause a rapid increo-e in core power level together with an adverse core
power distribution, possibly leading to localized fuel rod damage. The
power increase is limited by the inherent Doppler feedback mechanism,

and the reactor would be shut down by a reactor trip on high neutron
flux or high rate of neutron flux increase. The RCS pressure would

increase in the initial stage of the transient, and decrease due to the
oreak following the reactor trip. No power transient will result if the
reactor is initially in a shutdown condition since the reactor will

remain subcritical.

This accident is classified as an ANSI Condition IV, Limiting Fault

event.

B.” 0.2 Discussion of Control Event Tree

The control event tree for the RCCA ejection accident is shown in

Figure B.2.10-1. The control functions used in the tree and their
effect on the transient are given in Table B.2.10-1. The functions not
irzluded in the tree and the reasons for not including them are shown in
Table B.2.10-¢.
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As shown in the event tree, if the reactivity insertion is of moderate
or high worth, an immediate reactcr trip will result on either high
neutron flux or high rate of flux increase. However, before the rods
can be inserted, the power increase may be severe enough to cause the
pressurizer YORV to open. Should a PORV fail to close, the effect after
reactor trip would be to cause an escape of reactor coolant through the
pressurizer in addition to the break in the reactor vessel head. I[f the
PORV is not actuated, or closes after actuation, the reactor would be in

a tripped mode with a break in the reactor vessel head only.

If the reactivity insertion is zero or small, corresponding to ejection
of a fully withdrawn or only partly inserted RCCA, a reactor trip on
high neutron flux or high rate of flux increase may not result. Fol-
lowing along this path, the pressurizer PORV may or may not open depend-
ing on the magnitude of the reactivity insertion and size of the break
in the RY head. [f the PORV opens and fails to close, the reactor will
depressurize rapidly through both the break in the RV head and the pres-
surizer, actuating a reactor trip on low pressurizer pressure. [f the
PORV does not open, or opens and closes normally, the CVCS flow may be
sufficient to maintain pressurizer level depending on the RV head break
size. If pressurizer pressure control and rod control system behave
normally, then the RCS pressure and average temperature +ill be main-
tained and the reactor would be in a steady state cond. .on as long as
the CVCS flow is sufficient. [f the pressurizer pressure or rod control
systems malfunction, this can cause a depressurization or overpres-

surization or overpower condition as shown in the diagrams,
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FIGURE 8.2.10-1
S

SPECTRUM OF ROD CLUSTER CONTROL ASSEMBLY EJECTION ACCIDENTS

PRSZR PORV

Normal

[ {Actuates)

RCCA Ejection | Failed Open

_IRec. or high worth)

| Failed Closed

6L-G

Normal

PRSZR LEV PRSZR PRS ROD CONT

LOCA, B:=ak in
RY head vR

LOCA, Break in RV

head and Pressurizer,R —

' (no Actuation)

RCCA Ejection Failed Open
(zero or very low
worth)

[minor Adjustment) 2o» R¥
Normal Over Comp. :
same as Normal S Same as Rod With-
( ) (sufficient) drawa? at Power
Under Comp. Same as Normal, but
Normal Excessive .. small Ty,q change
(2ufficient‘ R, Overpressurization e
/
nadequate - ;
1nadequa R, Depressurization
i . .
Excessive R, Overpressurization
Inadequate

LOCA, Break in RV head,R

LOCA, Brea' in RV head
and Pressurizer,R

Lfailed Closed  (same as Normal)

*Trips if water supply becomes insufficient to cope with break in RV head.




TABLE B.2.10-1

DECISION POINTS FOR RCCA EJECTION EVENT TREE

Function Discussion

PRSZR PORYV NORMAL - Would be expected to actuate for moderate or
severe reactivity insertions, not actuate for zero or
very small insertions. FAILED OPEN leads to a loss
of coolant path through the pressurizer as well as
the RV head. FAILED CLOSED is the same as NORMAL
except for a higher pressure rise.

PRSZR LEV NORMAL - May be sufficient to maintain level for
smallbreaks. EXCESSIVE leads to a reactor trip on
high level or overpressurization. DEFICIENT mode
leads to a reactor trip on depressurization, with a
net loss of coclant through the break.

PRSZR PRS NORMAL mode maintains constant reactor pressure.
EXCESSIVE mode leads to a reactor trip on over-
pressurization. DEFICIENT mode leads to a reactor
trip on depressurization.

ROD CONT NORMAL mode maintains nominal T and power, a
steady-state condition. OVERCOMPENSATION (with-
drawal) 1s a reactivity insertion event SImrlar to
the RCCA Bank Withdrawal at Power. UNDERCOMPENSATION
mode may result in a change in T, . to compensate
for any reactivity imbalances, bu{ would reach a
steady-state condition as in the NORMAL mode.
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Function

SG PORV

W CONT
er

STM LD CONT

TABLE B.2.10-2

FUNCTIONS NOT USED FOR RCCA EJECTION EVENT TREE

Discussion

Not actuated for moderate or severe reactivity
insertions due to rapid reactor trip or neutron
flux. Not called upon to actuate for zero or small
reactivity insertions. Considered following reactor

trip

Not important for moderate or severe reactivity
insertions due to rapid reactor trip on neutron
flux. Not important for zero or small insertions
where CVCS insufficient due to rapid trip on
depressurization. For events where CVCS is
sufficient, malfunctions of system covered by other
events., Considered following reactor trip.
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B.2.11 INADVERTENT OPERATION OF EMERGENCY CORE COOLING SYSTEM DURING
POWER OPERATION

B.2.11.1 Transient Description

Spurious emergency core cooling system (ECCS) operation at power could
be caused by operator error or a false electrical actuation signal from
any safety injection channel. Following the actuation signal the ECCS
forces boric acid solution from either the boron injection tank or the
refueling water storage tank into the cold leg of each loop.

A safety injection signal (SIS) normally results in a reactor trip and a
turbine trip. However, it cannot be assumed that ar+ single fault that

provides an SIS will also produce a reactor trip. If a reactor trip is

generated by the spurious SIS signal, the operator will stop the safety

injection and maintain the plant in the hot shutdown condition.

If the reactor protection system does not produce an immediate trip as a
result of the spurious safety injection signal, the reactor experiences
a negative reactivity excursion due to the injected boron causing a
decrease in reactor power. The power mismatch causes a drop in Tavg
and consequent coolant shrinkage. Pressurizer pressure and water level
drop. Load will decrease due to the effect of reduced steam pressure on
load after the turbine governor valve is fully open. If automatic rod
control is used, these effects will be lessened until the rods have
reached their upper withdrawal limit. The transient is eventually
terminated by the reactor protection system low-pressure trip or by

manual trip.

This event is classified as a Condition I[ incident (an incident of

moderate frequency).

B.2.11.2 Discussion of Control Event Tree

The control event tree for the addition of excessive feedwater is shown
in Figure B.2.11-1. The control functions used in the tree and their
effect on the transient are shown in Table B.2.11-1. The functions not
included in the tree and the reasons for not using them are shown in
Table B.2.11-2.
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B.2.12 INADVERTENT OPENING OF A PRESSURIZER SAFETY OR RELIEF VALVE

B.2.12.1 Transient Description

An accidental depressurization of the Reactor Coolant System (RCS) could
occur as a result of an inadvertent opening of a pressurizer relief or
safety valve, Since a safety valve is sizad to relieve approximately
twice the steam flow rate of a relief valve, and will therefore allow a
much more rapid depressurization upon opening, the most severe core
conditions resulting from an accidental depressurization of the RCS are
associated with an inadvertent opening of a pressurizer safety valve.
Other causes of a depressurization of an RCS are excessive letdown by
the CVCS and excessive spray in the pressurizer. The effect of the
pressure decrease is to decrease power via the moderator density feed-
back; however, the reactor control system (if in the automatic mode)
functions to maintain power throughout the initial stage of the tran-
sient. The average coolant temperature decreases slowly, but the pres-
surizer level increases until reactor trip on either low pressurizer

pressure or overtemperature AT,
An inadvertent opening of a pressurizer safety valve, excessive letdown
or excessive pressurizer spray are classified as an American Nuclear

Society (ANS) Condition II event, a fault of moderate frequency.

B.2.12.2 Discussion of Control Event Tree

The control event tree for accidental depressurization of the RCS is
shown in Figure B.2.12-1. The control functions used in the tree and
their effect on the transient are shown in Table B.2.12-1. The func-
tions not included in the tree and the reasons for not using them are
shown in Table B.2.12-2.

B.3. INSTRUMENTATION

See Section C.3 of Appendix C for a discussion of the instrumentation
assumed for determining the status of the control event tree functions.
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TABLE B.2.12-1

DECISION POINTS FOR INADVERTENT RCS DEPRESSURIZATION

| . . 3
Function Discussion

PRSZR PORY NORMAL mode implies depressurization caused by some-
thing other than stuck open safety or relief valve.
FAILED OPEN mode leads to LOCA.
FAILED CLOSED mode is the same as NORMAL mode.

PRSZR LEV NORMAL mode maintains primary inventory and may help
to correct depressurization
EXCESSIVE mode leaas to reactor trip on high pres-
surizer level.
DEFICIENT mode does not change the initial event.

PRSZR PRS NORMAL mode may maintain RCS pressure and result in a
new steady state condition, but reactor trip is still
possible.

OVERPRESSURIZE and DEPRESSURIZE modes will result in
reactor trip.
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APPENDIX C
ANALYSIS OF NON-LOCA POST-TRIP ACCIDENTS

C.1 TRANSIENT DESCRIPTION AND METHODOLOGY

The purpose of this section is to identify post-trip critical decision
points for the operator, to show alternate event sequences based on his
decisions and to qualitatively assess the consequences of the sequence
paths being followed for events not covered in the emergency procedures
(events which do not initially result in a loss of primary or secondary

coolant).

Prior to event tree construction, a review of systems critical to safety
was initiated. These systems were then combined into groupings based
upon overall system safety functions. Section C.2 defines the functions
used in the non-loss of primary and secondary coolant event trees.

These functions are intentionally defined at a general level (i.e.,
SSR-Secondary Steam Relief) in order to maintain the review at the level
which emphasizes trends. This assumption also results in the need for
only one post-trip event tree being required for these transients (Fig-
ure C.1). Included in each Section C.2 des<ription of safety functions
is a system tree showing alternate equipment configurations for achiev-
ing the safety function; for example, Secondary Steam Relief can be
achieved via the Steam Dump System, Steam Generator Power Operated
Relief Valves and the Safety Valves (See Figure C.3). With each safety
function description is a discussion of how the equipment configurations
change depending upon the availability of electric power.

At each decision point in the oost-trip event tree, three potential
modes of operation are defined. Basically each safety function can be
defined as either performing as required, responding excessively or
inadequately. Thus, the operator must not only decide if a function is
required but also if it is actuated he must verify that the desired
function has occurred and responded as expected.

C-1




Each sequence must be reviewed for all combinations to assure that suf-
ficient information is available to clearly identify the status of each
safety function. Each safety function tree (Figures C.2 - C.5) has a
section which identifies the potential for each system configuration to
lead into the function states shown in the Post-Trip Event Tree. (Fig-
ure C.1). Several configurations show that there is the potential for
normal, adequate and excessive function operation to occur. Thus, it is
important that the operator has clear indications of function status.
Table C.2 provides a listing of what instrumentation is available to
monitor the safety functions, together with relative accuracies.

An assessment has been made of what ultimate system failures may occur
if the safety functions do not respond as required. Table C.4 lists
potential system failure mechanisms for each sequence shown in Figure
C.1. It should be noted that the time and the magnitude of failures are
highly dependent on the initiating events and equipment configurations.
However, these potential failure mechanisms do provide an indication of
the potential for entry into the Emergency Operating Instructions.

This review focused on accidents which did not initially result in &
loss of primary or secondary coolant. The intent was to verify that
entry into the EOIs from one of these paths would not result in improper
guidance.

C.2 SYSTEM'S DESCRIPTIONS

This section defines the safety functions represented in the non-LOCA
post-trip event tree. Included is a discussion of the specific systems
which result in the overall safety function. Since the scope of this
effort is to show that the operator has proper guidance in the proce-
dures and adequate plant indications to make decisions, this review does
not require a differentiation between full and impaired operation of
systems. When more than one system is available to achieve a safety
function, the operation of one system over another could briefly change
accident trends. These cases will be noted. The safety functions are

defined as follows:
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C.2.1 EP ELECTRIC POWER

Electrical power availability can affect the performance of required

safety functions. The systems used to achieve this function are:

1. Fast Bus Transfer
2. Battery supplies DC to vital buses.
3. Diesel Electric Generating Unit

(Essential Auxiliary Power System)

The normal mode of operation is to rely on Fast Bus Transfer. Following
reactor trip the turbine-generation system is allowed to motor (supply
power to the station auxiliaries) for » 30 seconds. At 30 seconds a
transfer of plant electrical loads to offsite power sources is auto-
matically attempted. Failure of this transfer results in loss of power
to station auxiliaries. Loss of offsite power sources does not change
the structure of the event tree. It does reduce the number of systems
available to the operator to assure safety functions are achieved. In
addition, the generation of BLACKOUT signals will result in automatic
actuation of certain functions (i.e., safety injection). Generation of
the BLACKOUT signal after failure of load transfer resuits is use of the
battery system and use of the Essential Auxiliary Power System. This 1is
defined as diesel-generation startup and elimination of non-vital loads

from the power bus.
The decision shown in the event tree is binary. Either sufficient
electrical power is available to supply the power requirements of the

other safety functions or else all on/off site power is lost.

For this study three cases are considered in the discussion of each

safety function:

1. Electric power available - offsite.
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Electric power available - onsite via Essential Auxiliary Power

System

3. No electrical power available.
C.2.2 RT REACTOR TRIP

The purpose of this functon is to assure a means of rapidly reducing
nuc lear-thermal power generation. The reactor trip variations have been
reviewed in the Control Event Trees for each transient., Reactor trip is
defined in this study as che ability to insert RCCAs into the reactor

core. This results in three potential failure paths:

1. Failure of RCCA insertion on demand (ATWT).
2. RCCAs previously inserted.
3. RCCA insertion inadequate in maintaining subcriticality.

The first case is considered as a failure mechanism, however, the
sequence constructions are identical to the norma! paths. Since the
only difference would be a reduction in failure times (operator action
times), this case is not specially addressed; however the sequences may
be utilized as part of an ATWT review. The consequences of this failure
path are not addressed in this review. The next cases represents tran-
sients initiated from shutdown modes (i.e., Boron Dilution) or tran-
sients where positive reactivity insertions can continue after reactor
trip. Although these latter cases could result in returns to power
which would require a diverse shutdown mechanism (CVCS boration or
Emergency Boration), this study will not differentiate between normal
RCCA insertion and these cases in this section. These cases are addres-
sed in a later section. The paths shown in Figure C.1 are defined as:

1. Normal: RCCAs will insert on demand, RCCAs inserted prior to reactor

B trip signal or RCCAs insertion does not stcp positive
reactivity addition.
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satisfying the safety function, Figure C.2 shows the paths which may be
utilized in achieving the safety function. The paths show whether the

system listed is operational and is being utilized (i.e. feedline isola-
tion is being utilized). The status column shows potential responses of
the system for each path and which paths could contribute to the overal.

responses listed in Figure C.1.
Loss of Offsite Power Considerations

Loss of offsite power but availability of onsite power will result in
the loss of main feedwater pumps and condenser; however all other sys-
tems assigned to meet the function are unaffected. Loss of all power to
the station would result in loss of the motor driven auxiliary feedwater
pumps. The turbine dr iven auxiliary feedwater pump would be relied upon
for feedwater delivery.

C.2.4 SSR SECONDARY STEAM RELIEF SYSTEM

The purpose of this function is to assure a path for transferring ther-
mal energy from the steam generators to the environment. Figure C.1

shows that the response of the SSR can be characterized by three paths:

Adequate: Heat removal from steam generators equals heat generation
0 in reactor core or heat removal results in a controlled

coo ldown.

Inadequate: Heat removal from steam generators is less than heat gen-

0 eration in reactor core.

Excessive: Heat removal from steam generator is greater than heat

6 generation in reactor core and results in an uncontrolled

coo ldown,
The systems provided to achieve this function are:

1. Steam generator safety valves
2. Steam generator power operated relief valves
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that the operation of the PIB (Primary Inventory and Boron Concentration

Control Systems) is characterized by three over 111 responses. These

responses are defined as:

Adequate: Systems respond to maintain pressurizer level to assure
t adequate core cooling and to assure that reactor coolant
system boron concentration is greater than the value

required to maintain the reactor core subcritical,

'nadequate: System cannot maintain pressurizer level above pressurizer

£ heaters. The core boron concentration is insufficient to

maintain the reactor core subcritical.

Excessive: Systems cannot maintain pressurizer water level below the

f pressurizer safety or relief valves,
The systems utilized in achieving this function are:

1. Safety Injection System
2. Chemical and Volume Control System (CVCS) Charging
3. CVCS Boration/Dilution

4, CVCS Letdown

The above represent a number of equipment options and configurations
available to the operator and protection system for satisfying the
safety function. Figure C.4 shows systems configurations which yield
overall responses. The Status column lists equipment configurations

which result in specific responses give Figure C.1.
Loss of Offsite Power Considerations
Loss of offsite power but availability of onsite power will not cause

loss of functions. Complete loss of on-site power will result in loss

of entire function,



C.2.6 PPC_ PRIMARY PRESSURE CONTROL SYSTEM

The purpose of this function is to assure RCS pressure control. This
function is of importance in assuring that vessel stress limits are not
exceeded and also to assure adequate subcooling while in natural circu-
lation flow conditions, Figure C.1 shows that the operation of the PPC

can be characterized in terms of three responses:

Adequate: Reactor coolant system pressure is stable at or
F below the pressurizer safety valve setpoint value.
Also this state is defined as a controlled

depressurization,.

Depressurization: Reactor coolant system pressure is decreasing

F abnormally or primary coolant is at saturation.
Overpressurization: Reactor coolant system pressure i1s greats nan

*

F the pressurizer safety valve setpoint value .r the

technical specification vessel nil-ductility
curves have been exceeded.

The systems utilized in achieving this function are:
Pressurizer Power Operated Reiief Valves

Pressurizer Safety Valves
Pressurizer Main and Auxiliary Sprays

8 W N e

Pressurizer Heaters

The above represent a number of equipment options and configurations
available to the operator and protection system for satisfying the
safety function. Figure C.5 shows systems configurations which yield
overall responses. The Status column lists equipment configurations
which result in specific responses given in Figure C-1.
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Loss of Offsite Power Considerations

Loss of offsite or onsite power will not affect operation of the Sately

valves for achieving the safety function,
C.3 INSTRUMENTATION

In order to determine the response of the safety functions during a
transient, the operator must rely on data supplied by plant instrumen-
tation. He must be aware of the primary instruments available and the
limitations of that instrumentation, particularly since the limits or
accuracies may change under an accident condition such as could occur
for loss of secondary or primary coolant, The operator should be aware
that a change in an instrument reading can be due to a change in the
process variable being monitored or to a change in the instrument

uncertainties.,

fable C.2 lists the instrumentation assumed for determining the status
of the safety functions described in Appc-dices A, B and C. The quali-
fication as well as the accuracy under the normal and adverse environ-
ments is listed. Also noted are the instruments which are the primary
indication of safety function operations. This table is based on the
Post Accident Monitoring System (PAMS) developed Post-TMI for standard
412 RESAR 3 type plants., The instruments and accuracies may differ for
specific plant designs., However, these differences should not alter the

conc lusions of this review,

fable C.3 lists the basis for utilizing the instrumentation listed in
Table C.2. The table shows which instruments are of primary importance
for diagnosing location or type of event, Also included is a listing of
process variables or safety functions which can be monitored via this

instrumentation, For the loss of primary or secondary coolant events,

section A.4 provides specific accident considerations for this equ ipment,
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TABLE .3

INSTRUMENT FUNCTIONS

FUNCT ION INITIAL EVENT DIAGNOSIS* MONITORING
Containment Pressure -Determine if break i1s inside or outside -Monitor containment conditions following
of containment a break ir;ide containment

-Verify aciident is properly controlled

Steamline TS ur -Determine 1f high energy secondary -Maintain an adequate reactor heat sink
line rupture occurred -VYerify AFW to steam generator asscciated

with pipe rupture is isolated
-Monitor secondary side pressure to

-verify operation of pressure control
steam dump system

-maintain plant in safe shutdown

condition
-monitor RCS cooldown rate
fj Narrow Range Steam Generator -Determine {f malfunction of secondary -Monitor heat sink
Water Level side system has gccurred -Maintain steam generator water level
-Determine whether high head S.I.
should be terminated
Wide Range Steam Generator -None

-Determine 1f heat siak {is being

Water Level maintained

-Determine which steam generator {is
associated with high energy line
rupture

Boric Acid Tank Level -None -Yerify RCS boration system functions

Condensate Storage Tank Level -None -Maintain adequate water supply for
auxiliary feedwater pumps

*Certain indications on this table are used as secondary diagnoses

as the operator proceeds through Post Incident
Recovery.
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TABLE C.3 (Continued)

INSTRUMENT FUNCTIONS

FUNCT ION INITIAL EVENT DIAGNOSIS* MONITORING
Refueling Water Storage ~-None -Yerify ECCS and containment spray
Tank Leve. system are functioning

-Determine time for inftiation of
cold leg recirculation following
a LOCA
Wide Range Th and TC -None -Maintain adequate reactor heat sink

-Maintain the proper relationship
between RCS pressure and temperature

-verify vessel NDTT criteria

-maintain primary inventory sub-
cooled (particularly with loss
of offsite power)

- -maintain safe shutdown condition

& -maintain RHR considerations for
cooldown

-monitor RCS heatup and cooldown
rate

-determine if plant 1s in a safe
shutdown condition

-determine whether high head S.1.
should be terminated
Pressurizer Water Level -None ' -Confirm {f plant 1s in a safe
shutdown condition

-Determine 1f water level exists in
pressurizer

-Maintain pressurizer water level
-Determine whether high head S.1.
should be terminated

*Certain indications on this table are used as secondary diagnoses as the operator proceeds through Post Incident
Recovery. '
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TABLE C.3 (Continued)

INSTRUMENT FUNCT IONS

FUNC'I ION INITIAL EVENT DIAGNOSIS* MON ITORING

System Wide Range Pressure -None -Determine 1f plant 1s in a safe

shutdown condition

-Maintain the proper relationship
between RCS pressure and temperature

-verify vessel NDTT criteria

-maintain primary in/entory sub-
cooled (particularly with loss
of offsite power)

-maintain RHR considerations for
cooldown

% -determine whether RCP operation
L should be continued
- -determine whet’ : high head S.1.
should be terminated
Containment Building Water -Determine whether high energy line -Determine NPSH for r- .rculation
Level rupture has occurred inside or outside mode cooling
containment -Determine which equipment in
containment is submerged
Condenser Air Ejector -Determine if steam generator tube -Monitor radioactivity release path
Radiation leak has occurred to environment
Steam Generator Blowdown -Determine 1f steam generator tube -Monitor radioactivity release path
Radiation leak has occurred to environment
Containment Radiation -Determine if high energy line break -Montior radicactivity release path
or fuel mishandling accident to enviromnment

-Determine accessibility to containment
building

-Determine if significant fuel damage
has occurred

*Certain indications on this

table are used as secondary diagnoses as the operator proceeds through Post Incident
Recovery.
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TABLE ¢ .3 (Continued)

INSTRUMENT FUNCTIONS

FUNCT ION INITIAL EVENT DIAGNOSIS* MONITORING
Auxiliary Feedwater Flow -None -Determine 1f sufficient flow exists

to maintain heat sink

-Determine which steam generator {s
assocfated with secondary high
energy line rupture

High Head Sefety Injection -None -Determine that ECCS s delivering
Flow flow

-Monitor ability to keep core covered

Low Head Safety Injection -None -Determine that ECCS is delivering
Flow flow

- -Monitor ability to keep core covered
© -Infer spray operation

Area Radiation Monitoring -Determine 1f source of accident -Monitor accessibility to plant

in Auxiliary Building and is outside containment building zones/equipment

Control Room -Monitor radioactivity release path
to environment

-Monitor effectiveness of cleanup/
holdup systems

-Monitor integrity of Tong-term
cooling system

-Monitor habitability of the control
room

Core Exit Thermocouples -None -Determine 1f core is being cooled

*Certain indications on this table are used as secondary diagnoses as the operator proceeds through Post Incident
Recovery,
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