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EXECUTIVE SUMMARY

An analysis was undertaken to provide responses to NRC Questions 30.56

through 30.59 of the Midland Final Safety Analyses Report (FSAR). The NRC re-
quest was to (1) identify power sources, sensors, or Sensor impulse lines

that serve two or more non-safety grade control functions, (2) demonstrate
that failures would not result in consequences outside the bounds of the ex-
isting FSAR safety analyses, and (3) ensure they were witnin the capability

of operators and safety systems.

Potential transients, which could occur at the Midland plant for failures
within the non-nuclear instrumentation (NNI) and integrated contrel system
(1CS) were evaluated. 1t was snown that all failures evaluated resulted in
plant responses that were bounded by analyses included 1n the Midland FSAR

and were within operétor and safety system capabilities.

Analysis of NNI and ICS failure moades and effects included the following

events:

1. Single instrument failures.
2. Power supply failures.

3. Common sensor impulse line failures.

The analysis of single instruments consisted of postulating failures of con-

trol system inputs and outputs one at a time and evaluating their effects on

the plant. All single instrument failures resulted in either plant responses
that are bounded by the FSAR analyses or operating anamalies not severe

enough to be analyzed in the FSAR and well within operator capabilities.

NNI and ICS power supplies were investigated to determine if a failure could
cause more than one control function to fail and to determine if the result-
ing plant responses are bounded. The NNI and ICS designs incorporate redun-
dant power supplied to each system with normal and backup a-c and d-Cc power
auctioneered within the ICS, NNI-X, and NNI-Y cabinets. There are no
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credible single failures of external or internal power supplies that will
result in loss of any NNI or ICS functions. However, for the purpose of
analyzing plant response, losses of a-c and d-c power were postulated for the
NNI-X, NNI-Y, and ICS. This evaluation shows that complete losses of a-c and
d-c power for the NNI-X, NNI-Y, or ICS are bounded by the FSAR analyses.

The evaluation of common impulse line failures consisted of identifying sen-
sor impulse lines, which provide signals to more than one control function,
and evaluating the failure effects. The only common impulse lines identified
where failures could simultaneously affect more than one non-safety grade con-
trol function were pressuirizer level and pressure taps. In addition, a com-
mon line is shared with the NNI and the safety-grade reactor protection sys-
tem for the reactor coolant flow taps. The resultant plant responses to
failures of these lines were evaluated and determined to be bounded by FSAR
safety analyses.
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1. INTRODUCTION

1.1. NRC Questions

This report documents the evaluation performed in reply to an NRC request for
additional information regarding answers to FSAR questions 30.56 through
30.59, which concern the Midland instrumentation and control system.l

The request is as follows:

Your responses .o Questions 30.56 through 30.59 on control sys-
tem failure concerns are incomplete. We requested that you iden-
tify any power sources, sensors, or sensor impulse lines which
provide power or signals to two or more control (functions) and
demonstrate that failures of the power sources, sensors, or sen-
sor impulse lines will not result in consequences outside the
bounds of the Chapter 15 analyses or beyond the capability of
operators or safety systems.

The evaluation required to answer the above concerns should consist
of postulating failures which affect the major control systems
(both in NSSS scope and BOP scope) and demonstrating that for each
failure the resulting event is within the bounds of the accident
analyses. The events considered should include but not necessarily
be limited to the following:

a. Loss of any single instrument

b. Break of any common instrument line

c. Loss of power to any systems or equipment such as
to any inverter, to any control group, or to any
process rack.

The initial conditions for the analysis should be within the full
operating power range of the plant {i.e., 0-100%).

11cSB, Question 3 attachec to NRC Meeting Notice, October 23, 198l1.
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The response to Questions 30.56 through 30.59 should be revised
to specifically identify non-safety grade control systems and the
impact of the failure with reference to Chapter 15 analyses that
insure that these events are bounded by the plant safety analyris.

Questions 30.56 through 30.59 of the Midland FSAR are:
Question 30.56

Identify those contrel systems whose failure or malfunction could seriously
impact plant safety.

Question 30.57

Indicate which, if any, of the control systems identified in the response to
request 30.56 receive power from common power sources. The power sources
considered should include all power sources whose failure or malfunction
could lead to failure or malfunction of more than one control system and
should extend to the effects of cascading power losses due to failure of
higher level distribution panels and load centers.

Question 30.58

Indicate which, if any, of the control systems identified in the response to
request 30.56 receive input signals from common sensors. The sensors con-
sidered should include, but should not necessarily be limited to, common hy-
draulic headers or impulse lines feeding pressure, temperature, level, or
other signals to two or more control systems.

Question 30.59

Provide justification that any simultaneous malfunctions of the control sys-
tems identified in the responses to requests 30.57 and 30.58 resulting from
failures or malfunctions of the applicable common power source or sensor are
bounded by the analyses in Chapter 15 and would not require action or re-
sponse beyond the capability of operators or safety systems.

1.2. Objective

The objective of this study is to respond to the NRC request identified in
section 1.1. The remainder of this report documents the evaluation required
to answer those questions.
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2. CONCLUSIONS

The failure modes ar. effects analysis (FMEA) performed for the Midland non-

nuclear instrumentation (NNI) and integrated control system (ICS) and their

related power suppplies demonstrates that the potential failures identified
that result in a reactor trip lead to events which are bounded by the safety
analyses contained in Chapter 15 of the Midland FSAR. The postulated fail-
ures of the IC> and pressurizer controls are itemized and each is shown not
to seriously impact plant safety, and none require action beyond the capabil-

ity of safety systems or operators.

Not all failures will cause a reactor trip, and therefore, in the strictest
sense, these failures result in plant cond{itions that are not bounded by the
Chapter 15 Safety Analyses. Clearly these failures are much less severe than
events presented by the SAR and are of a nature that do not require such anal -
yses. These operational anomalies could be described or categorized by the

resultant plant effects

Benign: No plant change results
Stable: A new and different steady-state operating point is reached

Quasi-equilibrium: A slow, gradual change results.

Single instrument failures were evaluated on a sensor-by-sensor basis. All
single instrument failures evaluated resulted in either plant responses that
are bounded by existing FSAR analyses or very mild and short duration transi-

ents, which are not severe enough to be addressed in the FSAR.

The NNI and ICS have normal and backup a-c and d-c power supplies that are
auctioneered within the NNI-X, NNI-Y, and ICS cabinets. Because of this de-
sign, complete loss of a-c or d-c power to a ~abirzt is considered an unlike-
ly event. However, for the purpose of this evaluation, the effects of hypo-
thetical power supply failures were analyzed. The evaluation showed that the
plant can withstand a complete loss of a-c or d-c power to the NNI-X, NNI-Y,

or ICS with consequences within the bounds of the FSAR analyses.
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The evaluation of common impulse lines identified common taps for pressurizer
pressure and level. No other common line was identified whose failure could
simultaneously affect more than cne non-safety grade control function. It
was also found that reactor coolant (RC) flow taps in the NNI are shared with
the safety-grade reactor protection system (RPS), this is a protection rather
than a control system. The evaluation shows that plant responses to failures
of these common impulse lines are bounded by FSAR safety analyses.
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3. SCOPE

A FMEA was performed on selected control systems. Failure modes were postu-
lated for power sources, sensors, and sensor impulse 1ines whose failure may
lead to simultaneous failure of control systems. Plant response was evaluat-
ed and a bounding FSAR safety analysis was identified for each applicable
postulated failure.

3.1. Control Systems Included

The evaluation required to answer the NRC request consists of postulating
failures that affect the major non-safety grade control systems and demon-
strating that the resulting event for each failure is within the bounds of
the Midland FSAR Chapter 15 accident analyses. This evaluation specifically
addresses failure or maifunction of the major non-safety grade nuclear steam
system (NSS) and balance-of-plant (BOP) control systems. The following con-
trol systems were included:

1. The ICS which inciudes the usual subsystems for reactor, turbine, and
main feedwater (MFW) controls, in addition to the evaporator steam demand
development system (ESDD).

2. Pressurizer controls, which include pressurizer heater, spray, and level
(normal makeup) controls. These contro's are supported by signals of the
NNI.

3. Other miscellaneous plant controls (not given above) that have common
power supplies, share common sensor inputs, or :hare common impulse lines
are:

a. Shared power supplies:

(1) The RC pump seal injection control function of the makeup and
purification system.

(2) Boric acid addition tank interlocks of the chemical addition
system.

Note: Failures of power supplies for these functions produce no
change of plant operation.

ol Babcock & Wilcox



b. Shared sensor inputs:
(1) None.

¢c. Shared sensor impulse lines (taps):
(1) A common tap for RC flow instrumentation supplies input to
the ICS and RPS.

No other control systems were identified that shared sensor inputs, sen-
sor impulse lines, or power supplies.

3.2. Events Included

The failure events that have been postulated are:

1. Loss of any single instrument.
2. Power supply failures affecting more than one control function.
3. Loss of common sensor impulse lines.

Each of these failure events is described in detail in the following
subsections.

3.2.1. Loss of a Single Instrument

Failures of sensor inputs and control signal outputs of the control systems
were postulated one at a time and the effects on plant response were evaluat-
ed. Each input signal was postulated to fail instantaneously high (+10
volts), midscale (zero volts), and low (-10 volts) for analog signals, and
high and low for contact inputs.

Figure 1 is a simplified schematic illustrating the ICS, NNI, and sources of
sensor input. Table 1 lists the input signals to the NNI-X, NNI-Y, and ICS
cabinets and outputs. The bulk of all the input signals originate in the
NNI system located throughout the plant. In addition, there are twoc other
sources of input signals to the ICS - the turbine-generator and other BOP
equipment.

3.2.2. Power Supply Failures

Control functions that receive power fraom common power supplies were identi-
fied. Control system internal power supplies, in addition to inverters, high-
er level distribution panels, and load centers, were investigated to deter-
mine if failure or malfunction could cause failure or malfunction of multiple
control functions. '
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The design of the external power supplies for the NNI and ICS incorporates
redundant m2in and backup power sources from separate busses. The NNI-X,
NNI-Y, and ICS each receive two redundant a-c power sources that are selected
by an auto buss transfer logic and have two redundant d-c power supplies

that are auctioneered within the NNI and ICS cabinets.

This configuration is very reliable and assures that there are no credible
single failures of internal power supplies, inverters, higher level distribu-
tion panels, or load centers that will result in failure of the NNI or ICS.
Because of the redundant nature of the NNI and ICS power supplies, single
failure causes could not be postulated. However, for the purpose of analyz-
ing plant response, complete losses of a-c and d-c power for the NNI-X,
NNI-Y, and ICS were assumed. The specific j#v.er supply failures analyzed
consist of the following

1. NNI-X 24 V dc failed to zero volts.
2. NNI-X 118 V ac failed to zero volts.
3. NNI-Y 24 V dc failed to zero volts.

4, NNI-Y 118 V ac failed to zero volts.
5. 1CS 24 V dc failed to zero volts.

6. ICS 118 V ac failed to zero volts.

Figure 2 shows a simplified, singie-line schematic of the power distribution
system for the NNI-X. The power distributions for the NNI-Y and ICS are
identical.

The effects of failures of individual fuses, although not explicitly included
in the FMEA tables, are implicitly included in this evaluation. Sensors in
the ICS and NNI are fused individually. The effects of single sensor fuse
failures, therefore, are bounded by the evaluation of single instrument fail-
ures. In addition, the worst credible impact of a fuse failure (although the
failure mechanism has not been postulated) is an individual power supply fail-
ure, which is bounded by the evaluatinn of the NNI-Y¥, NNI-Y, o~ ICS power sup-
ply failures.

3.2.3. Loss of Common Sensor Impulse Lines

Failure of common sensor impulse lines, which could lead to failure or mal-
function of multiple control system inputs, were identified. This investiga-
tion included the identification of common hydraulic headers, sensor taps,

-7- Babcock & Wilcox
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and instrument lines feeding two or more control system inputs. The failure
modes analyzed consisted of breaks for common level, pressure, or flow mea-
surements, and open and short circuits for temperature measurements. in addi-
tion to common impulse lines in the major non-safety grade control systems, a
unique condition for RC flow taps exists. RC flow is input to the ICS and
the safety-grade RPS.

Plant response was evaluated for each failure mode; this evaluation is de-
scribed below.

3.3. Failure Modes and Effects Analysis

3.3.1. Component and Failure Mode Identification

The postulated failure events for the evaluated control systems were compiled
into tables. Separate tables were prepared for loss of any single instru-
ment, power supply failures, and 1oss of common sensor impulse lines. The
failed components, failure modes, and control system input signals affected
were itemized.

The FMEA tables also contain columns for description of the transient effect:
and the FSAR bounding event identification. The following sections describe
how the effects and bounding events were determined and itemized for each
failure modec.

3.3.2. Evaluation of Plant Response

The failure modes identified for loss of single instruments, power supply
failures, and common sensor impulse line failures were the input for the ef-
fects analysis portion of the FMEA.

Plant response to each of the identified failure modes was evaluated and
itemized. In some cases plant response to the failure could be determined by
engineering judgment or fram previous analysisz; in other cases the transient
was run on a simulator for the Midland plant to predict or verify plant re-
sponse. In each case the predicted plant response was reviewed and verified
by an experienced engineer with a good working knowledge of the plant, con-
trol systems, and operational experience at other B&W plants.

2Integrated Control Systes Reliabiiity Analysis, BAW-1564, Babcock & Wilcox,
August 1979.
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The simulator used to evaluate plant response was the digital nuclear steam
supply simulator at Babcock & Wilcox's Advanced Controls Research Facility,
which was modified to represent the Midland Unit 2 plant.

3.3.3. Assumptions for Plant Response Analysis

The following assumptions were made in the evaluation of plant response:
1. The ICS is operating in a full automatic mode.

2. The operators do not manually switch any sensor or take manual control
of any parameter/device during the transient.

3. The transient was evaluated for a period from the time the signals fail
until a sufficient time past reactor trip to ensure adequate post-trip
response, or if the reactor did not trip, the evaluation was run until a
new quasi-steady-state operating condition was achieved. (The evalua-
tions usually were run for about 10 minutes if reactor trip did not

occur.)

4. Midland Unit 2, which is designed to generate either 855 megawatts elec-
tric or 40% process steam load combined with a power generation of 510
megawatts electric, was modeled.

5. Two power Tevels were established as initial conditions for the response
to selected failures - 100 and 30% power. The lower value was selected
to represent a typical low power operating condition. Low power evalua-
tions were made when it was clear that the plant response would be signif-
icantly different from the high power condition.

3.3.4. Ildentification of Bounding Events

The FMEA identifies, where appropriate, an FSAR transient that bounds the
effect of each failure mode.

The failures can be divided into two categories: (1) those that cause a re-
actor trip and (2) those that do not cause a reactor trip. The failures that
do not cause a reactor trip result in very mild transients of short duration.
A slightly different final steady-state is reached from the pre-failure
steady state. These transients are not severe enough to be addressed in a
FSAR. Thus, no identification of bounding FSAR transients for these failures
is made. For transients where a reactor trip is predicted, a bounding tran-
sient is identified.

-9 Babcock & Wilcox



3.3.5. Basis for Selecting Bounding Events

Because the FSAR Chapter 15 analyses are prescribed for the Standard Review
Plants for very definite sets of events each with specific initial conditions
and equipment failure assumptions, the SAR analyses will not always bear a
“onc-to-one"” relationship with the failures evaluated by this study. There-
fore, the following criteria were selected to permit the most appropriate
alignment. For each condition the criteria for determining whether the event
is bounded by Lhe SAR analysis are given.

1. For events that did not result in trip, no bounding SAR analyses are ap-
plicable. (Note, however, that the analyses that were performed showed
acceptable results.)

2. For secondary plant events that did result in a reactor trip, the most
dominant characteristic of the event was used to determire the appropri-
ate SAR analysis.

a. For events characterized by total or partial loss of feedwater, the
SAR total loss of feedwater event was selected. The event was con-

sidered to be bounding if the SAR peak RCS pressure was greater than
the event evaluated for this report.

b. For events characterized by excessive feedwater, the SAR analysis was
considered to be bounding if the feed flow increase was greater (the
reference SAR analysis is 15.1.2.).

c. For events characterized by loss of steam pressure through the tur-
bine bypass, the SAR turbine bypass failure case was considered to be
bounding if the steam flow increase was greater.

3. For events that affected rod control or improper signals to the control
rods, no bounding SAR analysis was selected. A reactor trip will occur,

and the rod control system action is terminated by the insertion.

ol S Babcock & Wilcox
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4. RESULTS

4.1. Plant Response to Loss of Single Instruments

Failures of the ICS and pressurizer control inputs were evaluated on a
sensor-by-sensor basis. The effects of high, midscale, and lov tailures for
each i.strument are presented in Table 2. A brief description of each antic-
ipated transient, whether or not the reactor tripped, and the bounding safety
analysis is presented. The effects of failures of single ICS outputs are
presented in Table 3.

Figure 3 gives an example of plant response to a single sensor failure. The
plant response was evaluated using the B&W Advanced Controls Research Facili-
ty simulator. This example illustrates the expected response of the plant
when the evaporator steam demand signal fails from 0% (off) to midscale or
50% of total steam demand. This transient does not lead to a reactor trip
but achieves a new steady-state operating condition for the reactor and the
turbine. This plant response is typical of many singie input signal failures
when no reactor trip is expected.

In general, failure of instruments in the high or low position (+10 or -10 V
dc) is much less likely than a midscale failure (zero vuics dc).

4.2. Plant Response to Power Supply Failures

This section presents the evaluation results of the transient response =7 the
Midland plant to specific NNI and ICS power supply failures that would result
in loss of power to groups of ICS and pressurizer instruments.

The specific instruments affected by each power supply failure are dependent
on the position of hand selector switches in the NNI that allow the operator
to select between redundant X or Y powered measurements of the same param-
eter. For the purpose of evaluating power failure effects, specific hand se-
lector switch positions were assigned. For conservatism, it was assumed that
upon an NNI power failure, the operator would not switch hand selectors to

- 11 - Babcock & Wilcox



the "good" sensors. Table 4 shows the specific position assumed for each
selector switch in the NNI. In general, NNI-X powered sensors were selected
for Toop A measurements, NNI-Y powered sensors were selected for loop B mea-
surements, and average measurements were selected where available.

Each postulated power supply failure affects the plant controls by ceusing
groups of ICS or pressurizer instruments to suddenly change from normal to
false indications. Piant response was evaluated by applying the false con-
trol signals to the Midland plant simulator while operating at full and 30%
power levels.

Tables 5a through 5j pr--<ent a list of the corresponding control system in-
struments affected by each power supply failure. For both the full and 30%
plant power levels, the tables indicate the normal operating value of each
instrument and the failed value, which was applied to the simulator.

The effects of the power supply failures on plant response are itemized in
Table 6. The transient effects of each power supply failure are described
and the FSAR analyses that bound the events are identified.

An example of plant response is illustrated in Figure 4. This figure
represents the simulator model prediction of the transient effects of NNI-X
24 V dc power losc at 100% power.

Loss of NNI-X 24 V dc from full power results in a rapid overheating tran-
sient caused by loss of main feedwater to both steam generators. This tran-
sient is bounded by FSAR analysis 15.2.7,"Loss of Main Feedwater." This
transient is described in more detail, along with the other power failures,
in Table 6.

- 12 - Babcock & Wilcox
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4.3, Plant Response to Loss of Common
Sensor Impulse Lines

Table 7 identifies the control system inputs that share common taps, hydrau-
lic headers, or instrument lines. Most of the common impulse lines identi-
fied are taps that supply two measurements of the same parameter. The opera-
tor selects one of the two measurements so that only one at a time is used
for control. Thus, the failure has the same effect as loss of a single in-
strument, which is described in Table 2.

The only common impulse lines identified whose failure could affect more than
one 1CS or pressurizer control function were the pressurizer level and pres-
sure taps. The transient resulting from break of these taps is described in
Table 7 and is bounded by FSAR analysis 15.6.2, “Break in Instrument Lines or
Lines From Primary System That Penetrate Containment.”

One other commonality identified was the RC flow measurements shared between
the ICS and the RPS. This is a special case because the RPS is a safety-
grade protection system and not a control system. This failure is covered in
section 4.4.

4.4, Break in RC Flow Tap

The RC flow rate taps on loops A and B of the Midland primary system are
shared between the ICS and the safety-grade RPS. The transmitters are ar-
ranged on each loop so that two of four RPS channels and one of two ICS trans-
mitters are on each tap.

The transient that results from a failure of the loop A (or B) RC flow rate
signal to the ICS when the plant is operating at full power has been run on
the Power Train V (177-fuel assemuly plant) simulator. Figure 5 shows sever-
al parameters that were selected to indicate the nature of the transient.

The initial effect of the loss of a valid RC flow rate signal is to cause the
loop A Btu limits circuit to suddenly generate a 0 1b/second feedwater (FW)
flow rate to match the demand. Since the total FW flow rate is now less than
the total FW demand, the FW flow rate to the loop B steam generator increas-
es. The loop B FW control valve will open fully, while the loop A control
valve is being stroked fully closed.

The cross limits circuit in the ICS senses that the actual total FW flow rate
is less than the total FW demand signal and will attempt to reduce reactor
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power to match the total available FW flow. The rate of core power reduction
is approximately 25% per minute for beginning-of-life (BOL) conditions and
slightly higher for end-of-1ife (EOL) conditions.

The reduction of FW flow rate caused by the loop A Btu limits circuit is
faster than the reduction in reactor power (which is limited by control rod
insertion speed) and overheating of the RC system occurs. This will cause a
reactor trip on the high RC pressure channel of the RPS less than 1 minute af-
ter the failure of the loop A RC flowrate signal. This transient is bounded
by FSAR analysis 15.2.7, "Loss of Main Feedwater."
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Table 1.

Midland NNI and ICS Signals

Signal (transmitter)

NNI-X NNI-Y

ICS ICS

in out

NR pressurizer pressure
(2-1
(2-3

Pressurizer level
(14-1)
514-2
14-3

Pressurizer temperature
(15-1)
(15-2)

Reactor coolant flow
Loop A (1A5)
(1A6)
Loop B (1B5)
(18B6)

Total temperature comp. RC flow

T
hoEoop A (3A1)
(3A2)

Loop B (3B1)
(382)

Tcold
“Loop A (8A1)
(4A3)
Loop B (4B1)
(4B3)

Startup feedwater flow
Loop A (3A)
Loop B (3B)

Feedwater temperature
Loop A (1A1)
(1A2)
Loop B (1B1)
(1B2)

Main feedwater flow
Loop A (2A1)
(2A2)
Loop B (2B1)
(2B2)

- 15 =

XorY
XorY

XorY

XorY
XorY

XorY
XorY

Babcock & Wilcox



Table 1.

(Cont'd)

Signal (transmitter)

NNI-X

NNI-Y

ICSin ICS

out

Steam pressure
Loop A $12Al
(12A2
Loop B (12B2)
(1281)

Turbine throttle pressure
“A" (16A)
"g" (168)

Feedwater control valve AP
Loop A (5A1)
(5A2)
Loop B (5B1)
(582)

Startup level
Loop A (9A3)
(9A4)
Loop B (984
(983

Operate level
Loon A (9A1)
(9A2)
Loop B (9B1
(982

Downcomer temperature
Loop A (8Al
(8A2
Loop B (8Bl
(882

T/C main feedwater flow
Loop A
Loop B

T/C startup feedwater flow
Loop A
Loop B

T/C reactor coolant flow
Loop A
Loop B

Main feedwater pump tripped
Loop A
Loop B

Loops A and B Tcold difference

- 16 -
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or Y

or Y

or Y

or Y

or Y

or Y

or Y

XorY
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Table 1. (Cont'd)

Signal (transmitter)

NNI-X

NNI-Y

I1CS;, ICS

out

Selected Thot
Tave

Reaitor coolant pump running
1

A2

B1

Bz

Reactor not tripped

Both generater breakers tripped
Turbine on high load limit
Turbine on valve position limit
Power/load unbalance

Low condenser vacuum

Condenser water not available

Closed position of turbine
valve 13-1

13-2

13-3

13-4

Turbine is tripped

Turbine control on auto
Generated megawatts

Neutron power

Asymmetric rod pattern exists
Is turbine runback initiated
ESDD

Frequency deviation

Startup feedwater valve >80% open
Loop A
Loop B

Startup feedwater valve <50% open
Loop A
Loop B

Main feedwater block valve open
Loop A
Loop B

e

XorY

X, Y,
or both

Babcock & Wilcox



Table 1. (Cont'd)

Signal (transmitter) NNI-X  NNI-Y Icstg_ 1CSout

AD valves position demand

HAN ®

. .
Open turbine valves .
Close turbine valves .
Open turbine valves 13-1, 2, 3, 4 .
Withdraw control rods .
Insert control rods .
Main feedwater valve demand

Loop A .

Loop B .
Startup feedwater valve demand

Loop A .

Loop B .
Open main feedwater block valve

Loop A .

Loop B .
Close main feedwater block valve

Loop A .

Loop B .
Request to trip turbine .
Main feedwater pump speed demand

Loop A .

Loop B .

- 18 - Babcock & Wilcox
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Signals

Loopg A F¥ control

valve 2P

Loop B F¥ control

valve 0P

Total temperatu

re com

pensated RC (low

Turb ine header

pressure

S6 outlet pressure,

loop A

56 outlet press
loop 8

W temperature,

ure,

loop A

Table 2. Plant Response to Failures of Single

Falls

100 pst (high)

€ pst (lowm)

S0 pst (midscale)

160 mpph (high)
0 mpph (low)

80 wp (mia
scale

1200 psia (high)

600 psta (low)

900 psia (mid-
scale)

1200 psig (high)

0 psig (Tow)

600 psig (mid
scale)

S00F (high)

No effect Auctioneer takes lower 2P signal o

F¥ pumps 9o to high speed stop in attempt to saintain 50 psi across Fw Unlikely
valves F¥ flow to both 565 goes up, but FW control valves will close to

bring F¥ flow back to setpoint, thus, overveeding | w 'y Lemporary ~

chenge to post-trip control in the event that # reactor trip occurs, except

that high pump speed causes higher pressure drop across Fy valves (hence,

control will not be as smooth as normal)

Mo effect 11 af setpoint is less than 50 psid; same general effect as low
fatlure above if AP setpoint Is 50 psid

Same Information as for loop A,

Mo expected impact to power level -

Loss of RC flow signal causes reactor runback to 151 at 20% per minute Unlikely

Loss of RC flow signal causes reactor runback to approximately 50% at 203 Unlikely due to sufficient
per minute RC flow rete during runbach.

Condenser dump and atmospheric dump valves go full open Turtine throttle Yes
vaives open for 5 seconds and then turbine transfers to manual and the IcS

will 9o into tracking mode Steam pressure decreases, Mde drops, and & re-

actor trip on Yow RC pressure normally results

Turbine throttle valve closes for 5 seconds to try to maintain setpoint
steam pressure. After S seconds, turbine transfers to manual and this
couse: actua)l steam pressure to incresase, which causes trip of the reactor
due to high RC presswure Satisfactory secondary stesam pressure control
after reactor trip via the steam line safety valves

This Is & minor upsel and no significant plant response will occur. Turbine
will ramp open to reduce pressure to B8S.

SG-A Bty limits cause partial loss of feed flow to SG-A Stmultaneously,
loop A byposs valves open. MW electric tracks down. Decrease in Fi flow
will cause reactor trip on high RC pressure Loop A bypass remeins Gpen
after reactor trip

No effect on NSS

Mo effect on WSS
Results are the same as for lToop A.

If this fatlure occurs from 1003 load, the expected result 15 an Increase of Not probable from nigh load
FW flow to 1102 times design flow. A momentary tracking condition will oc-

cur but normal Tyu. and Mde control will bring unit back to steady state

While possible, & reactor trip s not expected Final Joad may be slightly

higher than Initially If fatlure occurs 2t low load, & greater percentage

increase in MW will occur, causing & higher probability of trip The ef

fect of a high F. temperature on Bty limits at Tow power 15 to ralse the

maxisum W flow allowea and adversely affact the I5F superheat protection to

the turbine

ICS and Pressurizer Control Inputs

Transient bounded by

Lo

L

FSAR 15.1.3, "Steam Pressure Regulator
Manfunction or Failure Resulting in
Increasing Steam Flow®

FSAR 15.2.2, ™oss of External Elec-
trica)l Load and/or Turbine Trip*

FSAR 15.2.7, "oss of Mair Feedwater®
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¥ temperaturs, loop B
Main Fu flow, loop A

Main Fu flow, loop §

Startup F¥ flow,
Yoop A

Startup Fu flow,
Yoop §

Temperature compersated

RC flow, loop A

250F (midscale)

6.0 mpph (1003,
high)

0 mpph (0%, low)
siascate)
203 (high)

03 (low)

103 (midscale)

80 (1003,
nigh

40 mpph (503,
midscale

0 mpph (0%, low)

Table 2. (Cont'd)

s T L, . e

Total iW demand would decrease approximately 401 due to Bty Timits and each
0156 will be underfed leading to & reactor trip on high RC pressure.

For high power operation, reduction in MW flow due to valled FN Lemperature
on Bty Nieits will reduce MWW flow more than 105 and could cause a resctor
trip on high RC pressure.

Seme as for loop A,

Loop A Fu control valve closes to try to maintain constant Indicated FN Flow,
which reduces actual flow. The partial loss of Fi causes overheating of
primary system and trips reactor om bigh RC pressure. Control after reactor
trip is not changed. Startup level control prevents total loss of FW in af-
fected loop.

Loop A F valve will open fully. Loop A PN valve aP will decrease Lomerd
rero. Both MWW will speed up. Loup B valve close. to reduce loop U
flow. Loop A S6 will be overfed and wil) cause 3 reactor trip on low RC
pressure.

Depends on initial power level, & high power level resembles a "low™ fail-
wre, only less severe. A low power level would resemble o “high* failure
and would be less severe.

Same as for loop A.

Above approximately 155 FW flow, startup seasurement 1s not used for com-
rol; therefore, its fallure has no effect. (Main Fi block valve 15 open
when flow 15 >155.) Below ximately 153 flow high fatlure causes flow
control valves to close until 56 level drops to low 1 limit where flow
will be restored by level controller.

Mo effect 1f MFMBY 1s open due Lo power >15%. If WWBY i closed, Toop A
startup (5U) valve goes BOX open, causing the switch from SU to sain for F¥
flow indication. Subsequently, the SU valve on Toop A will cycle between
50 and BO% open, causing block valve to open and close. A reactor trip on
high RC pressure less than 153 power.

Either the SU valve will or close depending on inftial WW flow rate
SM'”). Severity of events is much smaller than high and low
atlures.

Same a5 for loop A,

This fallure could cause an undesired re-ratioing of FW flow, decreasing
loop B F flow, and at high power levels very likely & reactor trip on
hgh RC pressure. Comntrol after reactor trip is mot changed.

This will cause loop A Btu limits Lo reduce FN flow and lower lToop A S6
level. Overheating will lead to & reactor trip on high RC pressure.

¥ flow will re-ratio with S6-A going on low level limit and 56-8 feed flow
Timited only by Btu Vimits. For fnitial load of 1003, there is 2 net re-
duction in FN flow, and reactor will trip on high pressure. Control after
reactor trip is not changed.

Tronsient bounded by =

FSAR 15.1.2, “feedmater System Mel-
functions That Result 1n an Incresse

FSAR 15.1.2 or 15.2.7

Reactor trip
Probable FSAR 15.2.)
Probable FSAR 15.2.7
Yes FSAR 15.27
Yes
in Feedwater Flow"
Probable, ing on re-

actor power level.

Probable for power less
than 153

Unlikely

Yes

Yes

FSAR 15.2.7

FSAR 18.2.)

FSAR 15.2.7

FSAR 15.2.7




——Sigmels

Fatls

Table 2. (Cont'd)

Temperature compensated
ol flow, loop B

S6-A operate level

56-8 operate level
SU level, S6-A

WU level, S6-8

Selected reactor owtlet
temperature, loop A, Ty

-‘[Z-

Selected reactor inlet
temperature, loop A, !‘

X0J|IM 7 ¥200qeg

1003 (high)

03 (ow)
S0% (midscale)

250 in. (high)

0 in. (iow)

125 in. (midscale)

620F (high)

S20F (low)

STIOF (wmidscale)

620F (high)

SIF (midscale)

Same as for loop A,

Loop A feed flow will be reduced unti) SG-A level decreases below high level
Timit. Large reduction of Fi flow ceuses overheat ing of primary and reactor
trip on high pressure. Contro! after reactor trip is not changed.

Mo effect, except that SG-A loses protection of having a high level limit.
Seme a5 0% since normal setpoint is appronimately 87,51,

Seme as for S6-A.

Mo effect on operation sbove 208 power level. Below 20%, FN flow i1 on Jow
level control. Prevents proper level control, and S6-A could boil dry.

Fu control valves go full open and remain open after reactor trip. This
would cause an overfill of SC-A overcooling of the primary, and possible
loss of pressurizer inventory and/or level indication.

Same as the high fallure,
Same as for S6-A,

This fatlure causes Tyye 1o Increase 15-20F, creating & large neutrom error.
The neutron error will cause rod insertion and will gemerate a cross limit
to the FW controller that will incresse trtal FW flow in an attespt to cool
RCS. The combination of rod insertion and increased Fi flow will overcool
RCS and will Tikely cause a reactor trip, probably at low RC pressure.
Control after reactor trip Is unaffected.

Bty Vimits reduce feed flow to zero in Toops A and B. Reactor trips on high
RC pressure very quickly because of reduction of feed flow to both J7156s.
Control after reactor trip 1s not changed.

This will couse & low Ty, error, but 1CS will probably adjust without ceus-
ing a reactor trip.

This fallure will cause Ty, to suddenly exceed the setpoint and ICS wil)
insert rods and increase ’nal FW demand to restore Ty.e. Also, difference
in cold leg temperatures will cause ICS to overfeed one 56 and underfeed
the other. Underfeeding will happen before rods are inserted and S will
overheat. This will probably cause & reactor trip on high pressure.

A low Tyue stgnal will develop from this failure and ICS will pul? rods and
lower !onl W demand . tle, To wil) re-ratio FW flows, starving SG-A
and overfeeding 56-8.
overheating RLS.

This faillure will cause Tyye to exceed 1ts setpoint, rods will fnsert, and
ale will re-adjust flows to both OTSGs. ICS and plant may adjust without a
reactor trip or eventually the reactor will trip on high RC pressure.

Again, reactor would trip on high Ry pressure due to

Reactor trip

- ——,

Mo (at power levels above
208)

Probable

Yes

Yes

Unlikely

Probable

Probable

FSAR 15.2.7

FSAR 15.2.7

FSAR 15.1.2

FSAR 15.1.2

FSAR 15.2.7

FSAR 15.2.7

FSAR 15.2.7

FSAR 15.2.7

'M'ﬁ,ge‘-';._!z___
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...... Signals
Reactor inlet tempers-

ture, loop A/B differ-
ence, al,

Reactor average Lem-
erature, T,

RC pumg running signal
(any of four)

Reactor not tripped

Both generator breakers
tripped

Genersled MW

Low condenser vacuum or
no condenser cooling
water

| TSN

V10F (+ Wigh,
- low)

OF (midscale)
6208

S20F (low)

S70F (midscale)

Faliely indicates
pump not running

Does not indicete
pump not ruaning

Not tripped

Tripped (spuri-
ously)

Tripped

Mot tripped

1000 M (high)

0 W (low)

~50 W (midscale)

Faluely indicates
loss of weter and
vaCuum

Table 2. (Cont'd)

_ Effect

Feed flow 10 one 5 goes up while flow goes down 1n other loop. If imitie)
load 15 high enough, there will be & net reduction of total feed flow due to
@ Bty limit holding flow down in one 56, ond & resultant reactor Lrip on
high pressere. Control after reactor trip is not changed.

Normal operation, therefore, no effect,

Cont inuous control rod insertion. Cross limits wil)l incresse FW flow. Btu
Vimits bring Fu flow down as RC outlet temperature goes down, bul overcool-
ing is sufficient to cause reactor trip on low pressure. Control after re-
actor trip Is not changed.

Reactor demand :: to 1033, causing rod pull.
cross liaits, tor trips on high pressure due Lo overhesting.
after resctor trip is not changed.

Same as low Tpgy or low T g fatlures above.

W flow comes down due Lo
Control

Inttiates runback from 100 to 75% or from 75 to 4% power level at & rusback
rate = 50%/minute. Control after reactor trip is not changed.

Falls to Initiate reduction in power level at 50%/minute, but change in tota!
RC flow will initiate o 208/minute reduction. Reactor trip expected. Flux-
to-flow trip on four pumps 1003 power.

Mo effect unti) reactor trips. Whea reactor does trip, ICS cross limits
will reduce MW flow. Assume turbine is tripped by valid reactor signal;
otherwise . throttle valves will close slowmly to maintain steam pressure.
Stess o cisure controlled to 900 psi rather than 1015 pst after reactor trip.

105 action on MFW flow with reactor actually at power will mot cause & real
reactor trip. Turtine valves 9o to manual, ICS will track, and plant will
run back to 15%,

1CS goes into track and will mot respond to in Joad demand. W
calibration integral 1s blocked so that geners W may darift high or low.
Poor control of Mee should not lead to & reactor trip. Control after reac-
tor trip 15 not changed.

Mo impact unti) breakers actually trip. In the event a breaker tri

the 1CS will stil) perform adequately since high steam pressure wil
fer turbine to manual, Inducing a tracking condition,

ocCurs,
trans-

Power level goes down by about 15%.
changed .

Steam flow rate will try to increase reactor power and i flow will be |im-
fted at about 1033, continued decrease is steam high flux setpoint. Reac-
tor trip on high flux.

Depending on initial r level, efther high failure response, low fallure
response, or essentially no response (at midrange power tmh;.

Control after reacior trip is not

Either of these can cause turbine bypass valves not Lo open. However, at-
mospheric exhaust and safety valves are stil) available for pressure con-
trol after reactor trip.

e

_Reactor trip

Probabie

Probatle

Probable

Probable

Probable

e drensient bounded by
FSAR 15.2.7

FSAR 15.1.2

FSAR 15.2.7

FSAR 15.2.7 or FSAR 15.0.2
~

FSAR 15.3.0, "Single and Multiple Re-
actor Coolant Pump Trips™

FSAR 15.1.2

FSAR 15.1.2
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_Signals

Turtine is tripped

Asysmetric rod pattern
enists

Loop A SU F¥ conrtrol
valve >80T open

Loop A SU FW comtrol
valve <501 open

Loop B SU fW control
valve <501 open

Main Fu block valve
open, loop A

ralsely indicates
vacuum and water
when really not
available

Faisely Indicates
trip when turbine
1s running

Falsely indicates
o turbine tripped
when there is

1253 (high)
0 (low)

62.5% (midscale)

Fault signal ex-
ists but pattarn
is okay
Asymmetric rod
pattern exists
but no signal s
generated

Falsely indicates
»E . open

Falsely Indicates
<501 open

Does mot indicate
<50% open

Closed

Table 2. (Cont'd)

S NI T e A R L. S

Turbine bypass valves would pass stesm (o non-wo ing condenser after tur-
bine trip or & resactor trip and could cause dasage to condenser.

Turtbine will be transferred to menual. ICS goes Into track mode and will
follow actual generated M. Turbine valves will control steam pressure to
normal steam pressure setpoint. Would wotl lead to @ reactor trip. If o
reactor trip occurred, turbine would be tripped.

Without turbine usually going to menual and Initiating tracting mode, loss
of turbine could cause overheating of RCS and high RC pressure trip of re-
actor,

Contiruous control rod insertion and 1CS cross Vimeits cau ing an increase
in Fu flow (to the Btu limit) combine to create an overcooling and a reac-
tor trip on Jow RC pressure. Control after reactor trip is not changed.

Continuous control rod withdrawal coupled with decreased FW Tlow will cause
an overheating transient and a reactor trip on high RC pressure. Control
after reactor trip 1s not changed,

ag on Initial power level, will Cause either overcooling or over-
heating and probably reactor trips.

Runback to <60%. WD at 30%/minute rate.
changed.

Control after reactor trip not

Mo change in plant operating conditions unti] operator discovers it. He
would initiate power runback to 60%.

During low power startup, this failure would prematurely open MWW block
valve, WFW control valve will be closed; however, some leakage through main
valve is expected. Leakage slould be small and can be compensated for by
siight closure of SU valves. Excessive leakage may cause SU valve to close
to 50T, At 50% a main block close signal will be generated and cycling of
main block could occur.

for any power Tevel 151 with SU main block and main control valves all op-
erating, this signal would close MFW Llock valve. This is a loss of WFW to
O756-A at high power levels. Reactor will trip on high RC pressure.

During power decrease when SU valve 15 501 open this failure will not cause
MWW block valve to fully close automatically.

Same as for loop A,

Woula transfer ICS FW flow input to SU flow. Ir at high load, the effect
would be very similar to low fallure of ICS FW fiow signal. One 5G 15 over-
fed and the other is underied. Reactor trips on either high or low RC pres-
sure depending on initial power level. Control after reactor trip {s not
changed .

. Reactor trip
No

No

Yes

Yes

Yes
Probable
L
Unlikely
No

Pru osble
Unlikely

Transient bounded by _

FSAR 15.2.2

FSAR 15.1.2

FSAR 15.2.7

FSAR 15.2.7 or FSAR 15.1.2

FSAR 15.2.7

FSAR 15.2.7 or FSAR 15.1.2



e Signels

Main Fu block valve
open, loop §

Loop A .Uy. Lripped

Loop B MEN pumg Lr pped

Pressurizer pressure
(narrow iange)

Pressurizer level (se-
lected)

Pressurizer temperature
(selected)

X09|IM ¥ %209qeg

. fails

Falsely indicates
¥ pump trip

Falsely indicates
¥ pump 15 not
tripped

2500 psig (nigh)

2100 pst 1d-
unhr e

400 in. (high)

200 in. (@id-
scale)

0 . (low)

750F (high)

A00F (midscale)

Table 2. (Cont'd)

S I — Eifect

Would prevent transfer of FW flow indication from main to SU flow oulput.
Would iInterfere with accurate Fw conlro) during orderly shutdown. Probably
would not cause a reactor trip. Control after reactor trip not changed.

Same as for loop A,

Would initiate a power runback to 551 power at 50%/minute.
pumps actually running It should not lead to & reactor trip.

For & reai Fo pump trip at high power, FW flow to both OTSes will suddenly
decrease then Increase as W pump speed increases to high s stop. IS
will attempt to reduce power by cross limits but reactor will probably trip
on high RC pressure due to overhesting.

Same as for loop A,
Spray valve |s opened,

With both Fw

Primary :gl- will depressurize very slowly and
eventually & reactor trip on Jow pressure is @ ted. Control after re-
actor trip should be changed by tor action. To terminate this tran-
slent, operator should manually close spray block valve. This 15 & slow
transient and operator nas ample backup Indication for diagnosis.

The spray valve will stay closed but all pressurizer hesters will come on,
As pressurizer pressure increases, ulﬂy-r«n PORY will cpen to comtrol
pressure. Contro) after reactor trip would not be changed. Reactor trip
net expected. This is a slow transient and operator has ample beckup indi-
cation for diagnosis.

Same a5 low fallure.

Makeup valve will close and RCS prossure and pressurizer level will slowly
decrease due to letdown flow greater than makeup flow. This is a slow
transient and operator has ample backup indication for disgnosis.

Makeup valve will open to try to raise level. Pressurizer level will in-
crease and spray and PORY may operate to limit RC pressure. This 15 & cy-
clic pressure transient. This is & slow transient and operator has ample
backup Indication for diagnosis.

Makeup valves will open. RC pressure will increase. Pressurizer interlock
will be active but no heaters are required. Spray and PORY will open to
control RC pressure. This may also be a cyclic pressure transient. This is
4 slow transient and operator has ample backup indication for Clagnosis.

This causes temperature compensated level to be high and makeup turned off,
real pressurizer level decreases. This not being detected could cause
heaters to 9o on with no water covering them and heaters may burn out. This
is 2 slow transient and operator has ample Pickup indication for diagnosis.

This causes temperature compensated level to be low. Makeup comes on to re-
1)) pressurizer. Spray controls pressure. Reactor will trip on high RC
pressure after spray nozzle is submerged. This 15 a slow transiert and op-
erator has ample backup Indication for diaynosis.

—

o Meactor trip
Mot expected

Unlikely

Probable

Yes

Possible (low RC pressure)

Possible (high or low RC
pressure)

Possible (high or low RC
pressure)

Yes (low RC pressure)

Yes (high RC pressure)

e Transient bounded by =
Lg

FSAR 15.2.7

This 1s a @i} transient, which does
not have & specific evaluation in Lhe
FSAR. This event is similer to o
very, very small LOCA and, therefore,
1s bounded by FSAR 15.6.2, "Bresk In
Instrument Lines or Lines from Prisary
Systom That Penetrates Contalnment®

This 15 & wild transient, which does
not have & specific evaluation in the
FSAR. This event is similar to but
less severe than & letdown |ine break,
and therefore is bounded by FSAR 15.6.2

FSAR 15.5.1, “Inadvertent Qnuun of
ECCS During Power Operation

FSAR 15.5.1

This is & @ild transient, which does
nol have & specific evaluation in the
FSAR. This event is sisilar to but
less severe than a letdown line break,
and therefore is bounded by FSAR 15.6.2

FSAR 15.5.1




Falls Reactor trip Transient bounded by

¥ (low) Same as midscale fallure Yes (high RC pressure)
Is turbine load lim Turbine 1s not Any further increase in turbine demand shall be ignored It is the equive ~
{ted? load ieited but lent to turbine valves being in manual and at a setpoint. Control after re

sigral says 1t Is actor trip unchanged

Turbine 15 really Additiona) imcreases in load demand will be followed. Potential damage to

load lieited bt turbine could occur 1f another protection signal does not take It off Tine

signal says it is Control after reactor trip unchanged

not

Is turbine rumback Loss of stator In & short time 1t would be harwful to turbine. Vibration levels could rise
initiated? coolant but mo with a turtine trip to follow Control after reactor trip unchanged
runback Initiated
on power
Mo loss of stator This causes no problem but would be & nuisance and woull need to be dis
coolant but & covered and repalred before reloading turbine Control after reactor trip
power runback unc hanged
inttiated

Is turbine back-end Turbine 15 not This should prevent turbine from increasing Toad even though turbine is

flow Vimited? (Unit 1) back-end flow- really not back-end flow-)imited and could accept more load. Control after
Himited but sig- reactor trip unchanged
nal says it iy
Turbine s back- The purpose of the signal Is to prevent turbine from recelving any sore load.
end flow-limited Without this signal and being really back-end flow-limited, any iIncrease in
but signal says load could potentially damage turbine. Control after reactor trip unchanged
it 15 not

Frequency deviation +3 #z (high) Ihis is & power reduction or step down ta ICS rusning back FiW and resctor
Ihe ¥ runs back faster than reactor power, however, with a limiter on fre
quency deviation, reactor should not trig

0 Mz (widscale) Mo effect ICS has no frequency devistion even when grid frequency Is not
60 Mz and will adjust to whatever new operating condition turbine has
changed to. Control efter rractor trip unchanged

This causes » step w in power limited by 1053 reactor power ¥ could run Mot expected
wp faster than reactor power, however, with a limiter on frequency deviation,
reactor should not *rip. Control after reactor trip unchanged

Turbine on valve posi Yalve position is Additiona)l Toad will go to turbine, but since valves will not open further,
tion limited limited but sig steam pressure may increat® as such as 30 psi in both S6s Control after
nal falls to in reactor (rip 1s unchanged,
dicate limited

Yalve position is Any additional load request on turbine ‘s ignored. Control after reactor
not Timited but trip 1s unchanged

signal indicates

it s

Power/load unbalanced Signal says power/ Power/load enbalance signal is sent to ICS to switch into tracking mode

signal load unbalance but Mearnwhile, power/load unbalance signal in turbine controls is also trying
is not power/load to lower turbine power to clear unbalance It could run turbine back to
unbalance 0% load. Comtrol after reactor trip ‘s unchanged

X02]IM 7 ¥202qeg




Turbine Lypass valve
closed

£500 (evaporator steam
demand development sig
nal)

_92-
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Farls
Signel says mo

power/load unbe)
ance butl Lhere s

Llosed

403 of ful) power
demand (Mgngl

20% of full power
demand (midscale)

0% of full er
demand ()ow

Table 2. (Cont'd)

\v

Efrect

Power/load unbelance signal does not work when turbine is really unbalenced
Turbine may run unbalanced unti]l another shutdown signal 15 Created or Lur
bine 1s runback on power/load unbalance, |.e., only the signal to ICS failled

ICS would try to mabe demanded megawatts and would not switch to track until
after turbine tripped Control after reactor trip Is unchanged

Normally at power, all turbine bypass valves are closed, so 1f closed indi-
cation falled close 1t would have no effect Contro)l after reactor trip
will be pressure regulated by main steam safety valves and atmospheric dump
valves

It could also fall to indicate open and may not be detected lmmediately.
Control after reactor trip is unchanged

At 1001 power, power plant is put into oscillations between high power and
runback of electric load Valves Lo evaporaleo~s &0 not open The same at
0% power, but VLD walks wp to 1003 before oscii, ‘tions start. No reactor
trip is expected, but 1f oscillations continue, & Tow RC pressure trip Is
possitle. Controi after reactor trip is unchanged {A high fatlure of £S00
is wnlikely.)

At 1003 power, the effect 1s same as & high failure; but st low power, ICS
levels oui to 303 plus 20% or about 50% power level. Mo reactor trip ex-
cept as before & possible 'ow RC pressure trip. Control after reactor trip
13 unchanged

Mo effect because ialtially at 0% demand for E500.

Reaclor Lr p

Unlikely

Unltkely

Unlikely

Irae

tent

buunded by

L L]



'n)'.ah Fails
Increase turbine posi Max Increase
tion {(high)

Decrease turbine po | Max decrease
tion {high)

Turbine position As is (midscale)
Turbine A and B bypass 1008 (high)

valves, alm "A® and "B"
exhaust valves

0% (low)

0% (midscale)

~N

~ Allow start of any Yes/mo
RC pump

L
To CRD to permit rod Inhibit
withdrawa! (runback
Timit)

Kot imhibit

Transfer turbine con Transfer re
trol to manval quested

Mo transfer

$6-8 on Btu Vimit

S6-A on Bty limit
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Table 3. Plant Response to Failures of Single ICS Outputs

Effect

Causes turbine valve to open at approximately 101/minute, decreasing steam
pressure and Increasing Mde. When a 50 psi pressure error exists for 5 sec-
onds, turbine will transfer to manual and valve opening will stop 1CS wil)
9o into track amd stabilize after 2 5% load increase A trip is unlikely
Contro) after a reactor trip is not chenged by inis fatlure.

to an increase fallure except pressure Increases and load

Performance similar
than increase rate) be-

decreases approximately 53 (decrease rate 15 faster
fore the NSS stabilizes

Will hold turdbine valves to their last position. Plant cannot be maneuvered
Mo turbine trip expected

If any one of these valves s driven open, it is not & significant problem
unless reactor trips If this happens, secondary steam pressure cannot be
controlled to 21000 psig, primary overcools, and pressurizer level may be
Tost Bypeass or exhaust block valve can be closed to maintain pressure.

If any one (or more) of these valves fails to open on demand, 1t is no prob-
Jem because the steam line safety valves are avatlable for secondary steam
pressure control after reactor trip

If any one of these valves fal) open, & similar resull to the 100% fall open
could result

Fatlure can either prevent pumps from being started when they should or It
can allow them 1o be started when they should not

Mo impact unless a power condition runback is present in CRD* If this oc-
curs, rods cannot be withdrawn The result is T, . may drr low causing RC
pressure to decrease

This would allow rods to be withdrawn when an inhibit should exist

Mo effect except turbine goes to manual. ICT tracks genervated W, which is
constant after transfer. WMo change to control after reactor trip.

furbine will not transfer automatically teo manual when demanded If 2 sub
sequent upset did require turbine to transfer to manual, such as an increase
or decrease turbine position failure, event would be terminated by & reactor
trip A double fault s required to cause a reactor (rip Control after
trip 1s not affected

Mo effect on NSS These outputs for operator information only

— JE— =. S
Reactor trip Trans ient Lounded by

Mot expected LL}

Mot expected L1

~ NA

Possible at high load FSAR 15.1.4, “Inadvertent Opening of

Steam Generator Atmospheri
Safety Valve® or FSAR 15,1
Pressure Regulator Malfunction or Fatl-
ure Resulting in Increasing Stesm Flow®

Not expected NA
Possible at high load but FSAR 15.1.4 or FSAR 15.]
not #s probable as 100%

case.

Not expected n
Mot expected mA
Mot expected A
Mot expected LY
Not expected L1
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Signals

56-8 on low level
SG-A on low level

e Vimited by resctor
Reactor limited by ¥
Neutron error

Withdraw conirol rods
(two outputs)

Insert control rods
(two outputs)

Loop B opew main FM
block valve

Loop A open main Fu
block valve

Lloop B close main F¥
block valve

Loop A close sain FN
block valve

Power to ICS exists
(euto lahidit)

Large neulron error
does not exist (auto
permit)

W pump 8§ 5peed
changer demand

Withdrew when not
desired

Does not withdraw
when withdrawe!
desired

insert when not
desired

Does not insert
when desired

Upen when opening
not desired

Not open when de-
sired

Ciose when closing
not desired

Mot closed when
closing desired

Ao
Yes

Large error
Mot large error

High

Mo effect on NSS Ihese outpuls for operator information only.

No effect. The contacts for withdrawe! are in series, therefore, two sets
of contacts would have to fal) before withdrawal would occur,

Rods faill to respond Lo & withdrawa! signal
possible RC pressure upsels.,

Results in T,.e droop and

The two sets of contacts are in parallel, therefore, & fallure will cause
rod insertion. T, . will decrease causing RC pressure upsets.

Mo impact since both contacts sust faill to prevent rod insertion.

Block valve 15 only closed at low loads when 565 are on level control.
Will not interfere with effective 56 level control wnless leskage across
main FW contre) valwe 15 jarge. Could impaci accuracy of Fi flow seasure-
ment, but this 1s not needed for comtrol.

Will prevent automatic opening of the main FW block valve during startup.
Control after reactor trip nol changed.

Same as loop B open main F¥ block valve.

Partial loss of FW 1o one 56, with reactor trip following soon after (high
RC pressure) Control after reactor trip mot changed

Block valve will not close sutomatically when 1t should. Mowever, this
would not iInterfere with effective 56 level control unles: leakrge across
main F¥ control valve were large

Seme as loop B wain F¥ block valve.

Transfers Diamond CRD to manual or does not let operator go to avtomatic.
Auto imhibit not active.

Does not let operator go to sutomatic with Diamond CRO.

Operator can transfer Diamond CRD to avtomatic when & large arror ex..(s.

Putting one feed pump on high speed stop would increase FW flow to both SGs.
The effect would be partially or totally offset by an aulomatic speed de-

crease of unaffected pump. Resctor does not trip because FW valves auto
we ‘cally close to maintain FM flow at setpoint. WMo chamge to control after
reactor trip.

expected

expecled

(high RC

expecied

cxpected
expected

expecled
expected

expectied

pressure)

Tran

slent bounded by
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Signals Fails

Lom
Midscale

¥ pump A speed changer

demand

Loop 8 main IW valve Closed (low)
Open (high)
Half open (mid-
scale)

Loop A main Fu valve

Loop B startup Fu Open (high)

wilve
Closed (low)
Half open (mid-
scale)

Loop A startup I valve

Table 3. (Cont'd)

_Effect

Causes decrease of feed flow to both SGs. Unaffected pump speeds up and F
control valves open to partially or “otally offset loss in flow. Reactor
trip on high pressure likely due to uadercooling. Mo change to ~ontrol
after reactor trip.

With one pump on midscale speed at high power, other pump will pick up to
maintain FW to 565 and FW valves will open to maintain flow to 56 also.
Once fw flow to 56 and pressure drop across pumps is stabilized, a reactor
trip is not probable unless at high power Inftially and Fw flow demand to
S6 has not bee satisfied. Therefore, an undercooling event of 565 would
occur and & high RC pressure trip is probable. Mo change after reactor
trip. At low power levels only one FW pump is operating. One FW pump at
midscale speed would require adjustment by both MFW control valve. and re-
actor would not trip on low RC pressure.

Same a5 pump B Fu speed changer demand.

At high power level, pertial loss of Fu flow to one S6 with reactor trip on
high pressure following shortly after valve closes. At low power, SU valve
may be sufficient. Mo change to control after reactor trip.

Effect at full Joad is not great because feed valve Is nearly open. If failure
initiates at lower load, flow to one 5G goes to above 1008, ICS reduces feed
flow to other 5G and partially compensates for extra feed flow in other SG.
As extra feed flow cools the primary, control rods pull to try to bring T,
back to setpoint. System may reach steady state at a higher load condition
without reactor trip. This fatlure may couse reactor trip on low RC pressure
1f inftiated from a very low power. No change to control after reactor trip.

Partial loss of FW to one 56 valve position 1s closing with respect to
fts last position before falle | otherwise, it will be an overfeed condi-
tion for the converse case. For an overfeed condition, pumps will speed

wp to maintain pressure drop across valve; rods will pull to maintain Ty.e
as long as cross limits are not initiated or Btu and high level limits are
not exceeded cmtn' & reactor trip. Mo change to control after reactor
trip. Ffor a partial loss of FW an undercooling of primary side is initiated
with a high RC pressure reactor trip. WMo change to control after reactor
trip.

Same as for loop B main FW valve.

Mo effect If operating at power (f.e., SU valve 1s already open). If a SU
valve rematined open after reactor trip (or came open st very low power) one
SG would be overfilled, resulting in excessive cooldown of the primary and
possible loss of pressurizer level. Startup block valve can be closed and
flow controlled using main valve.

When SU valve closes to 50%, main FW block valve s shut causing total loss
of FW flow to one S6. Reactor trip on high pressure follows. Main block
valve can be opened and affected SG fed with main FW valve.

The same a5 & closed SU valve failure since midscale is 50% closed on SU
valve, but a total loss of Fi will not occur since valve remaing half open.
Reactor will sti1) trip on high RC pressure. Main block valve can be opened
and affected 56 fed with main i valve,

Same as for loop B startup FW valve.

— Reactor trip

Yes, if total FuW flow is
less than can be accommo-
dated by one MW pump.

Probable (at very high
loads )

Probable (high RC pressure)

Not expected

Probable (high RC pressure)

Not expected

Yes (high RC pressure)

Yes (high RC pressure)

N Transient bownded by
FSAR 15.2.7

FSAR 15.2.7

FSAR 15.2.7

FSAR 15.2.7

FSAR 15.2.7

FSAR 15.2.7
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IRRDAES: | —

Tota)l Fu flow, loocp A
Total Fu flow, loop B
Unit load comtrol
rui indicating
ights

Unit load demand set

RC flow rumback in
effect

Wigh load limit in
effect

Low load limit in
effect

Loss of Y pump
runback in effect

Asysmetric rod
runback in effect

Loss of RC pump run-
back in effect

Unit master in
tracking

Table 3. (Cont'd)

_Eftect

Mo effect on NSS. These outputs for operator information only.

. Reactor Lrip

Trans ient bounded by




Table 4. Assumed Hand Switch Positions

Signals input Position
to switch Hand switch  selected

_Parameter
RC flow, loop A
(X) FT-1A5 FC-HS1A
(Y) FT-1A6

RC flow, loop B
(X) FT-1B5 RC-HS1B
(Y) FT-1B6

TT-3A1
TT-3A2

TT-3B1 RC-HS3B
TT-3B2

loop

(X) TT-4A1
(Y) TT-4A2
Average RC-TY4A

Tes

TC, loop
(X) TT-4B1 RC-H24B1
(Y) TT-4B3

Average RC-TY4B

T,., loop A RC-HS3A
loop B RC-HS3B
Average T RC-TY3

T... , loop A RC-TY7A

aV€" 100p B RC-TY7B

T , both loops RC-TY7

ave

Pressurizer level
(X) LT-14-1 RC-HS14
(X) LT-14-2
(Y) LT-14-3

Pressurizer temperature
(Xx) TT-15-1 RC-HS15
(Y) TT-15-2

Tc Toop A wide range

(X) TT-4A2 RC-HS4A2
(Y) TT-4A4

Babcock & Wilcox




Table 4. (Cont'd)

Signals input Position
Parameter to switch Hand switch selected
Tc loop B wide range
(X TT-4B2 RC-HS4B2
(Y TT-4B4 X
Pressurizer pressure nar-
row range
(X) PT-2-1 RC-HS2-1 X
(Y) PT-2-3
Pressurizer pressure wide
range
X) PT-2-2 RC-HS2-2
(Y) PT-2-4 X
Main FW temp., Toop A
(x) TT-1A1 SP-HS1A X
(Y) TT-1A2
Temp. comp. MFW flow,
Toop A (Xg SP-FY2Al SP-HS2A X
MFW flow, Toop A
(x) FT-2A1
(Y) FT-2A2
Temp. comp. MFW flow,
loop A (Y? SP-FY2A2
Main FW temp., loop B
(X) TT-1B1 SP-HS1B
(Y) TT-1B2 X
Temp. comp. MFW flow,
loop B (X) SP-FY2B1 SP-HS2B
MFW flow, loop B
(x) FT-2B1
(Y) FT-2B2
Temp. comp. MFW flow,
loop B (Y) SP-FY2B2 X
Main steam press., loop A
(X) PT-12A1 SP-HS12B X
(Y) PT-12A2
Main steam press., loop B
(Y) PT-12B1 X
(X) PT-12B2
-3 - Babcock & Wilcox



Parameter

Table 4. (Cont'd)

Signals input
to switch

Hand switch

Position
selected

Turbine header (throttle)
pressure

(x)

(Y)

MFW control valve AP,
loop A

(x)

(Y)

MFW control valve AP,
loop B

(X)

(Y)

SG startup level, Toop A
(X)
(Y)

SG startup level, loop B
(Y
(X

SG downcomer temp., loop A
(X)
(Y)

SG downcomer temp., loop B
(X)
(Y)

Temp. comp. SG operate
level, loop A

(X;

(Y

Temp. comp. SG operate
level, loop B

(x)
(Y)

Makeup tank level
(X)
(Y)

PDT-5A1
PDT-5A2

PDT-5B1
PDT-582

LT-9A3
LT-9A4

LT-9B3
LT-984

TT-8A1
TT-8A2

TT-8B1
TT-8B2

SP-LY9A1
SP-LY9A2

SP-LY9B1
SP-LY9B2

LT-25-1
LT-25-2

SP-HS16

SP-HS5A

SP-HS5B

SP-HS9A2

SP-HS9B2

SP-HS8BA

SP-HS8B

SP-HS9A1

SP-HS9B1

MU-HS25

Babcock & Wilcox



Table 5a. ICS Input Signal Failures Due to NNI-X - 24 V dc
Power Supply Failure at Full Power

Original value Midscale value

[tem Parameter {(normal ) (0 volt)

1 Loop A RC flow, mpph 70.0 40.0

2 Total RC flow, mpph 140.0 80.0

3 Loop A and B Tpot, F 600.0 570.0

B ATe (normal state), F 0.0 0.0

(Tca=Tcb=556F)  (Tca=Tcb=570F)

5 Taves F 579.0 570.0

6. "A" S/U FW flow (no effect at high 1.0 0.50
power), mpph

7 "A" FW temperature, F 455 250
"A" FW flow, mpph 5.3 3.0
"A" steam pressure, psig 910 600

10 Turbine header pressure, psig 885 900

11 "A" FW valve AP, psid 35 50

1 "A" S/U level, in. 160 125

13 "A" operate level, % 60 50

14 Non-safety-grade pressurizer of f on(a)
heaters

15 Pressurizer spray valve of f off(a)

1€ Letdown flow control valve Partially open Closed(2)

17 Makeup flow control valve Partially open Open(a)

(a)For an overheating-type transient, the controls for these functions were
assumed to fail to the position that would aggravate the trend of the
transient regardless of the actual operational mode of these control sys-
tems.
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Table 5b. ICS Input Signal Failures Due to NNI-X - 118 V ac
Power Supply Failure at Full Power
Original value Midscale value

Item Parameter (normal) (0 volt)
1 Loop A RC flow, mpph 70.0 40.0

2 Locop A and B Thot, F 600.0 570.0

3 "A" FW temperature, F 455 250

4 "A" FW flow, mpph 5.3 3.0

5 "A" steam pressure, psig 910 600

6 Turbine header pressure, psig 885 900

7 "A" FW valve 2P, psid 35 50

8 A" S/U level, in. 160 125

9 "A" operate level, % 60 50
10 Non-safety-grade pressurizer off on(2)

heaters

11 Pressurizer spray valve Of f off(a)
12 Letdown flow control valve Partially open Closed(2)
13 Makeup flow control valve Partially open Open(a)

(a)For an overheating-type transient, the controls for these functions were
assumed to fail to the position that would aggravate the trend of the
transient regardless of the actual operational mode of these control sys-

tems.

- 35 -
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Table 5c.

Power Supply Failure at 30% Power

ICS Input Signal Failures Due to NN1-X - 24 V dc

Ori?inal value

Midscale value

[tem Parameter normal) (0 volt)

1 Loop A RC flow, mpph 70.0 40.0

2 Total RC flow, mpph 140.0 80.0

3 Loop A and B Tpot, F 586.0 570.0

4 AT, (normal state), F 0.0 0.0

(Tea=Tcp=581F) (Tea=Tcb=570F)

Taves F 579.0 570.0
“A" S/U FW flow (no effect at this 1.0 0.50
low power), mpph

7 “A" FW temperature, F 330 250

8 “A" FW flow, mpph 1.5 3.0

9 “A" steam pressure, psig 890 600

10 Turbine header pressure, psig 885 900

11 “A" FW valve 2P, psid 35 50

12 "A" S/U level, in. 40 125

13 “A" operate level, % 10 50

14 Non-safety-grade pressurizer off on(a)
heaters

15 Pressurizer sprav valve Of f off(a)

16 Letdown flow control valve Partially open Closed(a)

17 Makeup flow control valve Partially open Open(a)

(2)For an overheating-type transient, the controls for these functions were
assumed to fail to the position that would aggravate the trend of the
transient regardless of the actual operational mode of these control sys-

tems.

s 3k »
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Table 5d. ICS Input Signal Failures Due to NNI-X — 118 V ac
Power Supply Failure at 30% Power

Original value Midscale value

Item Parameter normal) (0 volt)
1 Loop A RC flow, mpph 70.0 40.0
2 Loop A and B Thot’ F 586.0 570.0
3 "A" FW temperature, F 330 250
4 "A" MFW flow, mpph 1.5 3.0
S "A" steam pressure, psig 890 600
6 Turbine header pressure, psig 885 900
7 "A" FW value AP, psid 35 50
8 "A" S/U level, in. 40 125
9 "A" operate level, % 10
10 Non-safety-grade pressurizer heaters off Off(a)
11 Pressurizer spray valve off On(a)
12 Letdown flow control valve Partially open Open(a)
13 Makeup flow control valve Partially open Closed(a)

(a)For an werheating-type transient, the controls for these functions were
assumed to fail to the position that would aggravate the trend of the
transient regardless of the actual operational mode of these control sys-
tems.
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Table 5e. ICS Input Signal Failures Due to NNI-Y — 24 V dc
Power Supply Failure at Full Power

Original value Midscale value

Item Parameter normal) (0 volt)
Loop B RC flow, mpph 70.0 40.0
2 aT, (normal state), F ?io oo %# o
ca cb cb
3 "B" S/U FW flow (no effect at high 1.0 0.50
power), mpph
4 “B" FW temperature, F 455 250
5 "B" MFW flow, mpph 8.3 3.0
6 "B" steam pressure, Psig 910 600
7 "B" FW valve aP, psid 35 50
8 "B" S/U level, in. 160 125
9 "B" operate level, % 60 50
10 Non-saf:ty-grade pressuri or heaters off On(a)
11 Pressurizer spray valve off Off(a)
12 Letdown flow control valve Partially open C1osed(a)
13 Makeup flow control valve Partially open Open(a)

(3)For an overheating-type transient, the controls for these functions were
assumed to fail to the position that would aggravate the trend of the
transient regardless of the actual operational mode of these control sys-
tems.
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Table 5f.

Power Supply Failure at Full Power

ICS Input Signal Failures Due to NNI-Y — 118 V ac

Ori%ina1 value

Midscale value

Item Parameter normal) (0 volt)
1 Loop B RC flow, mpph 70.0 ool
2 ATc (normal state), F ?io o %# PR
ca c¢cb cb
3 "B" FW temperature, F 455 250
4 "B" MFW flow, mpph 5.3 3.0
5 "B" steam pressure, psig 910 600
6 "B" FW valve AP, psid 35 50
7 "B" S/U level, in. 160 125
8 "B" operate level, % 60 50
9 Non-safety-grade pressurizer heaters off On(a)
10 Pressurizer spray valve off Off(a)
11 Letdown flow control valve Partially open C1osed(°)
12 Makeup flow control valve Partially open Open(a)

(a)For an overheating-type transient, the controls for these functions were
assumed to fail to the position that would aggravate the trend of the
transient regardless of the actual operational mode of these control sys-
tems.

-39 -
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Table 5g. ICS Input Signal Failures Due to NNI-Y - 24 V dc
Power Supply Failure at 30% Power

Original value Midscale value

Item Parameter (normal) (0 volt)
Loop B RC flow, mpph 70.0 40.0
2  uTe (nermal state), F 0.0 5
(Tea=Tep=571F)  (Tcp=566F)
3 "B" S/U FW flow (no effect at high 1.0 0.50
power), mpph
4 “B" FW temperature, F 330 250
5 “B" FW flow, mpph 1.5 3.0
6 "B" steam pressure, psig 890 600
7 “B" FW valve AP, psid 35 50
8 “B" S/U level, in. 40 125
9 “B" operate level, % 10 50
10 Non-safety-grade pressurizer Of f off(a)
heaters
11 Pressurizer spray valve Of f onfa)
12 Letdown flow control valve Partially open Open(a)
13 Makeup flow control valve Partially open Closed(a)

(a)For an overcooling-type transient, the controls for these functions were
as-.med to fail to the position that would aggravate the trend of the
transient regardless of the actual operational mode of these control sys-
tems.
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Table 5h.

Power Supply Failure at 30% Power

ICS Input Signal Failures Due to NNI-Y - 118 V ac

Original value

Midscale value

<N Parameter (normal) (0 volt)
Loop B RC flow, mpph 70.0 40.0
Tc (normal state), F 0.0 5

(Tea=Teh=571F)  (Tcp=566F)

“B" FW temperature, F 330 250

“B" FW flow, mpph 1.5 3.0

“B" steam pressure, psig 890 600

"B" FW valve P, psid 35 50

“B" S/U level, in. 40 125

“B" operate level, % 10 50

Non-safety-grade pressurizer Off off (@)

heaters

Pressurizer spray valve Of f onf(a)

Letdown flow control valve Partially open Open(a)

Makeup flow control valve Partially open Closed(a)

(a8)For an overcooling-type transient, the controls for these functions were
| assumed to fail to the position that would aggravate the trend of the
t transient regardless of the actual operational mode of these control sys-

tems.
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Table 5i. Output Signals of the ICS Due to 118 V ac Power
Failure at 100% Power Level (and 30% Power Level)

Oriiina1 value Final value

Item ICS output signal normal) (abnormal)
1 Insert or withdraw rods In auto In manual
2 "A" and "B" MFW block valve Open Fails as is

(open)

3 “Power to ICS exists" signal Yes No effect
4 “Large neutron error exists" signal No No effect(a)
5 "A" and "B" FW pump speed demend In auto (In auto)
6 “A" and "B" MFW control valve position In auto ~50%
7 "A" and "B" S/U FW control valve position In auto ~50%
8 Turbine throttle valve position In auto In manual
9 “A" and "B" turbine bypass valve position Closed 50%

(a)with control rods and FW control valves in manual, a large neutron error
will have no effect on the plant.

Note: For these transients pressurizer spray, makeup, and heater control
actions were in automatic and normal.
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Table 5j. Output Signals of the ICS Due to 24 V dc
Power Failure at 100% Power Level (and
30% Power Level)

Oriiinal value Final value

Item ICS Output Signal normal) (abnormal)
1 Insert or withdraw rods In auto In manual
2 "A" and "B" MFW block valve Open Closed
3 “Power to ICS exists" signal Yes No effect
4 "Large neutron error exists" signal No No effect(a)
5 "A" and "B" FW pump speed demand In auto ~60% (con-

stant)
6 “A" and "B" MFW control valve position In auto 50%
7 "A" and "B" S/U FW control valve position In auto 50%
8 Turbine throttle valve position In auto In manual
9 "A" and "B" turbine bypass valve position Closed 50%

(a)Nith control rods and FW control valves in manual, a Jarge neutron error
will have no effect on the plant.

Note: For these transients pressurizer spray, makeup, and heater control
actions were in au*tomatic and normal.
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Failure
No.

1

__Type of failure

Fail NNI-X 24 V dc
at 100% power

Fail NNI-X 118 V ac
at 100% power

Fail NNI-X 24 V dc
at 30% power

Fail NNI-X 118 V ac
at 30% power

Fail NNI-Y 24 V dc
at 100% power

Fail NNI-Y 118 V ac
at 100% power

Fail NNI-Y 24 V dc
at 30% power

Table 6.

Plant Response to NNI/ICS Power Supply Failures

Description of transient

Reactor
tripped?

Transient bounded by FSAR
analysis

This rapid overheating transient is caused by Loth loop A and B Btu
limits reducing MFW flow to both OTSGs. The failure of lcop A Tpot
signal caused loops A and B Btu limits to generate a 0 1b/s FW de-
mand signal. RC temperatures increased very rapidly, and the reactor
tripped on high RC pressure. Emergency FW flow to both 0TS6s main-
tained the 2-foot low water level, and the high RC temperatures de-
creased toward rormal post-trip values.

This is also a rapid overheating transient. Both loop A and B Btu
limits reduced MFW flow to the OTSGs. The rapid reduction in MFW
flow was due to loop A Tpot signal failing to 570F and causing a

0 1b/s FW demand signal in both loops. This trarsient is very simi-
lar to failure No. 1.

This is a moderate overheating transient with loop A and B Btu limits
reducing MFW flows to both OTSGs. The initial power level was only
30%, and the reactor tripped due to overheating of the RCS. EFW flow
started automatically and maintained low water levels in both OTSGs.

This is an upset transient with mild overheating followed by over-
cooling. The reactor trip does not occur auring overheating of the
RCS. Overheating was caused by loop A and B Btu limits reducing FW
flows to zero when loop A Tpoe signal failed to 570F. The turbine
bypass valves opening to 50% ssurized both O0TSGs and caused the
overcooling of the RCS. EFW flow was started by low SG level, and
the decreasing OTSG pressure caused an increase in EFW flow rate to
the 0TSGs. Reactor tripped on low RC pressure.

This is an overheating transient the trips the reactor on high RC
pressure. Each Btu limit is partially reduced, but not to the same
value. Initially, loop B FW flow decreased to 0 1b/s, whereas loop
A FW flow only decreased momentarily. However, a short time later,
Toop A and B MFW flows had been reduced to 0 1b/s. During the same
time, reactor power decreased before the reactor was tripped.

Same transient as above.

This is a mild overheating and sustained overcooling transient that
would trip the reactor on low RC pressure. Tyye increased several de-
grees F befcre overcooling was initiated. Loop B Btu limits decreased
about 25%, and while the loop B FW flow was dropping rapidly, ioop A
FW flow increased before dropping tn zero. EFW flow restored water
levels in both SGs and permitted both SGs to hold normal steam pres-
sure.

Yes

Yes

Yes

Yes

Yes

Yes

Yes

FSAR 15.2.7, "Loss of Main
Feedwater”

FSAR 15.2.7

FSAR 15.2.7

FSAR 15.1.2, “Feedwater Sys-
tem Malfunctions That Resu't
in an Increase in Feedwater
Flow"

FSAR 15.2.7

FSAR 15.2.7

FSAR 15.1.2




Table 5j. Output Signals of the ICS Due to 24 V dc
Power Failure at 100% Power Level (and

30% Power Level)

Original value Final value
Item ICS Output Signal ?norma1) (abnormal)
1  Insert or withdraw rods In auto In manual
2  "A" and "B" MFW block valve Open Closed
3 "Power to ICS exists" signal Yes No effect
4 "Large neutron error exists" signal No No effect(a)
5 "A" and "B" FW pump speed demand In auto ~60% (con-
stant)
6 "A" and "B" MFW control valve position In auto 50%
7 “A" and "B" S/U FW control valve position In auto 50%
8 Turbine throttle valve position In auto In manual
9 "A" and "B" turbine bypass valve position Closed 50%

(a)uith control rods and FW contro]l valves in manual, a large neutron error

will have no effect on the plant.

Note: For these transients pressurizer spray, makeup, and heater control

actions were in automatic and normal.

- i3 -
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Failure

_No.

1

Type of failure

Fail NNI-X 24 V dc
at 100% power

Fail NNI-X 118 V ac
at 100% power

Fail NNI-X 24 V dc
at 30% power

Fail NNI-X 118 V ac
at 30% power

Fail NNI-Y 24 ¥V dc
at 100% power

Fail NNI-Y 118 V ac
at 100% power

Fail NNI-Y 24 V dc
at 30% power

Table 6.

Plant Response to NNI/ICS Power Supply Failures

Description _of tra.sient

Reactor
tripped?

Transient bounded by FSAR
analysi«

This rapid overheating transient is caused by both loop A and B Btu
limits reducing MFW flow to both OTSGs. The failure of loop A Thot
signal caused loops A and B Btu limits *o generate a 0 Ib/s FW de-
mand signal. RC temperatures increased very rapidly, and the reactor
tiipped on high RC pressure. Emergency FW flow to both OTSGs main-
tained the 2-foot low water level, and the high RC temperatures de-
creased toward rormal post-trip values.

This is also a rapid overheating transient. Both loop A and B Btu
limits reduced MEW flow to the OTSGs. The rapid reduction in MFW
flow was due to l1oop A Tpot signal failing to 570F and causing a

0 1b/s FW demand signal in both loops. This transient is very simi-
lar to failure No. 1.

This is a moderate overheating transient with loop A and B Btu limits
reducing MFW flows to both OTSGs. The initial power level was only

30%, and the reactor tripped due to overheating of the RCS. EFW flow
started automatically and maini.ained low water levels in both OTSGs.

This is an upset transient with mild overheating followed by over-
cooling. The reactor trip does not occur during overheating of the
RCS. Overheating was caused by loop A and B Btu limits reducing FW
flows to zeruv wher loop A Tpot signal failed to 570F. The turbine
bypass valves opening to 50% depressurized both 0TSGs ana caused the
overcooling of the RCS. EFW flow was started by low SG level, and
the decreasing OTSG pressure caused an increase in EFW flow rate to
the OTSGs. Reactor tripped on low RC pressure.

This 1s an overheating transient the trips the reactor on high C
pressure. Each Btu limit is partially reduced, but not to the same
value. Initfally, loop B FW flow decreased to 0 1b/s, whereas loop
A FW flow only decreased momentarily. However, a short time later,
loop A and B MFW flows had been reduced to 0 1b/s. During the same
time, reactor power decreased before the reactor was tripped.

Same transient as above.

This is a mild overheating and sustained overcooling transient that
would trip the reactor on low RC pressure. Taye increased several de-

- grees F before overcooling was initiated. Loop B Btu limits decreased

about 25%, and while the loop B FW flow was dropping rapidly, loop A
FW flow increased Lefore dropping to zero. EFW flow restored water
levels in both SGs and permitted both SGs to hold normal steam pres-
sure.

Yes

Yes

Yes

Yes

Yes

Yes

Yes

FSAR 15.2.7, "Loss of Main
feedwater"

FSAR 15.2.7

FSAR 15.2.7

FSAR 15.1.2, “Feedwater Sys-
tem Malfunctions That Result
:n an Increase in Feedwater
Tow"

FSAR 15.2.7

FSAR 15.2.7

FSAR 15.1.2
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7]}»* f failure

Fail NNI-Y 118 V a«
at 30% puwer

Fa ICS 118 V a«
at T power

Fail ICS 24 V dc
at 100% power

Fail ICS 118 V ac
at 30% power

Fail ICS 24 ¥V o«
at 30% power

Table 6. (Cont'd)

Reactor

ription of transient tripped

Same transient as failure No

An overheating transient caused by MFW system closing to 50% capacity
leads to a reactor trip on high RC pressure. Taye increased signifi-
antly, and RC pressure reached a peak of 241u psia before post-trip
cooling was initiated by the 50% open failure of the turbine bypass

valves, which caused steam pressure to vent down to 600 ps

This is an overheating transient with the MFW valves closing to 50%

and MFW block valves closing completely. The reactor tripped on high
RC pressure. The turbine bypass valves also failed to 50% open, and

both 5Gs vented down to 600 psi

reactor trip on low RC pressure. The turbine bypass valves failed 50%
open and depressurized both OTSGs. The MFW valves opened to 50%, but
SG levels dropped to the low level setpoint because the FW pumps were
approximately on the low speed stop

This is a long sustained overcooling transient that will lead to a

This transient is similar to No. 11. Turbine bypass valves failed to
50% open and MFW block valves closed. The reactor will trip on low RC

pressure

Transient bounded by FSAR
analysis

FSAR 15.1.2

FSAR 15.2

FSAR 15.7

FSAR 15.1.3, “Steam Pressure
Regulation Malfunction or
Failure Resulting in Increas-
ing Steam Flow"




Table 7. Common Instrument Line Failures
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failure
MNo.  __ Signals Failure T T Y. ___Effects . Reactor tripped? Transient bounded by
1 PT-2-1, narrow-range Break in low This failure will try to energize all heaters. Assuming that Possible (low RC FSAR 15.6.2, "Break in
pressurizar pressure tap fails this level was selected, the Pzr leve! indication fails low pressume) Instrument Lines orlines
(x) outputs low 50 heaters are turned off by low level interlock. Makeup [low From Primary System That
PT-2-2. wide-ran will increase and try to "refill" the Pzr. It will actually de- Penetrate Containment”
pnum.'tur pns:aro crease in pressure and level will fall due to the LOCA effect
(x) of the tap break. Reactor could trip on low RC pressure. Con-
trol after reactor trip needs operator attention due to tap
L7-14-3, pressurizer breax.
level (Y)
2 PT-2-3, narrow-range Break in low Same as above. Possible "‘ow RC FSAR 15.6.2
pressurizer pressure tap fails pressure)
Y outputs low
PT-2-4, wide-range
pressurizer pressure
(v)
LT-14-2, pressurizer
level (X)
3 TE-15-1, pressurizer Cpen or short Only one Pzr temperature 1s used for *emperature-compensating See Table 2 See Table 2
temperature (X) circuit fails the Pzr level AP signal. The other thermocouple {s not used
16551, prcasnrtsn outputs Tow at all when not selected. Thus, this failure is equivalent to
t.ﬂ‘iil:" 1] or high a single input signal failure.
4 LT-9A3, SG startup Break in high Same as failure of single input signal. Operate level will See Table 2 See Table 2
level, loop A (X) tap fails fail high, and staitup level will fail high, but only the op-
1 T-9A1. SG e outputs high erate level high setpoint will take a controlled action and
tove} "m":";" close FW control valves as previously described under operate
. level measurement failure.
5 LT-9A4, SG startup Same as above Same as above. See Table 2 See Table 2
level, loop A (Y)
LT-92, SG operate
Tevel. loop A (Y)
6 Loop B operate and Same a' above Same as for loop A level measurements.
startup level mea-
surements
7 TE-8A], SG downcomer Open or short Same as a single input signal failure since downcomer temper- Ses Table 2 See Table 2
temp, loop A (X) circuit atures have no control system action. Control after reactor

TE-BA2, SG downcomer
temp, loon A (Y)

trip unchanged.




Signals
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TE-881 & TE-BBZ, SG
downcomer temp,
loop B

TE-141, FW temp,
loop A (X)
TE-1AZ, Fw temp,
Toop A (Y)

TE-18] & TE-1B2, FW
temp, loop B

TE-4A1, T, loop A (X)
TE-4A2, T, loop A
wide range (X)

TE-4B1 & TE-4B2,
'cold loop B

TE-4A3 & TE-4A4,
Tcorg Toop A

TE-4B3 & TE-4B4,

_'cold loop B

TE-3A1, Ty loop A
(x)
TE-3A2, Ty loop A
()

TE-381 & TE-382,
Ty loop B

_Fatlure

Open or
circuit

Open or

circuit

Open or

circuit

Open or

circuit

Open or
circuit

Open or

circuit

Open or

circuit

Open or

circuit

Open o1

circuit

short

short

short

short

short

lmn

short

short

short

Table 7. (Cont'd)

_Effects

Reactor tripped?

.

Transient bounded by

Same as above.

Since only one loop A FW temperature is selected, this fail-
ure is equivalent to a single input failure. High and low
fatlures of loop A (or B) FW temperatures are cescribed in
Table 2.

Same as above.

This failure is equivalent to a single input signal failure
since the wide-range Tcg)d is not used for a control system
input. Refer to Table 2 for high and low failures of the Tcold
signal.

Same as above.
Same as above.
Same as above.

Only one Thot in a loop 1s used for control. The other is used
for display. Thus, this failure is equivalent to a single in-
put signal failure. See Table 2 for both high and low failures

of Tpot

Same as above.

See Table 2

See Table 2

See Table 2

See Table 2

See Table 2

See Table 2

See Table 2

See Table 2

See Table 2

See Table 2

See Table 2

See Table 2

See Table 2

See Table 2



Figure 1. Sources of Sensor Input for the NNI and ICS
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Figure 2.

AC-A
POWER SUPPLY

NNI-X Power Distribution System, Schematic Diagram

AC-B
POWNER SUPPLY

ﬂ

+24
vDC - I —i¢
118VA ABT
é
.24
Ve - 1 -
- 49 -

Babcock & Wilcox




(spuodas) ImiL
o o w w wx ow w

(spuodas) IMIL
- & & & & = - M

AOT4 A4 Y

(pwy o x)

(4) samesodway %oy pro)

(spucoas) ML
005 0%h OO OSC 00K O o oW 0Ot & 0
0 L N LT ._= et
S
Ylll.\'/‘\’/ -
-
oon
s
o

(spucdes) N1
005 08 G0v O Ok O G O O % 0
A o n
Lo
o
b
-
|
lw

aunyesadwasy B yoy

4

NG an

(x)

- —te

(%) wiaod w00

43M04 TOE I® Aun(|vy
00S3 9| ¥5-PiW 03 Isuodsay

L I A
(wisd)  IYNSSINS W

——

—

f @unbyy



X004 ¥ y203qeg *H-

(spucdas) INIL (spucaas) JmiL .-vcevl. anu
L I . L o w w w w o ® W w @ e w o o o - . ;
*
>— |
.- » r H
u ‘-m ‘ u
m vlm. |
ﬁln |
W :
] P~
4 wlm
. ose
(spucies) ImiL (spucdes) FmiL .-vccvt. amu
'r‘.!.'lﬂﬂﬂ.o -.Jﬁ.ﬂ.!m‘ﬂiﬂoo l»lm'.._ l» -
o 1 a— - - W
- o8 -
. oo o
M a 2 T |
- . m ot m ﬂ
r o ﬁ. -
= 1 8
- 001 ,.
|
L - Lom

4amogd 3001
1% aun|jey A ddng samog
W A 92 X-INN O3 35u0dsay p @4nbyy

EREREE
INNSSANA W

(m‘)



Predicted Response to Loss of Loop A

RC Flow Input Signal to ICS

Figure 5.
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