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SECTION 7 PLANT INSTRUMENTATION AND CONTROL SYSTEMS

71 SUMMARY DESCRIPTION

This section presents the various plant instrumentation and control systems with
discussion focusing on the design bases, system descriptions, and system evaluation.
The reactor protection systems are designed in accordance with IEEE 279-1968.
Furthermore, it is shown that the intent of the applicable criteria and codes at the time of
construction, such as the GDCs referenced in Sections 1.2 and 1.5 and IEEE 279-1971
(Reference 2), recognized by regulatory agencies (principally the NRC) concerned with
the safe generation of nuclear power are reasonably met and that there is reasonable
assurance that these systems will facilitate the production of power in a manner that
insures no undue risk to the health and safety of the public.

In general the quality assurance procedures for original equipment fabrication,
shipment, field storage, field installation and system component/checkout and records,
pertaining to each of these, were consistent with the quality assurance requirements of
the FSAR Chapter 13 (later changed to the Operational Quality Assurance Program
(OQAP). This is a historical document. The OQAP has been replaced by the Quality
Assurance Topical Report, NMC-1). Equipment was receipt inspected and stored by
NSP in accordance with the receipt inspection procedure. Installation was in
accordance with the applicable procedures. System component checks were made in
accordance with written procedures which cover calibration of electrical test
instruments, drawing control, acceptance testing, equipment calibration, wire checking
and functional testing. These actions were documented.

These instrumentation and control systems were subdivided for design and presentation
purposes along the lines that represent the common division of these systems in
existing facilities which adhere to the accepted practice of control and protection
separation.

Section 7.2, Regulating Systems, describes how the reactor responds to plant power
requirements in a stable, reliable, and safe manner. These systems ensure that plant
startup, shutdown, and power operational load changes occur without plant parameters
exceeding the control domain and entering the domain which requires the functioning of
the Protection System or the Engineered Safety Features Instrumentation.

Section 7.3, Nuclear Instrumentation, describes the techniques utilized primarily for
reactor protection, for monitoring neutron flux and generating appropriate trip and alarm
functions for various phases of reactor operating and shutdown conditions.

01021137
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Section 7.4, Plant Protection Systems, presents those features which act to limit the
consequences of faults of moderate frequency, such as loss of feedwater flow, with the
plant capable of returning to operation after corrective action. The Plant Protection
System features provide a safety margin in which moderate frequency conditions
developed can be resolved without more severe conditions developing. The systems
are designed to permit periodic on-line testing to demonstrate the operability of the
reactor protection system.

The generation of the tripping functions necessary to actuate the Engineered Safety
Features are also discussed in Section 7.4. Engineered Safety Features
Instrumentation presents those features which act to limit the consequences of
potentially severe (infrequent) faults such as a loss of reactor coolant from a small
rupture which exceeds normal charging system makeup and requires actuation of the
safety injection system. The Engineered Safety Features Instrumentation also acts to
mitigate failures that have the potential for significant release of radioactive material and
extended plant outage.

Section 7.5, Plant Radiation Monitoring System, presents those features which provide
information on potential radiological health hazards, resulting from plant malfunctions for
the purpose of preventing or minimizing the effects of an inadvertent release of
radioactivity to the environment.

Section 7.6, Incore Instrumentation, presents a system designed to yield information on
the neutron flux distribution and fuel assembly outlet temperatures at selected core
locations. The information obtained from the incore instrumentation system can be
used to confirm the reactor core design parameters and calculated hot channel factors.
The system performs no operational plant control function.

Section 7.7, Process Computer, discusses the digital computer system installed for
each unit. This computer system performs on-line calculations for monitoring the
operation and performance of the plant.

Section 7.8, Operating Control Station, discusses the control room controls and
instrumentation necessary for safe operation of the plant, including the reactor and the
turbine generator, under normal and accident conditions. Process variables which are
required on a continuous basis for the startup, power operation and shutdown of the
plant are indicated, recorded, and/or controlled from a controlled access area.

Section 7.9 Seismic Design, Testing and Monitoring discusses the seismic design and
testing criteria and qualification for the reactor protection and engineered safety features
components. Features of the seismic monitoring system are also discussed.

Section 7.10 Post Accident Monitoring Instrumentation, discusses the requirements for
instruments that are required to operate during and following an accident. The
operability of the monitoring instrumentation ensures that sufficient information is
available on selected plant parameters to monitor and assess these variables during
and following an accident.
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Section 7.11, ATWS Mitigating System Actuation Circuitry/Diverse Scram System,
discusses the AMSAC/DSS system installed for Prairie Island Unit 1 and Unit 2. This
system trips the turbine and starts AFW in addition to inserting the Control Rods in
response to ATWS conditions.

In summary, the information presented in this section is intended to provide assurance
that the plant instrumentation and control system have been designed, constructed,
tested, and will be operated in accordance with their intended functions.
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7.2 REGULATING SYSTEMS

7.21 Design Basis

The reactor automatic control system is designed to reduce transients for the design
load perturbations, so that reactor trips will not occur for these load changes.

Overall reactivity control is achieved by the combination of chemical shim and Rod
Control Cluster (RCC) assemblies. Long-term regulation of core reactivity is
accomplished by adjusting the concentration of boric acid in the reactor coolant
(chemical shim). Short-term reactivity control for power changes or reactor trip is
accomplished by moving RCC assemblies.

The function of the Reactor Control System is to provide automatic control of core
reactivity by movement of the RCC assemblies during power operation of the reactor.
The system uses input signals including neutron flux; coolant temperature and turbine
load. The Chemical and Volume Control System (Section 10.2.3) supplements the
reactor control system by the addition and removal of varying amounts of boric acid
solution to return the RCC assemblies to a desired operating position for an evenly
distributed axial power distribution.

When the reactor is critical, the best indications of reactivity status change in the core
are a change in the position of the control group or average coolant temperature in
relation to turbine power. Any unexpected change in the position of the control group
under automatic control or a change in coolant temperature under manual control
provides a direct and immediate indication of a change in the reactivity status of the
reactor. In addition to the above mentioned indication, there is provision for direct
indication of reactor coolant boron concentration. Also periodic samples of coolant
boron concentration are taken. The variation in concentration over core life provides a
further check on the reactivity status of the reactor including core depletion as
compared to the core design.

The Reactor Control System is designed to enable the reactor to follow unplanned load
changes automatically when the plant output is above approximately 15% of nominal
power. Control rod positioning may be performed automatically when plant output is
above this value, and manually at any time.

The control system enables the nuclear plant to accept a step load change of 10% and
a ramp load change of 5% per minute within the load range of 15% to 100% without
reactor trip, subject to possible xenon limitations. The steam dump system and
automatic rod control permits the plant to accept a 40.0% nominal full load rejection
without reactor trip.

04-024
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The control system is designed to restore coolant average temperature to within the
programmed temperature limits, following any of the above changes in load. After the
plant has stabilized, the operator must adjust the chemical shim and control rods to
return axial power distribution (Al) to the target band as defined by the Technical
Specifications. The operating goal is to return Al as close as is practicable to an
assigned target value within the target band to assure the most stable operation.

(Ref. 74)

The maximum allowable rod insertion for any given power level is based upon the
nuclear design of the core fuel load. This direct relationship between control rod
position and reactor power distribution establishes the lower insertion limit. There are
two ERCS driven alarm setpoints to provide warning to take corrective action in the
event a control group approaches or reaches its lower limit. See section 7.2.2.2.2 for
additional information.

Rod withdrawal stops and turbine runbacks based upon intermediate and power range
nuclear flux and overpower AT and overtemperature AT channels are provided to
prevent a reactor trip which could result from control rod withdrawal initiated by a
malfunction of the reactor control system or by operator action.

The pressurizer water level is programmed to be a function of the auctioneered high
coolant average temperature. This is to minimize the requirements on the Chemical
and Volume Control and Waste Disposal System resulting from coolant density changes
during loading and unloading from full power to zero power.

Following a reactor and turbine trip, sensible heat stored in the reactor coolant and
decay heat in the core is removed without actuating the steam generator safety valves
by means of a steam dump system. Reactor Coolant System temperature is reduced to
the no load condition. This no load coolant temperature is maintained by the steam
dump system.

The Control System provides operation as a stable system over the full range of

automatic control throughout core life without requiring routine operator adjustments of
set points.

7.2.2 Description

The Power Regulating System can be broken down into subsystems as follows:
a. Rod Control System
1. Rod Drive Programmer

a) Full Length Rod Control
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2. Rod Position Indication
a) Individual (Actual rod position)
b) Bank (Demand rod position)
b. Steam Dump Control
c. Feedwater Control
d. Pressure Control
e. Pressurizer Level Control

f. Automatic Turbine Load Runback

A simplified block diagram of the Reactor Control System is shown in Figure 7.2-1.
7.2.21 Rod Control

There are 29 total Rod Control Cluster (RCC) assemblies. RCC assemblies are divided
into: (a) Two shutdown banks with 4 assemblies in each bank; (b) four control banks
containing 8, 4, 5 and 4 assemblies respectively. Figure 7.2-2 shows the location of the
full length RCC assembilies in the core. The four control banks are the only rods that
can be manipulated under automatic control. Some banks are divided into groups to
obtain smaller incremental reactivity changes. All RCC assemblies in a group are
electrically paralleled to step simultaneously.

The drive mechanisms used in conjunction with RCC assemblies are capable of
permitting free fall of the assembilies.

The automatic rod control system maintains the coolant average temperature by
adjusting the RCC assembly positions.

The Reactor Control System is capable of restoring programmed average temperature
following a change in load. The coolant average temperature increases linearly from
zero power to full power.

The coolant temperatures are measured by the hot and cold leg bypass loop
Resistance Temperature Detectors. These temperature measurements are averaged
for each loop. The highest of the four measured average temperatures is the control
signal. This signal is sent to the Tayg controller through a lead/lag compensation unit
where it is compared with the reference temperature set by the turbine power. This
controller commands the direction and speed of control group rod motion. A power load
mismatch signal is also employed as a control signal to improve the plant performance.
The power load mismatch compensation serves to speed up system response and to
reduce transient peaks.
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The control RCC assemblies are divided into four banks with 1 or 2 groups per bank.
Each group in a bank is driven by the same variable speed rod drive control unit which
moves the groups sequentially one step at a time. The sequence of motion is
reversible; that is, a withdrawal sequence is the reverse of the insertion sequence. The
variable speed sequential rod control affords the ability to insert a small amount of
reactivity at low speed to accomplish fine control of reactor coolant average temperature
about a small temperature deadband.

Manual control is provided to move a control bank in or out at a pre-selected fixed
speed.

Proper sequencing of the RCC assemblies is assured by fixed programming equipment
in the Rod Control System. Startup of the plant is accomplished by first manually
withdrawing the shutdown rods to the full out position. This action requires that the
operator select the SHUTDOWN BANK position on a control board mounted selector
switch and then position the IN-HOLD-OUT lever (which is spring return to the HOLD
position) to the OUT position.

The control banks are then withdrawn manually by the operator by first selecting the
MANUAL position on the control board mounted selector switch and then positioning the
IN-HOLD-OUT lever to the OUT position. In the MANUAL selector switch position, the
rods are withdrawn (or inserted) in a predetermined programmed sequence by the
automatic programming equipment.

The RCC assemblies are manually adjusted to control axial power distribution as power
is changed (Ref. 74). Boron concentration is changed to compensate for any additional
core reactivity changes which are not compensated for by the RCC assemblies. Boron
concentration is also changed to compensate for fuel depletion and xenon changes.

When the reactor power reaches approximately 15%, the operator may select the
AUTOMATIC position, which bypasses the IN-HOLD-OUT lever, and gives rod motion
control to the Reactor Control System. An interlock blocks automatic rod withdrawal
when turbine impulse pressure is less than 15% power. In the AUTOMATIC position,
the rods are again withdrawn (or inserted) in a predetermined programmed sequence
by the automatic programming equipment.

Programming is set so that as the first bank out reaches a preset position above the
centerline of the core, the second bank begins to move out simultaneously with the first
bank. This staggered withdrawal sequence continues until the plant reaches the
desired power level. The programmed staggered insertion sequence is the opposite of
the withdrawal sequence, i.e., the last control bank out is the first control bank in.

With the simplicity of the rod program, the minimal amount of operator action, and two
separate position indications available to the operator, there is very little possibility that
rearrangement of the control rod sequencing could occur. A further description of the

full length rod control system is presented in Reference 11.



PRAIRIE ISLAND UPDATED SAFETY ANALYSIS REPORT
USAR Section 7

Revision 27
Page 7.2-5

7.2.211 Shutdown Groups Control

The shutdown groups, together with the control groups, are capable of shutting the
reactor down. They are used in conjunction with the adjustment of chemical shim and
the control groups to provide a shutdown margin of at least one percent following
reactor trip with the most reactive control rod in the fully withdrawn position.

The shutdown groups can only be controlled manually and are withdrawn at a constant
speed. Any reactor trip signal causes them to fall into the core. They are fully
withdrawn during power operation and are withdrawn first during startup. Criticality is
approached with the control groups after withdrawal of the shutdown groups.

7.2.21.2 Control Rod Misalignment

A number of situations may be postulated with control rods or groups of shutdown rods
significantly inserted at full power which would violate design limits. Some may be
postulated which would violate the safety limits. There are no interlocks provided to
prevent control rods or groups of shutdown rods from being inserted during operation.

The basis for the design rests on administrative control of the control rods and by
supplying the operator with information from a variety of sources. Administrative control
is stipulated in the technical specifications by control rod insertion limits which require
the shutdown groups to be out at full power. The Rod Position Indication System
provides the operator with continuous indication of rod positions. The technical
specifications require the operator to verify rod positions should the indication system
not be fully operable. Inserted control rods or shutdown groups could possibly be
detected by other available systems. The axial offset, and in the case of asymmetric
rod insertions the radial tilt, provide indication to the operator of an anomaly such as
mispositioned control groups or shutdown groups.

Shutdown rods are withdrawn prior to criticality so that the sequence of withdrawal is
not significant to safety. The required sequence of the final control groups is specified
in the Core Operating Limits Report (COLR) and is programmed when the automatic or
manual mode is selected. The program is not used when in bank select mode.

7.2.21.3 Rod Withdrawal Stops

Rod withdrawal stops are utilized to preclude the need for a reactor trip or prevent an
abnormal condition from increasing in magnitude and causing a reactor trip.
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The list of rod stops is given below.
Rod Stop Actuation Signal Rod Motion to
be blocked
1. Nuclear 1/4 high power range neutron flux or 1/2  Automatic and
Overpower high intermediate range neutron flux Manual Withdrawal
2. High AT 2/4 overpower AT or 2/4 over temperature Automatic and
AT (initiation turbine load rejection) Manual Withdrawal
3. Low Power (P2) Low MWe load signal (below 15%) for Automatic
low turbine impulse pressure Withdrawal
4. High Bank D Control Bank D reaches 220 steps Automatic
Rod Position* withdrawn from the core Withdrawal

*

This rod stop is identified for completeness only. It is considered an administrative

rod stop only.

7.2.21.4

Full Length RCC Assembly Position Indication

Two separate systems are provided to sense and display control rod position as
described below:

a.

Individual Rod Position Indication (IRPI) System - An analog signal of actual
position is produced for each RCC assembly by a position transmitter. The
output of the IRPI is a meter in the control room and also a signal to the
ERCS.

An electrical coil stack linear variable differential transformer is placed above
the stepping mechanisms of the control rod magnetic jacks external to the
pressure housing. When the associated control rod is at the bottom of the
core, the magnetic coupling between primary and secondary windings is
small and there is a small voltage induced in the secondary. As the control
rod is raised by the magnetic jacks, the relatively high permeability of the lift
rod causes an increase in magnetic coupling. Thus, an analog signal
proportional to rod position is derived.

Direct, continuous readout of every RCC assembly position is presented to
the operator by individual meter indications, without need for operator action
to determine rod position.
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Rod Bottom Lights - The IRPI coil stacks also produce a rod bottom signal
when the associated control rod is at the bottom of the core. Lights are
provided for rod bottom positions for each rod. The lights are operated by
bistable devices in the analog system. The output is a light for each rod
below its IRPI meter informing the operator the rod is below 20 steps
withdrawn.

Search Coils - The search coils are an extra coil located at the bottom of the
IRPI stack. These coils are not physically connected to the IRPI system, but
could be placed in service under certain conditions. When connected to
appropriate instruments, the search coils would check for a rod bottom
condition.

b.  Group Position Indication (Group Demand Counter) - This system counts
pulses generated in the rod drive control system. One counter is associated
with each group of RCC assemblies. Readout of the digital system is in the
form of add-subtract counters reading the number of steps of rod withdrawal
(demand position) with one display for each group. These readouts are
mounted on the control panel. Counters also provide an audible signal of rod
motion as an operator aid.

The group position and individual rod position systems are separate systems; each
serves as backup for the other. Operating procedures require the reactor operator to
compare the group and individual readings upon receiving a rod deviation alarm.
Therefore, a single failure in rod position indication does not in itself lead the operator to
take erroneous action in the operation of the reactor. A detailed description of the
control rod drive power supply is presented in Reference 11.

The rod position indicator channel is sufficiently accurate to detect a rod +7.5 inches
away from its demand position in the center region of the core. A misalignment less
than 15 inches in the center region of the core does not lead to over-limit power peaking
factors. In the peripheral core regions (less than or equal to 30 steps or greater than or
equal to 215 steps) a misalignment less than 22.5 inches will not lead to over-limit
power peaking factors due to small control rod reactivity worth in this region of the core.

If one or more rod position indicator channels should be out of service, detailed
operating instructions shall be followed to assure the alignment of the non-indicated
assemblies.

These operating instructions require use of the moveable incore detector system at
prescribed time intervals and following significant motion of the non-indicated
assemblies.
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7.2.2.2 Control Rod Monitoring Systems

7.2.2.21 Rod Deviation Monitoring System

The demanded group position and individual rod position signals are displayed on the
control board. They are also monitored by the plant computer. Whenever an individual
rod position signal deviates from the bank demand signal by more than 12 steps from
the group demand counter, when the demand counter is between 30 and 215 or by

24 steps when the demand counter is less than or equal to 30 or greater than or equal
to 215, an audible computer alarm and a visual printout as to which rod is misaligned is
provided. The rod deviation comparator is designed so that the alarm is actuated
before rod deviation, which would allow the core design hot channel factors to be
exceeded, with appropriate allowance for instrument error. Actual position information
is displayed on the control board as well as being monitored by the plant computer.

Safety is not adversely affected if the rod deviation monitoring system is inoperative
because of unavailability of the plant computer or otherwise. The means of detecting
rod deviation is available from the Rod Position Monitoring System.

The control board position indicator gives the plant operator the actual position of the
rod in steps. The indicators are grouped by banks (e.g., Control Bank A, Control Bank
B) to indicate to the operator the deviation of one rod with respect to other rods in a
bank. This serves as a means to identify rod deviation. Requirements for logging of rod
positions, in the event that the rod position deviation monitor is inoperable are
presented in the Technical Requirements Manual.

It is noted that misaligned Rod Control Cluster Assemblies are also detected by
asymmetric power distribution as seen in the excore neutron detectors or the moveable
incore detector system.

As discussed in detail in WCAP-7669 “Topical Report, Nuclear Instrumentation
System,” (Reference 12), isolated signals derived from the out of core neutron detectors
are compared with one another to determine if a preset amount of deviation of average
power level has occurred. Should such a deviation occur, the comparator output will
operate a bistable unit to actuate a control board annunciator. This alarm will alert the
operator to a power imbalance caused by a misaligned rod. By use of individual rod
position indicators, the operator can determine the deviating control rod and take
corrective action.
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7.2.2.2.2 Control Bank Rod Insertion Monitor

The rod insertion limits are administratively controlled and are alarmed by the rod
insertion limit function on ERCS. In the event the program or ERCS is inoperable, rod
insertion limits are administratively controlled by operating procedures. There are two
control board alarms to provide warning to take corrective action in the event a control
group approaches its insertion limit. One alarm is the low-low limit. The other alarm is
the low limit which is set approximately 20 steps above the low-low limit.

Rod insertion limits were initially established by:

a. Establishing the allowed rod reactivity insertion at full power consistent with
purposes given below.

b.  Establishing the differential reactivity worth of the control rods when moved in
normal sequence.

c. Establishing the change in reactivity with power level and, by relating power
level to rod position.

d. Linearizing the resultant limit curve. All key nuclear parameters in this
procedure are measured as part of the initial and periodic physics testing
program.

The rod insertion limits are re-evaluated as part of the Core Reload Safety Evaluation
for each recycled core. The established limits are part of the initial assumptions for the
Reload Safety Evaluation. Maintaining the rods above their insertion limits is necessary
for the reactor to be bounded by the Reload Safety Evaluation transient and accident
analysis. All key nuclear parameters of the reload core are measured as part of the
initial and periodic physics testing program. This will ensure that the reload core is
bounded by the Reload Safety Evaluation.

The established rod insertion limits for each unit are contained in the Core Operating
Limits Report (COLR).

The purpose of the control bank rod insertion monitor is to give warning to the operator
of a decrease in shutdown margin. In addition, the insertion monitor provides a limit on
the maximum inserted rod worth in the unlikely event of a hypothetical rod ejection, and
limits rod insertion such that acceptable nuclear peaking factors are maintained. Since
the amount of shutdown reactivity required for the design shutdown margin following a
reactor trip increases with increasing power, the allowable rod insertion limits must be
decreased (the rods must be withdrawn further) with increasing power. The AT
between the hot leg and cold leg, which is a direct function of power, is an input to the
insertion monitor. The rod insertion monitor calculation for each rod bank is as follows:
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Z . =A(AT) +B

where Z,| = maximum permissible insertion limit for affected control bank

(AT) = Average AT for two loops (with two detector pairs per loop)

A,B = constants chosen to maintain Z;| > actual limit in the COLR.
The actual control rod bank position (Z) is compared to Z,, as follows:

If Z-Z, <D alow alarm is actuated

If Z< Z,_ alow-low alarm is actuated
Actuation of the low or low-low alarm alerts the operator of an approach to a reduced
shutdown reactivity situation. Administrative procedures require the operator to initiate
boration with the Chemical and Volume Control System. The value for “D” is chosen to
provide the operator with a warning that the limit is being approached. Figure 7.4-5
shows a schematic representation of the control bank rod insertion monitor. In addition,
to the rod insertion monitor for the control banks, an ERCS alarm is provided to warn
the operator if any shutdown bank leaves the fully withdrawn position.
The rod insertion limits serve the following purposes:

a. To assure trip effectiveness by assuring that only a limited fraction of the total
rod worth is inserted into the core at full power. A larger insertion is allowed
at part power because less rod worth is then required to provide reactor trip.

b.  To assure that core hot channel factor limits are not exceeded at full power
due to rod insertion. The peaking factor associated with the Control Rod
Misalignment Analysis in general is based on Control Bank D rods being fully

inserted to the insertion limit except one rod assembly being fully withdrawn.

c. To limit the potential consequences of a hypothetical rod ejection accident.
7.2.23 Steam Dump Control

The function of the Steam Dump Control System is to:

1.  Permit the plant to accept a sudden large load decrease of up to 40.0% of
nominal full load, when used in conjunction with control rods, without incurring
a reactor trip.

2. Remove stored energy and residual heat following a reactor trip without
actuation of the steam generator safety valves.

04-024
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3. Permit a controlled cooldown to Mode 5, Cold Shutdown.
4. Maintain the plant in Mode 2, Startup condition.
The four functions are implemented by means of two different modes of control:

e The Tayg Control mode - covers functions 1 and 2, is selected by placing the
Steam Dump selector switch to the Tayg position.

e The Pressure Control mode - covers functions 3 and 4, is selected by placing the
Steam Dump selector switch to the Steam Pressure position. (Reference 63)

See section 11.4 for Steam Dump valve capabilities.
7.22.31  Tay Control Mode

This circuit prevents large increases in reactor coolant temperature following a large,
sudden load decrease. This is accomplished by generation of an error signal. The
error signal is generated by comparing a compensated Ta.g signal with the T Signal.
Following a sudden load decrease or a turbine trip, T is immediately decreased and
Tavg tends to increase, thus generating the error signal. The error signal creates a
steam dump demand modulate signal in the load rejection steam dump controller. The
Tavg signal and the T signal are identical to those used in Rod Control System.

The five steam dump valves are separated into two groups, the condenser dump valve
and the atmospheric dump valves. If the temperature error signal exceeds the Hi
setpoint, the first group (condenser dump valve) is tripped open. If the temperature
error signal exceeds the HI-HI setpoint, the second group (atmospheric dump valves)
are tripped open. If neither of these setpoints are exceeded, the valves are opened
according to the modulate signal created from the temperature error signal.

After reduction of the error below each trip-open setpoint, the appropriate valves return
to modulating control. Final restoration of the compensated Tayg Signal to equilibrium
with the T signal, that is, returns to within the deadband, is accomplished with rod
control. This completely closes all the dump valves. Normal operation occurs within a
built in deadband between the two signals so that no error signal is developed.

7.2.2.311 Small Load Perturbations

To prevent actuation of steam dump on small load perturbations (e.g., less than the
10% step load decrease and the sustained ramp load decrease of 5%), an independent
load rejection sensing circuit is provided. The circuit senses the rate of decrease in
turbine load as detected by the turbine impulse chamber pressure, and provides an
availability signal when the rate of load rejection exceeds a preset value. The
availability signal provides air supply to the steam dump valves.
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7.2.2.31.2 Turbine Trip Override

Following a turbine trip, as monitored by the turbine trip signal, the load rejection steam
dump controller is defeated and the turbine trip steam dump controller becomes active.
The error signal described in 7.2.2.3.1 is the same except that the trip signal has been
set at the no-load reactor coolant average temperature. The steam dump is controlled
by the signal out of the turbine trip steam dump controller which creates a steam dump
demand signal proportional to the error signal. The error signal also determines
whether a valve group is to be tripped open or modulated open. In either case, they are
modulated after reduction of the error below the trip-open setpoint.

7.2.2.3.2 Pressure Control Mode

When starting up, shutting down, or holding the plant in Mode 3, Hot Standby, the
operator may switch to the main steam header pressure controller. This controller
which has proportional, rate and reset action, maintains the steam header pressure at
the adjustable pressure setpoint by automatic control of the steam dump valves.

If condenser vacuum is lost or both circulating water pumps are lost, the steam dump to
the condenser valve is blocked.

7.2.24 Feedwater Control

The steam generators are equipped with a microprocessor based feedwater control
system which maintains a programmed water level in each steam generator as a
function of load on the secondary side of the steam generator. The system has two
modes, Low Power and High Power, with an automatic transition between modes as
necessary for plant operation. For a given steam generator, a signal to regulate the two
parallel feedwater regulating valves, the main and the bypass, is generated

(Figure 7.2-3) based on the following inputs:

¢ Wide Range Steam Generator Level (Low Power mode only)
e Narrow Range Steam Generator Level

o Feedwater Temperature

e Feedwater Supply Header Pressure

e Steam Generator Pressure

e Turbine Impulse Pressure

e Steam Flow (High Power mode only)

e Feedwater Flow (High Power mode only)
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In order to ensure the overall reactor control system would maintain the control and load
rejection capabilities verified by plant startup testing, the control system response was
modeled and tested via computer simulation by the vendor. Key attributes of the
modeled response were then used as acceptance criteria in plant operational tests for
specific test perturbations. Meeting the test criteria ensured that original test
conclusions regarding system capabilities were not invalidated.

Continued delivery of feedwater to the steam generators is required as a sink for the
heat stored and generated in the reactor coolant following a reactor trip and turbine trip.
Continued feedwater delivery is assumed by feedwater pump and/or auxiliary feedwater
system. An override signal closes the main feedwater valves upon reactor trip when the
coolant average temperature is below a given temperature or closes both valves (main
and bypass) when the respective steam generator level rises to a given value (which
initiates turbine trip) or upon safety injection signal. Manual override of the feedwater
control systems is also provided.

Prolonged operation of the Steam Generator Level Control portion of the Reactor
Control system in local or remote manual control is acceptable provided automatic
safety signals will perform their intended functions. When in manual control, both the
main and bypass Feedwater Regulating valves are required to close upon receipt of an
Sl or Hi-Hi Steam Generator level signal. Also, the main Feedwater Regulating valves
are required to close upon receipt of a Reactor Trip signal coincident with a Low Tayg
signal.

7.2.2.5 Pressure Control

The reactor coolant system pressure is maintained at a constant value by using either
the heaters (in the water region) or the spray (in the steam region) of the pressurizer.
The electrical immersion heaters are located near the bottom of the pressurizer. A
portion of the heater groups are proportionally controlled to correct small pressure
variations. These variations are due to heat losses, including heat losses due to a small
continuous spray. The remaining (backup) heaters are turned on either when the
pressurizer pressure controller signal is below a given value or when pressurizer level is
above a given level.

The spray nozzles are located at the top of the pressurizer. The spray valves are
opened when the pressure controller signal is above a given set point. The spray rate
increases proportionally with increasing pressure until it reaches a maximum value.
Steam condensed by the spray reduces the pressurizer pressure. A small continuous
spray is normally maintained to reduce thermal stresses and thermal shock and to help
maintain uniform water chemistry and temperature in the pressurizer.

Two power operated relief valves limit system pressure during large load reduction
transients and must be fully open in 2.0 seconds or less. The design setpoint for PORV
actuation is identified in Table 4.1-2.
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Two spring loaded safety valves limit system pressure following a complete loss of load
without assuming a direct reactor trip or turbine by-pass.

7.2.2.6 Pressurizer Level Control

A programmed pressurizer water level as a function of auctioneered average reactor
coolant temperature is provided in conjunction with the programmed coolant
temperature. This minimizes the demands upon the Chemical and Volume Control
System and the Waste Disposal System imposed by coolant density changes during
power increases and decreases. The pressurizer water level decreases as the load is
reduced from full load. This is the result of coolant contraction following programmed
coolant temperature reduction from full power to low power. The programmed level is
designed to match as nearly as possible the level changes resulting from the coolant
temperature changes. To permit manual control of pressurizer level during startup and
shutdown operations, the charging-pump speed can be manually regulated from the
main control room.

7.2.2.7 Automatic Turbine Load Runback

A turbine load runback is initiated by an approach to overpower or overtemperature
conditions. This will prevent high power operation, which might lead to minimum DNBR
less than the applicable limit. See section 7.4.1.2.3.10 for details on development of
overpower and overtemperature conditions.

The turbine load runback interlocks cause the turbine control logic to reduce turbine
load via the reference counter at a rate of 200% per minute for 1.5 seconds followed by
a 28.5 second pause (a 5% load reference decrease). During the pause, the reference
counter is maintained at the runback count. If the condition causing the runback
persists beyond the initial 30 second period, the interlock will initiate another 5% turbine
load reference reduction.

The reduction in turbine load varies depending upon the turbine control mode and
power level at the time the turbine runback occurred.

7.2.3 Performance Analysis

7.2.31 Plant Stability

The Rod Control System is designed to limit the amplitude and the frequency of
continuous oscillation of coolant average temperature about the control system setpoint
within acceptable values. Because stability is more difficult to maintain at low power
under automatic control, automatic control is prevented below 15% of full power.
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7.2.3.2 Step Load Changes Without Turbine Bypass

A typical automatic power control requirement is to restore equilibrium conditions,
without a plant trip, following a plus or minus 10% step change in load demand, over the
15% to 100% power range, subject to possible xenon limitations.

The design must necessarily be based on conservative conditions and a greater
transient capability than is expected for actual operating conditions.

The function of the control system is to avoid reactor trip through keeping the reactor
coolant average temperature deviation during the transient within a given value and to
restore average temperature to the programmed set point within a given time.
Excessive pressurizer pressure variations are prevented by using spray and heaters in
the pressurizer.

The margin between overtemperature AT setpoint and the measured AT is of primary
concern for the step load changes. This margin is influenced by neutron flux,
pressurizer pressure, reactor coolant average temperature, and temperature rise across
the core.

7.2.3.3 Ramp Loading and Unloading

Ramp loading and unloading is provided under automatic or manual operator control.
The function of the control system is to maintain the coolant average temperature and
pressure within operating limits. Should a transient occur during manual load changes,
rod control should be returned to automatic as soon as is practicable in order to meet
design load change capabilities. Failure to return to automatic rod control, during a
transient, will lead to a Reactor Protection System actuation.

Under automatic rod control the minimum control rod speed provides a sufficient
reactivity rate to compensate for the reactivity changes resulting from the moderator and
fuel temperature changes during nominal load changes. The speed is slow enough to
provide minimal overshoot for correcting small temperature deviations, yet fast enough
to limit excessive RCS temperature, RCS pressure, and secondary steam pressure
deviations for 5% ramp rates thus ensuring a stable plant response. The ramp rate
loading and unloading is limited to 5% per minute within the load range of 15% to 100%
of nominal power, subject to possible xenon limitations.

The coolant average temperature increases during loading and causes a continuous
insurge to the pressurizer as a result of coolant expansion. The sprays limit the
resulting pressure increase. Conversely as the coolant average temperature is
decreasing during unloading, there is a continuous outsurge from the pressurizer
resulting from coolant contraction. The heaters limit the resulting system pressure
decrease. The pressurizer level is programmed such that the water level is above the
setpoint at which the heaters cut out during the loading and unloading transient.



PRAIRIE ISLAND UPDATED SAFETY ANALYSIS REPORT
USAR Section 7

Revision 27
Page 7.2-16

The primary concern for the loading rate is to limit the overshoot in coolant temperature
so that a margin is provided for the overtemperature AT setpoint.

7.2.3.4 Loss of Load With Turbine Bypass

The system can accept a step load loss of up to 40.0% of nominal full load without
actuating any reactor trip. The automatic steam dump system together with the rod
control system is able to accommodate this load rejection and to reduce the effects of
the transient imposed upon the reactor coolant system. The reactor power is reduced
at a rate consistent with the capability of the rod control system. Reduction of the
reactor power is automatic down to 15 percent of full power. Manual control must be
used when the power is below this value.

The pressurizer relief valves might be actuated for the most adverse conditions, e.g.,
the most negative Doppler coefficient, minimum incremental rod worth and smallest
moderator coefficient. The relieving capacity of the power operated relief valves is
adequate to limit the system pressure to prevent an actuation of high pressure reactor
trip for the above conditions.

7.2.3.5 Turbine Generator Trip With Reactor Trip

Whenever the turbine generator unit trips at an operating level above 10% power (P9),
the reactor also trips. The plant is operated with a programmed average temperature
as a function of load, with the full load average temperature significantly greater than
the saturation temperature corresponding to the steam generator pressure at the safety
valve set point. The thermal capacity of the reactor coolant system is greater than that
of the secondary system, and because the full load average temperature is greater than
the no load steam temperature, a heat sink is required to remove heat stored in the
reactor coolant to prevent actuation of steam generator safety valves for this trip from
full power. The heat sink is provided by the combination of controlled steam generator
PORYV release, by the steam dump, and by makeup of cold feedwater to the steam
generators.

The steam dump system is controlled from the average reactor coolant temperature
signal whose set point values are reset upon trip to the no load value. Actuation of the
steam dump is rapid to prevent actuation of the steam generator safety valves and
steam generator PORV. A direct feedback of temperature acts to modulate the valves
to minimize the total amount of steam which is bypassed.

Following the turbine trip, the steam voids in the steam generators will collapse and the
feedwater regulating valves provide sufficient feedwater flow to restore water level in the
downcomer. The feedwater flow is cut off when the coolant average temperature
decreases below a given temperature value (or when the steam generator water level
reaches a given high level). This later condition also initiates turbine trip.

04-024
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Feedwater makeup is controlled manually to restore and maintain steam generator level
while maintaining the reactor coolant temperature at the desired value. Residual heat
removal is maintained by the steam dump pressure controller (manually selected) which
controls the amount of steam dumped. This controller operates the same dump valves
which are used during the initial transient following turbine and reactor trip.

The pressurizer pressure and level fall rapidly during the transient because of coolant
contraction. The pressurizer water level is programmed so that the level following the
turbine and reactor trip is above the level of pressurizer heater. But, if heaters become
uncovered following the trip, the Chemical and Volume Control System will provide full
charging flow to restore water level in the pressurizer. The low level letdown isolation
function turns the heater off and isolates the letdown. After pressurizer level is
recovered, heaters are turned on to restore pressurizer pressure to normal. The Safety
Injection Pumps can also be used to perform this function.

Following the trip, the steam dump and feedwater control systems are designed to
prevent the average coolant temperature from falling below the temperature required to
ensure adequate reactivity shutdown margin.
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7.3 NUCLEARINSTRUMENTATION

7.31 Design Basis

Fission Process Monitors and Controls

GDC-13 Means shall be provided for monitoring or otherwise measuring and
maintaining control over the fission process throughout core life under all
conditions that can reasonably be anticipated to cause variations in reactivity
of the core.

The primary function of nuclear instrumentation is to protect the reactor core by
monitoring the neutron flux and generating appropriate trips and alarms for various
phases of operating and shutdown conditions. It also provides a secondary control
function and indicates reactor status during startup and power operation. The Nuclear
Instrumentation System uses information from three separate types of instrumentation
channels to provide three discrete protection levels. Each range of instrumentation
(source, intermediate, and power) provides the necessary power transient reactor trip
protection required during operation in that range. The overlap of instrument ranges
provides reliable continuous protection beginning with source level through the
intermediate and low power level. As the reactor power increases, the trip protection
level is increased by administrative procedures after satisfactory higher range
instrumentation operation is obtained. Automatic reset to more restrictive trip protection
is provided when reducing power. [Reference 12]

Various types of neutron detectors, with appropriate solid-state electronic circuitry, are
used to monitor the leakage neutron flux from complete shutdown conditions to 120
percent of full power. The power range channels are capable of recording overpower
excursions up to 200 percent of full power. [Reference 12]

The lowest range, the source range, covers six decades of leakage neutron flux. The
lowest observed count rate depends on the strength of the neutron sources in the core
and the core multiplication associated with the shutdown reactivity. The next range, the
intermediate range, covers eight decades. Detectors and instrumentation are chosen to
provide overlap between the higher portion of the source range and the lower portion of
the intermediate range. The highest range of instrumentation is the power range, which
covers approximately two decades of the total instrumentation range. This is a linear
range that overlaps with the higher portion of the intermediate range. The overlap for all
ranges is shown in Figure 7.3-4 in terms of leakage neutron flux. [Reference 12]
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The NIS provides control room indication and recording of signals proportional to
reactor neutron flux during core loading, shutdown, startup and power operation, as well
as during subsequent refueling. Startup-rate indication for the source and intermediate
range channels is provided at the control board. Reactor trip, rod stop, control and
alarm signals are transmitted to the Reactor Control and Protection System for
automatic plant control. Equipment failures and test status information are annunciated
in the control room. [Reference 12]

7.3.2 General Description

The nuclear instrumentation system consists of eight independent channels: two
source range, two intermediate range, and four power range channels. In addition there
are four auxiliary channels: the visual-audio count rate channel, the comparator
channel, the startup-rate channel, and the flux deviation channel. The various detectors
associated with the eight primary channels are shown in relative position with respect to
the core configuration in Figure 7.3-5. [Reference 12]

7.3.21 General Design

Separation of redundant protection channels (I, II, Il and 1V) is maintained from the
neutron sensor in the containment with its associated cables, to the signal conditioning
equipment in the control room with its associated output wiring, indicating or recording
devices, and protective devices. Where redundant protective channels are combined to
provide non-protective functions, the required signals are derived through isolation
amplifiers. Failures on the non-protective side of the system will not affect the individual
protection channels. Redundant NIS channels are powered from the four separate
instrument busses shown on Figures 8.5-1a, 8.5-1b, 8.5-2a, 8.5-2b. The nuclear
instrumentation channels are mounted in four racks with metal barriers between racks
to provide physical separation between redundant channels. The protection and non-
protection components and wiring are physically separated to the maximum practical
extent possible within each channel drawer. Output terminal boards for each protection
channel are physically separated by a metal barrier with the protection functions at the
rear and the non-protection functions at the front of each protection rack.

[Reference 12]

7.3.2.2  Overpower Protection Design

The overpower protection provided by the out-of-core nuclear instrumentation consists
of three discrete levels. Continuation of startup operation or power increase requires a
permissive signal from the higher range instrumentation channels before the lower
range level trips can be manually blocked by the operator. The permissive signals are
considered to be a protective function. [Reference 12]
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A one of two intermediate range permissive signal (P6) is required before source range
level trip blocking and detector high voltage cutoff can be initiated by the plant operator.
Source range level trips are automatically reactivated and high voltage is restored when
both intermediate range channels are below the permissive (P6) level. There are
provisions at the control board for administratively reactivating the source range level
trip and detector high voltage, if required. Source range level trip block and high voltage
cutoff are automatically maintained by the same power range permissive (P10) which
permits blocking of the intermediate range and low-range, power range flux level trips.
[Reference 12]

The intermediate range level trip and low-range, power range level trip can only be
blocked by the plant operator after satisfactory operation and permissive information are
obtained from two-of-four power range channels. Individual blocking switches are
provided at the control board so that the low-range, power range trip, and intermediate
range trip can be independently blocked. These trips are automatically reactivated
when any three of the four power range channels are below the permissive (P10) level,
thus ensuring automatic activation of more restrictive trip protection. The reactor plant
protection affected by the high range, power range trip is never blocked or bypassed.
[Reference 12]

The equipment is designed to perform its protective functions for control room ambient
temperatures up to 120F. [Reference 12]

7.3.2.3 Source-range Instrumentation

Two independent source-range channels are provided. Each receives pulse-type
signals from a proportional counter. The preamplified detector signal is received by the
source range instrumentation conditioning equipment located in separate drawers in
separate control room racks. The detection signal, which is a random count rate
proportional to leakage neutron flux, is conditioned for conversion to an analog signal
proportional to the logarithm of the neutron flux count rate. The range of each channel
is 10° to 10° counts per second. [Reference 12]

The isolated analog signals from each channel are sent to various recording and
indicating devices to provide the operator with necessary startup information. Bistable
units, also located in the drawers, are used to generate alarms and reactor trip signals.
Trip signals from the bistables are transmitted to the protection logic racks where the
necessary matrices involved in generating reactor trip signals are formed.

[Reference 12]

An isolated count-rate signal available from either channel is connected to a scaler-
timer. A signal from the scaler-timer feeds the audio count-rate channel which provides
an audible count-rate signal proportional to the neutron flux. Count rate speakers are
provided both in the containment and in the control room. [Reference 12]
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Start-up-rate indication is also provided for each source range channel. The rate
indication is -0.5 to 0 to +5.0 decades per minute. These rate signals are generated
from the level isolation amplifier outputs since there is no protection function involved.
The start-up-rate amplifier for each channel and a common rate test module are located
in a single drawer. [Reference 12]

The nuclear instrument channel bi-stable setpoint repeatability is within + 1% of full
power. This repeatability value includes errors due to non-linearity, hysteresis,
repeatability and long-term drift. Setpoints also account for instrument uncertainties as
defined by the PINGP setpoint methodology.

7.3.2.4 Intermediate-range Instrumentation (Channels N-35 and N-36)

Two independent compensated ionization chambers provide extended flux coverage
from the upper portion of the source range to approximately 100 percent power. The
equipment for each channel, including the high voltage and compensating voltage
power supplies are located in separate drawers. To maintain separation between these
redundant channels, the drawers are mounted in separate racks. The signal
conditioning equipment furnishes an analog output voltage proportional to the logarithm
of the neutron flux. Each channel covers approximately eight decades of leakage flux
and provides a logarithmic readout of 10" to 10 amperes. Isolation amplifiers (for
start-up-rate circuits, remote indication, etc.) and bistable amplifiers (for permissives,
rod stop and reactor trip) use this analog voltage to indicate plant status and provide the
necessary plant protection functions. All logic matrices associated with plant protection
or control functions are located in the protection logic or auxiliary logic racks.
[Reference 12].

7.3.2.5 Power-range Instrumentation (Channels N-41, N-42, N-43 and N-44)

Four dual-section, uncompensated ionization chambers are used for power range flux
detection. Each detector provides two current signals (one from each ion chamber
section) to signal conditioning equipment in the control room racks. Each detection has
an independent high-voltage power supply that is designed to limit at approximately

15 milliamperes and remain in a constant current mode so that extreme overpower
conditions demanding large detector currents will result in a reactor trip. The two
individual current signals are proportional to upper and lower core neutron fluxes.
These provide core flux status information at the instrument racks and at the control
board. A separate output furnishes bias signals used in the overtemperature AT reactor
trip function. The individual current signals are combined to provide an average signal
proportional to average core flux in the core quadrant associated with that detector.
[Reference 12]
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The four power range channels are operated from separate AC sources, and are
housed in separate racks so that a single failure will not cause loss of protection

functions. Redundant logic circuits for the protection functions are housed in the
protection system logic racks. Isolation amplifiers provide separation between all
control, indication and protective functions. [Referenced 12]

Isolated analog outputs from each power range channel representing upper flux, lower
flux, and average flux signals, are compared in separate auxiliary channel drawers.
These comparators provide the operator with annunciation of deviations in upper flux
signals, lower flux signals and in average power signals among the four power range
channels. Switches are provided to defeat any of these comparisons for a single failed
channel so that subsequent deviations or failures among the three remaining channels
are still annunciated. [Reference 12]

7.3.3 Performance Analysis

The nuclear instrument channel bi-stable setpoint repeatability is within 1% of full
power. This repeatability value includes errors due to non-linearity, hysterisis,
repeatability and long-term drift. Setpoints also account for instrument uncertainties as
defined by the PINGP setpoint methodology. [Reference 12]

7.3.3.1 Protective Functions

During plant shutdown and operation, three discrete, independent levels of nuclear
protection are provided from the three range of out-of-core nuclear instrumentation.
The basic protection philosophy is that the level protection is present in all three ranges
to provide a reliable, rapid, and restrictive protection system which is not dependent
upon operation of higher range instrumentation. [Reference 12]

Reliability is obtained by providing redundant channels which are physically and
electrically separated. Fast trip response is an inherent advantage of using level trip
protection in lieu of start-up-rate protection during plant startup. More restrictive
operation is also an inherent feature since an increase in plant power cannot be
performed until satisfactory operation is obtained from higher range instrumentation
which permits administrative blocking of the lower range instrumentation. When
decreasing power level, protection is automatically made more restrictive. Start-up
accidents while in the source range are rapidly terminated without significant increases
in nuclear flux, and with essentially no power generation or reactor coolant temperature
increases. [Reference 12]
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The nuclear instrumentation draws its primary power from the vital instrument buses.
Redundant NIS channels are powered from separate buses. Loss of a single vital
instrument bus would result in the initiation of all reactor trips associated with the
protection channel deriving power from that source. During power operation, the loss of
a single bus would not result in a reactor trip since the power range trip function
operates from a two-of-four logic. If the bus failure occurred during source or
intermediate range operation (one-of-two logic) a reactor trip condition would result.
[Reference 12]

7.3.3.2 Controls and Alarms

Various control and alarm functions are obtained from the three ranges of out-of-core
nuclear instrumentation during shutdown, startup, and power operation. These
functions are used to alert the operator of conditions which require administrative action
and to alert personnel of unsafe reactor conditions. They also provide signals to the rod
control system for automatic blocking of rod withdrawal during plant operation to avoid
unnecessary reactor trips. [Reference 12]

The out-of-core nuclear instrumentation system consists of 14 drawers and 2 panels
which contain various plug-in type modules used to perform the functions indicated on
the block diagrams for the source, intermediate, and power range channels and the
auxiliary channels. The four racks are identified as protection channel racks by means
of colored nameplates on the top front and top rear of each rack (Red-Channel |, White-
Channel I, Blue-Channel Il & Yellow-Channel IV). Components designed to military
specifications are used, where possible, in conjunction with conservative design which
stresses reliability, derating of components and circuits, and the use of field-proven
circuits. [Reference 12]

7.3.3.21 Source-Range Channels

No control functions are obtained from the source range channels. Alarm functions are
provided, however, to alert the operator of any inadvertent changes in shutdown
reactivity. Visual annunciation of this condition is at the control board, with audible
annunciation performed in the containment building and control room. This alarm can
either be blocked prior to start-up or can serve as the start-up alarm in conjunction with
administrative procedures. [Reference 12]

7.3.3.2.2 Intermediate Range Channels

Both alarm and control functions are supplied by the intermediate range channels.
Blocking of rod withdrawal is initiated by either intermediate range on high flux level.
This condition is alarmed at the control board to alert the operator that rod stop has
been initiated. In addition, the intermediate ranges provide a visual alarm when either
channel exceeds the P-6 permissive level. This alerts the operator to the fact that
administrative action is required to manually block the source range trips to prevent an
inadvertent trip during normal power increase. [Reference 12]
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7.3.3.2.3 Power-Range Chanels

The power ranges provide alarm and control functions similar to those in the
intermediate ranges. An overpower rod stop function from any of the four power range
channels inhibits rod withdrawal and is alarmed at the control board. The power ranges
also provide a visual alarm function when two-of-four channels exceed permissive P-10
level. As in the case of P-6 in the intermediate range, this alerts the operating
personnel that administrative action (namely, blocking of intermediate and low range
trips) is required before any further power increase may take place. [Reference 12]

The power ranges also have provisions for two additional permissive functions. The
power range channels through two-of-four matrices provide P-8 and P-9. A permissive
status light is provided for P-8, “Nuclear Power Below P-8”. The extinguishing of the
P-8 permissive status light informs the operator that the low flow trips and “pump
breaker open” trips will trip the plant on a single trip occurrence. Additional functions
are provided in the power range of operation. A dropped control rod will be sensed by
one or more of the power range channels, and this condition will be annunciated at the
control board. [Reference 12]

Another function is the power range channel deviation alarms. These alarms are
furnished by the comparator channel and the flux deviation drawer through a
comparison of the average power level signals and individual ion chamber signals being
supplied by the power ranges. Actuation of these alarms alert the operator to a power
unbalance between the power range channels so that corrective action can be taken.
Finally, three signals are supplied by each power range to the reactor control and
protection system; one signal from each individual ion chamber isolation amplifier, and
one from the average power isolation amplifier. The isolated average power signal is
transmitted to the control system through the flux deviation and miscellaneous control
and indication drawer switches. Any one of these signals or the average of all four is
used in the process control system for the rod speed control function. The individual ion
chamber signals are used as inputs to the F(l) function for the overtemperature AT
function, as required by safety analysis for DNB protection. In addition they input into
rod stops and turbine runbacks. [Reference 12]

7.3.4 Calibration of Excore Detectors To Incore Flux Measurements

A description of the tests and measurement requirements to obtain the necessary data
required to calibrate the excore detectors to the incore distribution, and the excore
detector calibration procedure with typical examples of operating plant data are
presented in this section.

On-line testing and calibration features are provided for each channel. The test signals
are superimposed on the normal detector signals during plant operation. This permits
valid trip conditions to override the test signal, since the sensing elements are never
removed from the circuit. [Reference 12]

04-024
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7.3.4.1 Tests and Measurements Requirements

The tests required during the startup program to obtain the data required to calibrate the
excore detectors with the incore power distribution are listed below. When equilibrium
conditions have been obtained, the formal data acquisition for the excore detector
calibration is performed. Tests which are performed with a primary objective other than
excore/incore calibration are also utilized. The data obtained during the following tests
include full core moveable detector flux maps, excore detector response, and heat
balance data.

7.3.4.2 Summary of Typical Test Conditions from Which Excore/lncore
Calibration Data is Obtained

Power Level Reactor Conditions Rod Bank Configuration
Maximum Authorized Power Equilibrium Xenon Bank D 218 steps®
Maximum Authorized Power Fuel Conditioned As needed for -4% of

target Delta |

Maximum Authorized Power Fuel Conditioned As needed for +4% of
target Delta |

NOTE: Maximum Authorized Power is normally 100% unless a power derate is
necessary for core peaking factors.

*

Bank D rods are normally at 218 steps per plant procedures. Incore flux data will
be adjusted by computer codes for actual rod position.

In addition to the above data, heat balance and excore detector response is obtained at
various power levels throughout the startup program.

7.3.4.3 Excore Instrumentation Calibration

In this section the procedure is presented for the calibration of the reactor’s core power
f(Al) contribution to the overtemperature AT setpoint.

The calibration requires the use of excore detector data, plant heat balance data and
incore moveable detector flux maps. The correlation’s made between this data will be
presented following a brief description of the system and the setpoints.

04-024
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The power range circuit (Figure 7.3-1) incorporates the output current of the excore
detectors into several functions. Reactor core thermal power level (as a percent of full
power) is determined from the linear relationship of core power to the detector current
sum for a particular channel, i.e., top and bottom detector. (In Figure 7.3-1, amplifier
NM-310 provides a calibrated voltage proportional to the current sum.)

The power indication is used both operationally and in core protection. A reactor trip
occurs when 2 of the 4 excore power indications exceeds the trip setpoint. This is
called the Power Range High Neutron Flux Reactor trip. See section 7.4.1.2.3.2 for
details.

The second major function of the excore detectors is to provide axial offset protection
through the f(Al) contribution to the overtemperature AT setpoint. See section
7.4.1.2.3.8 and 7.4.1.2.3.9 for details.

The distinction between Al and axial offset should be made at this point. Axial offset,
which is a measure of the distribution of core power between the top and bottom halves

of the core, is defined as
Top Bot
J p(z)dz - J p(z)dz

A.O. = axial offset = x 100%
Top Bot
p(z)dz + p(z)dz

A.O. is therefore independent of core power level. Al, on the other hand, gives an
indication of the power split, but also proportional to core power.

Top Bot
J- p(z)dz - J- p(z)dz

Therefore, Al is proportional to the product of core power and A.O.

Top Bot
Ala | AO J p(Z)dz+J p(z)dz

Al o

The Al contribution for overtemperature AT is provided through isolation amplifiers.

04-024

04-024



PRAIRIE ISLAND UPDATED SAFETY ANALYSIS REPORT
USAR Section 7

Revision 27
Page 7.3-10

Therefore, f(Al) is a function of the indicated difference between top and bottom
detectors of the power range nuclear ion chamber, with gains to be selected based on
measured instrument response during plant startup tests, such that where q; and q, are
the percent power in the top and bottom halves of the core, respectively, and g; + qp is
total core power in percent of rated power. The contribution of the f(Al) term in the
Overtemperature AT is defined in the following terms.

If g: - qp is within the range of -13% to +8%, the f(Al) is equal to 0. For each percent
above +8% the AT trip setpoint is reduced by an equivalent of 1.73% of Rated
ThermalPower. For each percent below -13% the AT trip setpoint is reduced by an
equivalent of 3.846% of Rated Thermal Power.

7.3.44 Incore Versus Excore Offset

One of the basic and fundamental assumptions made in axial offset usage is that the
excore detector axial offset, can be directly related to the actual incore average axial
offset. Therefore, prior to any applications of the excore detector axial offset it must first
be established that there does exist a simple linear relationship between the average
incore and corresponding excore axial offset values. This requires flux maps obtained
during steady-state reactor power operation and corresponding excore detector
currents. The power level is not important for this correlation since axial offset is
independent of power. However, the power level does become important later when
converting axial offset to Al and every time a full core flux map is obtained an accurate
heat balance across the steam generators should also be obtained.

The results of the flux map and excore detector measurements listed previously are
used to plot incore axial offset versus excore axial offset for each channel. Typical
results are shown in Figure 7.3-2. Observation of the results should verify that there
does exist a simple linear relationship between the average incore axial offset and the
corresponding excore detector axial offset. Linearity is required since there is no
provision to account for a nonlinear relationship between incore offset and excore axial
offset.

Since all of the functional relationships of F(N)q as related to axial offset, are related to
the average incore axial offset, there must exist a simple linear relationship between
average incore and excore axial offset in order for the protection equation to provide
adequate protection.

04-024
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7.3.4.5 Excore Detector Current Versus Power

Having established a linear relationship in axial offset the next requirement is to
establish the actual output of each individual detector at full power with an axial offset of
0%. This is required in order to adjust the process equipment and corresponding
meters to insure that the amplifier operating bands cover the anticipated reactor core
operating band. The criteria for setting the scales is given as follows. The gains are to
be selected based upon measured instrument response during plant startup tests such
that for C41(Top) - C2l(Bot)" within +Al at 100% power, f(Al) = 0, where +Al is specified
by the setpoint study for each respective core. The f(Al) equipment responds to a range
covering from 0 to 120% power. Since the linear operating range of the AT process
equipment is from 0 to 10 volts, the required individual detector signal voltage must be
set such that 100% is then 10/120 or 8.33 volts.

In order to set this voltage one must know the value of each excore detector section
current output when the core is operating at 100% power with an axial offset of 0%.
However, prior to operating at 100% power it is required to have the setpoints set
properly to insure adequate protection. Thus a slight dilemma exists. On one hand,
100% power operation is required in order to set the equipment and on the other hand
operation at 100% power cannot be accomplished until the equipment is set properly.
This dilemma can easily be circumvented in the following manner. One can extrapolate
the excore detector currents from lower power levels to the full power level (100%).

This is accomplished by normalizing all excore detector currents to the full power value
of the sum of the two detectors as determined from a plot of power (MWT) versus the
sum of the current output from each pair of excore detectors. The sum of the two
detector currents when scaled by the summing amplifier (NM-310) determines the
power level in the power range circuit. Using this technique all excore values can be
related to the expected current output at full power operation. Typical results are shown
in Figure 7.3-3. Observation of these figures show an excellent linear relationship
between the core power level in MWT as determined from accurate heat balance
measurements across the steam generators and the total detector current from each
long ion chamber assembly. Note that this data does not require obtaining incore flux
maps.

7.3.4.6 Incore Axial Offset Versus Excore Detector Current

Once the full power detector currents are established one can then normalize all data
obtained to the equivalent full power condition. These values can then be plotted
versus the corresponding average incore axial offset from the reduced results of
detailed incore flux maps. Since axial offset is independent of power it is not necessary
to reprocess the flux maps to full power operation.

' C1 and C; are constants applied to the individual detector section currents in order to give the required
calibrated signal voltage. Where C+l (Top) =V (Top) and C2l (Bot) =V (Bot)
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In addition to knowing the excore detector currents at full power, the corresponding
value at an axial offset of 0% is also required. This precise condition is extremely
difficult to achieve and hold on an operating plant. However, if the required
measurements have a wide range of axial offset values passing through zero on the
negative and positive sides, it is a simple matter to interpolate to the value at zero axial
offset. Typical results are shown in Figure 7.3-2. The required individual excore
detector currents for a 0% axial offset at 100% power operation are then those values
established at the intersection of the 0% axial offset line. In addition the other required
detector output values are established for A.O. = + Al at 100% power (as specified by
the setpoint study) to define the deadband and A.O. = + 30% which in conjunction with
the previous value defines the ramp of the f(Al) penalty.

7.3.4.7 Excore Detector Voltage Settings

The relationship of detector current to voltage can be determined by comparing the full
power zero axial offset currents to the required process output voltage.

The calibration voltages are maintained current by the plant surveillance testing
program. These voltages provide the values necessary to define the deadband width
and the AT penalty rate for the Al term.

7.3.4.8 One-Point Excore Detector Calibration

Most excore detector axial offset calibrations are now performed using a single flux map
combined with historical data of detection response. This one-point methodology is
based on the following theory. (References 34 and 35).

Excore detector current can be represented by a straight line fit versus incore axial
offset as:

P
Ik = =< *(Byk + Bk *AO
K 100 ( 0K 1K )
where Pcore = Core Power (%)

Bok, B1k are curve fit constants
K = T for Top detector

B for Bottom detector
AO = ncore axial offset

For each of the four detectors, a term AC; is defined as
AC1=Cq7-Cyp
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where C1T = B1T/Bo'|' and C1B = B1B/BOB

B4t is the slope of the top excore detector current reading vs AO

B+s is the slope of the bottom excore detector current reading vs AO

Bor is the top excore detector current reading at AO=0

Bos is the bottom excore detector current reading at AO=0

AC4 then becomes equal to the difference in ratios of the slope of
excore current response to changes in the incore axial offset
to the excore current reading at AO=0 for the top and bottom
excore detectors.

Based on historical data, AC¢ can be represented as a linear function of F, the core
mid-plane axial power value.

The excore axial offset calibration procedure is then performed as follows:

Step 1: A full core flux map is taken to determine the incore axial offset (AO), and
core mid-plane axial power (F), at the same time measurements are made of
total core power (Pcore), and detector current (ly).

Step 2:  AC; is determined using F and the curve fit of historical data of AC4 versus F.

Step 3:  Bo and B, is computed for each detector using the above relationships.

Step 4: The NIS is calibrated using the Bo values calculated above.
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7.4 PLANT PROTECTION SYSTEMS

741 Reactor Protection System

7411 Design Basis

The protection system consists of the equipment associated with both the reactor
protection system and the engineered safety features. The quantity and types of
instrumentation provided ensures safe and orderly operation of all systems and
processes over the full operating range of the plant (Reference 13).

74111 Reactor Protection System

GDC-14 Core protection systems, together with associated equipment, shall be
designed to prevent or to suppress conditions that could result in exceeding
acceptable fuel damage limits.

If the Reactor Protection System receives signals which are indicative of an approach to
unsafe operating conditions, the system actuates alarms and/or opens the reactor trip
breakers.

The basic reactor operating design defines an allowable operating region of power,
pressure and coolant temperature conditions. This allowable range is defined by the
primary tripping functions: the overpower AT trip, the overtemperature AT trip and the
nuclear overpower trip. The operating region below these trip settings is designed so
that no combination of power, temperatures, and pressure could result in a DNBR less
than the applicable limit for any credible operational transient. Tripping functions in
addition to those stated above, are provided to back up the primary tripping functions for
specific abnormal conditions. A complete list of tripping functions may be found in
Table 7.4-1.

See section 7.2 for details on reactor control features which are initiated prior to
challenging reactor protection system features.

741.1.2 Engineered Safety Features Actuation Systems

GDC-15 Protection systems shall be provided for sensing accident situations and
initiating the operation of necessary engineered safety features.

Instrumentation provided for the Engineered Safety Features (ESF) is designed to
prevent or limit fission product release from the core and to limit energy release, to
signal containment isolation, and to initiate the engineered safety features equipment.
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The engineered safety features systems are actuated by redundant logic and
coincidence networks similar to those used for reactor protection. Each network
actuates a device that operates the associated engineered safety features equipment,
motor starters and valve operators. The channels are designed to combine redundant
sensors, independent channel circuitry, and coincident trip logic. Where possible,
different but related parameter measurements are utilized. This ensures a safe and
reliable system in which a single failure will not defeat the intended function. The action
initiating sensors, bistables and logic are shown in Figure 7.4-16. The Engineered
Safety Features Actuation System actuates engineered safety features functions such
as the Safety Injection System. Containment Isolation System, the Containment Air
Cooling System, the Containment Spray System, reactor trip, feedwater isolation, etc.

74113 Protection Systems Reliability and Demonstration of Functional
Operability

GDC-19 Protection systems shall be designed for high functional reliability and in-
service testability necessary to avoid undue risk to the health and safety of
the public.

Protection channels required for full power operation are designed with sufficient
redundancy to allow individual channel calibration and test to be made by use of signal
substitution techniques during power operation without negating the reactor protection.

Superimposing of test signals is utilized during the testing of the Nuclear
Instrumentation System.

Removal of one trip channel is accomplished by placing that channel in the tripped
mode. For example, a two-out-of-three channel becomes a one-out-of-two channel.
Testing will not cause a trip unless a trip condition exists in a concurrent channel.

GDC-25 Means shall be included for suitable testing of the active components of
protection systems while the reactor is in operation to determine if failure or
loss of redundancy has occurred.

The signal conditioning equipment of each analog protection channel in service at
power is capable of being calibrated and tested independently by simulated analog
input signals to verify its operation without tripping the reactor. The testing scheme
includes checking through the trip logic to the trip breakers. Thus, the operability of
each trip channel can be determined conveniently and without ambiguity. Functional
operation of the power sources for the protection system is discussed in Section 8.
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74114 Protection System Failure Analysis Design

GDC-26 The protection systems shall be designed to fail into a safe state or into a
state established as tolerable on a defined basis if conditions such as
disconnection of the system, loss of energy (e.g., electrical power, instrument
air), or adverse environments (e.g., extreme heat or cold, fire, steam, or
water) are experienced.

Each reactor trip channel is designed on the “de-energize to operate” principle; a loss of
instrument power to that channel causes the system to go into its trip mode.

Reactor trip is implemented by simultaneously interrupting power to the magnetic latch
mechanisms on all drives allowing the full length rod clusters to insert by free fall. The
reactor protection system is thus inherently safe in the event of a loss of power. This
equipment is selected to withstand the most adverse environmental conditions to which
it will be subjected; this also includes post-accident environment.

74115 Redundancy of Reactivity Control

GDC-27 Two independent control systems, preferably of different principles, shall be
provided.

The reactivity control system employing Rod Control Cluster (RCC) assemblies is
discussed in Section 7.2 and the control system employing the Chemical and Volume
Control System is discussed in section 3 and section 10.

7.41.1.6 Reactivity Control Systems Malfunction

GDC-31 The reactor protection system shall be capable of protecting against any
single malfunction of the reactivity control system, such as unplanned
continuous withdrawal (not ejection or dropout) of a control rod, by limiting
reactivity transients to avoid exceeding acceptable fuel damage limits.

Reactor shutdown with Rod Control Cluster (RCC) assemblies is completely
independent of the normal control functions since the trip breakers interrupt the power
to the full length rod mechanism regardless of existing control signals. Effects of
continuous withdrawal of a RCC assembly and of deboration are described in

Section 14.

7.41.1.7 Protection Actions

The Reactor Protection System is designed to automatically trip the reactor as itemized
in Table 7.4-1.
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For anticipated abnormal conditions, the protection system, in conjunction with inherent
plant characteristics, and the Engineered Safety Features are designed to assure that:
(a) limits for energy release to the containment are not exceeded; and (b) radiation
exposure does not exceed 10CFR100 guidelines.

74118 Protection Systems Redundancy and Independence

GDC-20 Redundancy and independence designed into protection systems shall be
sufficient to assure that no single failure or removal from service of any
component or channel of such a system will result in loss of the protection
function. The redundancy provided shall include, as a minimum, two
channels of protection for each protection function to be served.

The Protection System consists of two discrete portions of circuitry: an analog portion
consisting of two to four redundant channels which monitor various plant parameters in
systems such as the Reactor Coolant System, Neutron Flux System, Pressurizer
System, Steam System, containment pressure, etc.; and a digital portion consisting of
two redundant logic channels (trains which receive inputs from the analog protection
channels and performs the needed logic to initiate reactor trips, engineered safety
features, etc.). Each digital channel is capable of actuating a separate and independent
trip breaker in the case of the Reactor Protection System or the appropriate equipment
required in the case of the Engineered Safety Features Systems. The intent is that “any
single failure within the Protection System shall not prevent proper protection system
operation when required”.

Protection and operational reliability is achieved by providing redundant instrumentation
channels for each protective function. These redundant channels are electrically
isolated and physically separated. The channel design incorporates separate sensors,
separate power supplies, separate rack and panel mounted equipment and separate
relays for the actuation of the protective function. For protective functions where
two-out-of-three or two-out-of-four redundant-coincident actuation is provided, a single
channel failure will not impair the protective function nor will it cause an unnecessary
unit shutdown.

The channelized concept is applied to both the analog and logic portions of the system.
These redundant channels and trains are electrically isolated and physically separated.
Thus, any single failure within a channel or train will not prevent protective action at the
system level when required. Loss of voltage, the most likely mode of failure, in a
channel or logic train will result in a signal calling for a trip. Design considerations for
common mode failures are discussed in Reference 5.

The Engineered Safety Features Actuation System meets the single failure criterion as
defined in IEEE Standard 279-1971. The analysis was included in a report titled “ECCS
Actuation System” (Reference 6) and additional information was provided in References
7,8 and 9. The NRC'’s evaluation and acceptance are discussed in Reference 10.
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In certain applications, it is considered advantageous to employ control signals derived
from individual protection channels through isolation amplifiers contained in the
protection channel. In these cases, analog signals derived from protection channels for
non-protective functions are obtained through isolation amplifiers located in the analog
protection racks. (By definition, non-protective functions include those signals used for
control, remote process indication, computer monitoring, etc.) The isolation amplifiers
are designed such that a short circuit, open circuit, or the application of 118 VAC or
140 VDC on the isolated output portion of the circuit (i.e., nonprotective side of the
circuit) will not upset the input (protection) side of the circuit. One type of an isolation
amplifier is discussed in Reference 3; another type in Reference 4. Since the signals
obtained through isolation amplifiers are never returned to the protection racks, any
postulated failure in the control system will not prevent proper operation of the
protection channel.

741.1.9 Protection Against Multiple Disability for Protection Systems

GDC-23 The effects of adverse conditions to which redundant channels or protection
systems might be exposed in common, either under normal conditions or
those of an accident, shall not result in loss of the protection function or shall
be tolerable on some other basis.

Separation of redundant analog channels originates at the process sensors and
continues along the field wiring and through containment penetrations to the analog
protection racks. Physical separation is used to the maximum practical extent to
achieve separation of redundant transmitters. Separation of field wiring is achieved
using separate wireways, cable trays, conduit runs and containment penetrations for
each redundant channel. Redundant analog equipment is separated by locating
modules in different protection rack sets. Each redundant protection channel set is
energized from a separate instrument bus.

7.41.1.10 Single Failure Criterion

The protection system is designed to provide redundant (one out of two, two out of three
or two out of four) instrumentation channels for each protective function and one out of
two logic train circuits.

7.41.2 Reactor Protection System Description

Section 14 defines the region of acceptable operation with respect to analyzed
transients and accidents, and the mitigation of those events. The function of the
Reactor Protection System is to ensure safe operation within those boundaries by
monitoring critical plant parameters such as RCS temperature, reactor power,
pressurizer pressure, steam generator water level, and other plant parameters.
Indications of a plant parameter moving to close to these boundaries brings about a
reactor trip.
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Adequate margins exist between the nominal steady state operating point and required
trip points to preclude a spurious trip during design transients.

A block diagram of the Reactor Protection System showing various reactor trip functions
and interlocks is shown in Figure 7.4-3.

7.41.2.1 Protection System Identification

All non-rack mounted protective equipment and components are provided with an
identification tag or name plate which specifies that item’s function and channel. Small
electrical components such as relays have name plates on the enclosure which houses
them. All cables are numbered with identification tags. These numbers are cross-
referenced with cable schedule which specifies cable routing and function.

In addition, all associated reactor protection and engineered safety feature cables are
identified by a color code, which is defined in Section 8.7 under “Cables and
Raceways”. This color code distinguishes between redundant channels of reactor
protection systems and redundant trains of engineered safety feature systems.
Instruments and components are also tagged with color coded nameplates, and
associated color coded cables are color marked immediately adjacent to instrument and
components termination points.

For protection racks which house the protection rack mounted equipment, a color coded
nameplate on the rack is used to differentiate between protective and non-protective
sets. This provides immediate and unambiguous identification of protection sets.

7.41.2.2 Primary Power Source

The primary power sources for the Reactor Protection System and Engineered Safety
Features Actuation System are described in Section 8.6 - Instrumentation and Control
AC Power Supply Systems. This is the source of electrical power for the detecting
instrumentation up to and including the bistable output devices.

The primary power sources for the Reactor Trip Logic and Engineered Safety Features
Actuation Logic are described in section 8.5 - DC Power Supply Systems.

7.41.2.3 Protective Actions

7.41.2.31 Reactor Trip Description

Rapid reactivity shutdown is provided by the insertion of full length RCC assemblies by
free fall. The full length control rod drive mechanisms must be energized for the full
length RCC assemblies to remain withdrawn from the core. Control rod insertion occurs
upon loss of power to the full length control rod drive mechanisms.
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Duplicate series-connected circuit breakers, the reactor trip breakers, supply all power
to the full length control rod drive mechanisms. These breakers are designed to
interrupt power to the full length control rod drive mechanisms upon receipt of trip
signals from the reactor protection system. Two devices in each breaker receive
signals from the reactor protection system, either of which will trip the reactor trip
breakers; an undervoltage trip device and a shunt trip device. The undervoltage trip
device which is normally energized, becomes de-energized upon receipt of a trip signal
and trips the breaker. Trip signals from the reactor protection system also energize the
normally de-energized shunt trip device which in turn trips the breaker.

This design provides a passive trip device which will trip the reactor on loss of breaker
control power or the receipt of a trip signal and a positive acting device which provides a
backup if the passive device fails to trip the reactor trip breakers upon receipt of a trip
signal. For each reactor trip, passive or active, a turbine trip is also initiated.

Certain reactor trip channels are automatically bypassed at low power where they are
not required for safety. Nuclear source range and intermediate range trips are
specifically provided for protection at low power or subcritical operation. For higher
power operations they are bypassed by manual action.

During power operation, a sufficient amount of rapid shutdown capability in the form of
control rods is administratively maintained by means of the control rod insertion limit
monitors. Administrative control requires that all shutdown group rods be in the fully
withdrawn position during power operation, except during testing.

A list of reactor trips, means of actuation and the coincident circuit requirements is given
in Table 7.4-1. The interlock circuits, referred to in Table 7.4-1 (e.g. P7), are listed in
Table 7.4-3.

Means are provided for manual initiation of protection system action. Failure in the
automatic system does not prevent the manual actuation of protection functions.
Manual actuation is designed to require the operation of a minimum of equipment. The
manual actuating devices are independent of the automatic trip circuitry. Either of two
manual trip devices located in the control room can initiate a reactor trip.

For monitoring nuclear flux, multiple trip settings are used. When it is necessary to
change to a more restrictive trip setting to provide adequate protection for a particular
mode of operation or set of operating conditions, the design provides positive means of
assuring that the more restrictive trip setting is used. The devices used to prevent
improper use of less restrictive trip settings are considered a part of the protection
system and are designed in accordance with the criteria presented in this section.
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7.41.2.3.2 Power Range High Neutron Flux Reactor Trip

The high trip setting provides protection during normal power operation. This circuit
trips the reactor when two of the four power range channels read above the trip
setpoint. There are two independent trip settings, a high and a low setting. The low
setting which provides protection during startup can be manually bypassed when two
out of four power range channels read above approximately 10 percent full power (P10).
Three-out-of-four channels below approximately 10 percent full power automatically
reinstates the low setting trip function. The high setting is always active.

7.41.23.3 Intermediate Range High Neutron Flux Reactor Trip

This trip provides protection during reactor startup. This circuit trips the reactor when
one out of two intermediate range channels reads above the trip setpoint. The trip can
be manually bypassed if two-out-of-four power range channels are above approximately
10 percent full power (P10). Three out of four channels below the P10 value
automatically reinstates the trip function. The intermediate range channels (including
detectors) are separate from the power range channels.

741.2.3.4 Source Range High Neutron Flux Reactor Trip

This trip provides protection during reactor startup. This circuit trips the reactor when
one of the two source range channels reads above the trip setpoint. This trip can be
manually bypassed when one out of two intermediate range channels reads above the
P6 setpoint value. This trip is automatically reinstated when the power range is below
P10 and when both intermediate range channels decrease below the value P6. This
trip is also automatically bypassed by two out of four high power range signals (P10).
The trip point is set between the source range cutoff power level and the maximum
source range power level. The P10 automatic bypass point is many decades above the
source range cutoff power level (S.R. offscale high); its purpose is to preserve the
detectors.

7.41.2.3.5 Power Range High Flux Rate Trip

Two sustained rate protective trip functions have been incorporated in the Reactor
Protection System. As implemented, these protective channels do not require
differentiator circuits and are not highly sensitive to process or electronic noise.
Furthermore, trip initiation requires two out of four logic so that spurious actuation of any
single channel will not normally trip the reactor (see Figure 7.4-4).

This basic circuit has been used in Westinghouse reactors for many years in the
“dropped rod alarm” feature which has proven to be trouble free. Setpoints for the new
trip functions are comparable to those in the “dropped rod alarm” feature.
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The High Flux Rate Trip is functionally similar to the dropped rod sensor discussed in
WCAP 7380-L, “Topical Report, Nuclear Instrumentation System”. The rate sensor
assembly is an operational amplifier unit which incorporates an adjustable lag network
at one input and a nondelayed signal on the other. The unit compares the actual power
signal with the delayed power signal received through the lag network and amplifies the
difference. This amplified differential signal is delivered to two bistable units which trip
when the level of this signal exceeds a preset amount.

Tripping of either unit indicates a power level change over the lag period which would
be indicative of either dropped rods or an ejected rod. These bistable units are a
latching type, ensuring that the necessary action will be initiated and carried to
completion. Specifically, the units control two out of four logic matrices (see

Figure 7.4-4) to provide a reactor trip and a control board annunciation signal. A reset
switch on the associated power range drawer must be operated manually to remove the
latching function and reset the bistables.

Operability of the trip functions associated with dropped rod and ejected rod protection
is verified by introduction of a signal step change using the channel drawer test circuits.
The time delay setting of the rate module is predetermined by analysis to correspond to
high positive or negative power rates associated with the above events and tested
during initial startup testing.

7.41.2.3.6 Positive Sustained Rate Trip

The positive portion of the high flux rate trip provides an added measure of protection
against hypothetical Rod Ejection Accident and Uncontrolled RCCA Withdrawal at
Power transient. The rate trip function assures an immediate reactor trip independent of
the initial operating state of the reactor. In addition, the rate trip function provides
diversity in support of the high flux level trip functions for the rod ejection events that
would give the worst consequences, full power and zero power ejections.

The Positive Rate Trip trips the reactor when an abnormal rate of increase in nuclear
power occurs in two out of four power range channels and is always active.

With credit for the rate trip and for the high level trip, it is possible to show that
substantial margin exists between the true operating condition of the reactor and the
limiting condition (the condition that would lead to local core damage in the unlikely
event of the Rod Ejection Accident).
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7.41.2.3.7 Negative Sustained Rate Trip

The negative portion of the high flux rate reactor trip function provides protection for the
core (protection against low DNBR) in the event that two or more Rod Cluster Control
Assemblies (RCCA'’s) fall into the core. This circuit trips the reactor when an abnormal
rate of decrease in nuclear power occurs in two-out-of-four power range channels and is
always active. This reactor protection actuation may occur when a single RCCA falls
into the core, but certain RCCAs may only cause a skewed power shape.

The strong tendency of a PWR to follow its load will tend to overcome the change in
core state; ie, due to dropped RCCAs, and return to the power level matching the
perceived heat load. If the moderator coefficient of reactivity is weak (high boron
concentration) the reactor may trip due to low primary pressure. If the moderator
coefficient of reactivity is strong (low boron concentration) the reactor may not trip on
low pressure, and the system will achieve a new equilibrium at a slightly lower
temperature and pressure at essentially the original power level. The Reactor
Protection System will ensure that the plant does not experience an unacceptable DNB
ratio due to the abnormal power distribution in the reactor.

If a single RCCA is dropped, the typical result is a negative flux rate reactor trip.
However, as indicated in section 14.4.3.2, the analysis for this event specifies that some
single RCCA drops may not result in a safe condition. If a reactor trip does not occur,
there is no operator action required to keep the plant in a safe condition. However, due
to operational complexities, as indicated in SE 567, it is desirable to place the plantin a
known safe condition. Therefore, as an alternative to recovering a dropped RCCA, the
operator may manually perform a reactor trip, if an automatic reactor trip does not
occur. Alarms alert the operator to the dropped RCCA.

7.41.2.3.8 Overtemperature AT Reactor Trip

The purpose of this trip is to protect the core against DNB for any combination of power,
pressure, temperature, and axial core power distribution. Two out of four trip logic is
used, with two channels per reactor coolant loop. For each channel, the indicated AT is
used as a relative measure of reactor power and is compared with a continuously
calculated setpoint. When the reactor coolant loop compensated AT is greater than or
equal to the calculated setpoint, the affected channel is tripped. This is expressed by
the following equation.

AT, <AT, |K,-K, (T-560.0) M +Kj; (P-2235) - f(Al)
(1+t,s)



PRAIRIE ISLAND UPDATED SAFETY ANALYSIS REPORT
USAR Section 7

Revision 28
Page 7.4-11
where

ATo = Indicated AT at Rated Thermal Power

T = Average Temperature, °F

P = Pressurizer pressure, psig

K1 = <117

Kz = 0.014

Ks = 0.00100

t1 = 30 sec

to = 4sec

The f(Al) term protects against axial maldistributions of core power and is
discussed in more detail in section 7.3.4.3.

The lead-lag dynamics in the overtemperature AT setpoint equation are introduced in
order to compensate for delays inherent in the temperature measurements. These lags
are due to the transport time through the core and coolant piping to the temperature
detector (RTD) and the lags in the instrumentation. The difference between the lead
time constant t; and the lag time constant t, is based upon the total lags in measuring
Tavg and AT.

These time constants are then adjusted in order to obtain satisfactory margin in DNB in
a rod withdrawal accident at power.

A reduction in the lead time constant of one second results in a reduction in the
minimum DNB attained in the rod withdrawal accident of about 2%.

The accuracy in setting a time constant is better than 10%. However, accuracy in
making the settings is not essential since, in the calibration, the lead is set on the high
side which adds conservatism.

7.41.2.3.9 Overpower AT Reactor Trip

The purpose of this trip is to protect against excessive power level (fuel rod rating
protection). This circuit trips the reactor on coincidence of two out of four signals, with
two sets of temperature measurements per loop.

The setpoint for this reactor trip is continuously calculated for each channel by solving
standard equations of the following form as described in Figure 3.1-2 in Reference 13.
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t,s
AT = Ko =Ks || T-K [T-560.0]
3
where
T = Average Temperature, °F
Ky = <1.11
Ks = 0.0275 for increasing Tayg; O for decreasing Tayg
Ks = 0.002 for Tayg > 567.3; 0 for Tayg < 567.3
ts = 10 sec

The rate dynamics time constant in the overpower AT setpoint equation, t3, is also
chosen to compensate for delays inherent in the temperature measurements.

The circuit for overpower protection is similar to the overtemperature circuit, trip point
being determined from

AT, = AT, {K4— W} - K, [T-560.0]

(1+t;s)
where
ATo = Indicated AT at Rated Thermal Power
T = Average Temperature, °F

Ka, Ks, Ks, t3 and, f(Al) are as above.

A rod stop and turbine runback are initiated on approach to overpower AT trip actuation.

The overpower AT trip is designed to limit peak channel heat flux to 111% of its design
value. Below the nominal design average temperature of 560.0°F, the AT overpower
trip line is a constant since the average temperature dependent term is zero limited.
This constant part of the trip line is below the 111% overpower line. However, no undue
conservatism is added since the overpower line becomes flatter in the low temperature
region.

For Tavg/AT Control and Protection System diagram, see Figure 7.4-5.

05-045

05-045

05-045
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7.41.2.3.10 Overtemperature and Overpower AT Trip Lines

The absolute value of AT versus plant rated temperature and power is not important as
far as reactor protection is concerned because the Overtemperature AT and Overpower
AT trip setpoints are based upon percentages of the indicated AT at rated temperature
and power rather than on the absolute value of AT. For this reason, the linearity of the
AT signals as a function of RCS temperature and reactor power is of importance rather
than the absolute value of the AT.

For axial offsets greater than 8% for positive tilt, 13% for negative, the Overtemperature
trip setpoint is automatically reduced by 3.846% for negative, 1.73% for positive, for
each percent increase in imbalance.

Both circuits provide a turbine runback at a specified level below the trip point. Rod
withdrawal block accompanies the turbine runback, and the runback follows a
preprogrammed function until core AT is less than the runback limit.

If the flow decreases, the margin to DNB is reduced and the power must be decreased.
However, for the same power to flow ratio, AT will be larger. Therefore, the permissible
AT increases somewhat at reduced flow. Note that flow is not variable; it can only
change due to a change in the mechanical condition of the reactor coolant loops or
core.

The Reactor Coolant Low Flow Reactor Trips and their sources are described in detail
in Section 7.4.1.2.3.14.

7.41.2.3.11 Pressurizer Low Pressure Reactor Trip

The purpose of this trip is to protect against excessive core steam voids and to limit the
necessary range of protection provided by the overtemperature AT trip.

The circuit trips the reactor on coincidence of two out of four low pressurizer pressure
signals. Each channel is lead-lag compensated. This trip is blocked when three out of
four power range channels and two out of two turbine first stage pressure channels read
below approximately 10% power (P7).

7.41.2.3.12 Pressurizer High Pressure Reactor Trip

The purpose of this trip is to limit the range of required protection from the
overtemperature AT trip and to protect against Reactor Coolant System overpressure.
The reactor is tripped on coincidence of two out of three high pressurizer pressure
signals.
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7.41.2.3.13 Pressurizer High Water Level Reactor Trip

This trip is provided as a backup to the pressurizer high pressure reactor trip. The
coincidence of two out of three high pressurizer water level signals trips the reactor.
This trip is blocked when three out of four power range channels and two out of two
turbine first stage pressure channels read below approximately 10% power (P7).

7.41.2.3.14 Reactor Coolant Low Flow Reactor Trips

These trip protect the core from DNB for a low coolant flow or a loss of coolant flow.
The means of sensing low coolant flow are as follows:

a.

Low Primary Coolant Flow Reactor Trip

The low coolant flow signal is actuated by the coincidence of two out of three
low flow signals from either reactor coolant loop. The loss of flow in a single
loop causes a reactor trip if operating above P8. The loss of flow in both
loops causes a reactor trip if operating above P7. Note: P7 and P8 are set at
approximately the same point (approximately 10% power).

Reactor Coolant Pump Breakers Open Reactor Trip

Opening of the reactor coolant pump breakers results in a reactor trip by
acting directly in the reactor trip circuits. Above the P7 setpoint the reactor is
tripped on both open breaker signals. Above P8 the reactor is tripped on one.
See note in paragraph (a) above. Each reactor coolant pump breaker
generates a trip signal.

The Reactor Coolant Pump breaker open signal is a non-safety related
reactor trip maintained to provide diversity for protection from loss of flow
accidents. Redundant signals are provided. The circuitry is configured such
that a non-safety related malfunction cannot prevent a safety related
protective action.

Testing of the RCP breaker open signal is accomplished when the reactor
coolant pumps are not required.

Reactor Coolant Pump Bus Underfrequency Reactor Trips

Redundancy is provided by two underfrequency sensors per RCP bus. An
underfrequency signal from both buses trips both Reactor Coolant Pumps.
This results in a reactor trip as described in the preceding paragraph (b).

The underfrequency trip is a non-safety related protection feature maintained
to provide diversity for the protection from loss of flow accidents. The circuitry
is configured such that a non-safety related malfunction cannot prevent a
safety related protective action.
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Test points and signal injection points are provided to allow the testing of the
Reactor Coolant Pump Bus Underfrequency Reactor trip. Testing has
confirmed that this circuit path does not delay the reactor trip by more than
0.1 second.

d. Reactor Coolant Pump Bus Undervoltage Reactor Trip

Redundancy is provided by two voltage sensors per RCP bus. Above the P7
setpoint an undervoltage signal from both buses trips the reactor. In addition,
this trip also auto-starts the Turbine Driven Auxiliary Feedwater Pump. See
section 11.9.2.2 for details.

The undervoltage trip is a non-safety related protection feature maintained to
provide diversity for the protection from loss of flow accidents. The circuitry is
configured such that a non-safety related malfunction cannot prevent a safety
related protective action. SE 168 justified a time delay of 1 sec. (60 cycles)
for detection of an undervoltage condition prior to performing the
undervoltage trip. The purpose of this time delay is to stabilize the NSP grid
and reduce the probability of a system-wide blackout, and thus a station
blackout. For analysis purposes, this time delay extended the overall trip time
to a conservative 2.1 seconds from the initial loss of RCP power to the
initiation of RCCA motion.

Test points and signal injection points are provided to allow the testing of the
Reactor Coolant Pump Bus Undervoltage Reactor trip.

7.41.2.3.15 Safety Injection System (SIS) Actuation Reactor Trip

A reactor trip occurs when the safety injection system is actuated by signals listed in
Table 7.4-1, item 9.

7.41.2.3.16 Turbine Generator Trip, Reactor Trip

The reactor trip on turbine trip, a non-safety related protection feature, is maintained to
provide diversity to protect the reactor against loss of heat sink. The circuitry is
configured such that a non-safety related malfunction cannot prevent a safety related
protective action. A turbine trip is sensed by two out of three autostop oil pressure
switches sensing low pressure or two out of two turbine stop valves closed. A turbine
trip causes a direct reactor trip when operation above the 10% power level is measured
by P9 permissive. This setting is required in accordance with the commitment to
NUREG-0737 item 11.K.3.10. The current setting reflects the load rejection capability of
the Rod Control System as discussed in section 4.1.4.4.

The turbine control system automatically trips the turbine generator under a number of
conditions. Details on these trips are discussed in Section 11.
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7.41.2.3.17 Low-Low Steam Generator Water Level Reactor Trip

The purpose of this trip is to protect the reactor from a loss of heat sink. The trip is
actuated on two out of three low-low water level signals in either steam generator. The
same trip also starts the Auxiliary Feedwater pumps. See section 11.9.2.2 for details on
Auxiliary Feedwater functions.

7.41.2.4 Electrical Isolation

The design criterion used to assure electrical isolation is that no analog signal which is
required for initiation of reactor protection or engineered safety feature actuation is
allowed to leave a set of protection channels. Where a protection signal is required for
other than protective functions, an isolation amplifier (part of the protection set) is used
to transmit the signal. The isolation amplifier prevents the perturbation of the protection
channel signal (input) due to any disturbance of the isolated signal (output) which
normally could occur near any termination of the output wiring external to the protection
racks. A description of the nuclear instrumentation isolation amplifiers that are used in
this plant is given in Reference 3. A description of the process control system isolating
device is available in Reference 4.

7.41.2.5 Information Readout and Indication of Bypass

The protection system provides and displays information pertinent to system status and
plant safety as well as various test conditions when some part of the system has been
bypassed or taken out of service. Trips are indicated and identified down to the channel
level.

7.41.2.6 Completion of Protection Action

Where operating (i.e. non-test conditions) requirements necessitate automatic or
manual bypass of a protective function, the design is such that the bypass is removed
automatically whenever permissive conditions are not met. Devices used to achieve
automatic removal of the bypass of a protection function are part of the protection
system and are designed in accordance with the criteria of this section.

The protection systems are so designed that, once initiated, a protection action goes to
completion. Return to normal operation requires action by the operator.
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7.41.2.7 Indication

All transmitted signals (flow, pressure, temperature, etc.) which can lead to a reactor trip
are either indicated or recorded in the control room for every channel.

All nuclear flux power range currents (top detector, bottom detector) and individual
algebraic difference of calibrated bottom and top detector currents are indicated and/or
recorded. The average nuclear power is also indicated and/or recorded.

7.41.2.8 Alarms

Alarms are also used to alert the operator of deviation from normal operating conditions
so that he may take corrective action to avoid a reactor trip.

Further, actuation of any abnormal rod stop or trip of any reactor trip channel will
actuate an alarm. Alarms and/or annunciators also alert the operator when a protection
channel is placed in the test condition.

7.41.2.9 Derivation of System Inputs

Process Control and Protection inputs are a direct measurement of pertinent plant
variables affecting plant operation and safety. The plant variables are:

a. Temperature, measured by sensors immersed in the fluid.

b. Flow, measured by AP (differential pressure) across elbows, venturi, orifices,
etc. or inline devices such as rotameters, target meters, turbine meters, etc.

c. Pressure measured by direct communication to the tank, pressure vessel,
pipe, etc. via stainless steel heavy-walled impulse lines.

d. Liquid level, measured by AP across a fixed reference leg and the measured
liquid.

e. Nuclear power is measured by neutron detectors located in close proximity to
the outside of the reactor vessel and measure the core leakage flux which is
an indication of core power.

f. Other variables such as voltage, frequency, breaker position, valve position,
turbine power, etc., are used to develop other protection logic and
permissives.
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7.41.2.10 Systems Repairs

The protection systems are designed with sufficient redundancy to perform online
repairs per the Technical Specification, which defines minimum requirements for
continued operation.

7.41.3 Performance Analysis

The safety related portions of the reactor protection system meet the performance
analysis criteria as set forth in the following.

7.41.31 Quality of Components and Modules

The quality of the components and modules is such that low failure rates will result in
minimum maintenance requirements. To achieve this goal, quality is considered and
controlled from the original design to the final installation and testing.

In response to Generic Letter 83-28, “Required Actions Based on Generic Implications
of Salem ATWS Events”, life cycle tests were performed on the reactor trip breaker
shunt and undervoltage trip attachments to demonstrate that the attachments are
suitable for reactor trip switchgear service and have adequate design margins
(Reference 17). The results of the testing showed that the shunt trip attachment has
adequate margin and is suitable as a backup to the undervoltage trip attachment for
reactor trip switchgear service in compliance with Generic Letter 83-28. The testing
also confirmed the suitability of the undervoltage trip attachment for reactor trip
switchgear service.

Items 4.2.3 and 4.2.4 of Generic Letter 83-28 specify that the reactor trip breaker
preventative maintenance and surveillance program should include life testing of the
reactor trip breakers and periodic replacement of breakers or components consistent
with the demonstrated life cycles. In response to ltem 4.2.3, “Life Testing of Trip
Breakers”, the reactor trip breaker Life Cycle Testing Program discussed above and in
Reference 17 was performed by the Westinghouse Owners Group. The results of that
program were utilized in the development of the response to ltem 4.2.4, “Periodic
Replacement of Breakers or Components Consistent with Demonstrated Life Cycles”,
provided to the NRC by Reference 53.
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Supplement 1 to Generic Letter 83-28, issued October 7, 1992, informed licensees that
the actions of 4.2.3 and 4.2.4 as originally described in the enclosure to Generic Letter
83-28 were no longer needed. In light of reactor trip breaker operating experience since
the issuance of Generic Letter 83-28, the NRC staff concluded that the actions already
completed pursuant to Generic Letter 83-28 have been effective in improving reactor
trip breaker reliability to open, and that further actions to address the end-of-life
degradation in breaker reliability are not justified. Additionally, the NRC staff noted that
since issuing Generic Letter 83-28, the NRC had promulgated the requirements for
reducing the risk from ATWS events in 10 CFR Part 50, Section 50.62. The
modifications associated with this regulation further reduce the risk resulting from the
failure of reactor trip breakers.

Based on Supplement 1 to Generic Letter 83-28, and the operating experience with the
Prairie Island reactor trip breaker shunt and undervoltage trip attachments, the 30 year
replacement interval committed to in Reference 53 has been eliminated. The shunt and
undervoltage trip attachments will be replaced as periodic preventative maintenance,
inspection and surveillance testing dictate.

As originally committed in Reference 53, the remaining reactor trip breaker components,
not specifically addressed by the Westinghouse Owners Group Life Cycle Testing
Program, will also be replaced as periodic preventative maintenance, inspection and
surveillance testing dictate.

7.41.3.2 Equipment Qualification

Proprietary type tests are performed on protection system equipment, to assure it will
perform as needed to achieve system requirements under normal and transient
conditions as required.

Details of environmental testing of engineered safety features related equipment in
containment which are required to operate in the post-LOCA environment are described
in Section 8.9.

In response to Generic Letter 83-28, “Required Actions Based on Generic Implications
of Salem ATWS Events”, the reactor trip breaker shunt trip device and auto shunt trip
panels were environmentally and seismically tested to demonstrate their capability to
perform as specified (Reference 18). A shunt trip device was also aged and seismically
tested to demonstrate that all performance requirements could be achieved

(Reference 19).

7.41.3.3 Channel Integrity

Protection system channels are designed such that adverse conditions, related to the
environment, energy supply, malfunctions and accidents, as applicable, do not negate
the safety of the plant.
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74134 Independence

Channel independence is carried throughout the system, extending from the sensor
through to the devices actuating the protective function. Physical separation is used to
achieve independence of redundant channels.

Two reactor trip breakers which interrupt power to the control rod drive mechanisms are
actuated by two separate logic matrices. The breaker main contacts are connected in
series with the power supply so that opening either breaker interrupts power to all full
length control rod drive mechanisms, permitting the rods to free fall into the core.

7.41.3.5 Separation of Redundant Protection Channels

The Reactor Protection System is designed to achieve separation between redundant
protection channels. The channel design is applied to the analog and the logic portions
of the protection system, and the functions are illustrated by Figure 7.4-7. Although the
illustration is for four channel redundancy and for two-out-of-four coincident logic, the
design is applicable to two and three channel redundancy. Separation of redundant
analog channels originates at the process sensors and continues along the field wiring
and through containment penetrations for each redundant channel. Analog equipment
is separated by locating redundant components in different protection racks. Each
protection channel set is energized from a separate a.c. instrument bus. Logic
equipment separation is achieved by providing separate racks, each associated with
individual trip breakers. Physical separation is provided between these racks. The
reactor trip bistables are mounted in the analog protection racks and are the final
operational component in an analog protection channel. Figure 7.4-7 depicts the
functions of each bistable indicating that each one drives two relays, “C” and “D” which
have normally open contacts. The contacts from the “C” relays are interconnected to
form the required actuation two out of four coincident logic for tripping one breaker. The
transition from instrument channel identity to logic identity is made at the logic relay
coil/relay contact interface. As such, there is both electrical and physical separation
between the analog and the logic portions of the protection system. The above logic
network is duplicated for the other trip breaker using the contacts from “D” relays.
Therefore, the two redundant reactor trip logic channels will be physically and
electrically separated from one another. The Reactor Protection System is comprised
of identifiable channels which are physically electrically, and functionally separated from
one another. See section 8.7 for details on electrical separation requirements.

7.41.3.6 Loss of Power

A loss of power in the Reactor Protection System causes the affected channel to trip.
All reactor protection circuits are deenergized to cause a trip, with the exception of the
shunt trip. Availability of control power to the engineered safety features trip channels is
continuously monitored. The Engineered Safety Features bistables are deenergized to
actuate, except for containment spray which is energized to actuate.
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7.41.3.7 Diversity

The design philosophy is to make maximum use of a wide variety of measurements.
The protection system continuously monitors numerous diverse system variables. The
extent of this diversity has been evaluated for a wide variety of postulated accidents and
is discussed in Reference 13. Generally, two or more diverse protection functions
would terminate an accident before intolerable consequences could occur.

Protective diversity is achieved in either of two ways: equipment diversity, by providing
different types of instrumentation to monitor the same variable, or functional diversity, by
monitoring different plant variables. Functional diversity entails some degree of
equipment diversity, primarily with respect to sensors and setpoints. More importantly,
however, functional diversity is not dependent on the calculated response of any one
variable during an accident. As a converse of this, functional diversity is more complex
to demonstrate since the response of several variables must be analyzed for each type
of accident evaluated. The diversity rational includes the use of non-safety as well as
safety related equipment.

7.41.3.8 Reactor Protection System and DNB

The following is a description of how the reactor protection system prevents DNB.
The plant variables affecting the DNB ratio are:

Thermal Power

Coolant flow

Coolant temperature

Coolant pressure

Core power distribution

Figure 7.4-5 illustrates Tavg/AT protection channels. Variations in both flow and power
are monitored by the overpower and overtemperature AT trips since a decrease in flow
would have the same effect on the measured loop AT signal as an increase in power.
Periodic measurements using the incore instrumentation system are used to verify that
the actual core power distribution is within design limits.

Reactor trips for a fixed high pressurizer pressure and for a fixed low pressurizer
pressure are provided to limit the pressure range over which core protection depends
on the overpower and overtemperature AT trips.
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Reactor trips on nuclear overpower and low reactor coolant flow are provided for direct,
immediate protection against rapid changes in these parameters. However for cases in
which the calculated DNBR approaches the applicable limit, a reactor trip on
overtemperature AT would also be actuated.

The AT trip functions are based on the differences between measured hot leg and cold
leg temperatures. These differences are proportional to core power. The
overtemperature AT trip function is provided with a nuclear differential flux signal from
the upper and lower ion chambers to reflect a measure of axial power distribution. This
aids in preventing an adverse axial flux distribution which could lead to exceeding
allowable core conditions.

The postulated abnormal conditions, the exact combination of conditions (reactor
coolant pressure, core temperature, core power, instrumentation uncertainties, etc.) and
its effects on DNBR are covered in each of the various accidents and transients
analyzed in Section 14.

7.41.3.9 Specific Control and Protection Interactions

7.4.1.3.91 Nuclear Flux

Four power range nuclear flux channels are provided for overpower protection. Isolated
outputs from all four channels are averaged for automatic rod control. If any channel
fails in such a way as to produce a low output, that channel would be incapable of
proper overpower protection. In principle, the same failure may cause rod withdrawal
and hence, overpower. Two out of four overpower trip logic ensures that even with a
failed channel a two out of three logic remains available to provide an overpower trip.

In addition, the control system responds only to rapid changes in indicated nuclear flux;
slow changes or drifts are compensated by the temperature control signals. Finally, an
overpower signal from any nuclear channel blocks automatic rod withdrawal. The
allowable value for this rod withdrawal stop is below the reactor trip allowable value.

7.41.3.9.2 Coolant Temperature

Hot leg and cold leg temperature measurements are made for each reactor coolant loop
to provide protection. In addition, by use of isolation amplifiers located in the protection
rack, the temperature signals are used for control. The average temperature
measurements and temperature difference measurements for each loop are used for
protection with two channels per loop and two out of four reactor trip logic. The reactor
control system uses the highest auctioneered of the four isolated average temperature
measurements.
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Average Temp =T, = @

Temp Difference = AT = Thot- T colg

The main requirement for reactor protection is that the temperature difference between
the hot leg and cold leg vary linearly with power. All AT setpoints are in terms of full
power AT; thus, absolute AT measurements are not required.

Reactor Protection logic using reactor coolant loop temperatures is two out of four with
two channels per reactor coolant loop. This complies with all applicable IEEE 279-1971
criteria.

Reactor control is based upon signals derived from protection system channels through
isolation amplifiers so that no feedback effect can perturb the protection channels.

Since control is based on the highest average temperature from the four average
temperature measurements, the control rods are always moved based upon the most
pessimistic temperature measurement with respect to margins to DNB. A spurious low
average temperature measurement from any loop temperature control channel will
cause no control action. A spurious high average temperature measurement will cause
rod insertion (safe direction).

A common low flow alarm with an individual flow indicator for each reactor coolant loop
bypass flow is provided on the main control board. The alarm and flow indicators
provide the operator with immediate indication of a low flow condition in the bypass
loops associated with any reactor coolant loop. The setting of the RTD bypass loop
flow status light and alarm is between 50 and 300 gpm and is accurate to within +10%
of full range.

In addition, channel deviation signals in the control system give an alarm if any
temperature channel deviates significantly from the other. Automatic and manual rod
withdrawal blocks also occur if any one out of four nuclear channels indicates an
overpower condition or if any two out of four temperature channels indicate an
overtemperature or overpower condition. Two out of four trip logic is used to ensure
that an Overtemperature or Overpower AT trip occurs, if needed, even with an
independent failure in another channel. Finally, as shown in Section 14, the
combination of trips on nuclear overpower, high pressurizer water level, and high
pressurizer pressure also serve to limit an excursion for any credible rate of reactivity
insertion. See section 4.6.1.5 for reactor coolant bypass loop temperature
measurement development.
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7.41.3.9.3 Pressurizer Pressure

The pressurizer pressure protection channel signals are used for high and low pressure
protection and as inputs to the overtemperature AT trip protection function (See

Figure 7.4-8). Isolated output signals from these channels are used for pressure
control. These are used to control pressurizer spray and heaters and power operated
relief valves. Pressurizer pressure is sensed by fast response pressure transmitters
with a time response of better than 0.2 seconds.

Interlocking of two separate pressure channels prevents a single channel failure
causing relief valve actuation, but a spurious high pressure signal from one channel
may actuate a spray valve. Additional redundancy is provided in the protection system
to ensure low pressure protection, i.e., two out of four low pressure reactor trip logic.
Safety injection is actuated on two out of three pressurizer low pressure.

The pressurizer heaters are incapable of overpressurizing the Reactor Coolant System.
Maximum steam generation rate with heaters is about 8,200 Ib/hr, compared with a total
capacity of two orders of magnitude greater for the two safety valves and for the two
power operated relief valves as shown in Table 4.1-4. Therefore, overpressure
protection is not required for a pressure control failure, however, two out of three high
pressure trip logic is used.

Either of the two relief valves can easily maintain pressure below the high pressure trip
point. The two relief valves are each manually controlled by a switch in the control room
or automatically by two pressure channels one of which is independent of the pressure
channel used for the pressurizer heaters. Since pressure changes as a result of
pressurizer heater operation are slow, ample time and pressure alarms are available for
operator action.

7.41.3.94 Pressurizer Level

Three pressurizer level channels are used for reactor trip (two out of three for high
level). Isolated signals from these channels are used for level control, increasing or
decreasing the pressurizer water level as required. A failure in the level control system
could fill or empty the pressurizer at a slow rate (on the order of half an hour or more).
(See Figure 7.4-9a).

The design of the pressurizer water level instrumentation is a slight modification of the
usual tank level arrangement using differential pressure between an upper and a lower
tap. (See Figure 7.4-9b). The modification consists of the use of a sealed reference leg
instead of the conventional open column of water.
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Experience has shown that hydrogen gas can accumulate in the upper part of the
condensate pot on conventional open reference leg systems in pressurizer level
service. At Reactor Coolant System (RCS) operating pressures, high concentrations of
dissolved hydrogen in the reference leg water are possible. On sudden
depressurization accidents, it has been hypothesized that rapid effervescence of the
dissolved hydrogen could blow water out of the reference leg and cause a large level
error, measuring higher than actual level. To eliminate the possibility of such effects, a
bellows is used in a pot at the top of the reference legs to prevent dissolving of
hydrogen gas into the reference leg water.

The reference leg operating temperature remains at the local ambient temperature.
This temperature varies somewhat over the length of the reference leg piping under
normal operating conditions but does not exceed approximately 140°F. During a
blowdown to atmospheric pressure, any reference leg boil off is confined to the
condensate steam interface in the condensate pot at the top of the temperature barrier
leg with only negligible effects on the accuracy of the level sensors. Flashing or
effervescence within the reference leg itself does not occur. Therefore, the
instrumentation provided senses low pressurizer level. The pressurizer liquid level
measuring system was tested to verify that this system is capable of withstanding rapid
depressurization and provides proper information within 1 second after
depressurization. The system test was arranged to have a liquid level measuring
system which consisted of a D/P electronic transmitter, a liquid level filled sensor
bellows and capillary tubing assembly, which served as the reference leg connected to
the high pressure side of the D/P cell. The level measuring system was connected to a
half filled vessel of liquid and gas at a static pressure of 2250 psig. The pressure was
rapidly released from 2250 psig to atmosphere from the test vessel. After
depressurization tests, no damage occurred to the level measuring system and the test
results verified the capability of this system to withstand rapid depressurization.

Calibration of the sealed reference leg system is done in place by application of known
pressure to the low pressure side of the transmitter and measurement of the height of
the reference column. The effects of static pressure variations are predictable. The
largest effect is due to the density change in the saturated fluid in the pressurizer itself.
The effect is typical of level measurements in all tanks with two phase fluid and is not
peculiar to the sealed reference leg technique. In the sealed reference leg, there is a
slight compression of the fill water with increasing pressure, but this is taken up by the
flexible bellows. A leak of the fill water in the sealed reference leg can be detected by
comparison of redundant channel readings on line and by physical inspection of the
reference leg off line with the channel out of service. Leaks of the reference leg to
atmosphere are immediately detectable by offscale indications on the control board.
Further detection of leakage is provided by ERCS alarms for level deviation between
redundant channels.
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A reactor trip on pressurizer high level is provided to prevent filling the pressurizer in the
event of a rapid thermal expansion of the reactor coolant. A rapid change from high
rates of steam relief to water relief could be damaging to the safety valves, relief piping,
and pressure relief tank. However, a level control failure cannot actuate the safety
valves because the high pressure reactor trip is set below the safety valve set pressure.
With the slow rate of charging available, overshoot in pressure before the trip is
effective is much less than the difference between reactor trip and safety valve set
pressures. Therefore, a control failure does not require protection system action. In
addition, alarms occur in ample time for corrective manual action.

7.4.1.3.9.5 Steam Generator Water Level

Before describing control and protection interaction for these channels, it is beneficial to
review the protection system basis for this instrumentation. (See Figure 7.4-10).

The basic function of the reactor protection circuits associated with low steam generator
water level is to preserve the steam generator heat sink for removal of long term
residual heat. Should a complete loss of feedwater occur with no protective action, the
steam generators would boil dry and cause an overtemperature-overpressure excursion
in the reactor coolant. Reactor trips on temperature, pressure, and pressurizer water
level will trip the unit before there is any damage to the core or Reactor Coolant System.
Redundant auxiliary feedwater pumps are provided to remove heat and thus prevent
residual heat, after trip, from causing thermal expansion and discharge of the reactor
coolant through the pressurizer relief valves. Reactor trips act before the steam
generators are dry to reduce the required capacity and starting time requirements of
these pumps and to minimize the thermal transient on the Reactor Coolant System and
steam generators. Independent trip circuits are provided for each steam generator for
the following reasons:

a. Should severe mechanical damage occur to the feedwater line to one steam
generator, it is difficult to ensure the functional integrity of level and flow
instrumentation for that unit. For instance, a major pipe break between the
feedwater flow element and the steam generator would cause high flow
through the flow element. The rapid depressurization of the steam generator
would drastically affect the relation between downcomer water level and
steam generator water inventory.

b. Itis desirable to minimize thermal transients on a steam generator for credible
loss of feedwater accidents.

Automatic signal validation is used for control system inputs, which prevents any single
protection system failure from affecting the control system. This validation is used to
satisfy IEEE 279-1971, Section 4.7.3 criteria regarding protection/control interaction.
The validation is known as Median Signal Select and includes deviation and signal
value limit alarm flags.
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Changes to any aspect of the signal validation associated with narrow range steam
generator level must be verified operable by testing consistent with the testing
performed on the original Median Signal Select.

As part of the resolution of USI A-47, “Safety Implications of Control Systems”, the NRC
Staff investigated control system failures that have occurred, or are postulated to occur,
in nuclear power plants. The NRC Staff concluded that plant transients resulting from
control system failures can be mitigated by the operator, provided that the control
system failures do not also compromise operation of the minimum number of protection
system channels required to trip the reactor and initiate safety systems. A number of
plant specific designs were identified that required additional protection from such
transients that could lead to steam generator overfill.

Steam generator overfill can affect the safety of the plant in several ways. The more
severe scenarios could potentially lead to a steamline break or steam generator tube
rupture. The basis for this concern is the following: (1) the increased dead weight and
potential seismic loads placed on the main steamline and its supports should the main
steamline be flooded; (2) the loads placed on the main steamlines as a result of the
potential for rapid collapse of steam voids resulting in water hammer; (3) the potential
for secondary safety valves sticking open following discharge of water or two phase
flow; and (4) the potential inoperability of the main steamline isolation valves, main
turbine stop valves or atmospheric dump valves from the effects of water or two phase
flow.

Specifically, as a result of the resolution of USI A-47, the NRC Staff concluded that all
PWR plants should provide automatic steam generator overfill protection and that plant
procedures and technical specifications should include provisions to verify periodically
the operability of the overfill protection and to assure that automatic overfill protection is
available to mitigate main feedwater overfeed events during reactor power operation.

Generic Letter 89-19, “Request for Action Related to Resolution of Unresolved Safety
Issue A-47 “Safety Implication of Control Systems in LWR Nuclear Power Plants”
Pursuant to 10 CFR 50.54(f)”, was issued on September 20, 1989 by the NRC Staff in
response to the steam generator overfill concerns raised by the resolution of USI A-47.
Generic Letter 89-19 recommended that all Westinghouse plant designs provide
automatic steam generator overfill protection to mitigate main feedwater overfeed
events. The Generic Letter further recommended that plant procedures and technical
specifications for all Westinghouse plants include provisions to periodically verify the
operability of the main feedwater overfill protection and ensure that the automatic overfill
protection is operable during reactor power operation.
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The original design for steam generator overfill protection is initiated on a steam
generator high water level signal based on a two out of three initiating logic which is
safety grade but uses one out of the three channels for both control and protection. The
feedwater control system was upgraded in 1989 for Unit 2 and 1990 for Unit 1. The
control system now uses all three narrow range steam generator level channels for
protection and control, with the implementation of a Median Signal Select on steam
generator level control channels to provide signal validation. This prevents
protection/control interaction upon failure a single level channel and is used to satisfy
IEEE 279-1971, section 4.7.3 criteria for reactor protection.

Actuation of steam generator overfill protection isolates feedwater to the steam
generators by tripping the main feedwater pumps and closing the feedwater main and
bypass control valves.

Generic Letter 89-19 concluded that the type of steam generator overfill protection
utilized is acceptable if:

a. The feedwater control system is not powered from the same source as overfill
protection.

b.  Overfill protection and feedwater control are not located within the same
cabinets.

c.  Overfill protection and feedwater control signals are routed such that a fire is
not likely to affect both systems.

d. Plant procedures and Technical Specifications include requirements to
periodically verify operability of overfill protection.

Each of these criterion was individually addressed in the response to Generic Letter
89-19 (Reference 36). The response was provided in the context of the original design
and then the added benefit of the upgraded feedwater control system, with Median
Signal Select, was discussed.

With respect to the system power requirements, overfill protection is provided through
trip bistables in the reactor protection analog instrumentation racks, which are powered
from the four 120 VAC instrument buses. The feedwater control system is powered
from redundant 120 VAC power supplies. The failure of a single 120 VAC instrument
bus will have no effect on automatic feedwater control.

The overfill protection and feedwater control systems are physically located in separate
cabinets.

No control signal cables are routed with protection cables. This is the case for the
feedwater control and overfill protection systems; thus the likelihood of a fire affecting
both systems is minimized.
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In response to Generic Letter 89-19, a License Amendment Request was submitted
(Reference 37) to incorporate feedwater isolation limiting conditions for operations and
steam generator high level surveillance requirements into the Prairie Island Technical
Specifications. The requested Technical Specification changes were approved by
Reference 38. This was later superceded by adoption of Improved Technical
Specifications.

The feedwater isolation surveillance procedures were also revised to verify that control
valves move from full open to full closed in 7 seconds or less upon deenergizing either
air supply solenoid valve.

Generic Letter 89-19 was closed out by the NRC Staff in Reference 39.
7.41.3.10 Steam Line Pressure

Three pressure channels per steam line are used for steam break protection (two out of
three low pressure signals for any steam line actuates safety injection). One of these
channels is used to control the power operated relief valve on the steam line. These
valves are typically rated at 10% of the safety valve capacity. A spurious high pressure
signal from the channel used for control will open the relief valve and cause a reduction
in pressure. This is a slow rate of steam release equivalent to approximately 2-3%
power at 100% power steam pressure or approximately 7% power at zero power steam
pressure. Spurious opening of a relief valve is bounded by the small steam line break
analyzed in Section 14. In that analysis the safety injection signal was generated by the
pressurizer instrumentation and not the steam line pressure instrumentation. Therefore,
control failure does not create a need for the protection, and two-out-of-three logic is
acceptable.

7.4.1.3.11 Normal Operating Environment

Temperature in the control room and adjoining equipment room is maintained for
personnel comfort at 70°F 6 15°F. Protective equipment in this space is designed to
operate within design tolerance over this temperature range.

Design specifications for this equipment specify no loss of protective function over the
temperature range from 40°F to 120°F. Thus there is a wide margin between design
limits and the normal operating environment for control room equipment.
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Within containment, the normal operating temperature for protective equipment except
excore neutron detectors is maintained below 120°F. Protective instrumentation is
designed for continuous operation within design tolerance in this environment. Excore
neutron detectors are designed for continuous operation within design tolerance in this
environment. Excore neutron detectors are designed for continuous operation at 135°F,
and the normal operating temperature is maintained below this value. Thermocouples
mounted adjacent to each detector well provide a temperature input of the detector
environment and is displayed, logged, and alarmed by ERCS. The detectors are able to
withstand operation at 175°F for short durations (8 hours). Process instrumentation in
containment which is vital to plant protection is designed to survive the post accident
environment long enough to perform their protective function.

Qualification testing has been performed on various safety systems such as process
instrumentation, nuclear instrumentation, and relay racks. Details of the Environmental
Qualification Program are discussed in Section 8.9.

7.41.3.12 Response to Salem ATWS Event

In response to the ATWS events that occurred at the Salem Plant on February 22 and
25, 1983, Generic Letter 83-28, “Required Actions Based on Generic Implications of
Salem ATWS Events”, was issued. The actions required by Generic Letter 83-28 were
developed by the NRC Staff based on information contained in NUREG-1000, “Generic
Implications of ATWS Events at the Salem Nuclear Power Plant”. The specified actions
fell into four areas: posttrip reviews, equipment classification and vendor interface,
postmaintenance testing and reactor trip system reliability improvements.

The response to Generic Letter is provided in Reference 20. A summary of the Generic
Letter 83-28 action items and the dates corresponding to the issuance of the NRC
evaluation of each item is provided in Table 7.4.6. The NRC has verified the proper
implementation of the equipment classification, vendor interface, post maintenance
testing and reactor trip system reliability portions of Generic Letter 83-28 by an
inspection summarized in Reference 32. The ATWS Mitigation System Actuating
Circuitry (AMSAC) System installed in response to 10 CFR Part 50 Section 50.62 is
described in Section 7.41.

7.41.4 Inspection and Testing

A plan for periodic component and system testing and material examinations was
prepared for use throughout plant life.

7.41.41 Channel Bypass or Removal from Operation

The system is designed to permit any one analog channel through its bistable to be
maintained, tested, and calibrated during power operation without system trip. Channel
bypass and/or removal from operation facilitates these procedures.
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During such testing operations the active parts of the system using two out of four logic
meet the single failure criterion, when the channel under test is either tripped or makes
use of superimposed test signals which do not negate the detector signal.

EXCEPTION: “One out of two” systems are permitted to violate the single failure
criterion during channel bypass provided that acceptable reliability of operation can be
otherwise demonstrated, and bypass time interval is short. See Section 7.4.1.4.5.

7.41.4.2 Additional Considerations for Test and Calibration

The bistable portions of the protective system (e.g., relays, bistables, etc.) provide trip
signals after signals from analog portions of the system reach preset values. Capability
is provided for calibrating and testing the performance of the bistable portion of
protective channels and various combinations of the logic networks during reactor
operation.

The analog portion of a protective channel (e.g., sensor and amplifier) provides an
analog signal of the reactor or plant parameter. The methods for checking the analog
portion of a protective channel during reactor operation include: a) varying the
monitored parameter, b) simulating typical signals, and ¢) comparison checks between
identical channels or between channels which bear a known relationship to each other.

The design provides for controlled access to all trip settings, module calibration
adjustments, test points, and signal injection points.

7.41.43 Reactor Trip Signal Testing

In the source and intermediate ranges where the trip logic is one out of two for each
range, bypasses are provided for testing.

Nuclear instrument power range channels are tested by superimposing a test signal on
the normal sensor signal so that the reactor trip protection is not bypassed. Based upon
coincident two out of four logic, this does not trip the reactor; however, a trip will occur if
a reactor trip is required.

Provision is made for the insertion of test signals in each analog loop. This enables

testing and calibration of meters and bistables. Transmitters and sensors are checked
against each other using plant read-out equipment during normal power operation.

7.41.4.4 Process Analog Protection Channel Testing

Provisions are made to manually place the output of the analog bistable protection
channel in a tripped condition for “at power” testing.
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The basic arrangement of elements comprising a representative analog protection
channel is shown in Figure 7.4-11. These elements include a sensor or transmitter,
power supply, bistable, bistable trip switch and proving lamp, test operate switch, test
annunciator, test signal injection jack, and test points. A portion of the logic system is
also included to illustrate the overlap between the typical analog channel and the
corresponding logic circuits. The analog system symbols are given in Figure 7.4-12.

Each process protection rack includes a test panel containing those switches, test jacks
and related equipment needed to test the channels contained in the rack. A hinge cover
encloses a portion of the test panel. Opening the cover or placing the test operate
switch in the “TEST” position automatically initiates an alarm. The test panel cover is
designed such that it cannot be closed unless the test signal plugs (described below)
are removed. Closing the test panel cover mechanically returns the test switches to the
“OPERATE” position.

Testing of process analog protection channels requires that the bistable output relays of
the channel under test be placed in the tripped mode prior to proceeding with the analog
channel tests. Thus, for the channel under test, the relay elements in the two out of
three or two out of four coincident matrices will be in the tripped mode during the entire
test of that channel. It is observed that the remaining channels of the two out of three or
the two out of four protective functions meet the single failure criterion when a channel
is bypassed or tripped. Placing the bistable trip switch in the tripped mode deenergizes
(trips) the bistable output relays and connects a proving lamp to the bistable output
circuit. This permits the electrical operation of the bistable to be observed and the
bistable set point relative to the channel analog signal to be verified. Upon completion
of test of the analog channel, the bistable trip switches must be manually reset to their
operate mode. Closing the cover of the test panel will not transfer the bistable trip
switches from their tripped to their operate position.

Process analog channel testing is accomplished by simulating a process measurement
signal, varying the simulated signal over its signal span and checking the correlation of
bistable set points, channel readouts and other loop elements with precision portable
readout equipment. (See Figure 7.4-11.) Test jacks are provided in the test panel for
injection of the simulated process signal into each process analog protection channel.
Test points are provided in the channel to facilitate an independent means for precision
measurement and correlation of the test signal. This procedure does not require any
tools nor does it involve in any way the removal or disconnection of wires in the channel
under test. In general, the analog channel circuits are arranged so the channel power
supply is loaded and is providing sensing circuit power during channel test. Load
capability of the channel power supply is thereby verified by channel test.
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74145 Nuclear Instrumentation Channel Testing

Nuclear instrumentation system (NIS) channels are tested by superimposing the test
signal on the actual detector signal being received by the channel. The output of the
bistable is not placed in a tripped condition prior to testing. A valid trip signal would then
be added to the existing test signal, and thereby cause channel trip at a somewhat
lower percent of actual reactor power. Protection bistable operation is tested by
increasing the test signal (level signal) to the bistable trip level and verifying operation at
control board alarms and/or at the NIS racks.

An NIS channel which can cause a reactor trip through one out of two protection logic
(source or intermediate range) is provided with a bypass function which prevents the
initiation of a reactor trip from that particular channel during the short period that it is
undergoing test. The power range channels do not require bypass of the reactor trip
function for test, since two out of four protection logic is used. In all cases the bypass
condition and the channel test condition are alarmed on the NIS drawer and at the main
control board. An interlock feature between the bypass switch and channel test switch
on each channel keeps the test signal from being activated until the bypass function has
been inserted. Administrative control is required to ensure that only one protection
channel is placed in the bypass condition at any one time. The power range reactor
trips are not affected by the bypass function described above. Therefore, the power
range trips will be active if required. The channel test circuit is designed so that it
cannot reduce the channel signal level below the signal being received from the NIS
detector.

7.41.4.6 Logic Channel Testing

The general design functions of the logic systems are described below. The trip logic
channels for a typical two out of three and a two out of four trip function are represented
in Figure 7.4-13. Contacts from the “A” and “B” relays are arranged in a two-out-of-
three trip matrix and contacts from the “C” and “D” relays (not same as shown in Figure
7.4-7) are in a 2 out of 4 matrix. This figure is not to show specific actual hardware
implementation but to illustrate a typical switching function that causes a breaker trip via
the undervoltage coil of the breaker. This approach is consistent with a deenergize to
trip preferred failure mode. For increased reliability, a similar logic matrix energizes the
shunt trip device, an energize to trip coil of the breaker. The logic system testing
includes exercising the reactor trip breakers to demonstrate system integrity. Bypass
breakers are provided for this purpose. During normal operation, these bypass breakers
are open. To prevent simultaneous closure of both bypass breakers, an electrical
interlock is used. Indication of a closed condition of either bypass breaker is provided
locally, on the test panel, and on the main control panel.
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As shown in Figure 7.4-13, the trip signal from the logic network is simultaneously
applied to the main trip breaker associated with the specific logic chain as well as the
bypass breaker associated with the alternate trip breaker. Should a valid trip signal
occur while AB-1 is by-passing TB-1, TB-2 will be opened through its associated logic
train. The trip signal applied to TB-2 is simultaneously applied to AB-1 thereby opening
the bypass around TB- 1. TB-1 would either have been opened manually as part of the
test or would be opened through its associated logic train which would be operational or
tripped during a test.

Lights and an event recorder are provided at the respective Trip Logic Panels to
indicate the operation of the logic relays, and logic network trip signals to the
undervoltage and/or shunt trip devices of the breakers.

The following procedure illustrates the typical method used for testing Trip Breaker No.
1 and its associated logic network.

a. Rack-in and close AB-1.
b. Select function to be tested.

c.  Sequentially deenergize the trip relays (A1, A2, A3) for each logic
combination (1-2, 1-3, 2-3) using test pushbuttons. Verify that the logic
network deenergizes the undervoltage coil and energizes the shunt trip coil
on TB-1 for each logic combination.

d. Repeat “C” for each function.
e. Reset TB-1.
f. Trip and rack out AB-1.

In order to minimize the possibility of operational errors (such as tripping the reactor
inadvertently or only partially checking all logic combinations), each logic network
includes a logic channel test panel. This panel includes those switches, indicators and
recorders needed to perform the logic system test. The arrangement is illustrated in
Figure 7.4-14. The test switches used to de-energize the trip bistable relays operate
through interposing relays as shown in Figures 7.4-11 and 7.4-13. This approach
avoids violating the isolation philosophy used in the analog channel design. Thus,
although test switches for redundant channels are conveniently grouped on a single
panel to facilitate testing, physical and electrical isolation of redundant protection
channels are maintained by the inclusion of the interposing relay which is actuated by
the logic test switches.
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7.4.2 Engineered Safety Features Instrumentation

74.21 Design Basis

The engineered safety features instrumentation measures temperatures, pressure,
flows, and levels in the reactor coolant system, steam system, reactor containment and
auxiliary systems, actuates the engineered safety features, and monitors their
operation. Process variables required on a continuous basis for the startup, operation,
and shutdown of the unit are indicated, recorded and/or controlled from the control
room. The quantity and types of process instrumentation provided ensures safe and
orderly operation of all systems and processes over the full operating range of the plant.

Certain controls and indicators which require a minimum of operator attention, or are
only in use intermittently, are located on local control panels near the equipment to be
controlled. Monitoring of the alarms of such control systems is provided in the control
room.

Instrumentation and controls provided for the protective systems are designed to trip the
reactor, when necessary, to prevent or limit fission produce release from the core and to
limit energy release; to signal containment isolation; and to control the operation of
engineered safety features equipment.

The engineered safety features systems are actuated by the engineered safety features
actuation channels. Each coincidence network actuates an engineered safety features
actuation device that operates the associated engineered safety features equipment,
motor starters and valve operators. The channels are designed to combine redundant
sensors, and independent channel circuitry, coincident trip logic and different parameter
measurements so that a safe and reliable system is provided in which a single failure
will not defeat the channel function. The action initiating sensors, bistables and logic
are shown in the figures included in the detailed Engineered Safety Features
Instrumentation Description given in Section 7.4.2.2.1. The Engineered Safety Features
Instrumentation System actuates the equipment and/or Systems listed in Section
7.4.2.2.

The same channel isolation and separation criteria as described for the reactor
protection circuits are applied to the engineered safety features actuation circuits.

The passive accumulators of the Safety Injection System do not require signal or power
sources to perform their function. The actuation of the active portion of the Safety
Injection System is from signals described in Table 7.4-1.

The containment air fan coil units are normally in use during plant operation. These
units are in the automatic sequence which actuates the engineered safety features upon
receiving the necessary signals indicating an accident condition.
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The process instrumentation required for Engineered Safety Features actuation is given
in Table 7.4-4.

The logic diagram for containment spray actuation as well as for safety injection, steam
line isolation and containment isolation, is shown in Figure 7.4-15. A single containment
isolation signal will close off the required lines. Reactor coolant pump process lines for
cooling and seal water are not isolated.

The containment isolation signals provide the means of initiation of isolation of the
various pipes passing through the containment walls as required to prevent the release
of radioactivity to the outside environment in the event of a loss of coolant accident.

The engineered safety features actuation circuits are designed on the principle that the
safeguard bistables (See Figure 7.4-16) are de-energized to actuate with the exception
that the containment pressure bistables for spray actuation are energized to operate in
order to avoid spray operation on inadvertent power failure.

The availability of control power to the engineered safety features trip signals is
continuously indicated by means of indicating lights on the engineered safety features
panels. Loss of control power for the engineered safety features actuation signals is
annunciated in the control room.

The Engineered Safety Features Actuation System is designed to meet the single
failure criterion.

7.4.2.2 Description

The Engineered Safety Features (ESF) actuation system automatically initiates the
following ESF actuation signals when any of the following conditions exist:

a. Safety Injection Signal (SIS)

1. Pressurizer low pressure (2-out-of-3); this can be manually blocked when
the pressurizer pressure (2-out-of-3) is below preset value.

2. High containment vessel pressure (2-out-of-3);

1. Low steam line pressure per loop (2-out-of-3); this can be manually
blocked when the pressurizer pressure (2-out-of-3) is below a given set
point.

b.  Steam Line Isolation Signal

1. Coincidence of SIS and Hi-Hi steam flow (1-out-of-2) isolates the affected
steam line.
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2. Coincidence of SIS and Lo-Lo Tayg (2-out-of-4) and Hi steam flow
(1-out-of-2) isolates the affected steam line.

3. Hi-Hi containment pressure (2-out-of-3); isolates both steam lines.
c. Containment Spray Signal
1. Six hi-hi containment pressure containment spray signals (three from SIS
and three from Steam Line Isolation) are divided into three sets of two
signals each. Coincidence of one out of two in three out of three (1/2 in
3/3) sets actuates the Containment Spray Signal.
d. Containment Isolation Signal
1. Occurs when an SIS is present.
e. Containment Ventilation Isolation Signal
1. Occurs when an SIS is present.
2. Manual initiation of a Containment Spray Signal.
3. Manual initiation of a Containment Isolation Signal.
4. High Radiation (1-out-of-2) in Containment Purge System
f. Feedwater Isolation Signal
1. Occurs when an SIS is present.

2. Hi-Hi Steam Generator Level (2-out-of-3 in any steam generator).

3. Coincidence of Reactor Trip and Lo Tayg (2-out-of-4) - not a credited ESF
function.

g. Auxiliary Feedwater Signal
1. Occurs when an SIS is present.
2. Lo-Lo Steam Generator Water Level (2-out-of-3 in any steam generator).

3. Undervoltage on RC Pump Bus (1-out-of-2 per bus on both buses).
Starts only the Turbine Driven Auxiliary Feedwater Pump.

4. Trip of Both Main Feedwater Pumps
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Each signal can also be generated manually. The manual or automatic ESF signal
furnishes signal input required for:

Reactor Trip

Start of emergency diesel generators

Start of Safety Injection system

Start of a Cooling Water pump

Start of Containment Fan Cooler (in slow speed)

Start of Residual Heat Removal system

Start of Shield Building Ventilation system

Start of Auxiliary Building Special Ventilation system
Start of Control Room Special Ventilation system

Start of Component Cooling Water system

Transfer of Containment Fan Coolers from chilled water to cooling water
Isolation of the CRDM cooling coil units

Start of Control Room Chilled Water Pump

Close the Control Room Chilled Water Crossover Valves
Trip the Condensate Pumps

Figure 7.4-16 shows the sensors, bistables and logic matrix for the Engineered Safety
Features.

The instrumentation used to monitor the effectiveness of the Engineered Safety
Features system is discusses in section 7.10.
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74221 ESF Input Instrumentation

Instrumentation which is used to develop ESFAS signals are discussed in various
sections of the USAR. The table below is a cross-reference for these locations.

Containment Pressure 742211

Feedwater Pump Trip 11.9.2.1

High Radiation 7522,7523,7524
Pressurizer Pressure 7.4.1.3.9.3

RCP Bus Undervoltage 7.4.1.2.3.14

RCS Average Temperature 7.4.1.3.9.2

Reactor Trip 7.4.1.2.3.1

Steam Flow 7.4.221.2

Steam Generator Water Level 7.4.1.3.9.5

Steam Line Pressure 7.4.1.3.10

Table 7.4-4 provides further information on the process instrumentation which provides
signals to the Engineered Safety Features actuation circuitry.

742211 Containment Pressure

Six channels, monitoring containment pressure, derived from four pressure taps, reflect
the effectiveness of the containment and cooling systems and other engineered safety
features. High pressure indicates high temperatures and reduced pressure indicates
reduced temperatures. Indicators and alarms are provided in the control room to inform
the operator of system status and to guide actions taken during recovery operations.
Containment pressure indication will be used to distinguish between various incidents.

Redundant containment pressure signals are provided to isolate the containment. Each
of the three pairs of differential pressure transmitters external to the containment in the
auxiliary building have their own connection to the containment. Remote indicating
facilities, and alarm signals are provided from each transmitter.



PRAIRIE ISLAND UPDATED SAFETY ANALYSIS REPORT
USAR Section 7

Revision 28
Page 7.4-40

Actuation setpoints are provided in the following manner. Sl actuation occurs on the
lowest setpoint using a unique set of three bistables, and Steam Line isolation occurs
on a higher setpoint using a unique set of three bistables. Containment Spray actuation
occurs using a second setpoint on each of the S| and Steam Line Isolation bistables.
The containment spray setpoint is the highest setpoint on each of the six bistables.

The containment pressure setpoint was the subject of TMI action plan item I11.E.4.2(5)
(NUREG 0737). The action plan item requested that the containment pressure setpoint
that initiates containment isolation for nonessential penetrations be reduced to the
minimum, compatible with normal operation. NSP’s responses (References 59, 60 and
61) justifying a 4 PSIG set point, were found to be acceptable by the NRC (Reference
62).

7.4.2.2.1.2 Steam Flow

Four fully qualified 1E channels of Steam Flow provide engineered safeguards
functions, reactor control functions, indication and recording of steam flow information.

The Steam flow instrumentation provides steam line break protection under two
settings. First, 1 out of 2 Hi-Hi steam flow signals on a single steam line coincident with
a Safety Injection Signal (SIS) will isolate the effected steam line. Second, 1 out of 2 Hi
steam flow signals on a single steam line coincident with a SIS and 2 out of 4 Lo-Lo Tayg
signals will isolate the effected steam line.

For reactor control the steam line flow signal is used in conjunction with other signals to
generate the feedwater control signal. This signal is used to regulate the feedwater
regulating valves and the feedwater bypass valves. See section 7.2.2.4 for information
on the feedwater control system.

Indication of steam flow channel actuation occurs via annunciators and status lights.
ERCS records indication of steam flow channel actuation and values. Each control
signal is compensated for steam pressure and is displayed on a CB meter; the control
system validated average compensated steam flow is displayed on each steam
flow/feed recorder.

7.4.2.2.2 ESF Actuation Indication

Instrumentation which monitors the effectiveness of ESF Actuation is addressed under
section 7.10.
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7.4.2.3 Instrumentation Used During Loss of Coolant Accident

Instruments which are designed to function for various periods of time at the onset of a
major or loss of coolant accident are those which govern the operation of Engineered
Safety Features. Electrical equipment for the Engineered Safety Features is located
inside the containment and in the auxiliary building. Table 7.4-5 is a listing of the
equipment inside the containment which is required for post-LOCA operation and the
duration required.

Pressurizer pressure transmitters may be required to actuate ESF for an accident in
containment. The transmitters are located inside the containment because an
equivalent signal cannot be obtained from a sensor location more isolated from the
reactor.

It should be emphasized, however, that for the large loss of coolant incidents the initial
suppression of the transient is independent of any detection or actuation signal because
the water level will be restored to the core by the passive accumulator system.

All pumps used for safety injection and containment spray are located outside the
containment. The operation of the equipment can be verified by instrumentation which
will not be affected by the accident.

Refueling water tank instrumentation also provides information for evaluating the
conditions necessary to initiate the recirculation mode of operation. See Section 6 for
further details.

The refueling water storage tank level instrumentation provides additional information to
determine the relative size of a reactor coolant leak.

Considerations have been given to all the instrumentation and information that will be
necessary for the recovery time following a loss of coolant incident. Instrumentation
external to the reactor containment such as radioactivity monitoring equipment will not
be affected by this postulated incident and will be available to the operator.

7424 Performance Analysis

The Engineered Safety Features Actuation System meets the same specifications and
performance requirements as the Reactor Protection System. See section 7.4.1.3 for
more information on ESF performance features.

Redundant instrumentation is provided for all inputs to the protective systems and vital
control circuits. Where wide process variable ranges and precise control are required,
both wide range and narrow range instrumentation is provided.

All electrical and electronic monitoring instrumentation required for safe and reliable
operation is supplied from the vital instrumentation buses.
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Any accident requiring emergency core cooling would involve low pressurizer pressure.
Emergency core cooling is accomplished by the SIS actuation from the reactor coolant
system variables. Actuation is initiated by low pressurizer pressure.

A safety injection block switch is provided to permit the reactor coolant system to be
depressurized and its water level lowered for maintenance and refueling operations
without actuation of the Safety Injection System. This manual block switch is
interlocked with pressurizer pressure in such a way that the blocking action is
automatically removed above a preset pressure as operating pressure is approached. If
two-out-ot-three pressure signals are above this preset pressure, blocking action cannot
be initiated. The block condition is annunciated in the control room.

For starting pump and fan motors, the slave relays, when energized, cause closing coils
on the motor starters or circuit breakers to be energized. When motor starters are used,
the starter operating coil is supplied by power from the same source as the subject
motor. When circuit breakers are used for motor control, the circuit breakers close and
trip coils are supplied by power from their respective train of the 125 VDC System as
outlined in Section 8.5.

Air actuated solenoid piloted containment vent and purge isolation valves are spring
loaded to close upon loss of air pressure.

7.4.2.5 Inspection and Testing

The analog instrumentation associated with the Engineered Safety Features Actuation
System is tested in the same manner as the reactor protection system described in
Section 7.4.1.4.4. The logic channel testing is also similar to that of the reactor
protection system as described in Section 7.4.1.4.6.

In general, Engineered Safety Features master relays (actuated by the logic) are tested
at power while the slave relays are blocked. Actuating coils of the slave relays are
checked for continuity. However, not all ESF circuits are designed and tested in this
manner.

During Mode 5, Cold Shutdown or Mode 6, Refueling, the master relays are actuated,
actuating the slaves, which are allowed to start the safety injection sequence. The test
is terminated when associated valves are properly aligned and associated pumps are
started.

04-022
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7.5 PLANT RADIATION MONITORING SYSTEM

7.5.1  General Summary and Description

The Radiation Monitoring System is designed to reliably provide the information
required to meet the following four functions:

a. Warn operating personnel of potential radiological health hazards which have
developed.

b.  Give early warning of certain plant malfunctions which might lead to a
radiological health hazard or plant damage.

c. Prevent or minimize the effects of inadvertent release of radioactivity to the
environment by consequence limiting automatic responses.

d. Provide routine monitoring of controlled offsite plant releases.

The ranges and sensitivities of the individual channels are consistent with meeting the
requirements of 10CFR20, 10CFR50 and 10CFR70. The channel electronics are of fail
safe design such that a channel failure will cause an alarm. Channel failures are
alarmed and indicated at the corresponding Radiation Monitoring System Panels, on a
common alarm on the Miscellaneous Plant Annunciator Panel, or on ERCS.

Radiation monitoring instruments are of nonsaturating design that preclude fall off in
indication in high radiation fields. Where required, uninterruptable power is provided
from safeguards sources. Redundant to each other, channels are isolated electrically
and physically. Redundant channels have independent power sources. Each channel
is subject to a minimum 10 hour electrical burn in period by the supplier.

The components of the Radiation Monitoring System are designed according to the
following environmental conditions:

a. Temperature - as described in Table 7.5-1.
b.  Humidity - 0 to 95% relative humidity

c. Pressure - Detectors and sampling units are designed to function under
process stream pressures during both normal and accident conditions.
Monitors in the control room are designed for normal atmospheric pressure.

d. Radiation - Process and area radiation monitors are of a nonsaturating design
so that they “peg” full scale if exposed to radiation levels at over full scale
intensities. Critical process monitors are located in areas where the normal
and post-accident background radiation levels will not affect their usefulness.
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A primary calibration was performed on a one time basis in the vendor’s “Design
Verification Tests”, which utilized typical isotopes of interest to determine proper
detector response. Further primary calibrations were not required since the geometry
could not be significantly altered within the sampler. Calibration of samplers was then
performed based on a known correlation between the detector responses and a
secondary standard.

Secondary standard calibrations were performed with a radiation source of known
activity. This single point calibration confirmed the channel sensitivity. The secondary
standard calibration was performed by removing the detector and placing the check
source on the sensitive area of the detector.

The Radiation Monitoring System is divided into the following subsystems:

a. The Process Radiation Monitoring System monitors various fluid and air
streams for indication of increasing radiation levels. (see Section 7.5.2)

b.  The Area Radiation Monitoring System monitors in various areas of the plant.
(see Section 7.5.3)

c.  The Environmental Radiation Monitoring System monitors radiation in various
areas surrounding the plant (see Section 2.7).

7511 Monitoring Radioactivity Releases

GDC-17 Means shall be provided for monitoring the containment atmosphere and the
facility effluent discharge paths for radioactivity released from normal
operations, from anticipated transients, and from accident conditions. An
environmental monitoring program shall be maintained to confirm that
radioactivity releases to the environs of the plant have not been excessive.

The containment atmosphere, the shield building vent, the auxiliary building vent, the
control room ventilation system, the spent fuel pool exhaust, the RHR cubicle ventilation
exhaust, the Radwaste Building ventilation exhaust, the condenser air ejector exhaust,
the circulating water discharge, the containment fan coolers cooling water discharge
(after receipt of an Sl signal), blowdown from the steam generators, the component
cooling water, and the Waste Disposal System liquid effluent are monitored for
radioactivity conditions. High radiation in any of these is indicated and alarmed in the
control room.
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All gaseous effluent from possible sources of accidental radioactive release external to
the reactor containment (e.g., the spent fuel pool and waste handling equipment),
except Radwaste Building ventilation, will be exhausted from an auxiliary building vent
which is monitored. All accidental spills of liquids are contained within the Reactor
Auxiliary Building and collected in a sump. Any contaminated liquid effluent released to
the condenser circulating water is monitored. For any leakage from the reactor
containment under accident conditions, the plant radiation monitoring system
supplemented by portable survey equipment provides adequate monitoring of
radioactivity release.

7.5.1.2  Monitoring Fuel and Waste Storage Areas

GDC-18 Monitoring and alarm instrumentation shall be provided for fuel and waste
storage and associated handling areas for conditions that might result in loss
of capability to remove decay heat and to detect excessive radiation levels.

Monitoring and alarm instrumentation is provided for fuel and waste storage and
handling areas to detect deviation from normal water level, inadequate cooling and
excessive radiation levels. Radiation monitors are provided to maintain surveillance
over the release of radioactive gases and liquids, and the permanent record of activity
releases is provided by radiochemical analysis of known quantities of waste.

A controlled ventilation system moves air from the atmosphere of the fuel storage and
waste treating areas of the auxiliary building and discharges it to the atmosphere via an
auxiliary building vent. Radiation monitors on these effluent paths are in continuous
service and will actuate high radiation alarms on the control board annunciator, as
described in Section 7.5.2.

7513 Protection Against Radioactivity Release from Spent Fuel and Waste
Storage Areas

GDC-69 Provisions shall be made in the design of fuel and waste storage facilities
such that no undue risk to the health and safety of the public could result from
an accidental release of radioactivity.

All waste handling and storage facilities are contained and equipment is designed so
that accidental releases directly to the atmosphere are monitored and will not exceed
the guidelines of 10CFR100, as discussed in Sections 9 and 14.



PRAIRIE ISLAND UPDATED SAFETY ANALYSIS REPORT
USAR Section 7

Revision 28
Page 7.5-4

7.5.2 Process Radiation Monitoring System

Process monitor detectors are located in the process stream such that they are not
subjected to temperatures in excess of maximum specified detector operating
temperatures.

The process monitor channels are designed to provide information on:
a. Radioactivity concentration levels present in the various systems.
b. Leakage across boundaries of closed systems.

c. Radioactivity concentrations in liquid and gaseous effluent paths that lead to
release from the plant site.

Where required, radiation monitoring channels are capable of initiating alarms and
actuating control equipment to assure confinement of radioactive materials if pre-
established limits are exceeded.

Check, test, and calibration frequencies for the process radiation monitoring system
channels are specified in the Offsite Dose Calculation Manual.

7.5.21 General

This system consists of channels which monitor radiation levels in various plant
operating systems. The output from each channel detector is transmitted to the
Radiation Monitoring System cabinets located in the control room area where the
radiation level is indicated by a meter and recorded by ERCS. High radiation level
alarms are annunciated in the control room and identified on the Radiation Monitoring
System panel. Table 7.5-1 provides further details concerning the detector type, range
of operation and sensitivity of each monitor.

Each channel contains a completely integrated modular assembly, which includes the
following:

a. Level Amplifier/Discriminator

Amplifies and discriminates the detector output pulse to provide a
discriminated and shaped pulse output to the log level amplifier.

b. Log Level Amplifier
Accepts the shaped pulse of the level amplifier output, performs a log

integration, (converts total pulse rate to a logarithmic analog signal) and
amplifies the resulting output for suitable indication and recording.
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c. Power Supplies

Individual power supplies are contained in each drawer for furnishing the
positive and negative voltages for the transistor circuits, relays and alarm
lights and for providing the high voltage for the detector.

d. Test-Calibration Circuitry

Selected monitors have circuits which provide a precalibrated pulsed and/or
analog signal to perform channel test. An annunciator light on the main
control board indicates when any channel is in the test calibrate mode.

e. Radiation Level Meter

This meter, mounted on the assembly drawer, has a scale calibrated
logarithmically in counts per minute in various ranges. Specific monitors have
both a wide and narrow range meter to provide better readability.

f. Indicating Lights

These lights indicate high radiation alarm levels and circuit failure. An
annunciator on the main control board is actuated on high radiation signal and
another annunciator is actuated on circuit failure.

g. Alarm Circuits

Three alarm circuits are provided, one to alarm on high radiation (actuation
point may be set at any level over the range of the instruments), one to alarm
on loss of signal (circuit failure). Selected monitors also have an alarm for
sampling systems malfunctions.

h.  The Process Radiation Monitoring system consists of the following radiation
monitoring channels (the prefix numbers, where used with channel
identification, indicate monitors associated with Unit No. 1 or No. 2).
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7.5.211 Effluent Monitoring

The plant release paths for liquid and gaseous effluents together with their associated
monitoring instrumentation are provided in the following tabulation:

Discharge Path

Auxiliary Building Vent
Unit 1 and Unit 2

Shield Building Vent

Waste Disposal System Liquid
Effluent Discharge Line

Steam Generator Secondary Side

Radwaste Treatment Building Vent

Spent Fuel Pool Normal
Ventilation System Weather Cap

Radiation Monitors

Auxiliary Building Vent Monitors A & B,
Channels 1R-30, 2R-30,
1R-37 and 2R-37(")

1.

Shield Building Vent Monitors,
Channels 1R-22 and 2R-22. ("

Containment or Containment Purge
Vent-Air Particulate Monitors,
Channels 1R-11 and 2R-11.

Containment or Containment Purge
Vent-Radioactivity Gas Monitors,
Channel 1R-12 and 2R-12.

High Range Shield Building Vent
Monitors Channels 1R-50 and 2R-50

Waste Disposal System Liquid
Effluent Monitor, Channel R-18

1.

Steam Generator Blowdown
System Liquid Sample Monitors,
Channels 1R-19 and 2R-19.

Condenser Air Ejector Gas
Monitor, Channels 1R-15
and 2R-15.@

Radwaste Treatment Building
Vent Monitor, Channel R-35.

Spent Fuel Pool Air Monitors
A&B, Channels R-25 and R-31.

Includes particulate and charcoal integral sampling system.
In addition to the Monitors listed, secondary samples are taken routinely for analysis in the counting

room. The condenser air ejector discharges to the Auxiliary Building Ventilation Systems and also is
monitored by the Aux Bldg Stack Monitors and Shied Building Stack Monitors.
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Section 9.1 provides a detailed discussion of the collection and processing capability of
the waste disposal system. All releases resulting from routine plant operations are
made on a batch basis. These include containment purge, gas decay tank purge, and
liquid waste disposal system releases. The potential also exists for very low level
releases of gaseous and liquid contaminants resulting from minor leakage paths (e.g.
reactor coolant processing equipment; steam generator tube leaks). The following
operational procedures are observed to assure the proper detection, measurement, and
control of the plant effluent releases.

The release of liquid wastes is managed on a batch basis. The waste is collected in
tanks. The tank is isolated and sampled after a reasonable amount has been collected.
The batch will be either processed, recycled, or discharged based on the results of the
lab analysis of the sample. If the batch is to be discharged, the in-line radiation monitor
is a backup to the lab analysis. The waste discharge rate is controlled according to the
lab analysis and dilution available. The flows are adjusted to result in the average
activity limits in the diluted stream. The radiation monitor is set at an activity level which
would result in the instantaneous limit in the diluted stream. If the higher limit is reached
the monitor automatically initiates closure of the discharge valve in the waste stream.

The discharge limits are those stated in 10CFR20 and Appendix | to 10CFR50. The
samples are analyzed frequently at the start of plant operation to identify the isotopic
content and then periodically to verify that the constituents have not changed.
Information on the isotopic content of the waste stream is forecast by the ODCM.

a. Non-Batch Releases
1. Gaseous

These releases are monitored by the Auxiliary Building Vent Gas
Monitors Both of these channels have a functional alarm level set per the
ODCM. A routine laboratory analysis is made of the gaseous, halogen,
and particulate constituents in the release stream. Integrating samplers
are provided to enhance the detection sensitivity.

Possible sources that could contribute to these discharge paths are
Steam Generator Blowdown, containment purge, leakage from gaseous
storage, condenser offgas, and atmospheric steam dump during plant
transients. Monitoring of these paths is considered throughout Sections
7.5.1and 7.5.2.
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2. Liquid

These releases are monitored by either the Steam Generator Blowdown
Liquid Monitor or the Circulating Water Discharge Monitor. The Steam
Generator Blowdown Liquid Monitor functional alarm level is set by the
ODCM. Routine laboratory analyses are performed to quantify individual
and total nuclide activity.

The Steam Generator Blowdown Monitor provides for automatic
discharge valve closure on high alarm as described in Section 7.5.2.13.

7.5.2.2 Containment or Containment Purge Vent - Air Particulate Monitor
(1R-11 and 2R-11)

These monitors are provided to measure air particulate gamma radioactivity in the
containment and to ensure that the release rate through the containment purge vent
during purging is maintained below specified limits. In the containment sampling mode,
it also provides quality information on incipient primary system leaks.

This channel takes a continuous air sample from either the containment atmosphere, or
the containment purge vent ductwork through a closed, sealed system monitored by a
filter paper and detector assembly. The filter paper collects 99% of all particulate matter
greater than 1 micron in size on its constantly moving surface, and is viewed by a
detector. The filter paper is not charcoal impregnated and is not designed to detect
gaseous forms of radioactivity. The sample is returned to the vent after it passes
through the series connected (R-12) gas monitor.

The detector assembly is in a completely enclosed housing. The pulse signal is
transmitted to the Radiation Monitoring System panels in the control room. Lead
shielding is provided to reduce the background level to where it does not interfere with
the detector’s sensitivity.

The filter paper mechanism, an electro-mechanical assembly which controls the filter
paper movement, is provided as an integral part of the detector unit. The filter paper
has a nominal 25 day minimum supply at normal speed.

See section 7.5.2.3 for more information on these monitors.
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7.5.2.3 Containment or Containment Purge Vent Radioactivity Gas Monitor
(1R-12 and 2R-12)

These monitors are provided to measure gaseous radioactivity in the containment, and
to ensure that the radiation release rate during purging is maintained below specified
limits. High gas radiation level initiates closure of the containment purge supply and
exhaust duct valves for containment purge and inservice purge systems.

This channel takes the continuous air sample from the containment atmosphere or the
purge vent after it passes through the air particulate monitor, and draws the sample
through a closed, sealed system to the gas monitor assembly. The sample is constantly
mixed in the fixed, shielded volume, where it is viewed by a detector. The sample is
then returned to the Auxiliary Building Ventilation system.

The detector assembly is in a completely enclosed housing containing a B - y sensitive
Geiger-Mueller tube mounted in a constant volume gas container. Lead shielding is
provided to reduce the background level to a point where it does not interfere with the
detector’s sensitivity. The detector output is transmitted to the Radiation Monitoring
System panels in the control room.

The installed air particle monitor (R-11) and the radioactivity gas monitor (R-12) are
designed to detect the minimum concentrations of the isotopes of interest and, in
monitoring gross activity, they are designed to generate an alarm under abnormal
conditions. Isotopic identification and concentrations are determined by grab sample
analysis. If either R-11 or R-12 measures activity greater than the setpoints, then a
containment vent isolation signal is initiated. This closes the Containment Purge Supply
and Exhaust Dampers.

The containment radioactive gas monitor is inherently less sensitive than the
containment air particulate monitor, and would function in the event that significant
reactor coolant gaseous activity exists from fuel cladding defects. Assuming a reactor
coolant activity of 0.3 uc/cc, the occurrence of a leak of two to four gpm would double
the zero leakage background in less than an hours time. In these circumstances this
instrument is a useful backup to the air particulate monitor.

The Containment Air Particulate and Radioactivity Gas Monitors (R-11 and R-12) have
assemblies common to both channels. They are described as follows:

a. The flow control assembly includes a pump unit and selector valves that
provide a representative sample (or a “clean” sample) to the detector.

b.  The pump unit consists of:
1. A pump to obtain the air sample.

2. A flowmeter to indicate the flow rate.
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3. A flow control valve to provide flow adjustment.
4. A flow alarm assembly to provide low and high flow alarm signals.

Selector valves are provided to direct the desired sample to the detector for
monitoring and to block flow when the channel is in maintenance or “purging”
condition.

A pressure sensor is provided to protect the system from high pressure
transients. This unit automatically closes the inlet and outlet valves upon a
high pressure condition.

Purging is accomplished with a valve control arrangement whereby the
normal sample flow is blocked and the detector purged with a “clean” sample.
This facilitates detector calibration by establishing the background level and
aids in verifying sample activity level.

The flow control panel in the control room radiation monitoring racks permits
remote operation of the flow control assembly. By operating a sample
selector switch on the control panel, either the containment or the
containment purge vent sample may be monitored.

A sample flow rate indicator is calibrated linearly from 0 to 14 cubic feet per
minute.

Alarm lights are actuated by the following:

a.

b.

C.

d.

7.5.24

Flow alarm assembly (low or high flow)
The pressure sensor assembly (high pressure)
The filter paper sensor (paper drive malfunction)

The pump power control switch (pump motor on)

Shield Building Vent Gas Monitor (1R-22 & 2R-22)

In addition to the flexibility of utilizing R-11 and R-12 for monitoring the Shield Building
Vent, another channel is also provided. An isokinetic nozzle is provided for sample
collection. This channel consists of a particulate filter, charcoal filter and off-line type
radioactivity gas monitor mounted in series. This channel continuously monitors the
filtered effluent in the Shield Building Vent for activity. The gaseous detector is a large
area type mounted in an off-line sampler. The sample tank design provides a cyclonic
air flow around the detector axis to preclude stagnancy within the sensing volume. The
detector output is transmitted to the Radiation Monitoring System panels in the control

room.
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The particulate and charcoal filter are used to determine the activity of particulates and
halogens in the effluent stream. This radiation monitoring equipment is not suitable for
determining on-line post-accident effectiveness of the HEPA and charcoal filters.

Post accident ventilation of the Auxiliary Building is made via the Auxiliary Building
special ventilation system to the Shield Building vent. An additional sample line has
been routed to the Turbine Building equipped with a particulate and silver zeolite filter
and also with a sample chamber (7.5.2.18).

When a high radiation condition is detected, a containment vent isolation signal is
initiated which closes the containment purge supply and exhaust valve for the
containment purge and inservice purge systems.

7.5.2.5 Auxiliary Building Vent Gas Monitor (1R-30, 2R-30, 1R-37, 2R-37)

The auxiliary building vent gas monitor detects radioactivity passing through the
auxiliary building vent. It is essentially identical to that discussed for channel R-22.

A high level alarm initiates isolation of the Auxiliary Building Normal Exhaust, ensures
the gas decay tank vent valve closes if it is open, and actuates the Auxiliary Building
Special Ventilation.

7.5.2.6 Condenser Air Ejector Gas Monitor (1R-15 and 2R-15)

This channel monitors the discharge from the condenser air ejector exhaust header of
the condensers for gaseous radioactivity which is indicative of a primary to secondary
system leak. The gas discharge is routed to the Auxiliary Building Normal or Special
Ventilation Systems.

A beta and gamma sensitive detector is used to monitor the gaseous radioactivity
concentration. The detector is inserted in an in-line fixed volume container which

includes adequate shielding to reduce the background radiation so that it does not
interfere with the detectors maximum sensitivity.

The detector output is transmitted to the Radiation Monitoring System panels in the
control room. The activity is indicated by a meter and recorded by ERCS. High-activity
alarm indications are displayed on the control board annunciator in addition to the
Radiation Monitoring panels.
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7.5.2.7 Control Room Ventilation Monitor (R-23 and R-24)

This system consists of two identical channels that monitor the control room supply air
for an indication of airborne activity entering the control room. A high level alarm is
annunciated in the control room to alert operators of an abnormal condition. Each
monitor also automatically starts its associated control room clean-up fan and isolates
the control room from outside air. (See section 10.3.3 for details.)

Readout is in the control room on the radiation monitoring system panels including a
rate meter.

7.5.2.8 Spent Fuel Pool Air Monitor (R-25 and R-31)

These channels monitor the pool sweep air handling system for any indication of fuel
leakage gases or mechanical failures from handling operations during the storage
period. A high sensitivity detector is located in the exhaust duct in proximity to the spent
fuel pool.

A high level alarm annunciates in the pool area and control room, isolates the Spent
Fuel Normal Ventilation Supply and Exhaust Dampers, shuts down the Containment In-
service Purge System and actuates the Spent Fuel Special Ventilation System which
exhausts the Spent Fuel Pool area air through a PAC filter.

The detector output is also transmitted to the radiation monitoring system panels in the
control room.

7.5.2.9 Residual Heat Removal Cubicle Air Monitor (R-26 and R-27)

A radiation monitoring system capable of detecting a 1 gpm leak in the out of
containment portion of the RHR system during a design basis accident is provided by
the use of redundant monitors which sample the special ventilation system exhaust from
the RHR cubicles. During conditions in which the auxiliary building special ventilation
system is actuated, the ventilation ducts from the RHR cubicles are continuously
monitored for any indication of system leaks.

A high sensitivity detector is mounted in an off-line sample volume chamber. A high
level alarm is annunciated in the control room to alert operators of an abnormal
condition.
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7.5.2.10 Containment Fan Cooling Water Monitors (R-16 and R-38)

During a loss of coolant accident, these channels monitor the containment fan cooling
water for radioactivity indicative of a leak from the containment atmosphere into the
cooling water. A small bypass flow from each of the heat exchangers is mixed in a
common header and monitored by a single detector mounted in a holdup tank
assembly. For R-16 lead shielding is provided to reduce the background level so it
does not interfere with the detector’s sensitivity. Upon indication of a high radiation
level, each heat exchanger is individually isolated to determine which unit is leaking.
The leaking fan coil unit is left isolated from the cooling water line.

7.5.2.11 Component Cooling System Liquid Monitor (1R-39 and 2R-39)

These channels continuously monitor the Component Cooling System for radioactivity
indicative of a leak of reactor coolant from the Reactor Coolant System and/or the
Residual Heat Removal System as well as other sources. A detector is located in an
offline well which is tied into the component cooling heat exchanger outlet header.

Output of the monitor is amplified by a preamplifier and transmitted to the Radiation
Monitoring System panels in the control room. The activity is indicated on a meter and
recorded on ERCS. High-activity alarm indications are displayed on the control board
annunciator and the Radiation Monitoring System panels. A high-radiation level alarm
signal initiates closure of the valve located in the component cooling surge tank vent
line to prevent gaseous radiation release.

7.5.2.12 Waste Disposal System Liquid Effluent Monitor (R-18)

This channel continuously monitors all Waste Disposal System liquid releases from the
plant. Automatic valve closure action is initiated by this monitor to prevent further
release after a high radiation level is indicated and alarmed. A detector located in an
inline sample tank assembly monitors these effluent discharges. Lead shielding is
provided to reduce the background level so it does not interfere with the detector’s
sensitivity. Remote indication and annunciation are provided on the Waste Disposal
System control board.



PRAIRIE ISLAND UPDATED SAFETY ANALYSIS REPORT
USAR Section 7

Revision 28
Page 7.5-14

7.5.2.13 Steam Generator Blowdown System Liquid Monitor (1R-19 and 2R-19)

This channel monitors the liquid phase of the secondary side of the steam generator for
radioactivity, which would indicate a primary to secondary system leak, providing
backup information to the condenser air ejector gas monitor. The radiation monitor is
located on the liquid discharge line from the blowdown flash tank downstream of the
blowdown heat exchanger. Steam generator blowdown (SGBD) from both steam
generators is mixed in the flash tank. Steam generator blowdown is continuously
monitored by a detector in the radiation monitor assembly. If high activity is indicated
from the blowdown radiation monitor, each steam generator can be individually sampled
via the sample system to determine the source of the primary to secondary leak. This
sampling sequence is achieved by manually selecting the desired unit to be monitored
and allotting sufficient time for sample equilibrium to be established (approximately

1 minute).

The detector, which is mounted in a hermetically sealed unit, is used to monitor liquid
effluent activity. Lead shielding is provided to reduce the background level so it does
not interfere with detector sensitivity. The inline, fixed volume container is an integral
part of the detector unit.

A high radiation signal from the blowdown radiation monitor closes the blowdown flash
tank inlet control valves, closes the blowdown river discharge control valve, indicates
high radiation in the main control room, and alarms at the auxiliary building operator
station liquid waste panel.

7.5.2.14 Circulating Water Monitor (R-21)

This channel provides continuous final monitoring of the discharge canal effluent prior to
river dispersal. It provides direct measurement of the diluted plant effluent
concentration and serves as a redundant system measuring the various streams
feeding the discharge canal, except for the Waste Liquid Discharge Header. The Waste
Liquid Discharge Header is extended to the end of the discharge canal to a point just
upstream of the river release sluice gates. This line effectively bypasses R-21,
however, redundant monitoring is provided for all types of liquid releases as detailed in
the following two paragraphs.

Steam generator blowdown releases are monitored by either 1R-19 or 2R-19 before
entering the Waste Liquid Discharge Header. Also, periodic samples of SGB releases
to the river are analyzed.

All other radioactive liquid waste water is sampled and analyzed before initiating any
release to the river. During such releases, R-18 monitors radioactivity in the waste
liquid discharge line before it leaves the Auxiliary Building. This monitor will stop the
release if activity exceeds the expected range.
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A hermetically sealed detector is inserted in the sample volume. Lead shielding is
provided to reduce the background level so it does not interfere with the detector’'s
sensitivity. A high level alarm is annunciated in the control room.

7.5.2.15 Radwaste Building Vent Monitor (R-35)

This channel monitors the beta-gamma activity in the effluent gases emitted through the
exhaust stack. The gaseous detector is a large area type mounted in an off-line
sampler. The sample tank design provides a cyclonic air flow around the detector axis
to preclude stagnancy within the sensing volume.

A remote indicator panel mounted at the detector location indicates the radiation level
and provides a high radiation alarm.

7.5.2.16 Waste Gas High Activity Loop Inventory Monitor (R-41)

This channel monitors the gamma activity of the High Activity Waste Gas Loop. The
detector is inserted in an in-line fixed volume container which includes adequate
shielding to reduce the background radiation so that it does not interfere with the
detectors maximum sensitivity. A high level alarm annunciator is provided in the Control
Room.

7.5.2.17 Deaerator Liquid Monitor (R-42)

This channel monitors the gamma activity of the Heating Boiler Deaerator liquid.

The Heating Boiler Deaerator serves as a collection point for all the Heating Steam
Condensate. A detector is located in an offline well. Lead shielding is provided to
reduce the background level so it does not interfere with the detector’s sensitivity. A
high radiation alarm from this channel is indicative of a Radioactive Waste Evaporator
tube leak.

7.5.2.18 High Range Shield Building Vent Gas Monitor (1R-50, 2R-50)

The high range shield building vent stack monitors are located in the Turbine Building
due to the possibility of high dose rates in the Auxiliary Building during a major plant
accident.
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Two sets of shielded particulate filters and iodine absorbers are used to collect
representative samples. An isokinetic nozzle is provided for sample collection. One set
of particulate filter and iodine absorber has a flow rate of between 1 to 3 cfm which is
used during normal operation and during an accident when the particulate and iodine
activity release levels are low. The second set of particulate filter and iodine absorbers
has a flow rate of 10cc/min +/-25% and would be used during accidents when the
particulate and iodine release activities are very high. Silver zeolite is used as the
iodine absorber because of its very low absorption rate for gases which would mask the
detection capabilities of iodine.

The radio gas detectors for R-50 monitors view a very large sample chamber. The
monitors are powered from the Safeguards Electrical System and readout and alarm in
the Control Room.

7.5.2.19 Steam Line Radiation Monitors (1R-51, 2R-51, 1R-52, 2R-52)

The steam line radiation monitors are located in the Auxiliary Building of both units with
one monitor on each steam loop. The monitors readout in the Event Monitoring room
and have outputs to ERCS. The purpose of the steam line monitors and ERCS is to
quantify steam activity release and release rates from the steam safeties, reliefs, dumps
and auxiliary feed water pumps. The monitors and ERCS receive power from the
ERCS uninterruptable power supply system. The ERCS provides alarm and trending
functions for the monitors. The monitors are displayed as part of the SPDS.

These radiation monitors were not part of the original plant design and construction.
Therefore, they do not conform to the channel descriptions found in section 7.5.2.1 of
the USAR. These monitors were installed in response to RG 1.97 and conform to the
applicable requirements discussed in section 7.10.2 of the USAR.

7.5.3 Area Radiation Monitoring System

The area monitoring channels are designed to provide information of a general
operational nature useful in assessing radiation exposures to personnel. Fixed position
detectors are located in areas that have a high radiation and/or occupancy potential
during both normal and abnormal plant operations. Usually, an indicator-alarm station
is mounted adjacent to an area monitor detector. In some cases, such as the new Fuel
Pit Criticality Monitor, the detector is located in an inaccessible location. For these
channels the indicator alarm assembly is installed in an accessible location as close as
possible to the detector.

Components of this system which are located in containment are the detectors for low
and high range area monitoring channels. The low range area monitors are not
expected to operate following a major loss of coolant accident and are not designed for
this purpose. The high range containment monitors are designed to operate following a
major loss of coolant accident. See section 7.10.3.6.
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7.5.3.1 General

This system consists of channels which monitor radiation levels of various areas of the
plant. These areas are as follows:

Channel
R-1
R-2
R-3
R-4
R-5
R-6
R-7
R-8
R-9
R-28
R-29
R-32
R-33
R-36
R-48

R-49

R-53
R-54
R-55, R-56
R-57, R-58
R-59

R-60
R-61
R-62, R-63
R-64
R-65
R-66
R-67
R-68
R-69
R-72
R-73
R-74

Area Monitor

Control Room

Containment (each unit)

Radiochemistry Laboratory

Charging Pump Room (Unit 1)

Spent Fuel Area

Sampling Room

Incore Seal Table (each unit)

Waste Gas Valve Gallery

Reactor Coolant Letdown Line (each unit)
New Fuel Pit Criticality Monitor

Shipping and Receiving

Rad Waste Building 2nd Floor

Rad Waste Building Control Station

Charging Pump Room (Unit 2)

High Range Containment Area Monitor Train B
(each unit)

High Range Containment Area Monitor Train A
(each unit)

Safety Injection Pump Area Monitor
Containment Spray Pumps Area Monitors
Auxiliary Building 695 Level Area Monitors
Auxiliary Building 715 Level Area Monitors
Auxiliary Building 715 Letdown/Penetration Area
Monitors

Auxiliary Building 735 Level Area Monitors
Loop A Steam Line Area Monitors

Auxiliary Building 755 Level Area Monitors
Turbine Building 735 Level Area Monitors
Operational Support Center Area Monitor

D-1 Diesel Generator Room Area Monitor
Instrument and Control Shop Area Monitor
Technical Support Center Area Monitor
Guardhouse Area Monitor

D-6 Cable Spreading Room Area Monitor

Bus 26 Switchgear Room Area Monitor

480V Bus 221 and 222 Switchgear Room Area
Monitor

Table 7.5-1 provides further details concerning the detector type, range of operation and

sensitivity of each monitor.
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Each channel consists of the following features:

a.

Amplifier

The detector output is amplified and the log count rate is determined by the
integral amplifier at the detector.

Indication

The indicator module amplifies the radiation level signal, as computed by the
log level amplifier, for indication and recording. The radiation level is
indicated locally at the detector, and at the Radiation Monitor System panels
in the Control Room or Drive Rooms.

A meter is mounted on the front of each indicator module and is calibrated
logarithmically from 0.1 mrem/hr to 10 rem/hr for channels R-1 through R-9
and from 1 mrem/hr to 100 rem/hr for channel R-28. For channels R-53
through R-69, and R-72 through R-74, the readout units have a digital readout
and an analog bar graph to provide indication from 0.1 mR/hr to 1x10” mR/hr.

A remote meter, with an equivalent range for each monitor is mounted at
each detector assembly.

Alarms

High radiation alarms are displayed on the Radiation Monitoring panels in the
control room at the detector location and on the main control panel.
Verification of which channel has alarmed is made at the radiation monitoring
system panels.

Radiation Monitoring System Panel alarms consist of a red indicator light for
high radiation. The remote meter and alarm assembly contains a red
indicator light and an audible alarm actuated on high radiation. Selected
monitors have a yellow light to annunciate detector or circuit failure or loss of
power.

Recording

Selected radiation monitors are available for viewing or trending on ERCS.
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e. System Racks and Panels

All of the equipment for monitors R-1 through R-50 are centralized in four
racks in the control room. High reliability and ease of maintenance are
emphasized in the design of this system. Rapid replacement of units,
assemblies and entire channels is possible. It is also possible to completely
remove the various chassis from the cabinet, after disconnecting the cables
from the rear of these units.

Monitors R-53 through R-69 and R-72 through R-74 are installed in racks in
the Control Rod Drive Rooms.

7.5.3.2 Description

7.5.3.2.1 Reactor Coolant Letdown Line Monitors (1R-9, 2R-9)

The Reactor Coolant Letdown Line Monitor (R-9) is used for detection of fuel element
failures. See section 10.2.3.3.7 for additional information on the fuel element failure
detection system.

7.5.3.2.2 New Fuel Pit Criticality Monitor (R-28)

The new fuel pit criticality monitor (R-28) is an area radiation monitor. The gamma
sensitive detector is located in a new fuel pit approximately 3’ below the refueling floor
which places it slightly below the top of the stored fuel. The associated local meter is
mounted on a wall of the fuel pool enclosure 7’ feet above the floor. The monitor is set
to alarm in the range of 5 to 20 mrem/hr. Besides actuating an alarm in the Control
Room, the new fuel pit criticality monitor actuates a special evacuation alarm in the fuel
pit area. The monitor has been installed in accordance with the requirements of
10CFR70.24.a.2.

7.5.3.2.3 High Range Containment Monitors (1R-48, 1R-49, 2R-48, 2R-49)

The high range containment radiation monitoring system (R-48, R-49) is designed to
provide in containment high level monitoring capabilities during accident conditions.
The system is Class 1E. The detector assembly is gamma sensitive and encased in
stainless steel. The system, consists of a detector, readout module and cabling for
each train, meets all requirements of NUREG-0578 Item 2.1.8.b and NUREG-0737 Item
II.LF.1.3. These monitors are designed to withstand containment test pressure.

05-048
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7.5.3.24 Wide Range Area Monitors

The wide range area monitors, channels R-53 through R-69, and R-72 through R-74,
are designed to provide radiation exposure rate indication inside buildings and areas
where access is required to service equipment important to safety. These monitors
were installed in response to Reg Guide 1.97. The channels consist of the detector,
remote indicating alarm/pre-amp, readout units and interconnecting cabling. The
detector is gamma sensitive.

7.5.3.3 Performance Analysis

Table 7.5-1 provides a listing of the Radiation Monitoring System channels, containing
sensitivities and ranges. This table also indicates the detector condition during normal
operation. Where fluid temperature is too high for the monitor, a cooling device with
temperature indication is included. The different operating temperature ranges are
within the design limits of the sensors.

The relation of the radiation monitoring channels to the systems with which they are
associated is given in the sections describing those systems.

7.5.4 Health Physics and Laboratory Radiation Measuring Instrument

7.5.4.1 Design Basis

Portable radiation survey instruments are available for the measurement of the alpha,
beta, gamma and neutron radiation expected in normal operation and emergencies.
Appropriate instruments and auxiliary equipment are available to detect and measure
radioactive contamination on surfaces, in air, and in liquids.

7.5.4.2 Personnel Monitoring

The official and permanent record of accumulated external radiation exposure received
by individuals is obtained principally from the interpretation of the thermoluminescent
dosimeter. A direct reading dosimeter and indirect reading dosimeter provides
continuous indication of external radiation exposure.

All persons required by 10CFR20 to be monitored for radiation exposure are issued a
thermoluminescent dosimeter and a direct reading dosimeter prior to entry into a
Radiation Control area. The thermoluminescent dosimeters are replaced and
processed at a predetermined interval. Special or additional monitoring devices are
issued at the discretion of radiation protection personnel.
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Whole body counting will be conducted for persons with suspected internal
contamination or at the discretion of radiation protection personnel. Bioassays such as
urine analysis are not planned to be conducted on a routine basis but rather only
specific cases of special operations which may warrant such analysis. Records of
personnel exposures are maintained and reported in accordance with the requirements
of 10CFR20. Additionally, special reports of abnormal exposures incidents are
submitted pursuant to 10CFR20.

As a general program of exposure control, the Radiation Protection Group conducts
routine plant surveys for direct radiation levels, smearable contamination, and airborne
levels. These routine and special surveys are used to establish radiation area
information and the requirements of radiation work permits.

7.5.4.3 Radiation Instrumentation

Laboratory facilities are provided for the radiation protection and chemistry group.
These facilities include laboratory, counting room, and radiation protection office.
Adequate equipment is provided for radiochemistry analysis, contamination control, and
air sample analysis. Portable radiation survey instruments, respiratory protection
equipment, and contamination control equipment are maintained at these facilities for
use by the Plant Staff.

The type of portable radiation survey instruments and the minimum number of each
available for routine monitoring functions are listed in Table 7.5-3.

7.5.5 Performance Analysis

The whole body gamma dose in the control room under accident (LOCA) conditions is
discussed in section 14.9.

To determine the possible dose that an operator could receive under accident
conditions while operating a manual backup item (e.g., valve), it is estimated rather
conservatively that it will require 15 minutes to operate the valve. In addition, it is
assumed that an additional 15 minutes is required to get to and from the manual
equipment. The total integrated whole body dose that an operator would receive while
performing the above operation would be about 8 Rem and is well within the emergency
exposure guidelines of NCRP Report 39.

This dose is calculated at one half hour following the accident and assumes that the
equipment being operated or serviced is adjacent to the shield building. Doses in the
vicinity of equipment located within the auxiliary building would be much less due to the
shielding afforded by intervening walls and structures in the auxiliary building.

Following the initiation of the recirculation mode of operation during mitigation of a loss
of coolant accident, it should not be necessary to enter the Auxiliary Building in the
vicinity of the recirculation piping or components.
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The halogen dose to operators in the control room during the course of a loss of coolant
accident is minimized by providing a control room ventilation system that automatically
isolates all incoming air and is capable of internal recirculation within the control room.
In the event of high radiation levels in the control room or in the presence of an Sl
signal, makeup air from outside is automatically shut off, and absolute and charcoal
filters are placed in service on the recirculating air stream. The control room ventilating
fans and cleanup fans are supplied by emergency power.

As required by NUREG-0737, Item 11.B.2 a design review of plant shielding
requirements was conducted. The design review identified the vital areas of the plant
that may unduly limit personnel occupancy during and after a design basis accident
(DBA). The review also determine the dose rates to these areas from systems that
may, as a result of an accident, contain highly radioactive materials.

7.5.6 Inspection and Testing

Periodic testing is performed on all monitors in the Radiation Monitoring System.
Testing for response and alarms are made by using a point source. Monitors at effluent
release points are calibrated and tested in accordance with the Offsite Dose Calculation
Manual.
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7.6 INCORE INSTRUMENTATION

7.6.1 Design Basis

The incore instrumentation is designed to yield information on the neutron flux
distribution and fuel assembly outlet temperatures at selected core locations. Using the
information thus obtained, it is possible to confirm the reactor core design parameters.
The system provides means for acquiring data only, and performs no operational plant
control.

7.6.2 Description

The incore instrumentation system consists of thermocouples, positioned to measure
fuel assembly coolant outlet temperature at pre-selected location; and flux thimbles,
which run the length of selected fuel assemblies to permit the measurement of the
neutron flux distribution within the reactor core. The design calls for 39 thermocouples
and 36 flux thimbles. The high pressure seals for the thermocouples and flux thimbles
are shown in Figure 7.6-1. The location of the incore thermocouples is shown in Figure
7.6-4.

The data obtained from the incore temperature and flux distribution instrumentation
system, in conjunction with previously determined analytical information, can be used to
determine the fission power distribution in the core at any time throughout core life.
This method is more precise than using calculational techniques alone. Once the
fission power distribution has been established, the maximum power output is primarily
determined by thermal power distribution and the thermal and hydraulic limitation which
determine the maximum core capability.

The incore instrumentation provides information which may be used to calculate the
coolant enthalpy distribution: the fuel burnup distribution; and to estimate the coolant
flow distribution.

Both radial and azimuthal symmetry of power distributions may be evaluated by
comparing the detector and thermocouple information from one quadrant with similar
data obtained from the other three quadrants.

7.6.2.1 Thermocouples

The thermocouple system consists of chromel-alumel thermocouples threaded into
guide tubes that penetrate the reactor vessel head through seal assemblies and
terminate at the exit flow end of the fuel assemblies. The thermocouple extension cable
running from the reactor head mating to the containment penetrations is provided in
three sections with quick refueling disconnects. The cabling is a mineral insulated,
metal sheathed, multi-conductor thermocouple cable which is both seismically and
environmentally qualified.
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Fully qualified thermocouple readings are monitored by Emergency Response
Computer System and the Inadequate Core Cooling Monitor System. Information from
the incore instrumentation is available even if the computer is not in service. The
support of the thermocouple guide tubes in the upper core support assembly is
described in Section 3.

Incore thermocouple data from the chromel-alumel thermocouples are available from
two systems in the control room, the computer and a backup system for manual
readout. Core radial power distributions are inferred from the thermocouple data.
Periodic computations for relative power are performed in the computer. When properly
normalized this system gives a continuous on-line monitor of core quadrant power
sharing. The thermocouples were calibrated prior to installation in the new reactor
upper internals using a type K thermocouple curve.

A minimum of 4 thermocouples must be operable in the center core region and

1 thermocouple must be operable in each quadrant of the outside core region and each
core quadrant must have at least 2 thermocouples operable to ensure that sufficient
radial temperature gradient monitoring is provided. See Figure 7.6-4.

7.6.2.1.1 Normalization Factors

The correction factor to be applied to the thermocouple data serves as a normalization
to the radial power sharing. The expression for the Relative Fuel Power (RFP) is

M, AH
|:Eout - Einj|
1-B

Where M; is a normalization factor for channel i, AH; is the enthalpy rise in channel i, and
(E(out)-E(in)/(1-B)) is the core average enthalpy rise divided by 1 minus the bypass
fraction. The bypass fraction is included to account for that fraction of flow which does
not pass through the core. This correction is necessary when the loop bypass RTDs
are used to determine the core average enthalpy rise.

RFP, =

The normalization factors M; are determined from the above equation where the RFP; |
represents relative fuel assembly power normalized to 1.0 across the core. In this

manner mixing between assemblies is accounted for, along with variations in

thermocouple behavior. The assumption is made that one set of factors apply over the
normal movement of power and control rods above 50% power. It is felt that AT
magnitudes are small enough below this level to introduce excessive scatter in the

results.

05-040
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7.6.2.1.2 Power Distributions

The application of normalization factors to the thermocouple RFP values leads to a
good prediction of the relative core quadrant power distribution. The results of a study
of the positive effects of normalization is shown in Figure 7.6-2. The standard deviation
is 3.43% for the example given.

7.6.2.2 Movable Miniature Neutron Flux Detectors

7.6.2.2.1 Mechanical Configuration

Miniature neutron flux detectors, suitable for the application remotely positioned in the
core, provide remote readout for flux mapping. The basic system for the insertion of
these detectors is shown in Figure 7.6-3. Retractable thimbles, into which the miniature
detectors are driven, are pushed into the reactor core through conduits that extend from
the bottom of the reactor vessel down through the concrete shield area, then to a
thimble seal table.

The thimbles are closed at the leading ends, are dry inside, and serve as the pressure
barrier between the reactor water pressure and the atmosphere. Mechanical seals
between the retractable thimbles and the conduits are provided at the seal table.

During reactor operation, the retractable thimbles are stationary. They are extracted
downward from the core during the refueling to avoid interference during fuel handling.
A space above the seal line is provided for the retraction operation.

The drive system for the insertion of the miniature detectors consists of four
combinations of drive assemblies, five-path rotary transfer devices, and ten-path rotary
transfer devices, as shown in Figure 7.6-3. The drive system pushes hollow helical-
wrap drive cables into the core. Miniature detectors are attached to the leading ends of
the cables and small diameter sheathed coaxial cables threaded through the hollow
centers back to the ends of the drive cables. Each drive assembly consists of a gear
motor which pushes a helical-wrap drive cable and detector through a selected thimble
path by means of a special drive box which includes a storage device that
accommodates the total drive cable length. Further information on mechanical design
and support is provided in Section 3.
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7.6.2.2.2 Control and Readout Description

The control and readout system provides means to rapidly traverse the miniature
neutron detectors to and from the reactor core at seventy-two feet per minute and to
traverse the reactor core at twelve feet per minute. The control system consists of two
sections: one physically mounted with the drive units, and the other contained in the
control room. Each gear box drives an encoder for position indication. One five-path
group path selector is provided for each drive unit to route the detector into one of the
flux thimble groups or to storage. A ten-path rotary transfer assembly is used to route a
detector into any one of up to ten thimbles. Manually operated isolation valves on each
thimble allow free passage of the detector and drive cable when open. When closed,
these valves prevent leakage from the core in case of a thimble rupture. Provision is
made to separately route each detector into a common flux thimble to permit cross
calibration of the detectors.

The control room contains the necessary equipment for control, position indication and
flux recording. Panels are provided to indicate the position of the detectors, and for
plotting the flux level versus the detector position. Additional panels are provided for
such features as drive motor controls, core path selector switches, plotting and gain
controls. A “flux-mapping” operation consists of selecting (by panel switches) flux
thimbles in fuel assemblies at various core locations. The detectors are driven to the
top of the core and stopped automatically. An x-y plot from each detector (position vs.
flux level) is initiated with the slow withdrawal of the detectors through the core from top
to a point below the bottom. All four detectors or any combination of them may be used
simultaneously for flux plotting. In a similar manner, other core locations are selected
and plotted.

Each detector provides axial flux distribution data along the center of a fuel assembly.
Various radial positions of detectors are then compared to obtain a flux map for a region
of the core.

7.6.2.2.3 Inspection

By design, the thimble tubes, over most of their length, serve as a portion of the reactor
coolant system pressure boundary. Thus, wear of thimble tubes can result in
degradation of the reactor coolant system pressure boundary and can also create a
potentially non-isolable leak of reactor coolant. As discussed in Reference 40, thimble
tubes are experiencing thinning as a result of flow-induced vibration. Thimble tube wear
has been identified at several plants, and has generally been detected at locations
associated with geometric discontinuities or area changes along the flow path (such as
areas near the lower core plate, the core support forging, the lower tie plate, the upper
tie plate and the vessel penetration). There have also been several instances of thimble
tubes experiencing leaks.
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As a result of concerns with the degradation of thimble tubes, the NRC Staff issued
NRC Bulletin 88-09 (Reference 41). In NRC Bulletin 88-09, the NRC Staff concluded
that the only effective method for determining thimble tube integrity was through plant
specific inspections and periodic monitoring. As a result of that conclusion, NRC
Bulletin 88-09 required all licensees having Westinghouse designed reactors utilizing
bottom mounted instrumentation to implement a formal inspection program that
periodically confirms the integrity of the incore neutron monitoring system thimble tubes.

The response to NRC Bulletin 88-09 (Reference 42), described the informal thimble
tube inspection program that had in been place since early 1987. Reference 42
committed to formalize the thimble tube inspection program and acceptance criteria per
the requirements of Bulletin 88-09 following completion of the Westinghouse Owners
Group Bottom Mounted Instrumentation Program. The NRC Staff concluded that the
response to NRC Bulletin 88-09 was adequate in Reference 43.

Due to delays in completion of the Westinghouse Owners Group Bottom Mounted
Instrumentation Program, Reference 44 notified the NRC Staff that the thimble tube
inspection program was being formalized prior to completion of the Westinghouse
Owners Group effort. In lieu of Westinghouse Owners Group guidance, the wear
criteria and inspection frequency being implemented were the same as the criteria
described in Reference 42. Reference 44 also committed to review the results of the
Westinghouse Owners Group Program following its completion, and incorporate the
results of that study into the thimble tube inspection program as deemed necessary and
prudent.

The Westinghouse Owners Group provided guidance on actions required for thimble
wear in WCAP-12866, “Bottom Mounted Instrumentation Flux Thimble Wear”, January
1991. The information in the WCAP was used to make changes in the formal inspection
program based on industry trends developed through the use of both destructive and
nondestructive testing. This change was documented in Safety Evaluation Number
335.

7.6.3 Performance Analysis

The thimbles are distributed nearly uniformly over the core, with about the same number
of thimbles in each quadrant. The number and location of these thimbles have been
chosen to permit measurement of local to average peaking factors to an accuracy of 5
percent (95 percent confidence). Assuming 75% of the thimbles are available,
measured nuclear peaking factors will be increased by 5% for Fy and 4% for FDH to
allow for measurement uncertainties. Additional measurement uncertainties are
required for peaking factor measurements with fewer than 75% of the thimbles
available. The minimum number of thimbles required to be operable in any core
quadrant is 2. The additional measurement uncertainties for fewer than 75% of the
thimbles available are determined, if needed, on a cycle specific basis. The DNB ratio
calculated with the measured hot channel factor will be compared to the DNB ratio
calculated from the design nuclear hot channel factors.
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7.7 COMPUTER SYSTEMS

7.71 Emergency Response Computer System-ERCS

The ERCS collects and processes selected field data for display to plant personnel.
This data is displayed in a concise and consistent format on displays in the Control
Room (CR), Technical Support Center (TSC), Emergency Operating Facility (EOF) and
Backup EOF. Display of this data is also available to all plant personnel through the
business computer network. This information, in its multiple forms is used to assist
personnel in the proper implementation of Emergency Procedures during an accident
condition covered by these procedures. The system also provides control room
personnel with access to relevant information to assist them during operational
transients. During normal operation the system provides assistance in determining the
status and performance of the core and other plant systems.

The ERCS is designed with fully redundant servers, network switches and multiple
independent workstations providing a high degree of availability. An overview diagram
of the system is presented in Figure 7.7-1.

The ERCS software is composed of the Plant Monitoring System (PMS), the Safety
Assessment System (SAS) and the Emergency Response Data System (ERDS), three
distinct but fully integrated software packages. All ERCS software has been developed
and is maintained under the control of a Verification and Validation (V&V) program —in
accordance with the NMC Software Quality Assurance (SQA) Program.

7711 Design Basis

The design criteria for the system is based on the requirements of NUREG-0737,
Supplement 1 regarding the need for a Safety Parameter Display System (SPDS) and
the upgrading of Emergency Response Facilities. The requirements specified for the
SPDS are met or exceeded by a system of displays provided by the ERCS System.
The parameters on the SPDS displays are provided by the SAS software. Emergency
Response Facilities upgrade requirements are met by providing the ERCS driven
displays in the CR, TSC, EOF and the Badkup EOF.

Regulatory Guide 1.97 information is provided by the ERCS to all the display locations.

The Plant Process Computer System (PPCS) requirements are met by application
programs as part of the PMS.

01019036
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7.71.2 Description

7.71.21 Hardware

The ERCS hardware configuration is designed for high availability. The design utilizes
two servers for each unit, with automatic switchover from the active server to the
standby server. Each server is fully redundant with it own Central Processing Unit
(CPU), disk storage, and redundant input signal paths. An Uninterruptible Power
Supply (UPS) and redundant power sources to network switches and remote
multiplexing units are also provided. Workstations in the Control Room, and TSC are
distributed across redundant power sources to ensure that a minimum number of
workstations remain available upon loss of a power source.

The inputs to the ERCS, both analog and digital, are obtained from existing
instrumentation and control systems. The maijority of field inputs to the ERCS are
routed to Remote Multiplexor Units (RMUs) where initial signal conditioning is
performed. The RMUs and the Fiber Optic Cables to the network switches provide
electrical isolation between the signal source and the ERCS. Some inputs which are
available in a compatible digital format are routed to the network switches without an
RMU interface.

Where plant protection circuits are monitored additional isolation is provided. The two
types of signals monitored and the method of preventing undesirable interference from
these signals are:

a. DC analog signals are read into the plant process computer using an analog
to digital converter. The DC voltages scanned by the computer are
developed in isolation amplifiers located in the Reactor Protection System.
These amplifiers are designed to block any open circuits, short circuits,
voltages or currents present in the computer circuitry, from reaching the
Reactor Protection System.

b.  Reactor protection digital signals are read into the plant process computer
from isolated relay or switch contacts in the protection circuitry. Where an
isolated set of contacts in protection circuitry is not available for computer
use, an interposing relay is added.

The terminals in the Control Room, TSC, EOF, and Backup EOF have the capability to
display, in the available formats, the information contained within the system. Each
Control Room, TSC and EOF display has the capability of selecting the SAS Top Level
Display (for the current plant mode) or any Critical Safety Function display by a single
mouse or touch screen selection. The SAS display menu is selected by a single mouse
or touch screen selection from which any SAS display can be accessed by an additional
mouse or touch screen selection. The terminals in the TSC, EOF, and Backup EOF
have the additional capability of being switched to either the Unit 1 or 2 ERCS.
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Connections between the ERCS computer network and the business computer network
are protected using a firewall to prevent unauthorized access and disruption of the
ERCS network. The Control Room, TSC, EOF and computer room workstations are
located inside this firewall. Data network connections to the servers are separated from
workstation network connections.

7.71.2.2 Plant Monitoring System (PMS) Software

PMS provides the standard scan, log, alarm, display, archival and periodic reporting
functions. PMS controls and maintains the ERCS data base. All field inputs, constants,
setpoints, and outputs calculated by other applications are contained in this data base.
Therefore any of the standard PMS functions can be applied to any point in the system.

PMS performs the following basic functions:

Scanning and converting analog signals
Scanning contact inputs
Alarming
Trending analog signals
Visual display of input data
Pre and post trip review data
Sequence of events recording
Review of data on a demand basis
Sensor calibration information
Periodic logs
k.  Archival of data
The PMS also provides plant personnel with concise and reliable information to assist in
determining the status and performance of the core and provides input to the nuclear
fuel performance calculations.

ST SQTmo 00D

The PMS performs on-line calculations of data obtained from the reactor control and
protection system and the nuclear steam supply system. This data is then displayed in
multiple formats to assist personnel in monitoring the operation of these systems.

In addition the PMS performs secondary plant calculations to assist in the monitoring of
secondary plant functions and equipment.

The PMS software has no direct protective or safety significance and functions only as
an operating aid by enhancing established manual operating procedures.
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7.71.23 Safety Assessment System (SAS) Software

SAS processes all SPDS parameters. SAS performs all necessary calculations, does
limit checking and assigns SAS quality codes to each parameter. The processed SPDS
parameters are presented on a system of displays called the SAS Primary Displays.
There are three types of SAS Primary Displays:

Top Level Displays
Trend Displays
Critical Safety Function (CSF) Tree Displays

The SAS Primary Displays satisfy the SPDS requirements. The SPDS parameters are
displayed in multiple forms to assist personnel in the proper implementation of
Emergency Procedures during an accident condition and during operational transients.
The SAS Primary Displays group the SPDS parameters by system and safety function.
Although parameters are displayed in different forms on different displays the value,
units and quality are consistent throughout the system.

In response to NRC Generic Letter 89-06, Safety Parameter Display System, the
services of an independent contractor were obtained to perform the following activities:

1. Completion of a checklist on the Safety Parameter Display System as
required by NRC Generic Letter 89-06,

2.  Preparation of photographs and display screen prints of the operational
Safety Parameter Display System for both units during power operation in
accordance with the photography instructions contained in Generic Letter 89-
06 and

3. Review of NUREG-1342 information for applicability to the Safety Parameter
Display System implementation.

Based on the results of these activities, the Safety Parameter Display System
implemented was found to meet the requirements of NUREG-0737, Supplement 1
(References 33 and 52).
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7.71.24 Emergency Response Data System (ERDS)

This function was added to the process computer in response to plant commitments to
NUREG-1394. The equipment supporting the ERDS consists of a telephone modem
connected to an NRC supplied telephone line and the software to perform the function.
The purpose of the link is to transmit the values of several parameters to the NRC
headquarters for their review and analysis during and shortly after declared
emergencies at the “Alert” or higher level. The data consists of a selected set of
meteorological, radiation, and PMS process parameters averaged from the ERCS
database. Upon initiation of the link, the data is sent to the NRC’s computers at a
predetermined frequency. The link does not allow for two way control. Control of the
link is as directed by plant procedures.

7.71.3  Performance Analysis

During normal plant operations the ERCS is used by the Control Room personnel for
information needs related to routine plant operation. The terminals in the TSC, EOF
and Backup EOF along with access through the business computer network can be
utilized as plant information sources for various activities.

The ERCS has no direct protective or safety significance and functions only as an
operating aid. The ERCS outputs are categorized as follows:

a. Information that is primary output for plant operation for which alternate
administrative actions are required by the Technical Requirements Manual.

b. Information that is not primarily used for plant operation including outputs for
which no administrative actions are required.

There are three outputs in the first category, the Rod Bank Deviation, Rod Insertion
Limit and Axial Flux Difference (Delta | and Flux Tilt). Each of these routines operates
an audible alarm as well as a visual display whenever the preset limit has been violated.
If any of these programs are inoperable, or if the plant computer is not in service, the
Technical Requirements Manual requires the readings to be manually logged.

During emergency conditions classified at or more severe than Alert, the TSC, EOF (or
Backup EOF) terminals are manned by Emergency Response Organization personnel.
The information made available by the ERCS terminals will be used to carry out the
activities required by the Emergency Plan.

Information related to the SPDS capabilities was provided to the NRC in Reference 25
and 26. NRC acceptance of this design is documented in Reference 27.
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7.71.4 Inspection and Testing

The ERCS including the PMS software are on-line systems that are capable of self-
testing. Remote multiplexing hardware provides a real time test of calibration points
that are used by data acquisition software to compensate for any drift in A/D hardware.
Constant checking by the data acquisition function of PMS flags field inputs that are
outside acceptable engineering limits. Diagnostic checks are manually initiated to
assure proper operation of the computer hardware.

01019036
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7.8 OPERATING CONTROL STATIONS

7.8.1 Control Room

GDC-11 The facility shall be provided with a control room from which actions to
maintain safe operational status of the plant can be controlled. Adequate
radiation protection shall be provided to permit continuous occupancy of the
control room under any credible post-accident condition or as an alternative,
access to other areas of the facility as necessary to shut down and maintain
safe control of the facility without excessive radiation exposures of personnel.

The plant is equipped with a single control room which contains those controls and
instrumentation necessary for safe operation of both units, including the reactors and
the turbine generators, under normal and accident conditions.

Control Room habitability during and after accident conditions has been considered in
the design of the control room (see 7.8.2).

Remote shutdown capabilities are provided throughout the plant to be used when the
control room is uninhabitable (see 7.8.5).

7.8.1.1 Control Room Layout

The layout of the vertical bench front panels, electrical console, and nuclear, incore and
radiation monitoring racks for the control room is shown in Figure 7.8-1.

The control board (including the bench front vertical panels and console) design
incorporates an arrangement of controls and information instrumentation for the safe
operation of both the nuclear steam supply system and the conventional plant
equipment in such a manner as to effectively reduce the amount of board area that the
operator needs to keep under his surveillance, and to provide quick access to controls.
Control switches on the board are grouped according to operating function to minimize
the juxtaposition of unrelated control functions.

Referring to Figure 7.8-1, vertical bench front panel A contains instrumentation and
controls for the non-safeguards shared system of the plant (i.e., station air; fire
protection; etc.). Panels extending to the left of the center section of A provide for
control of unit 1; while the panel sections to the right of A are for unit 2. Instrumentation
and controls for cooling water, component cooling, containment fan coils, and
containment spray for unit 1 are segregated on the left hand side of A.

Vertical bench front panel “B-1” (just to the left of “A”) incorporates instrumentation and
controls for the waste disposal system; the passive safety injection system; the safety
injection system; the residual heat removal system; and the CVCS let-down system, all
for unit 1.
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Instrumentation and controls for the CVCS system recorders for the nuclear instrument
system and rod controls; and the instrumentation and controls for the reactor coolant
system are located on vertical bench front panel section “C-1".

Vertical bench front panel section “D-1” includes the instrumentation and controls for the
steam generator system.

Vertical bench front panel “E-1” incorporates the auxiliary feedwater system
instrumentation and controls; and controls for the feedwater; condensate; vacuum;
turbine and generator.

Reheater drains; moisture separator drains; heater drains and heater drain tank pumps;
and the circulating water system instrumentation and controls are located on vertical
bench front panel “F-1".

The NIS “console” at the left hand end of vertical bench front panel “F-1” incorporates
the four nuclear instrumentation system racks containing amplifiers, signal conditioners,
trip units, power supplies, etc. Indicators, recorders, status lights and related switches
are distributed between this panel and the NIS system portion of panel “C-1".

Unit 2 instrumentation and controls are arranged in a modified mirror image to the right
of the center of panel “A”.

Electrical console “G” which is located directly in front of the A vertical bench front panel
contains instrumentation and controls to monitor and control the 4 KV and monitor the
480 volt plant safeguards distribution system. This console also contains the instrument
and controls for the four emergency diesel generators.

Control stations are packaged in modular form, with switches and associated indicating
lights in individual sub-housings, which are grouped according to function to minimize
the possibility of operator error. ESF pump motor power feed breakers indicate that
they have closed by energizing indicating lights on the control board.

Control stations with both automatic and manual positions are provided with smooth
transfer of function.

In general, indication instrumentation controllers are incorporated in the vertical section
of the bench front panel, with annunciators located above, and switch groups on the
bench front section.
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7.8.1.2 Detailed Control Room Design Review

In response to NUREG-0737 and Generic Letter 82-33 (Supplement 1 of
NUREG-0737), the plant conducted a comprehensive review of the control room layout.
The obijective of this review was to improve the ability of the nuclear power plant control
room operators to prevent accidents or cope with accidents if they occur by improving
the information provided to them. To achieve this objective, the design review was to
identify any modifications of the control room configuration that would contribute to a
significant reduction of risk and enhancement in the safety of operation.

A survey was performed of the control room to review the control room layout, the
usefulness of audible and visual alarm systems, the information recording and recall
capability, and the control room environment. This survey compared the control room
configuration with acceptable human factors principles. Areas of weakness were
considered as Human Engineering Discrepancies (HEDs). (References 22 and 23)

The HEDs were prioritized and were considered for correction. At the completion of the
review a Detailed Control Room Design Review (DCRDR) summary report was required
to be submitted to the NRC for review and approval (Reference 21). The report
included an identification of the HEDs, which HEDs were being corrected, justification
for not correcting or fully correcting selected HEDs and the schedule for completing any
design improvements. Design improvements in the control room layout and control
board layout resulting from the review were implemented (Reference 54). The
conclusion reached by the NRC was that the DCRDR activities had adequately
addressed and met the requirements of Supplement 1 of NUREG-0737 (Reference 24).

7.8.2 Control Room Habitability

Sufficient shielding, distance, ventilation, and containment integrity are provided to
assure that control room personnel are not subjected to doses under postulated
accident conditions during occupancy of, and ingress to and egress from the control
room which would exceed the radiological consequences discussed in section 14.9. A
control room special ventilation system is provided to protect the control room personnel
during accident condition. The special ventilation system’s features and performance
are described in section 10.3.3.

Area Radiation Monitor Channel R1 monitors control room radiation level and is
described in section 7.5.3.1.

See Section 2.9.4 for further control room habitability analysis.
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7.8.3 Additional Control Stations

Local control panels are provided for certain systems and components which are used
on an intermittent basis. Such systems are the Waste Disposal System, Sampling
System, Boron Recycle System, heating boilers and the Turbine-Generator Hydrogen
Cooling System. In these cases, however, appropriate alarms are located in the control
room and are activated to alert the operator of equipment malfunction or approach to
unsafe conditions.

The waste disposal and boron recycle control panels are located in the auxiliary
building. These boards permit the operator to control and monitor the processing of
wastes in the general area where equipment is located. Alarm signals from these
system components annunciate on this board. Actuation of any alarm on this panel
actuates a general alarm on the main control board. In this manner general surveillance
over these systems is maintained in the control room.

7.8.4  Fire Prevention Design

The probability of a fire within the control room is extremely small. To restrict the
possibility of fire originating in the control room, negligible combustible material, trim or
furnishings are used in its construction. However, should a large fire occur which will
result in evacuation of the control room, the method for shutting down the plant is
described in Section 10.3.1.5.1. This section discusses the effects of a small fire that
may not result in significant damage to control room equipment and circuits.

Electrical circuits are limited to those associated with lighting, instruments and control.
Lighting circuits are 120 volts; instrumentation power and control circuits are either

120 volts a-c, 125 volts d-c or lower. All 120 and 125 volt circuits are protected against
short circuits by either fuses or circuit breakers. The power levels on the
instrumentation signal circuits are so low that it is incredible that short circuits in these
could present a fire hazard. Switchboard wiring is flame resistant.

Because of the short circuit protection provided for the circuits in the control room, the
fire hazard presented by the electrical equipment due to electrical faults, is minimal.

The discussion that follows summarizes the original control room fire protection design
intent. Additional information relative to the PINGP Fire Protection Program is included
in the USAR Section 10.3.1.5.1.

To prevent the spread of fire from the electrical rooms beneath the control room, the
following provisions are made:
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a. Cables used throughout the relay room have an exterior jacket that meets the
Insulated Power Cable Engineer’s Association (IPCEA) test requirements. All
non-metallic materials in the cable construction and accessory devices have
been chosen so that they will not support combustion. Power cables for the
480 volt system are three conductor, insulated with ethylene propylene
rubber, with a neoprene-like, or an asbestos braid impregnated with flame
retardant compound jacket and interlocked aluminum armor overall.

b.  Cabling and wiring in the relay room are installed in trays or in metallic
conduit.

C. Protective devices are furnished that limit the short circuit current values that
minimize the temperature rise to which insulation is exposed.

d. Structural and finish materials for the control room, relay and battery rooms
were selected on the basis of fire resistant characteristics. Structural floors
and interior walls are of reinforced concrete. Interior partitions are metal,
masonry or gypsum dry walls on metal joists. The control room suspended
ceiling consists of aluminum louver grids with fluorescent light fixtures
mounted above the grids. Door frames and doors are metallic. Wood trim is
not used.

Because of the nature of the equipment involved and its design, an equipment fire in the
control room would not cause abandonment of the control room and would not prevent
the operator from shutting down the reactors to the condition which would no longer
require the engineered safeguards systems to be functional.

As stated previously, it is considered that because of the overload and short circuit
protection provided for the electrical equipment within the control room the fire hazard
due to electrical faults is minimized. Further, if a fire does occur within the electrical
equipment, its magnitude will be restricted to minor proportions by the non-combustible
and flame resistant nature of the electrical materials involved and because all electrical
wiring devices are surrounded by or mounted in metal or fire retardant enclosures.
Thus, although some isolated damage to the electrical equipment could result, the
multiplicity of the reactor and engineered safeguards system trip circuits, and the
associated segregation of redundant channels including wiring, will keep the protection
systems of the reactor unimpaired and the operator will be able to execute a reactor
shutdown primarily from the main control room.
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A fire which could conceivably lead to the temporary abandonment of the control room
can only arise from a source which is external to the electrical equipment. The fire
resistant nature of the structural and finish materials for the control room and control
room furnishings, makes the probability of this type of fire minimal. In the event of such
a fire, however, and even if it were to be uncontrolled, it is unlikely that it could be of
sufficient magnitude to affect the electrical equipment, all of which is contained within
(and thereby shielded from the fire) metal cabinets. The operator has available portable
respiratory equipment. Portable fire extinguishers are located in the control room for the
operator’s use. In addition to the control room fire extinguishers, fire extinguishers are
also provided in the cable spreading and battery rooms. The extinguishers are
designed in accordance with National Fire Code and National Fire Protection
Association specification. The equipment provided is adequate to control any such fire
and prevent a forced abandonment of the control room.

7.8.5 Emergency Shutdown Control

The following discussion applies to the original design intent for shutdown from outside
the control room. Section 7.8.4 provides the discussion relative to the inhabitability of
the control room during a fire scenario. The ability to shutdown for a control room fire is
discussed in Section 7.8.4. The discussion that follows should not be construed as
satisfying 10CFR50 Appendix R. Safe shutdown analysis which forms the basis for
satisfying 10CFR50 Appendix R is also included in USAR Section 10.3.1.

Provisions have been made so that the plant can be shutdown and maintained in a safe
condition by means of controls located outside the control room. During such a period,
the reactor is tripped and the plant maintained in Mode 3, Hot Standby. If the shutdown
is extensive, the Reactor Coolant System is borated.

Local controls are located such that the stations to be manned, and the times when
attention is needed, are within the capability of the plant operating crew. The plant
intercom system provides communication so that the operation can be coordinated.

The functions for which local control provisions have been made are listed below along
with the type of control and its location in the plant. Transfer to these local controls is
annunciated in the control room.

After the initial transient, basically all control is manual if outside the control room. Itis
expected that all automatic systems will continue functioning until local manual control is
established. However, the reactor can be tripped manually by equipment outside the
control room if necessary, either by opening the reactor trip and/or power supply
breakers or by actuating the manual turbine trip on the turbine. The necessary
indicators and manual controls for the Mode 3, Hot Standby capability are provided
outside the control room. The controls include the necessary speed and valve controls
and local and remote stop/start push button motor controls with local selector switch for
local operations. These include controls for the main feed and auxiliary feedwater
systems and atmospheric relief and steam dump valves for maintaining the steam
generator water level.

02-055
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7.8.5.1 Equipment Control Outside Control Room

If the control room should be evacuated suddenly without any action by the operators,
the reactor can be tripped by either of the following:

a. Open reactor trip and/or rod power supply.
b.  Actuate the manual turbine trip on the turbine (above P9).

Following evacuation of the control room the following systems and equipment are
provided to maintain the plant in a safe shutdown condition from outside the control
room:

a. Decay Heat Removal

Following a normal plant shutdown, automatic steam dump control maintains
the reactor coolant temperature at its no load value. Redundancy and full
protection, where necessary, is built into the system to ensure the continued
operation of the steam generator units. If the automatic steam dump control
system is not independently available, controlled relief valves on each steam
generator maintain the steam pressure. These relief valves are further
backed up by safety valves on each steam generator. Numerous
calculations, verified by startup tests on the Connecticut-Yankee and San
Onofre Power Plants have shown that with the steam generator safety valves
alone, the reactor coolant system maintains itself close to the nominal no load
condition. For decay heat removal it is only necessary to maintain the control
on one steam generator.

The normal source of water supply when making continued use of the steam
generators for decay heat removal is the auxiliary feed circuit, where supplies
of water are available from the condensate storage tanks and cooling water.
Feedwater may be supplied to the steam generators by the auxiliary electrical
feed pump or by the auxiliary steam driven feed pump; these pumps and
associated valves have local controls.

b.  Reactivity Control
Following a plant shutdown to Mode 3, Hot Standby, boric acid poison is
added to the reactor coolant system to maintain subcriticality. For boron
addition the chemical and volume control system or the safety injection
system can be used. Boration requires the use of:

1. Charging pumps and volume control tank with associated piping.

02-055
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7.8.5.2

2. Boric acid transfer pumps with tanks and associated piping.

It is worthy of note that, with the reactor held at Mode 3, Hot Standby,
boration of the plant is not required immediately after shutdown. Xenon
decay below the equilibrium operating level does not begin immediately,
but could occur up to 26 hours after shutdown, depending upon power
history, and a further period lapses before the 1% reactivity shutdown
margin provided by the full length control rods has been canceled. This
delay provides ample time for emergency measures. The letdown line
and component cooling water systems are not required for boration
capability.

Pressurizer Pressure and Level Control

Following a reactor trip the reactor coolant temperature automatically reduces
to the no load temperature condition as dictated by the steam generator
temperature conditions. This reduction in the reactor coolant water
temperature reduces the reactor coolant volume and if continued pressure
control is maintained reactor coolant makeup is required.

The pressurizer level is controlled in normal circumstances by the chemical
and volume control system. The facility for boration is provided as described
above; it is only necessary to supply water for makeup. Water may readily be
obtained from the normal sources; i.e., the makeup water tank or refueling
water storage tank. The Safety Injection Pumps can also be used to perform
this function.

Indication and Controls Provided Outside the Control Room

The specific indication and controls provided outside the control room for the above
capability are summarized as follows:

a.

Level indication for the individual steam generators visible from the auxiliary
feed pumps.

Pressure indication for the individual steam generators visible from the
auxiliary feed pumps.

Pressurizer level and RCS pressure indicators visible from the auxiliary feed
pumps. Pressurizer level indicators visible at the charging pumps local control
point.

Reactor coolant system wide range pressure and wide range temperature
(T-Hot and T-Cold), visible from the auxiliary feed pumps.

02-055
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7.8.5.2.1

Controls

Local stop/start push button motor controls with a selector switch are provided for
control of the following motors. The selector switch transfers control of the switchgear
from the control room to local either at the motor or the hot shutdown panel (HSDP).
Placing the local selector switch in the local operating position gives an alarm in the
control room and turns out the motor control indicating lights on the control room panel.

a.

b.

7.8.5.2.2

Auxiliary Motor Driven Feedwater Pumps (Local).

Charging Pumps (HSDP for 11, 13, 21, 23 and Local for 12 and 22).
Boric Acid Transfer Pumps (HSDP).

Containment Air Fan Coil Units (Local).

Control Room Air Handling Unit Including Control for the Air Inlet Dampers
(Local).

Component Cooling Water Pumps (Local).
Instrument Air Compressors (Local).

Safety Injection Pumps (Local).

Speed Control

Speed control is provided locally for the Charging Pumps.

7.8.5.2.3

Valve Control

Auxiliary Feed Control Valves. (These valves are located local to the auxiliary
feed pumps.)

Atmospheric Relief Valves (HSDP).

All other valves requiring operation during Mode 2, Startup can be locally
operated at the valve.

Letdown orifices isolation valves (HSDP).

02-055
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7.8.5.2.4 Pressurizer Heater Control

Stop and start buttons with selector switch and indicating lamps are at the HSDP for two
backup heater groups.

7.8.5.3 Lighting

Emergency lighting is provided in all operating areas as required to support emergency
shutdown outside of the control room. Detailed design of the plant lighting system is
discussed in Section 10.3.6.

7.8.5.4 Communications

The communication network provides communications between the area of the auxiliary
feed pumps and the charging pumps, boric acid transfer pumps, emergency diesel
generators, and the outside exchange without requiring the control room. The plant
communication systems design detail is discussed in Section 10.3.8.

7.8.5.5 Cold Shutdown Capability From Outside the Control Room

As described above, provisions are included in the design for placing and maintaining
the plant in Mode 3, Hot Standby from outside the Control Room. There is no
conceivable need or requirement to place the plant in Mode 5, Cold Shutdown condition
under these circumstances; however, a walk through of the steps which could be taken
by the operator to place the plant in Mode 5, Cold Shutdown from outside the Control
Room is as follows:

Procedure
a. Borate to a minimum of Mode 5, Cold Shutdown concentration

1. Locally align BAST or RWST to allow injection of boric acid using
charging pumps.

2. Verify adequate RCS boron concentration by sample.
b.  Pressure Control

1. Keeping the loops subcooled to aid natural circulation, use pressurizer
heaters to pressurize the Reactor Coolant System.

2. The upper pressure limit is initially set by the power relief valves or safety
valves.

02-055 02-055
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Temperature Control

1. Steam generator pressure is used as an indication of RC temperature
above 250°F with hand control of atmospheric relief on each steam
generator to allow cooldown.

2. Cooldown rate is established by the Pressure and Temperature Limits
Report. Forced cooldown by steam dump must be proceeded by
appropriate pressure decay by heat loss from pressurizer.

Volume Control

1. Pressurizer level and reactor coolant/pressurizer pressure are used to
monitor shrink and pressure with the charging pump making up
contraction with refueling water.

Steam generator level is controlled by manually operating the auxiliary
electrical feed pump and valves.

Electric Power
1. 480V busses energized by offsite power or by onsite diesels.

2. Component cooling water starts automatically on return of power.
Cooling water starts automatically.

Safeguards Deactivation
1. Block Sl by locally over-riding Sl block relays.
2. Lock out safety injection pumps at switchgear.

3. Manually close the accumulator isolation valves.
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h.  Manually align RHRS for cooldown
1. Initiate component cooling to RHR heat exchangers.

2. Manually close RWST supply to RHR pumps and open RHR suction from
RCS.

3. Start RHR pump locally and allow to circulate on mini-flow lines until
boron concentration is checked.

4. Open RHR outlet valves to RCS to initiate and control RCS cooldown.

5. Temperature must remain consistent with pressure thus the ultimate
cooldown rate is determined by pressurizer heat loss and consequent
depressurization. Pressurizer level will be maintained by charging
pumps.

03-003
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7.9 SEISMIC DESIGN, TESTING AND MONITORING
7.9.1 Seismic Design

7911 Original Equipment Requirements

The seismic design criteria for PS&E supplied equipment (including equipment for the
Emergency Power Systems) required that the equipment, including all components
furnished, be designed to withstand, without damage or interruption of operations, the
forces resulting from a Design Basis Earthquake.

Based on a seismic analysis giving response acceleration spectra for selected floors of
plant buildings, the Class | electrical equipment manufacturers were required to present
documentation, either in the form of mathematical analysis or testing data (on a
prototype or the actual equipment), to ensure compliance with physical integrity
requirements and seismic criteria.

Certified reports of tests included, as a minimum, accelerations to which the equipment
was subjected, associated frequency and number of test cycles, qualitative performance
of the equipment during and after the test, and approximate fundamental frequency of
the equipment.

When manufacturers elected to perform seismic analysis by mathematical calculations,
these calculations were reviewed and approved by PS&E.

For either earthquake (operational or design basis) the equipment is designed to assure
that it does not lose its capability to perform its function; i.e., shut the plant down and
maintain it in a safe shutdown condition.

For the design basis earthquake, there may be permanent deformation of the
equipment provided that the capability to perform its function is maintained.

7.9.1.2 Current Seismic Qualification Requirements

The current seismic qualification requirements are consistent with the original licensing
commitments to seismic design. That is, the plant must, as a minimum, meet the
original plant seismic requirements for design of equipment. Seismic criteria are
selected on a project specific basis.

An acceptable alternative method from that described in 7.9.1.1 for verifying seismic
adequacy is described in Section 12.2.14. This alternative method applies to new,
modified or replacement Design Class | mechanical and Class 1E electrical equipment.
Restrictions on the use of the alternative method are also discussed in Section 12.2.14.
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7.9.2 Seismic Testing

7.9.21 Original Equipment Seismic Testing Criteria

Type testing was done on equipment by the vendor or Westinghouse using
conservatively large accelerations and applicable frequencies. The peak accelerations
and frequencies used were checked against those derived by structural analyses of
operational and design bases earthquake loadings.

The unidirectional testing was performed in a conservative manner, thus providing a
margin against any greater effects which may possibly result from the worst
combination of simultaneous testing. This conservatism consisted of: 1) an input sine
beat motion with 10 cycles per beat, 2) resonant testing of all determined and applicable
natural frequencies, 3) further testing at other selected frequencies, and 4) high input
acceleration values particularly for the vertical direction.

Typical protection system equipment was subjected to type tests under simulated
seismic accelerations to demonstrate its ability to perform its functions.

7.9.2.2 Original Equipment Seismic Testing Methodology

The detailed test procedures used for the seismic tests including requirements for the
equipment mounting, vertical and horizontal accelerations and the frequency ranges,
are provided in WCAP 7817 (Reference 16) “Seismic Testing of Electrical and Control
Equipment.” Information on the actual accelerations at the floor was furnished in the
Blume Report Numbers 2 and 4 (JAB-PS-02 and 04).

Equipment in the Reactor Protection System and the Engineered Safety Features
Actuation System was type tested by Westinghouse to the above referenced
qualification testing requirements. The qualification testing requirements used to assure
that the criteria were satisfied on the two systems is contained in the topical report
WCAP-7817, (Reference 16) Section 3, entitled “Test Procedures.” Equipment for the
nuclear plant is procured on a similar (identical) basis to that which is qualified.

The following considers the performance of the required safety actions during the tests.

Test input signals were sent to the process control and nuclear instrumentation
equipment so that these systems were operating in a normal plant at power
configuration during the seismic test. Both analog and bistable output signals were
continuously recorded during the test. The bistable circuitry, whose output signals
initiate reactor trip and safeguards actuations, receives its input signals from the analog
circuitry. Its trip set point was adjusted so that it was approximately 5% above the value
of the analog input signal. The output signal is approximately 118 volts A.C. in the
pretrip condition and reduces to 0 volts after being tripped. In these two systems, the
bistable circuitry does not cause any mechanical motion when tripped, but merely
reduces its output voltage to zero volts.
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Upon completion of the tests, the analog output signal recordings were reviewed for any
change in value that would negate or delay the tripping of the bistable circuitry. Also the
test input signals were individually changed before and after each test to check the
proper operation of the analog and the bistable trip circuitry.

This type of test procedure assures that the reactor trip and safeguards actuation
circuitry remains functional and that no trips are negated by the seismic vibrations. The
pressure and differential pressure transmitters were also tested in their normal plant
operating mode, i.e., each transmitter was connected to a pressure source and the
pressure set and regulated according to the pressure measuring range of each type of
transmitter. A laboratory type pressure transmitter (not vibrated) was used to monitor
the electrical analog output signals of the transmitter under test.

These analog output signals are sent to the process control equipment where various
reactor trip and safeguard actuation signals are generated if the pressure transmitter
signals exceed some pre-set value. Thus these output signals were expected to remain
relatively constant during the vibration period and to indicate their pre-test values upon
completion of the test.

As in the process control and nuclear instrumentation tests, upon completion of the
seismic tests, the transmitter analog signal recordings were reviewed for any change in
value that would negate or delay the tripping of the bistable circuitry in the process
control equipment, and their final values were compared with the pre-test values to
check for any output signal change. Again this type of test assures that the transmitter
mechanisms and electrical circuitry remain functional and would not negate a valid
reactor trip or safeguards actuation during a seismic disturbance.

7.9.2.2.1 Instrumentation Subject to Seismic Testing

The following is a list of the types of original plant equipment utilized in the reactor
protection, nuclear instrumentation, engineered safety features actuation, radiation
monitoring, and part of the emergency power systems which have been tested.

a. Static Inverter: Converts a nominal 125 VDC to approximately 120 VAC.

b.  Process Equipment: 3 cabinets used for monitoring reactor coolant flow,
temperature and pressure, pressurizer level and pressure, safety injection
flow, and steam generator pressure and feedwater level. The cabinets
include at least one of each type of module used in all of the various process
protection and safeguards actuation channels.

c. Safeguards Actuation Racks: 2 cabinets containing relay logic monitors.

d. Nuclear Instrumentation and Radiation Monitoring Systems: 2 cabinets
containing NIS and RMS equipment.
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e. Pressure and Differential Pressure Transmitters: Used for coolant pressure
and flow, pressurizer pressure and water level, and steam generator pressure
and level, and steam flow.

A resonant search was run from 1 to 60 Hertz in discrete increments for 1 to 5 Hz, 5 to
10 Hz, 10 to 25 Hz and 25 to 60 Hz. Finer increments were taken around resonant
points. A resonant search was made twice in each of three directions.

a. \Vertical

b. Horizontal - side to side

c. Horizontal - front to back

Within the PS&E scope the following instrument and control items were type tested:

a. One prototype pressure transmitter of each pressure range for all QA Type |
pressure transmitters.

b.  One pressure switch for each type of QA Type | pressure switch (vacuum

breaker pressure switch, and auxiliary building differential pressure switch for
Shield Building Ventilation system recirculation mode automatic control).

7.9.2.2.2 Electrical Equipment Subject to Seismic Testing

Equipment such as 4160V switchgear, 480V switchgear, battery chargers, batteries and
racks, and motor load centers were shake tested on a prototype basis.

As an example of one of these tests, two cubicles of power switchgear containing circuit
breakers, potential transformers and a complement of control and protection relays
were tested on an electro-hydraulic shaker system suitable for low-frequency long-
stroke testing.

Specific circuits were connected to a recorder and monitored during the test, including
the following:

a. Breaker Primary Contacts

b. Potential Transformer Primary and Secondary Connections

c. Auxiliary Relay, Timing Relay, Overcurrent and Voltage Relay Contacts
d. Multi-contact Relay Contacts

e. Breaker Auxiliary and Cell Switches
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For seismic testing of relay contacts relays were tested in two states: (1) relay
deenergized; and (2) relay energized with normal voltage or current. Overcurrent relays
were set on the lowest tap and time lever setting and sufficient current passed through
the coils to just operate the relay contacts.

Relay contacts were purposely operated electrically at random times during testing to
evaluate their performance.

A circuit breaker was electrically closed and tripped at random times during the test to
check its performance.

The results of the test showed that the switchgear and its components continued to
operate without malfunction during and after a simulated earthquake up to an input of
0.5g, and in most cases, well above this point.
Within the PS&E scope the following electrical items were type tested:

a. One prototype of each type of electrical penetration.

b.  Unit 1 emergency diesel generators.

c. Unit 14160 and 480 volt switchgear. 480 volt switchgear was subsequently
replaced, see 7.9.2.3 for new seismic testing requirements.

d. Motor control centers.

e. Batteries and battery racks. The original batteries and battery racks have
been replaced, see 7.9.2.3 for new seismic testing requirements.

f. All relay and control cabinets associated with the above.
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7.9.2.3 Current Seismic Testing Requirements

The current seismic testing requirements are consistent with the original licensing
commitments for seismic testing. That is, the plant must, as a minimum, meet the
original plant seismic requirements for testing of equipment. Seismic criteria are
selected on a project specific basis.

Equipment which has been procured for either new or replacement Class 1E
applications has been tested seismically in accordance with the requirements of either
the original plant licensing commitments, or a more recent qualification standard.

Examples of this include the following Class 1E equipment procured for various
projects:

a. Unit1 & 24160 volt switchgear IEEE-344-1987
b. Unit 1 & 2 480 volt switchgear IEEE-344-1987

c.  Unit 2 480 volt motor control centers (2TA1 & 2TA2) |EEE-344-1975

d. Unit 2 emergency diesel generators (D5 & D6) IEEE-344-1975
e. Unit 1 & 2 station batteries and battery rack IEEE-344-1975
f. Unit 1 & 2 station battery chargers IEEE-344-1975
g. Control Board G-1 in Main Control Room IEEE-344-1987

7.9.3 Seismic Monitoring System

The Seismic Monitoring System was installed in response to AEC questions during
original plant licensing. These commitments also stated that the central seismic
monitoring and recording system would be installed in accordance with Safety Guide 12
(Reference 58). The purpose of this QA type 3 system is to monitor and record seismic
events and to determine the peak seismic accelerations of critical plant piping systems
during a seismic event.

The seismic monitoring system is composed of the following components:

a. Triaxial Accelerometers - designed to produce an output signal for recording
of seismic activity.

b.  Seismic Monitoring Panel - designed to receive and process data from the
triaxial accelerometers and actuate system alarms.

04-031
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c. Triaxial Peak Recording Accelerographs - designed to locally record the peak
seismic forces placed upon the monitored equipment.

7.9.3.1 Deleted

7.9.3.2 Triaxial Accelerometer

There are four Triaxial Accelerometers located in the plant, two in Unit 1 Containment,
one in Unit 2 Containment and one in the Auxiliary Building, elevation 695’ (see

Figure 7.9-1). These instruments are designed to sense seismic acceleration in three
dimensions. Each triaxial accelerometer consists of three single channel
accelerometers that are mounted on mutually perpendicular axes. The output of each
accelerometer provides an independent signal to the Seismic Monitoring Panel. The
seismic monitoring system, once triggered will record all 12 channels of the four triaxial
accelerometers. The preselected accelerometer may be displayed visually for the three
axes of its vibration.

The three Triaxial Accelerometers located in the Containment Buildings provide
electrical signals to the Seismic Monitoring Panel that corresponds with the magnitude
of ground vibrations. The input signals from these accelerometers are not processed by
the Seismic Monitoring Panel for system triggering or alarm functions.

The individual Triaxial Accelerometer located in the Auxiliary Building provides electrical
signals to the Seismic Monitoring Panel that corresponds with the magnitude of ground
vibrations. The input signal from this accelerometer is processed by the Seismic
Monitoring Panel for triggering and alarm functions. The Seismic Monitoring Panel’s
“‘Event Alarm” will alarm, indicating that the system has been triggered on low levels of
seismic activity. When seismic activity is severe enough the “OBE” will alarm and the
seismic activity will be evaluated for exceeding the PINGP Operational Basis
Earthquake or the Design Basis Earthquake. The Blume Report, “PINGP Earthquake
Analysis” provides the basis for the design limits that define the PINGP OBE and DBE
thresholds.

7.9.3.3 Deleted

7.9.3.4 Triaxial Peak Recording Accelerographs

Eleven Triaxial Peak Recording Accelerographs are located throughout the plant and
screenhouse (see Figure 7.9-1). These instruments are designed to sense seismic
peak acceleration in three dimensions. Each triaxial peak recording accelerograph
consists of three single torsional accelerometers which are mounted on mutually
perpendicular axes.

The output of each torsional accelerometer moves a magnetic stylus across a pre-lined
magnetic film. This produces an erasure effect which, once the film is developed, can
be viewed through a microscope or viewer equipped with a calibrated reticule.
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These are considered passive devices, in that they perform only a monitoring function of
the peak acceleration of the particular area of the plant. It is intended that the magnetic
films would be read after an earthquake to determine the peak seismic forces present at
the given location.

Five other Triaxial Peak Recording Accelerographs are located on plant piping. The
purpose of these instruments is to record the seismic forces which plant piping was
subjected to, then use this data for analysis and possibly restart justification after a
seismic event. These instruments are identified on Figure 7.9-1.

7.9.3.5 Design Basis

Safety Guide 12 forms the design basis of the Seismic Monitoring system. The
requirements for the system and how the plant meets or exceeds these requirements
are identified as follows:

a. Each plant site shall have one strong motion triaxial accelerograph in the
basement of the reactor containment structure and one at a higher elevation.

Unit 1 containment structure has a triaxial accelerometer located at the 697.5
level, each unit has a triaxial accelerometer at a higher elevation in
containment.

b.  Each accelerometer should be: separated by a vertical distance that is a
significant fraction of the containment building height, oriented such that the
three axes are in alignment with each other, located directly over one another,
accessible for maintenance and recovery of data, and mounted to the
containment structure or on a structure mounted directly to the containment
structure.

Each containment triaxial accelerometer is separated by approximately

68 feet of vertical distance. Each is oriented with the axes in alignment and
located as close as is practical to be directly over one another. Each triaxial
accelerometer is tested and maintained. The lower level accelerometers are
located on the containment foundation and, the upper level accelerometers
are located on structures which are mounted directly on the containment
structure as shown in Figure 7.9-1.

c. Other instrumentation, such as peak recording accelerographs and peak
deflection recorders should be installed on other Category | structures,
system and components.

Other seismic instrumentation is installed in the Auxiliary Building,
Screenhouse and the Turbine Building as shown in Figure 7.9-1.
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The value of the peak acceleration level experienced in the containment
structure should be indicated in the control room or available to the control
room operator within a few minutes after the earthquake.

As described in 7.9.3.2, the triaxial accelerometers’ output is recorded once
the intensity of the seismic event reaches a pre-set level as detected by the
Auxiliary Building Accelerometer. Alarms alert the operator to the presence of
seismic activity and within a few minutes, the operator can obtain data on
peak acceleration levels by reading displayed on the seismic recording
system.

Instrumentation should be designed to perform its function satisfactorily over
the appropriate range of environmental conditions.

Triaxial Accelerometers are designed to remain operational when exposed to
-40°F to 140°F, a 20g vibration, and a 50g shock force. The instruments are
hermetically sealed.

A plan should be developed for timely utilization of the data to be obtained
from installed seismic instrumentation.

The plan has been developed and is contained in Prairie Island Nuclear
Generating Plant Abnormal Procedure AB-3, Earthquakes.
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7.10 POST ACCIDENT MONITORING INSTRUMENTATION

7.10.1 Design Basis

The design bases for Post Accident Monitoring Instrumentation includes commitments
to the following:

GDC-13
(October
23, 1978)

GDC-19
(October
23, 1978)

GDC-64
(October
23, 1978)

Instrumentation and Control - Instrumentation shall be provided to monitor
variables and systems over their anticipated ranges for normal operation, for
anticipated operational occurrences, and for accident conditions as
appropriate to assure adequate safety, including those variables and
systems that can affect the fission process, the integrity of the reactor core,
the reactor coolant pressure boundary, and the containment and its
associated systems. Appropriate control shall be provided to maintain these
variables and systems within prescribed operating ranges.

Control Room - A control room shall be provided from which actions can be
taken to operate the nuclear power unit safely under normal conditions and
to maintain it in a safe condition under accident conditions, including
loss-of-coolant accidents. Adequate radiation protection shall be provided to
permit access and occupancy of the control room under accident conditions
without personnel receiving radiation exposures in excess of 5 rem whole
body, or its equivalent to any part of the body, for the duration of the
accident.

Equipment at appropriate locations outside the control room shall be
provided:

(1) with a design capability for prompt hot shutdown of the reactor,
including necessary instrumentation and control to maintain the unit
in a safe condition during hot shutdown, and

(2) with a potential capability for subsequent cold shutdown of the reactor
through the use of suitable procedures.

Monitoring Radioactivity Releases - Means shall be provided for
monitoring the reactor containment atmosphere, spaces containing
components for recirculation of loss-of-coolant accident fluids, effluent
discharge paths, and the plant environs for radioactivity that may be
released from normal operations, including anticipated operational
occurrences, and from postulated accidents.

NUREG 0737 “Post TMI Requirements” included a requirement to install specific
instrumentation channels to monitor post accident conditions.

NUREG 0737 SUPPLEMENT 1 (NRC Generic Letter 82-33) included a requirement to
comply with Regulatory Guide 1.97 (Rev 2, 1980).
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REGULATORY GUIDE 1.97 “Instrumentation to Assess Plant and Environs Conditions
During and Following an Accident” integrates the previous requirements into a single
document. It specifies specific parameters to be monitored and includes the required
range, design category, seismic and environmental qualification, quality assurance,
power supply and display requirement. Exceptions were allowed to the requirement of
Reg. Guide 1.97, providing adequate technical justification was provided.

The revised commitments apply to Post Accident Monitoring Instrumentation only, and
do not apply to other instrumentation or the control room in general.

7.10.2 Equipment Classification Methodology

The event monitoring instrumentation was installed as required by the NRC TMI action
plan to ensure that sufficient information is available on selected plant parameters, to
monitor and assess these variables during and following an accident. The event
monitoring instrumentation does not perform a protective action. This capability is
consistent with the recommendation of NUREG-0578 and NUREG-0737.

Regulatory Guide 1.97 divides the various parameters into five types:

Type A Variables - those variables to be monitored that provide the primary
information required to permit the control room operator to take specific,
manually controlled actions for which no automatic control is provided and that
are required for safety systems to accomplish their safety functions for design
basis accidents. This does not include those variables that are associated with
contingency actions that may also be identified in written procedures.

Type B Variables - those variables that provide information to indicate whether
plant safety functions are being accomplished. Plant safety functions are:

Reactivity control

Core cooling

Maintaining reactor coolant system integrity
Maintaining containment integrity

Type C Variables - those variables that provide information to indicate the
potential for being breached or the actual breach of the barriers to fission product
releases. Those barriers are:

Fuel cladding
Primary coolant pressure boundary
Containment

Type D Variables - those variables that provide information to indicate the
operation of individual safety systems and other systems important to safety.

Type E Variables - those variables to be monitored as required for use in
determining the magnitude of the release of radioactive materials and continually
assessing such releases
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Design and qualification categories are specified for each variable. Three categories
are identified. A summary of the design and qualification requirements follows:

Category 1

The instrumentation should be qualified in accordance with Reg Guide 1.89
“Qualification of Class IE Equipment”. The qualification should extend from the sensor
to the display device, or the channel isolation device, if the display device is computer
based.

The seismic qualification should be in accordance with Reg Guide 1.100, “Seismic
Qualification of Electric Equipment for Nuclear Power Plants”.

No single failure within either the accident-monitoring instrumentation, its auxiliary
supporting features, or its power sources, should prevent the operators from being
presented the information necessary for them to determine the safety status of the plant
and to bring the plant to, and maintain it in a safe condition following an accident.
Redundant or diverse channels should be electrically independent and physically
separated from each other and from equipment not classified important to safety.

The instrumentation should be energized from station standby power sources as
provided in Reg Guide 1.32, and should be backed up by batteries where momentary
interruption is not tolerable.

The instrumentation channels should be available prior to an accident.

The recommendations of the following Reg Guides pertaining to quality assurance
should be followed:

Reg Guide 1.28; Reg Guide 1.30; Reg Guide 1.38; Reg Guide 1.58;
Reg Guide 1.64; Reg Guide 1.74; Reg Guide 1.88; Reg Guide 1.123;
Reg Guide 1.144; Reg Guide 1.146.

Continuous indication display should be provided.

Recording of readout information should be provided. Scanning recorders may be used
if no significant transient response information is likely to be lost by such devices.

Category 2
The instrumentation should be qualified in accordance with Reg Guide 1.89.

Seismic qualification according to the provisions of Reg Guide 1.100 may be needed
provided the instrumentation is part of a safety-related system.
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The instrumentation should be energized from a high-reliability power source, not
necessarily standby power, and should be backed up by batteries where momentary
interruption is not tolerable.

The recommendations of the Reg Guides pertaining to quality assurance listed
above, should be followed. It may not be necessary to apply the same quality
assurance measures to all instrumentation. The quality assurance requirements
implemented should provide control over activities to an extent consistent with
the importance to safety of the instrumentation.

Effluent radioactivity monitors, area radiation monitors, and meteorology monitors
should be recorded.

Category 3

The instrumentation should be of high-quality commercial grade and should be
selected to withstand the specified service environment.

Effluent radioactivity monitors, area radiation monitors, and meteorology monitors
should be recorded.

In addition to the above requirements, those instruments designated as Types A, B or
C, and Categories 1 and 2, should be specifically identified on the control panels.

Note two general exceptions to the requirement of Reg Guide 1.97:

Seismic qualification of Category 2 equipment conforms to the seismic design of
the system it is monitoring.

Environmental qualification complies with the requirements of 10 CFR Part 50,
Section 50.49.

Note also that for position monitoring instrumentation of valves and dampers, the valve
and damper number is given if the position detection device is not assigned an
instrument number.

7.10.3 Regulatory Guide 1.97 Instrumentation

Tables 7.100-1 and 7.100-2 identify the instrument channels which are used to meet the
specific requirements of Reg Guide 1.97. Also included are the design category
requirements, exceptions taken to those requirements, and a reference to the NRC
document which accepts that exception (References 30, 31, 64-73).

From the list of equipment presented in Tables 7.10-1 and 7.10-2, below are identified
and described in detail in Category 1 instruments. In addition, these instruments are
identified in the Technical Specifications.
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7.10.3.1 Containment Pressure

Two wide range containment pressure channels with recorders in the main control room
are provided for the containment. Measurements are done continuously and are made
over a pressure range equal to four (4) times the design of steel containment vessel.
This instrument indicator system is designed in conformance with NUREG-0737, ltem
II.F.1.4.

7.10.3.2 Hydrogen Monitors
Hydrogen monitors have been downgraded to Cateory Ill (Referrence 75).
7.10.3.3 Containment Vessel Water Level Instruments

Redundant, Class 1E containment vessel water level measurement systems are
installed to provide continuous indication of containment water level in the control room.
Each system consists of three (3) detector/receiver instrument loops. One of the three
detectors, narrow range, is installed in sump “B” and covers the range approximately
20-inches above sump bottom to 76-inches above sump bottom. The two remaining
detectors, wide range, are mounted on the wall adjacent to sump “B”. The wide range
instruments span from the 697.5-foot level to the 709.5-foot level (709-foot level for
Unit 1) and indicate an equivalent capacity of greater than 300,000 gallons

(Reference 51).

The receivers are located in Train A Event Monitoring Room (Train A) and Train B
Event Monitoring Room (Train B), respectively.

The containment vessel water level measurement systems are designed in accordance
with NUREG-0737, Item II.F.1.5 and each instrument is tested to the requirements of
IEEE-323-1974 and IEEE-344-1975.

7.10.3.4 Inadequate Core Cooling Monitor (ICCM)

The microprocessor calculates a percent level from the above inputs. Full range levels
are valid calculations when the Reactor Coolant Pumps are not running. When either
one or both Reactor Coolant Pumps are running, the dynamic range calculation is valid.
Upper range transmitters are abandoned in place (No longer in use) connected and not
isolated from process fluid and electrical connections.

The microprocessor provides an output to the control room display module which
indicates a calculated reactor vessel level in percent, both in digital and analog form.
The display module indicates which level indications are valid and also provides other
indication system diagnostic information. Upper range level indication is abandoned
utilizing software methods and control panel tagging.

01059000

01030468
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7.10.3.4.1 RCS Subcooled Margin Monitors

Subcooling Margin is calculated from a validated average of Core Exit Thermocouples
(CET’s) and Reactor Coolant System Pressure. The primary display is located on the

control board via the Emergency Response Computer System display. A fully qualified
backup display is available in the control room on the Incore Flux Mapping cabinet via

the Inadequate Core Cooling Monitor (Upgraded Reactor Vessel Level Instrumentation
System to add display of CET’s and calculate Subcooling Margin) per requirements of

NUREG-0737 Item II.F.2.

Two redundant trains of CETs along with two redundant trains of Reactor Coolant
System Pressure instruments provide Class 1E inputs to both display systems. The
SMM range was changed to 200°F subcooling to 35°F superheat when Control Board
meters were removed. This range is in accordance with RG 1.97 guidance.

7.10.3.4.2 Core Exit Thermocouples (CET’s)

Fully qualified CETs are provided to the Inadequate Core Cooling Monitors and the
Emergency Response Computer System. The CETs are installed to monitor each core
quadrant. When used in conjunction with the core inlet temperature data, they provide
an indication of the radial distribution of the coolant enthalpy rise. The output of any
CET is available through ERCS, which displays the temperature of each CET location.
See section 7.6.2.1 for further information.

7.10.3.4.3 Reactor Vessel Water Inventory Indication

Redundant, Class IE reactor vessel water inventory measurement systems are installed
to provide continuous indication of reactor water inventory to the control room. Each
system has three differential pressure transmitters in the Auxiliary Building. They sense
differential pressure via impulse lines connected to the reactor vessel head, a hot leg,
and the bottom of the reactor vessel via a seal table connection. These impulse lines
penetrate the reactor containment vessel. They are each filled with water and sealed at
each end by instrument internal bellows. Each system has a microprocessor located in
Train A Event Monitoring Room (Train A) and Train B Event Monitoring Room (Train B).
The microprocessor processes inputs from the differential pressure transmitters, as well
as from the following:

e Impulse line hydraulic isolators

RTDs located on the impulse lines

Reactor Coolant System wide range pressure transmitter

Reactor Coolant System temperature

Reactor Coolant Pumps breaker contacts



PRAIRIE ISLAND UPDATED SAFETY ANALYSIS REPORT
USAR Section 7

Revision 29
Page 7.10-7

The microprocessor calculates a percent level from the above inputs. Both upper range
(Unit 1 only. Unit 2 upper range transmitters are temporarily abandoned in place. [Ref.
ECN-03RV05-06]) and full range levels are valid calculations when the Reactor Coolant
Pumps are not running. When either one or both Reactor Coolant Pumps are running,
the dynamic range calculation is valid.

The microprocessor provides an output to the control room display module which
indicates a calculated reactor vessel level in percent, both in digital and analog form.
The display module indicates which level indications are valid and also provides other
indication system diagnostic information.

The reactor vessel water inventory measurement systems are designed in accordance
with NUREG-0737, Item II.F.2 and the instruments, microprocessors, and display
modules are tested in accordance with IEEE-323-1974 and IEEE-344-1975.

7.10.3.5 Instrument Racks

Instrument racks are provided for post accident monitoring equipment. The racks are
installed in the Train A and Train B Event Monitoring Rooms. The racks contain Class
IE Event Monitoring equipment and radiation meters.

The instrument racks and Type IE equipment were seismic tested to the anticipated
loads, and were designed to provide physical barriers for separation of IE and Non-IE
equipment. The racks were evaluated to meet the requirements of IEEE 323-1974 and
IEEE 344-1975.

7.10.3.6 High Range Containment Radiation Monitors

The high range containment radiation monitoring system (R-48, R-49) is designed to
provide in-containment high-level monitoring capabilities during accident conditions.
The system is Class IE and has a calibrated high range of 1 to 10’ R/hr. The detector
assembly is a gamma sensitive ion chamber encased in stainless steel. The system,
consists of a detector, readout module and cabling for each train, meets all
requirements of NUREG-0578 and subsequent requirements with NUREG 0737
I1.F.1.3.

7.10.3.7 RCS Wide Range Temperature

Both RCS hot and cold legs are monitored by wide range RTD’s designed to indicate
temperatures in the range of 50 - 700°F. These temperature devices and channels are
installed as class 1E. Electrically isolated signals are displayed on recorders in the
Control Room and indicators on the Hot Shutdown Panel. Installation is in accordance
with NUREG-0737 Supplement 1, Reg Guide 1.97.
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7.10.3.8 Wide Range Steam Generator Level

Each Steam Generator secondary side is monitored by two wide range level
transmitters that indicate a level of 0 - 100%. These level transmitters and channels are
installed as class 1E. Electrically isolated signals are displayed using recorders in the
Control Room and on indicators on the Hot Shutdown Panels. Installation is in
accordance with NUREG-0737 Supplement 1, Reg Guide 1.97.

One channel of Wide Range Steam Generator Level is also used as an input to the
AMSAC/DSS system. See section 7.101 for additional information.

7.10.3.9 Neutron Flux

Two redundant, Class 1E, environmentally and seismically qualified channels of neutron
flux measurement equipment are installed to measure neutron flux over the entire
expected range of normal operations. Monitor indication is available in the control room
and in the TSC.

7.10.3.10 Refueling Water Storage Tank Level

Level instrumentation on the refueling water storage tank consists of two seismically
qualified channels. Each channel provides indication on the control board and two low
level alarms. One of those alarms is a normal operating low level and the other is a
low-low level alarm. The power supplies for these channels are located in the EM
racks.

7.10.3.11 Containment Isolation Valve Position

All containment isolation valves have position indication on the main control board and
on the SPDS portion of ERCS to show proper positioning of the valves. Air-operated
and solenoid-piloted, air-operated valves are designed to fail to the safest position (fail
open or closed) with the loss of air or power. After a loss of power to the motors, motor-
operated valves remain in the same position as they were prior to the loss of power.

As described in reference 67, the main control board indication is achieved using non-
qualified circuits that are powered from inverter backed instrument power as described
in USAR section 8.6. The redundant SPDS display uses environmentally and
seismically qualified circuits in addition to meeting the other quality assurance criteria
for a category 1 display. The SPDS system is powered by the ERCS UPS as described
in USAR section 7.7.



PRAIRIE ISLAND UPDATED SAFETY ANALYSIS REPORT
USAR Section 7

Revision 29
Page 7.10-9

7.10.3.12 Pressurizer Level

Three seismically and environmentally qualified pressurizer level transmitter instrument
channels indicate level in the control room. These three level instrument channels are
independently powered from three vital instrument panels which in turn are energized
from the unit’'s Safeguard 125 VDC System. Only two channels are used to support
Technical Specification RG 1.97 requirements.

7.10.3.13 Condensate Storage Tank Level

Three Condensate Storage Tanks (CSTs) are located on site. One for Unit 1 and two
for Unit 2. Level Instrumentation for the CSTs consists of two channels per unit.
Normally, the CSTs are cross-tied and therefore shared by both units.

Train B level signals are indicated on the Unit 1 control boards and Train A level signals
are indicated on the Unit 2 control boards. Low and Low-Low level alarms for each train
are alarmed in the control room. Level Indicators are also provided which read CST
level in feet and gallons.

7.10.3.14 RCS Wide Range Pressure

RCS Wide Range pressure instrumentation channels are provided with indication in the
control room. These channels and instruments are environmentally and seismically
qualified. Two channels (one per RCS loop) are provided.
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7.11 ATWS MITIGATING SYSTEM ACTUATING CIRCUITRY/DIVERSE SCRAM
SYSTEM

7111 General Summary

The Code of Federal Regulations was amended on July 26, 1984 to include the 10 CFR
Part 50 Section 50.62, “Requirements for Reduction of Risk from Anticipated Transients
Without Scram (ATWS) Events for Light-Water-Cooled Nuclear Power Plants” (ATWS
Rule). The requirements for 10 CFR Part 50 Section 50.62 apply to all commercial
light-water-cooled nuclear power plants.

An ATWS is an anticipated operational occurrence (such as loss of feedwater, loss of
condenser vacuum, or loss of offsite power) that is accompanied by a failure of the
reactor protection system to shut down the reactor. The ATWS Rule requires specific
improvements in the design and operation of commercial nuclear power facilities to
reduce the probability of failure to shut down the reactor following anticipated transients
and to mitigate the consequences of an ATWS event.

10 CFR Part 50 Section 50.62(c)(1) specifies the basic ATWS mitigation system
requirements for Westinghouse plants. Equipment, diverse from the reactor protection
system, is required to actuate the auxiliary feedwater system and initiate a turbine trip
for ATWS events. In response to 10 CFR Part 50 Section 50.62(c)(1), the
Westinghouse Owners Group developed a set of conceptual ATWS mitigating system
actuation circuitry (AMSAC) designs generic to Westinghouse plants. The
Westinghouse Owners Group issued Westinghouse Topical Report WCAP-10858,
“‘“AMSAC Generic Design Package” which provided information the various
Westinghouse Designs.

The NRC Staff reviewed WCAP-10858 and issued a safety evaluation on the subject
topical report. In that safety evaluation, the NRC Staff concluded that the generic
designs presented in WCAP-10858 adequately met the requirements of 10 CFR Part 50
Section 50.62. Westinghouse issued Revision 1 to WCAP-10858 on August 3, 1987.
The AMSAC system installed at Prairie Island at that time satisfies these ATWS Rule
requirements. However, in 1996, Prairie Island selected new AFW pump low discharge
pressure setpoints to correct pump runout concerns. A review of the setpoint changes
determined that the AFW pumps would trip due to low discharge pressure during
specific ATWS events, which is inconsistent with assumptions made in the ATWS
analysis performed by Westinghouse.
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In 1997, under Design Change 97AF02, NSP decided to install a Diverse Scram
System to resolve this ATWS design basis issue and NSP’s Nuclear Analysis
Department performed analysis based on Prairie Island’s approved Reload Safety
Evaluation methods and more conservative acceptance criteria than those applied in
the Westinghouse generic ATWS Analysis. The results of this analysis required
changes to the process variable inputs used to generate an AMSAC/DSS actuation. It
was determined that the new process variable inputs would be steam generator wide
range levels and reactor coolant pump breaker position.

7.11.2 Design Basis

The purpose of AMSAC/DSS is to mitigate the effects of a failure of reactor protection to
trip the reactor in the event of an anticipated transient. This is required to prevent
reactor coolant system pressure from exceeding 3200 psig (ASME Boiler and Pressure
Vessel Code Level C service limit). The mitigation is accomplished by tripping the
reactor, tripping the turbine, and initiating auxiliary feedwater flow. The specific Prairie
Island AMSAC/DSS design, submitted for NRC Staff review by References 55 and 56,
satisfies the design criteria, and was reviewed and found acceptable by the NRC Staff
in Reference 57.

The Prairie Island AMSAC/DSS (Figure 7.11-1) senses steam generator wide range
level and reactor coolant pump breaker position. When a steam generator level
decreases below 40% or a reactor coolant pump trips, AMSAC/DSS initiates a diverse
reactor trip, a turbine trip and actuates auxiliary feedwater, which in turn isolates steam
generator blowdown. AMSAC/DSS actuates on low steam generator level sensed on 2
of 2 level transmitters in either steam generator, or when a loss of any one of the two
reactor coolant pumps occurs.

A three-way control switch on the control board is provided to manually actuate the
AMSAC/DSS function. The switch causes a diverse reactor trip, a turbine trip, and
initiation of auxiliary feedwater flow when placed in the Initiate position. The use of this
switch is directed in the plant Emergency Operating Procedures. A reset pushbutton is
provided on the control board for use following AMSAC/DSS actuation to reset
AMSAC/DSS logic when plant conditions have returned to normal.

7.11.3 Power Sources

The AMSAC/DSS electronics, the reactor coolant pump breaker status circuits, the
manual actuation control switch, and the actuation relays are powered from a
non-safeguards uninterruptable power supply in the Service Building power distribution
system. This uninterruptable power supply is totally independent from the reactor
protection system. The power supply has a non-safeguards DC supply backup, and is
powered from an AC bus which can be supplied from a non-safeguards diesel
generator. This results in a power supply system for AMSAC/DSS which is very secure
and is diverse from power sources used in the reactor protection system.
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7.11.4 System Electronics and Software Configuration

The AMSAC/DSS is implemented in microprocessor-based instrumentation. The
signals from the steam generator level transmitters are input to the feedwater control
system, where analog-to-digital conversion takes place. Signal input to AMSAC/DSS
occurs via redundant data highways (two coaxial cables) (Figure 7.11-1).

Reactor coolant pump breaker position is wired directly to two separate 120 VAC input
cards in the AMSAC/DSS cabinet. Auxiliary 52b contacts in the reactor coolant pump
switchgear cubicles are used as the initiating input device.

7.11.5 System Actuation

The AMSAC/DSs is required to trip the reactor, trip the turbine and initiate auxiliary
feedwater flow. When the actuation logic formed in the microprocessor unit is satisfied,
a logic “1” is supplied to both output cards. Actuation of both output cards

(Figure 7.11-1) energizes two separate relay trains, either of which can supply the
AMSAC function, while both are required for the DSS function. The auxiliary feedwater
actuation relays provide the 1E interface required by this circuit. All of the AMSAC
relays are configured on an energize-to-actuate basis to avoid inadvertent actuation.
The specific interface design ensures that when AMSAC/DSS actuation occurs, the
action goes to completion.

A control switch located on the Main Control Panel provides manual initiation
capabilities for the Control Room operators. The manual initiation signal bypasses the
AMSAC/DSS logic to directly energize the actuation relays. Once a manual initiation
has occurred, the actuating relays are sealed-in by a relay contact. A second control
pushbutton is used to reset the system logic after plant conditions are restored to
normal.

7.11.6 Design Considerations

AMSAC/DSS performs a reactor protection function; however, it is not part of the
reactor protection system and its design is such that control signals are used for
protective actions. which is not in accordance with the design guidance of USAR
Sections 7.4.1.2.6 and 8.7.5. The nature of the AMSAC/DSS design guidance requires
this non-standard design. Reference 56 discusses the design considerations for
AMSAC/DSS systems which include diversity, independence, environmental
qualification, testability and quality assurance. This reference states that redundancy,
seismic qualification, and physical separation from existing reactor protection system
are not required.
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A reactor trip, a turbine trip and auxiliary feedwater pump start are required
AMSAC/DSS functions, with securing of blowdown and sampling as recommended
outputs. Blowdown secures following an auxiliary feedwater actuation from any source;
therefore, no AMSAC/DSS output is needed for this function. Steam Generator
sampling flow is typically an insignificant source of inventory loss; no automatic action
for securing sampling is necessary.

The diverse reactor trip is accomplished using a new circuit board in each of the three
rod control system power cabinets. The new circuit card, when actuated, reduces the
rod control internal Vref signal to a low voltage which causes the system firing cards to
decrease the current to each of the gripper coils for each rod. The decrease in current
allows the grippers to disengage, dropping the rods. Each card is connected with the
Vref signal to the Stationary grippers along the Vref signal to the Movable grippers for
all three groups controlled by that power cabinet.

Automatic bypass of the AMSAC/DSS has been eliminated in the NSP design. Bypass
capabilities are provided by a new three-position switch on the Main Control Board,
which will be administratively controlled by plant operating procedures. Continuous
indication in the Control Room is provided when the AMSAC/DSS is blocked for
surveillance testing to indicate the system is unavailable.
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PRAIRIE ISLAND UPDATED SAFETY ANALYSIS REPORT

USAR Section 7
Revision 13

TABLE 7.4-6 GENERIC LETTER 83-28, SALEM ATWS EVENTS ACTION ITEM

ltem
1.1

1.2

2.1 (1)

2.1 (2)

2.2 (1)

2.2 (2)

3.1

3.1.1

3.1.2
3.1.3

3.2

3.21

3.2.2
3.2.3

SUMMARY
(Page 1 of 2)

Description

POST TRIP REVIEW
(Program Description and Procedure)

POST TRIP REVIEW
(Data and Information Capability)

EQUIPMENT CLASSIFICATION
(Reactor Trip System Components)

VENDOR INTERFACE
(Reactor Trip System Components)

EQUIPMENT CLASSIFICATION
(Program for all Safety—Related Components)

VENDOR INTERFACE
(Program for all Safety-Related Components)

POST-MAINTENANCE TESTING
(Reactor Trip System Components)

Review of Test and Maintenance Procedures and
Technical Specifications to Assure Post-Maintenance
Operability

Review of Vendor and Engineering Recommendations

Review of Technical Specification Post-Maintenance
Test Requirements

POST-MAINTENANCE TESTING
(All Other Safety—Related Components)

Review of Test and Maintenance Procedures and
Technical Specifications to Assure Post-Maintenance
Operability

Review of Vendor and Engineering Recommendations

Review of Technical Specifications Post-Maintenance
Maintenance Test Requirements

*NRC SER not issued

NRC Safety

Evaluation Date

8/5/85

5/27/86

7/11/86

12/30/86

10.24/89

5/13/85

5/13/85
10/18/85

5/13/85

5/13/85
10/18/85

89028



PRAIRIE ISLAND UPDATED SAFETY ANALYSIS REPORT

USAR Section 7
Revision 13

TABLE 7.4-6 GENERIC LETTER 83-28, SALEM ATWS EVENTS ACTION ITEM

ltem

4.1

4.2

4.2.1
422

423

424

4.3

4.4

4.5

451
4.5.2
453

*NRC SER not issued, Supplement 1 to Generic Letter 83-28, issued October 7, 1992,

Description

REACTOR TRIP SYSTEM RELIABILITY

SUMMARY

(Page 2 of 2)

(Vendor Related Modifications)

REACTOR TRIP SYSTEM RELIABILITY
(Preventative Maintenance and Surveillance Program

for Reactor Trip Breakers)

Planned Program of Preventative Maintenance

Trending of Parameters Affecting Operation and
Measured During Testing to Forecast Degradation of

Operability

Life Testing of Trip Breakers

Periodic Replacement of Breakers or Components
Consistent with Demonstrated Life Cycles

REACTOR TRIP SYSTEM RELIABILITY
(Automatic Actuation of Shunt Trip Attachment
for Westinghouse Plants)

Not Applicable to Prairie Island

REACTOR TRIP SYSTEM RELIABILITY

(System Functional Testing)

Testing of Diverse Trip Features

Periodic On-Line Testing

Review of Existing Intervals for On-Line Functional
Testing Required by Technical Specifications

NRC Safety

Evaluation Date

5/13/85

10/17/85
10/17/85

8/10/83
2/21/85
6/26/85

5/13/85
3/30/87
6/7/89

informed licensees that the actions of Items 4.2.3 and 4.2.4 are no longer needed.

89126

95046
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PRAIRIE ISLAND UPDATED SAFETY ANALYSIS REPORT
USAR Section 7

Revision 1

TABLE 7.5-3 TYPE AND NUMBER OF PORTABLE RADIATION SURVEY
INSTRUMENTS AVAILABLE FOR ROUTINE USE EXCLUDING EMERGENCY

EQUIPMENT
Number* Type
8 lonization Chamber (of which at least

two have a range of 10° Rem per hour)

4 Geiger—Meuller Survey Meter
1 Alpha Survey Meter

1 Neutron Survey Meter

3 Air Particulate Sampler

*Not counting emergency equipment
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NOTES:

. Temperatures are measured In the hot and cold legs.
2. Pressure s measured at the pressurizer.
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