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SECTION 7
7.0 INSTRUMENTATION AND CONTROL
The instrumentation and control systems include the following:

Reactor Protection System (RPS)

Safety Features Actuation System (SFAS)
Steam and Feedwater Line Rupture Control System (SFRCS)
Control Rod Drive Control System (CRDCS)
Auxiliary Shutdown Panel (ASP)

Integrated Control System (ICS)

Nuclear Instrumentation (NI)

Non-Nuclear Instrumentation (NNI)

Incore Monitoring System (IMS)

Post Accident Monitoring System (PAMS)
Anticipatory Reactor Trip System (ARTS)
Station Computer System

Station Annunciator

Safety Parameter Display System (SPDS)

The RPS is a protection system, as defined by IEEE Standard 279-1968, which performs the
sole function of causing a trip of all reactor shim and safety rods (by actuating the associated
CRDCS trip devices) when station conditions require such action.

The SFAS is a protection system as defined by IEEE Standard 279-1971 which initiates action
of various safety actuation devices to protect the reactor core during a LOCA and to mitigate the
consequences of a LOCA.

The SFRCS is a protection system as defined by IEEE Standard 279-1971 which initiates the
auxiliary feedwater system and isolates the affected steam generator on a steam or feedwater
line rupture.

The CRDCS is divided into two portions. The trip portion performs the safety function of tripping
the shim and safety rods when commanded to do so by the RPS. The control portion of the
CRDCS performs the function of positioning control rods in response to commands from the ICS
or the reactor operator.

The ASP is a control panel designed to provide the operator with the necessary controls and
instrumentation to maintain the station in a safe shutdown condition from outside the control
room.

The ICS is a non-safety system which automatically controls the station in response to
commands preset by the operator. The ICS provides control rod motion (when CRDCS is in the
automatic mode), normal feedwater control, and turbine control; the operator is also provided
with the capability for manual override control of the station.

The Nl is divided into two portions. The Power Range instruments provide safety signals to the
RPS (and therefore are considered a portion of the RPS). The Source and Intermediate Range
instruments do not perform safety functions but are intended to provide information during
reactor startup and shutdown.
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The NNI System consists of various instrumentation and controls. Some functions performed
are pressurizer heater control, pressurizer level control and monitoring of primary parameters.

The IMS provides fuel management personnel and the operator with reactor core information
based on signals detected by fixed incore neutron detectors and thermocouples. The system
does not perform any safety or control functions.

The PAM is a redundant channel safety related instrumentation and control system as defined
by NUREG 0737. The instrumentation and controls are designed to monitor the course of an
accident condition and to provide additional plant information to bring the plant back to normal
condition.

The ARTS is a redundant channel safety related instrumentation and control system as defined
by IEEE Standard 279-1971. The instrumentation and controls are designed to trip the reactor
when a parameter exceeds its setpoint indicating the approach of an unsafe condition, i.e., trip
will de-energize the associated undervoltage coils for the CRDCS.

The Station Computer and Annunciator are non-safety recording and alarm systems.
The SPDS is a non-safety related display system that aids control room and supporting

personnel during abnormal and emergency conditions in determining the safety status of the
plant.
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7.1 INTRODUCTION

711 Identification of Safety-Related Systems

7111 Systems Supplied by Babcock & Wilcox

The safety-related systems supplied by Babcock & Wilcox for Davis-Besse Unit 1 which directly
relate to the public safety are as follows:

a. Protection System:

NI/RPS (portions required to sense approach to unsafe conditions and initiate a
reactor trip)

b.  Systems Required for Safe Shutdown:
CRDCS (trip portions)
c. Safety-Related Display Instrumentation:
1. RPS indication
2. Display instrumentation required to maintain safe hot shutdown
Refer to Section 7.5 for a discussion of safety-related display instrumentation.
The major initial design features of all the above safety-related systems were identical to those
of the Sacramento Municipal Utility District's Rancho Seco station with the exception that Davis-
Besse has two manual trip switches instead of one. In addition, the design of the CRDCS trip
devices which are actuated by the RPS has been improved. Refer to Subsection 7.4.1.1 for a
detailed discussion.
7.1.1.2 Other Systems
a. SFAS

The SFAS is required to sense unsafe conditions and actuate engineered safety
features.

b. Steam and Feedwater Line Rupture Control System (SFRCS)

The SFRCS is required to ensure adequate feedwater supply to remove reactor
decay heat upon loss of the normal feedwater supply.

c. PAMS

The PAMS is required to monitor the course of an accident condition and provide
additional plant information to return plant to normal condition.
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d. ARTS

The ARTS is required to monitor protective functions and trip the reactor when a
parameter exceeds its trip setpoint.

e. ASP

The ASP is required to maintain the station in a safe hot shutdown condition
should the main control room become unavailable.

f. The essential power supply is discussed in Chapter 8.
7.1.1.3 SFAS Comparison with Another Plant
The major design features of the SFAS and equipment as originally supplied by Consolidated

Controls Corp. (CCC) for the Davis-Besse Nuclear Power Station Unit One are compared to
Millstone Unit 2 in FSAR 7.1.1.3.
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7114 SFRCS Comparison with SFAS

The major design features of SFRCS supplied by Consolidated Controls Corp. for the Davis-
Besse Nuclear Power Station Unit One are similar, except where noted, to those of the SFAS.

Features SFAS SFRCS

Manufacturer CCC CCC

System Logic 2 outof4 2 out of 2 per
actuation channel

Channel bypass reduces to 2 outof 3 Not provided'

Number of sensor channels 4 2

Number of actuation channels 2 2

Logic components Solid state Solid state

Output components Rotary relays Balanced armature
relay?

Operating bypasses included Yes Yes

Automatic test features included No No

Bistable setpoint surveillance Yes Yes*

Manual test features included Yes Yes

Surveillance features included Yes Yes

Half-trip features Yes Yes

Power loss causes Half-trip Half-trip

Isolation devices (digital) Opto-electronic Opto-electronic and
relays?

Isolation devices (analog) I/l converter I/l Converter

Loss of sensor channel Alarm Alarm

Seismic qualification Analysis & test Analysis & Test

Design qualification Identical Identical

Environmental qualification Test Test

7.1.2 Identification of Safety Criteria

7.1.2.1 Listing of Safety Criteria

Refer to Table 7.1-1.

'Refer to “Channel Bypass,” Paragraph 7.4.1.3.4.
2Function similar; same tests have been satisfactorily performed
3SFRCS does not require interconnection between the redundant channels.

4Steam Generator Level only
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7122 Quality Assurance
The Davis-Besse Quality Assurance program is discussed in Chapter 17.

7.1.2.3 Criteria for Preservation of Separation and Independence of Redundant Portions of
Protections Systems, etc.

Each channel of the RPS, SFAS, SFRCS, ARTS, and PAMS is contained in its own cabinet.
The cabinets provide a fire barrier as well as a means of mechanically protecting the equipment.
Interconnecting wire between redundant channels of each system satisfies the criteria for
maintaining the necessary separation between channels.

All signals leaving or entering the RPS, SFAS and ARTS are isolated from the system by either
isolation amplifiers (for analog signals) or relay contacts (for digital signals). This isolation
prevents faults occurring to signal lines outside the RPS, SFAS and ARTS cabinets from being
reflected into more than one essential channel. The isolation thus provided also ensures that
two or more protective channels cannot interact through the cross-coupling or faulting of related
signal lines.

Faults, such as short, open or grounded circuits and cross-coupling of external signals from two
or more channels, have no effect on the protective channels or their functions. The isolation
amplifier circuits of the RPS have been prototype-tested to assess their effectiveness to isolate
the input signal from output circuit faults. They are capable of withstanding a short-circuit or a
maximum of 400V DC or peak AC potential across their output without affecting the input
source. The redundance and coincidence logics of the systems permit them to tolerate a failure
and thus reduce the chance of an inadvertent reactor trip or actuation of engineered safety
features. Each RPS, SFAS, SFRCS, and ARTS channel is powered from a different essential
bus, so that power supply faults can affect only one channel at a time.

The need for physical isolation has been met in the physical arrangement (each RPS, SFAS,
SFRCS and ARTS channel is equipped with separate cabinets and wiring within the cabinets
separating power and signal wiring; power here is considered to be the wires feeding cabinet
interior area lighting, convenience outlets, and space heaters) to reduce the possibility of a
physical event impairing system functions.

Redundant Class 1E sensors and their connections to the process system have been
sufficiently separated to ensure that the functional capability of the protection system has been
maintained despite any single basis event or result therefrom. Sensor-to-sensor separation is a
minimum of three feet.

Some sensor-to-process connections of redundant sensors have a common section of line.
This is justified since failure of this connection will cause the sensors to fail in the safe position.

The CRDCS (trip portion) is discussed in Subsection 7.4.1.1.

7.1.2.3.1  Spacing of Wiring and Components in Control Boards, Panels, and Instrument Racks
Isolation of wiring and components between essential redundant channels on control boards
and panels is accomplished with a minimum of 12 inches of separation. This separation

consists of free panel space, or recorders and indicators isolated from the redundant electrical
systems by isolation amplifiers or power supplies.
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Wherever the 12-inch separation cannot be met, metallic barriers are provided between
essential redundant channels. A matrix for conduit separation has been developed (see
Figure 7.1-1).

Isolation of wiring and components between essential redundant channels is accomplished in
field instrument racks by locating not more than one essential channel per instrument rack.
Physical separation between field racks for redundant channels is maintained at 3 feet
minimum. Whenever the minimum separation cannot be met, rigid barriers are provided
between essential redundant channels. Structural protection is provided for rack-mounted
instruments on an individual basis if the probability of physical damage from any event (pipe
whip or falling objects) is considered probable.

The equipment vendor has the responsibility for assuring that the design meets the applicable
criteria enumerated in the procurement specification. The system design is subject to the
approval of the equipment purchaser.

The criteria and bases for installation of electrical cable for the protection systems are discussed
in Subsection 8.3.1.

The identification and physical separation of redundant channels of the RPS and SFAS are
described in Subsection 8.3.1.2.

7124 Compliance with IEEE Standard 323-1971

The RPS has been qualified to provide conformance with the requirements of the applicable
design criteria. Since IEEE Standard 323-1971 was not available at the time of the equipment
procurement, Topical Report BAW-10003A, Rev. 4 “Qualification Testing of Protection System
Instrumentation,” does not follow the format of IEEE Standard 323-1971. However,
BAW-10003A, Rev. 4 does establish that each type of equipment is qualified for its application.
The documentation includes the application requirements, the equipment test specification and
data from the qualification testing. Subsequent to the submittal and approval of BAW-10003A,
Rev. 4, replacement RPS Reactor Trip Modules manufactured by Framatome have been
approved for installation in the RPS. These Reactor Trip Modules are qualified in accordance
with FT1 Reactor Trip Module Qualification Test Report 51-5006947-00.

7.1.25 Physical Identification of the RPS, SFAS and CRDCS (Trip Portions)

Instruments, instrument racks, cabinets, cables, conduits, cable trays, etc., associated with the
RPS, SFAS, and CRDCS (trip portion) are color coded or tagged in order to easily identify them
and their channel association. Additional discussion is found in Subsection 8.3.1.2.

7.1.2.6 Compliance with IEEE Standard 317-1971

The electrical penetrations comply with the IEEE Standard 317-1971, including all applicable
codes and standards mentioned therein.

The design of the electrical penetrations utilizes header plate assemblies of modular
construction. The header plates are bolted to the welding neck flanges, which are field welded
to the penetration nozzles.

The Amphenol modules are redundantly sealed to the header plate assemblies by means of
spring loaded pressure seals and o-rings. The Conax and Amphenol replacement modules are
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redundantly sealed to the header plate by means of two sets of o-rings and a three piece ferrule
assembly. The Conax modules are redundantly sealed to the Conax header plate by means of
a three piece ferrule assembly. The header plate assemblies are redundantly sealed to the
weld neck flange by means of double o-rings.

71.2.7 Compliance with IEEE Standard 338-1971

The protection systems are designed in compliance with the periodic testing requirements
outlined in Sections 4.9 and 4.10 of IEEE Standard 279-1971 and as further interpreted and
defined in IEEE Standard 338-1971. Due to the redundancy and separation of the multi-
channel protection system designs, testing and calibration of components and modules can be
performed during power operation. A preventive maintenance program has been developed
which includes frequent on-line tests while the station is in full-power operation as well as during
the infrequent periods when the reactor is shut down. Periodic testing and preventive
maintenance procedures are an integral part of station operation.

Only in the method of determining test intervals is there any deviation from the method
prescribed in IEEE Standard 338. Initially the determination of the test interval was based on
equipment technical specifications, past-operating experience, and empirical test data on like
equipment. Throughout the life of the plant, the frequency of these periodic, on-line tests are
modified as required to reflect current operating requirements.

Unit testing, operating and maintenance procedures have been developed. The use of jumpers
or other temporary forms of bypassing functions for operation or maintenance of safety related
systems is very limited. Preoperational tests, by their nature, required greater use of jumpers or
lifted wires.

Temporary forms of bypassing are allowed when they neither compromise nuclear safety, nor
the intent of the procedure. In addition, the use of temporary forms of bypassing functions do
not violate the Technical Specifications of the Operating License.

The use of temporary forms of bypassing is controlled in individual safety related procedures or
Administrative Procedures. This procedure includes a log to document the status of temporary
modifications to maintain cognizance by the station personnel as to the operability of a system
and to prevent inadvertent safety function bypassing.

The instrument ranges of instruments used for the engineered safety features system, reactor
protection system and other safety related systems were established by making the actuated
setpoint settings required to operate in the accurate portion of scale for the automatic initiation
of the protective function.

Instrumentation setpoints are established by considering the range of values in which protective
action must occur before safety implications could be reached. The setpoint is then established
within that tolerable range by allowing sufficient margins between the setpoint and the technical
specification allowable limits to preclude the possibility of drifting out of technical specification
allowable limits.
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TABLE 7.1-1

SAFETY CRITERIA USED IN THE DESIGN OF SAFETY RELATED

System
RPS

SFAS

CRDCS (trip portion)

SFRCS

ASP

CONTROL AND INSTRUMENT SYSTEMS

Applicable criteria

-- IEEE Standard 279-1968

-- IEEE Standard 338-1971

-- IEEE Standard 344-1971

-- AEC General Design Criteria (7-7-71)
1,2,3,4,5,12, 13, 20, 21, 22, 23, 24, 25, 29

-- AEC Safety Guides 6, 22, 29

-- |IEEE Standard 279-1971
-- IEEE Standard 308-1971
-- IEEE Standard 323-1971
-- IEEE Standard 338-1971
-- IEEE Standard 344-1971
-- AEC General Design Criteria 1, 2, 3,
4,13, 15, 20, 21, 22, 23, 24
-- AEC Safety Guide 22, 29

-- In Addition, relevant ANSI, IPCEA and NEC recommendations
are used as a guide in the system design

-- Intent of IEEE Standard 279-1971

-- |IEEE Standard 344-1971

-- AEC General Design Criteria (7-7-71)
1-5, 20-29

-- AEC Safety Guides 6, 22, 29

-- Applicable Sections of IEEE Standard 279-1971

-- IEEE Standard 308-1971

-- IEEE Standard 383-1974

-- |IEEE Standard 384-1974

-- IEEE Standard C37.90.1-1974

-- IEEE Standard 338-1971

-- IEEE Standard 344-1975

-- AEC General Design Criteria (7-7-71)
1,2,3,4,13, 15, 20, 21, 22, 23, 24

-- AEC Safety Guides 22, 29

-- Applicable Sections of IEEE Standard 279-1971

-- IEEE Standard 323-1971

-- IEEE Standard 338-1971

-- |IEEE Standard 344-1971

-- AEC General Design Criteria (7-7-71)
1,2,3,4,13, 15,19, 21, 22, 23, 24

-- AEC Safety Guides 22, 29
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TABLE 7.1-1 (Continued)

SAFETY CRITERIA USED IN THE DESIGN OF SAFETY RELATED
CONTROL AND INSTRUMENT SYSTEMS

System Applicable criteria
ARTS -- Applicable Sections of IEEE Standard 279-1971

-- IEEE Standard 323-1974

-- |IEEE Standard 336-1971

-- IEEE Standard 338-1971

-- IEEE Standard 344-1975

-- IEEE Standard 384-1971

-- AEC Safety Guides 22, 29

-- AEC General Design Criteria (7-7-71)

1,2,3,4,13, 15, 20, 21, 22, 23, 24

PAMS -- Applicable Sections of IEEE Standard 279-1971
-- IEEE Standard 338-1971
-- IEEE Standard 323-1974
-- |IEEE Standard 344-1975
-- Reg. Guide 1.118
-- Reg. Guide 1.97, Revision 3
-- Reg. Guide 1.89
-- AEC General Design Criteria (7-7-71)
1,2,3,4,13, 15,19, 20, 21, 22, 23, 24, 64

Normal Decay Heat -- Applicable Sections of IEEE Standard 279-1971
Removal Valve Control -- |IEEE Standard 323-1971
System -- IEEE Standard 338-1971

-- |IEEE Standard 344-1971

-- AEC General Design Criteria (7-7-71)
1,2,3,4,13, 20, 21, 22, 23, 24

-- AEC Safety Guide 29
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TABLE 7.1-1 (Continued)

SAFETY CRITERIA USED IN THE DESIGN OF SAFETY RELATED
CONTROL AND INSTRUMENT SYSTEMS

System Applicable criteria

Core Flooding Tank -- Applicable Sections of IEEE Standard 279-1971
Isolation Valve -- IEEE Standard 323-1971

Control System -- IEEE Standard 338-1971

-- IEEE Standard 344-1971

-- AEC General Design Criteria (7-7-71)
1,2,3,4,13, 20, 22

-- AEC Safety Guide 22, 29

Containment Spray -- Applicable Sections of IEEE Standard 279-1971
Pump Anti-Cavitation -- IEEE Standard 323-1971
Control System -- IEEE Standard 338-1971

-- IEEE Standard 344-1971

-- AEC General Design Criteria (7-7-71)
1,2,3,4,13, 20, 21, 22, 23, 24

-- AEC Safety Guides 22, 29
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7.2 REACTOR PROTECTION SYSTEM (RPS)

The purpose of the RPS is to initiate a reactor trip when a sensed parameter (or group of
parameters) exceeds a setpoint value indicating the approach of an unsafe condition. In this
manner, the reactor core is protected from exceeding design limits and the Reactor Coolant
(RC) System is protected from overpressurization.

The scope of the RPS includes all electronics, signal processing equipment, and cabling from
the system sensors to the input terminals of the CRDCS.

7.21 Description

7211 Design Bases
Reference BAW-10003A, Rev 4.

1. The generating station conditions which require protective action are described
below:

a. Departure from Nucleate Boiling (or Quality) and Kilowatt-Per-Foot Limits:

To maintain the integrity of the fuel cladding and to prevent fission product
release, it is necessary to prevent overheating of the cladding under normal
operating conditions. This is accomplished by operating within the nucleate
boiling regime of heat transfer, wherein the heat transfer coefficient is large
enough so that the clad surface temperature is only slightly greater than the
coolant temperature. The upper boundary of the nucleate boiling regime is
termed “Departure from Nucleate Boiling (DNB)”. At this point there is a
sharp reduction of heat transfer coefficient, which would result in high
cladding temperatures and the possibility of cladding failure. Although DNB
is not an observable parameter during reactor operation, the observable
parameters of neutron power, reactor coolant flow, temperature and pressure
can be related to DNB through the use of the W-3 and BAW-2 correlations.
The W-3 and BAW-2 correlations have been developed to predict DNB and
the location of DNB for axially uniform and non-uniform heat flux distribution.
The local DNB ratio (DNBR), defined as the ratio of the heat flux that would
cause DNB at a particular core location to the actual heat flux, is indicative of
the margin to DNB. The minimum value of the DNBR, during steady-state
operation, normal operational transients, and anticipated transients is limited
to 1.3. A DNBR of 1.3 corresponds to a 94.3% probability at 99% confidence
level for the W-3 correlation and a 95% probability at a 95% confidence level
for the BAW-2 correlation that DNB will not occur. This is considered a
conservative margin to DNB for all operating conditions. The W-3 correlation
was used for the first fuel cycle and the BAW-2 correlation for several
subsequent fuel cycles. The critical heat flux correlation used in the design of
the current fuel cycle is described in the applicable reload report (see
Appendix 4B).

Kilowatt-per-foot limits are based on the combination radial and axial peak

that prevents central fuel melting at the hot spot and are given in
Appendix 4B, Reload Report.
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Power peaking is not a directly observable quantity and therefore limits have
been established on the basis of the reactor axial power imbalance produced
by the power peaking.

RC System Overpressurization:

The RC system serves as a barrier to prevent radionuclides in the RC from
reaching the atmosphere. In the event of a fuel cladding failure, the RC
system is a barrier agent against the release of fission products. Establishing
a system pressure limit helps to assure the integrity of the RC system. The
maximum transient pressure allowable in the RC system pressure vessel
under the ASME Code, Section lll, is 110% of design pressure. The
maximum transient pressure allowable in the RC system piping, valves, and
fittings under ANSI Section B31.7 is 110% of design pressure. Thus, the
safety limit of 2750 psig (110% of the 2500 psig design pressure) has been
established. The settings for the RPS high RC pressure trip and the
pressurizer code safety valves have been established to ensure that the RC
system pressure safety limit is not exceeded (See Technical Specifications).

As required by 10 CFR 50.62, “Requirements for reduction of risk from
anticipated transients without scram (ATWS) events for light-water-cooled
nuclear power plant”, a diverse scram system (DSS) was installed. The only
function of the DSS is to provide a diverse method of deenergizing the control
and safety rods in the event that the reactor protection system (RPS) does
not function as designed. This is accomplished by sensing reactor coolant
pressure, diverse from RPS sensor output, and degating the silicon controlled
rectifiers (SCRs), diverse from the RPS degating contacts, in the control rod
drive control system (CRDCS) on high reactor coolant system pressure. The
DSS reactor coolant pressure setpoint is higher than the RPS high pressure
trip setpoint and below the primary code safety valve setpoint.

Trip setpoints are established to provide the necessary protection so that
DNB, kW/ft limits, and pressure limits are not exceeded. Subsection
7.2.1.2.2 provides a description of each RPS trip.

Generating station variables that are required to be monitored in order to provide
protective actions:

a.

b.

Total out-of-core neutron flux (power level).

RC system flow. The number and location of operating RC pumps are also
monitored in order to provide a rapid indication of an imminent change in
flow.

RC system reactor outlet temperature.

RC system pressure. The Containment Vessel (CV) pressure is also
monitored in order to provide a backup measurement parameter for rapidly
decreasing RC system pressure due to a loss-of-coolant accident.
Out-of-core neutron flux imbalance (power in the top half of the core minus
power in the bottom half of the core).
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Minimum number and location of sensors required to monitor adequately, for
protective function purposes, those variables that have spatial dependence:

To maintain complete separation between RPS channels, each has its own sensor.
Therefore, one sensor per RPS channel is provided for each measured parameter
listed in item 2 above, except for item 2.b, which has two RC flow sensors per RPS
channel (one for each loop) and four RC pump monitors per RPS channel (one for
each pump). Refer to Figure 5.1-2 which depicts the layout of primary system
sensors. Refer to Section 7.8.1.1 and Figure 7.8-3 for locations of power range
neutron detectors.

Prudent operational limits for each variable in each applicable reactor operation
mode: Refer to the Technical Specifications.

Margin between each operational limit and level marking onset of unsafe
conditions: Refer to the Technical Specifications.

The level that when reached will require protective action: Refer to the Technical
Specifications.

Range of transient and steady-state conditions of the energy supply and the
environment during normal, abnormal, and accident circumstances throughout
which the system must perform: Refer to Table 7.2-3.

The malfunctions, accidents, or other unusual events which could physically
damage Protection system components for which provisions must be incorporated
to retain necessary protection system action:

The RPS is designed to maintain the capability to perform its protective function
during and after an earthquake (refer to Section 3.10). The vessel containing the
equipment will protect it from flood, lightning, and wind. The RPS cabinets are
housed in the control room where they are protected against fire, explosion, and
missiles. All sensors and cables are located to minimize damage caused by fire,
explosion, or missiles. The redundancy of the system will satisfactorily operate
under all conditions. The system cabinets provide protection against mechanical
damage and spread of fires between RPS channels. All sensors, signal
transmission circuits, and signal conditioning devices are designed to function in
postulated deteriorated environments to which they may be subjected for the
length of time required to provide the protective action.

Minimum performance requirements including system response times, system
accuracies, and ranges of the magnitudes of sensed variables to be
accommodated until proper conclusion of the protection system action: Refer to
the Technical Requirements Manual and Framatome Technologies document
32-1172392-02, “Reactor Protection System String Error Calculations” for
response times and accuracies. Ranges are as follows:
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Variable Range

Reactor Power 0to 125% FP

RC Flow 0 to 160 mpph
RC outlet temperature 520 to 620°F

RC pressure 1700 to 2500 psig
Containment Pressure 0 to 20 psig

Reactor power imbalance  -62.5 to +62.5% FP
7.21.2 System Description
7.2.1.2.1 System Logic

The RPS, as shown in Figure 7.2-1, consists of four identical protection channels which are
redundant and independent. Each channel is served by its own independent sensors which are
physically isolated from the sensors of the other protective channels. Each sensor supplies an
input signal to one or more signal processing strings in the RPS channel. Each signal
processing string terminates in a bistable which electronically compares the processed signal
with trip setpoints. All bistable contacts are connected in series. In the normal untripped state,
the contact associated with each bistable will be closed, thereby energizing the channel
terminating relay (KA, KB, KC, or KD).

Consider Channel 2 in Figure 7.2-1. Assume there is a trip of one of the bistables in Channel 2,
thereby de-energizing relay KA, which causes contacts to open which in turn de-energize relays
KA1, KA2, KA3, and KA4, causing one contact on each side of the vital power supply to the
respective CRDCS Channel to open and causing the contact in series with light L3 in each
channel to close. Should Channel 1 trip while Channel 2 is tripped, relay KB will de-energize
causing contacts to open which in turn de-energize relays KB1, KB2, KB3, and KB4. When
these relays de-energize, two more contacts will open in the vital power supply to each CRDCS
channel. Thus when two out-of-four RPS channels trip, each of the four RPS channels will
cause their respective CRDCS trip devices to trip.

The manual trip switches are interposed between each reactor trip module and its associated
CRDCS channel. Depressing a manual trip switch causes all four CRDCS channels to trip.

7.2.1.2.2 Protection Channel Functions

As shown in Figure 7.2-1, contacts from seven trip bistables and a CV pressure switch contact
buffer module are normally in series with the power supply to each of the protective channel trip
relays. The trip bistables included are high pressure, low pressure, pressure-temperature,
power/imbalance/flow, overpower, power/pumps, and high temperature. The first three
compare RC pressure with fixed high and low pressure setpoints and a pressure setpoint which
is a function of RC outlet temperature. The second three compare the output of the power
range neutron flux monitor related to the protective channel with the total RC flow and core
imbalance, a fixed high power setpoint, and a high power setpoint which is a function of the
pump configuration. The seventh trip bistable compares RC outlet temperature with a high
temperature setpoint. The CV pressure switch compares the CV pressure with a high pressure
setpoint.
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The trip functions of each RPS channel are as follows (refer to Figure 7.2-1):

1.

High RC Pressure - Each RPS channel receives signals from a separate narrow-
range RC pressure transmitter. Each pressure transmitter is powered from its own
power supply, which is packaged in a module and mounted in the associated RPS
channel cabinet. The output of each pressure transmitter is applied directly to the
input of a buffer amplifier. The buffer amplifier module consists of an input stage
amplifier driving a primary output amplifier and up to nine additional output
amplifiers. The primary output amplifier supplies the signal to the RPS pressure
bistables. The high RC pressure bistable module compares this input signal to an
internal trip setpoint power supply. When the input signal from the buffer amplifier
exceeds the setpoint of the bistable, its relay contact will open and de-energize
(trip) the channel terminating relay.

Low RC Pressure - The same pressure transmitter and buffer amplifier described
above supplies a signal to the low RC pressure bistable. When this input signal
decreases below a preset setpoint of the bistable, its relay contact will open and
de-energize (trip) the channel terminating relay.

High RC Temperature Trip - Each RPS channel receives reactor outlet
temperature signals from a separate resistance temperature element. The
element is supplied with a matched resistance bridge unit that is mounted in the
associated RPS channel cabinet. The linear bridge produces an analog output
that is fed to the signal converter which conditions the signal and produces two
prime outputs. One output signal is supplied to the variable low RC pressure
bistable. The other output is applied to the high RC temperature trip bistable.
When the input temperature signal from the signal converter exceeds the trip
setpoint of the high RC temperature bistable, its relay contact will open and
de-energize (trip) the channel terminating relay.

Variable Low RC Pressure - A pressure signal is sent to the pressure/temperature
bistable from the same primary output amplifier of the buffer amplifier that supplies
the high and low RC pressure bistables. This signal is compared to the pressure
setpoint generated as a function of the temperature input to the signal converter
described in (3) above. When the pressure signal is outside the allowable bounds,
the pressure/temperature bistable will trip, opening its relay contact and
de-energizing (tripping) the channel terminating relay. This trip allowable value as
a function of temperature is contained in the Technical Specifications.

Overpower - Each RPS channel contains a two-section power range neutron flux
detector. The signals from each half are summed to produce a total power signal.
This power signal is sent to the overpower, power/pumps, and
power/imbalance/flow bistables. When the total power signal exceeds the
overpower trip setpoint of the bistable, its relay contact will open, de-energizing
(tripping) the channel terminating relay.

Power/Pumps - RC pump status (on-off) and information as to the loops in which
pumps are operating, is monitored by pump monitors. The pump monitors provide
an open or closed contact as the input to the RPS. The pump contact monitor
module provides a variable signal which is a function of the number of running
pumps and the loop in which they are running. This signal is used as a variable
setpoint signal in the power/pumps bistable. If the total reactor power exceeds the
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power/pumps setpoint, as determined by the pump configuration, the bistable will
cause its associated relay contact to open, de-energizing (tripping) the channel
terminating relay.

7. Power/Imbalance/Flow - Each RPS channel receives two differential pressure
signals (one from each reactor coolant loop). The signals are developed by
differential pressure transmitters that measure pressure drop across gentile tubes
mounted in the two reactor coolant loops. The analog output of the transmitters is
proportional to flow squared. The square root extractor converts the signal to one
directly proportional to flow. The proportional flow signals from both RC loops are
summed to produce a total RC flow signal in the summing amplifier.

Each RPS channel monitors reactor power imbalance. This is the difference
between the power measured in the top half of the core and the power measured
in the bottom half of the core by the two separate power range neutron flux
detectors (refer to Section 7.8).

The imbalance signal and the flow signal are combined in a Function Generator
and the resultant function signal is compared with the total power signal in a
bistable. The bistable will trip when the total reactor power signal exceeds the trip
envelope limit in Appendix 4B. When this bistable trips, its relay contact opens,
de-energizing (tripping) the channel terminating relay.

8.  High CV Pressure - Each RPS channel monitors CV pressure by means of a
pressure switch. If the CV pressure setpoint is exceeded, the pressure switch will
open causing the high CV pressure contact buffer to open its contact. This will
de-energize (trip) the channel terminating relay.

In addition, the RPS is designed to trip a channel upon loss of power or removal of any module
required to perform a protective function.

1. Loss of Power - As shown in Figure 7.2-1, the primary sources of 120V AC power
for the RPS are the four essential busses. Each channel is powered from a
different essential bus. Within the system cabinets, each RPS channel is powered
by separate plus and minus 15V DC channel power supplies. All bistables operate
in a normally energized state and go to a de-energized state to initiate trip action.
Loss of power thus automatically forces the bistables into the tripped state. Failure
of an essential bus or a channel power supply causes the affected channel to trip.

2.  Equipment Removal - The removal of any module required to perform a protective
function initiates the trip normally associated with that portion of the system. For
example, removal of a bistable module trips the associated channel terminating
relay, and removal of a reactor trip module activates the associated control rod
drive trip mechanism. In the first case, removing a bistable not only breaks the
contact chain leading to the channel reactor trip module, but it also breaks the
contact chain leading to the module test interlock relay KT2, both of which result in
a trip of the channel terminating relay. In the second case, removing a reactor trip
module separates the essential instrument bus from the control rod drive trip
mechanism, causing a control rod breaker trip. At the same time, a one-out-of-four
trip input is sent to the other three reactor trip modules.
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7.2.1.2.3 Maintenance Bypasses

A channel bypass is provided to allow maintenance and periodic testing to be performed on
individual channels. When initiated, the channel bypass will prevent the terminating relay of the
bypassed channel from de-energizing (tripping). Therefore when a channel is bypassed, the
overall system trip coincidence is two-out-of-three. If two of the remaining three unbypassed
channels trip, all four RPS channels will de-energize their associated CRDCS trip channels.
The bypass is initiated using key switches and when one channel is bypassed, an interlock
prevents the other channels from being bypassed. The station annunciator will give the
operator continuous visual indication when a channel is bypassed.

Refer to Figure 7.2-1. When the key switch is turned, two associated contacts close, applying
-15V to the terminating relay in the affected channel. Thus, the trip contacts of all the bistables
are bypassed.

A shutdown bypass is provided to allow rod withdrawal testing with the unit shutdown. To
initiate the bypass the operator must turn a key switch in each RPS channel. Turning the key
switch removes the following trips from the logic train: power/imbalance/flow, power/pumps,
variable low RC pressure, and low RC pressure. The key switch also inserts the shutdown
bypass high pressure trip. The setpoint of this trip is lower than the setpoint of the low pressure
trip. (Refer to the Technical Specifications for setpoint values.)

During normal operation the shutdown bypass high pressure trip bistable is normally tripped
since operating pressure is greater than the trip setpoint.

If the operator initiates the shutdown bypass with the unit at power, that RPS channel trips. The
procedure for effecting this bypass is to wait until primary pressure is below the trip setpoint and
the plant is shut down. The operator is then free to reset the tripped bistable and to turn the key
switch in each channel.

Figure 7.2-1 shows schematically how the bypassing of trip bistables is accomplished. When
the bypass switch is turned, a normally closed contact opens and a normally open contact
closes, connecting the trip bistables that will remain effective to the shutdown bypass high
pressure trip bistable and the -15V power source. The other bistables are disconnected from
the string.

7.2.1.2.4 Interlocks

Electro-mechanical interlocks initiate an RPS channel trip whenever: (1) a test module that is
used to test one of the seven trip bistables or the CV pressure switch contact buffer is placed in
the test mode; or (2) any module vital to a trip signal is withdrawn, unless the RPS channel is
bypassed. (Removal of the reactor trip module in any condition will trip its associated CRD
breaker.) The station annunciator and computer give the operator visual indication of the RPS
trip status.

Another interlock is used to prevent the bypassing of more than one channel. Once a bypass is
initiated, the other three channels are prevented from being bypassed by the removal of the
ground Return path to the bypass circuits. Refer to Figure 7-3 in B&W Topical Report

BAW 10003A, Rev. 4. The station annunciator and computer give the operator visual indication
when a channel is bypassed. This interlock is in addition to normal administrative controls.
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7.2.1.2.5 Diversity

The RPS provides protection through the use of the diverse trip functions and sensors
discussed in Subsection 7.2.1.2.2 and in Chapter 15 and the Technical Specifications.

7.2.1.2.6 Information Display

Each RPS channel contains meters and indicators mounted in the system cabinets which
display each input analog signal and visual indication of the state of each trip logic element.
Total power (in percent power) and power imbalance (in percent power) are available to the
operator on the control console. A strip chart recorder is available for continuously recording
auctioneered total power (in percent power).

Each RPS channel contains an alarm panel which is visible at all times and indicates the
following:

1. Channel trip.

2.  Cabinet fan failure.

3.  Trip of any of the other three channels.

4.  Channel bypass.

5.  Shutdown bypass.

6. Breaker trip.
The station computer system monitors all analog input signals, all channel power supplies, and
all trip modules. The station computer system will alarm if there is a power supply fault, a fan
fails, or a cabinet door is open. The station annunciator indicates that an RPS channel trip has
occurred, shutdown bypass has been initiated in a channel, or a channel has been bypassed. It
also has the capability to indicate that a power range detector power supply fault has occurred,
but this provision is not currently used.
The station computer alarms and the station annunciator are not required to be tested as part of
the Technical Specification surveillance testing requirements, but are functionally tested on a
periodic basis to verify their proper operation.
Information on displays is contained in Section 7.5.
7.2.1.2.7 Equipment Identification
Refer to Subsection 7.1.2.5.
7.21.3 Systems Supporting the RPS
The following systems provide support to the RPS:

1.  Essential power supply (refer to Chapter 8).

2. CRDCS (refer to Subsection 7.4.1.1).
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7.21.4 Portions of RPS Not Required for Safety

Within the scope of the RPS, as defined in Section 7.2, the nonessential portions of the RPS
(i.e., those portions performing no safety functions) are the displays of system parameters and
test circuits. The power range test circuit does, however, provide continuity for safety-related
signals leaving the detector before they enter signal conditioning modules.

7.21.5 Comparison of RPS with That of Another Station

The major initial design features of the RPS at the Davis-Besse station are compared to that of
Sacramento Municipal Utility District's Rancho Seco station in FSAR Section 7.2.1.5.

7.2.1.6 RPS Drawings

Drawings depicting RPS design are contained in Toledo Edison Specification M-536.

7.2.2 Analysis
7.2.21 Compliance with IEEE Standard 279-1968

The following discussions are keyed to Paragraph 4 of IEEE Standard 279-1968 and
demonstrate compliance.

(4.1) General Functional Requirements - The RPS will automatically perform its
protective functions, that of tripping the reactor whenever station conditions
exceed preset levels, under the design conditions listed in Section 7.2.1.1.

(4.2) Single Failure Criteria - No single failure can prevent the RPS from performing its
protective functions. A detailed single failure analysis of those portions of the
system where a single failure might affect more than one channel is contained in
Chapter 7 of Topical Report BAW-10003A, Rev. 4 “Qualification Testing of
Protection System Instrumentation (January 1976).” The redundancy of all other
RPS ensures that no single portions of the RPS ensures that no single failure will
affect more than one channel. A single failure analysis of changes to the
Anticipatory Reactor Trip System (ARTS) interfacing with the RPS was
performed and submitted to the NRC in January 1986 (Serial 1231). The
analysis concluded that the RPS meets the single failure criteria of IEEE-279.

(4.3) Quality of Components and Modules - Equipment manufacturers were required
to use high quality components and modules in equipment construction. Quality
control procedures, used during fabrication and testing verify compliance with
this requirement. Details of the QA procedures are contained in Chapter 17 of
the FSAR.

(4.4) Equipment Qualification - Qualification type tests are performed, in accordance
with accepted procedures, to insure that the RPS equipment will perform under
applicable design basis conditions. Refer to Topical Report BAW-10003A,

Rev. 4 for applicable test data. Subsequent to the submittal and approval of
BAW-10003A, Rev. 4, replacement RPS Reactor Trip Modules manufactured by
Framatome have been approved for installation in the RPS. These Reactor Trip
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Modules are qualified in accordance with FTI Reactor Trip Module Qualification
Test Report 51-5006947-00.

Channel Integrity - Each RPS channel is designed and fabricated so that channel
integrity will be maintained under the conditions specified in the system design
bases.

Channel Independence - Each RPS channel is located in its own cabinets. The
cabinets act as a barrier against fire and mechanical damage from external
sources. Therefore physical damage (for instance, an internal fire) can, in the
worst case disable only one of the four RPS channels.

A minimum of channel interaction is required for the RPS to perform its protective
action. The interaction occurs in the reactor trip module. A single failure analysis
of this scheme is contained in Topical Report BAW-10003A, Rev. 4. The results
of this failure analysis envelope both the original Bailey Reactor Trip Modules, as
well as replacement RPS Reactor Trip Modules manufactured by Framatome,
which were approved for installation in the RPS subsequent to the submittal and
approval of BAW-10003A, Rev. 4.

Control and Protection System Interaction - The RPS provides inputs to control
systems as follows: Four reactor power level signals to the NNI/ICS
auctioneering circuitry, a flow differential pressure signal from each RC loop to
the ICS via the NNI, and an RC pressure signal to the NNI. The RC loop flow
D/P signals and the RC pressure signal that are supplied to the NNI can be
selected from either RPS Channel 1 or Channel 2 using a plug and jack
arrangement located in Channel 2. Additionally, the RPS provides a flow signal
from each RC loop and four signals each of the following three parameters to the
ICS for use in the Core Thermal Power (CTP) calculation: Reactor coolant
narrow range pressure, reactor coolant total flow and reactor coolant narrow
range temperature.

If a single failure can cause a control system to malfunction and at the same time
cause a protection channel to fail, the remaining channels must be capable of
providing protection even when degraded by another single failure.

Since only one RPS channel can share a given signal with a control system, a
failure of that channel and another channel must be predicated in order to satisfy
IEEE 279. Since the RPS is a four-channel system and uses two-out-of-four
logic, the system will still be capable of causing a trip at the system level.

The flow of the power range neutron flux signals is as follows. The flux signal
from each channel is transmitted through individual isolation amplifiers. The
signals from Channels 1 and 2 are sent to an auctioneer in the NNI. The signals
from Channels 3 and 4 are sent to a second auctioneer in the NNI. The
auctioneered outputs are sent to a third auctioneer in the ICS. The highest of the
four signals is ultimately used by the ICS for reactor control.

Destructive tests of the isolation amplifiers have established that they will block
the passage, to the input, of + or - 400V DC or 400V AC (peak to peak) when

applied to their output. Other tests demonstrate that the output of any isolation
amplifier can be open, shorted, or grounded in any manner without effect upon
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the input. Therefore, the reactor power level signals leaving the RPS and going
to the control system are adequately isolated from the signals used to
accomplish protection system functions.

For a single failure to cause an ICS induced transient that requires protective
action, the failure must either (1) occur downstream of an isolation amplifier,
which would prevent the failure from adversely affecting the RPS, or (2) result in
proper action of the RPS channel in which the failure occurred. In either case
IEEE 279 is satisfied.

Derivation of System Inputs - The measured variables, listed in the Technical
Specifications, are direct measurements of the required parameters.

Capability for Sensor Checks - Each RPS channel contains readouts for all
analog signals. This allows the operator to check most sensors by monitoring
the variable after it is perturbed or by cross checking the same variable in
different RPS channels or other systems such as the NNI or station computer. A
substitute input to the sensor of the same nature as the measured variable can
be used in some cases to check sensor operation.

Capability for Test and Calibration - The use of two-out-of-four logic between
channels permits an RPS channel to be tested on-line without initiating a reactor
trip. Maintenance to the extent of removing and replacing any module within a
channel may be accomplished in the on-line state without a reactor trip.

The test scheme for the RPS is based on the use of comparative measurements
between like variables in the four channels, and the substitution of externally
introduced digital and analog signals, as required, together with measurements
of actual protective function trip points. A digital voltmeter is provided for
accurate measurement of trip point and analog signal voltages. The test circuits
allow the operator to completely test the RPS channels at any time during reactor
operation. The bistable test consists of inserting an analog input from an
externally simulated signal or one of the channel test modules and varying the
input until the bistable trip point is reached. The value of the inserted test signal,
as monitored by both the system analog indicator and the test digital voltmeter,
represents the true value of the bistable trip point. Thus, the test verifies not only
that the bistable functions but also that the trip point is correctly set. During the
test, satisfactory operation of the bistable can be observed by watching the
“output state” light on the bistable module and the “channel (subsystem) trip” light
on the reactor trip module.

The reactor trip module two-out-of-four logic and the associated control rod drive
trip breaker are tested by pressing various combinations of the logic test switches
on the reactor trip module to simulate the six combinations of trips possible in a
two-out-of-four coincidence logic. During the test, satisfactory performance of
the trip logic relays is observed by watching the “RPS TO UVD AC PWR AVAIL”
light on the CRD trip breaker cabinet. This test also verifies that the control rod
drive trip breakers are actuated independently by the undervoltage and shunt trip
devices.

A regular visual check of all RPS indications is required, including such things as
comparing the value of analog variables between channels and observing the

7.2-11 UFSAR Rev 30 10/2014



(4.11)

(4.12)

(4.13)

(4.14)

(4.15)

Davis-Besse Unit 1 Updated Final Safety Analysis Report

status of equipment. Such visual checks are made during each shift. On a
regular schedule, the visual check includes the comparison of power range
channel readings with a thermal calculation of reactor power. These frequent
checks permit detection of the majority of failures that might occur in the analog
portions of the system as well as the self-annunciating type of failure that could
occur in the digital portions of the system. The electrical tests are designed for
the detection of more subtle failures that are detectable only by testing. Electrical
tests are conducted on a rotational basis in accordance with the Technical
Specifications.

Channel Bypass or Removal From Operation - The RPS channel bypass is
described in Subsection 7.2.1.2.3. This feature permits the testing and
maintenance of a single channel during power operations. With the bypass in
effect, the three remaining channels provide the necessary protection. Since
only two channel trips are required to cause a reactor trip, a single failure will not
prevent the RPS from fulfilling its protective function.

The RPS is a de-energize-to-trip system. Therefore, if power is lost to a channel,
that channel will trip, reducing the system trip coincidence to one-out-of-three. In
the event that a module, which performs a protective function is removed from its
rack, that RPS channel will trip (unless that channel is bypassed).

Operating Bypasses - The RPS contains no operating bypasses.

Indication of Bypasses - Initiation of the channel bypass is indicated locally on
the RPS cabinets, and on the station annunciator board. Initiation of the
shutdown bypass is continuously indicated locally on the RPS cabinets and on
the station annunciator board.

In the event a channel is de-energized, that channel trips. That fact is
continuously indicated locally, on the RPS cabinets, by the station computer, and
on the station annunciator board.

Access to Means for Bypassing - Activation of RPS bypass is accomplished
using key switches. The keys are under administrative control. Also to effect a
bypass, the normally locked RPS cabinet doors must be opened. These keys
are also under administrative control.

Multiple Setpoints - The only multiple setpoint in the RPS is used by the
overpower trip. The overpower trip setpoints are given in the Technical
Specifications.

In order to effect the shutdown bypass (refer to Subsection 7.2.1.2.3), the reactor
must be shut down, and the overpower trip reset to < 5% of rated power. After
removing the shutdown bypass, with the station shutdown, the operator must
reset the overpower trip to the normal trip setpoint value before the reactor can
be started up.

It is not necessary to automatically reset the overpower trip setpoint to < 5% of
rated power to provide adequate protection during shutdown bypass operation.
(The lower trip setpoint is not credited in any Chapter 15 accident analysis.)
Therefore, it is acceptable that the RPS design does not provide positive means

7.2-12 UFSAR Rev 30 10/2014



Davis-Besse Unit 1 Updated Final Safety Analysis Report

of assuring that this lower setpoint is used. Administrative control via Technical
Specifications is sufficient.

(4.16) Completion of Protective Action Once It is Initiated - All RPS trips are lock-in
types so that a tripped channel remains in that state until deliberately reset by the
operator.

(4.17) Manual Actuation - Two manual trip switches in series are provided which are
positioned downstream of the RPS trip modules just before the input terminals of
the CRDCS. Depressing either switch will interrupt power from all four RPS
channels to the CRDCS. Because the manual trip is downstream of the
automatic trips, no failure of the automatic trips will inactivate the manual trip.
The two RPS trip switches are located in the control room and are mounted on
either side of the CRDM Control System Operator Control panel. The trip
switches are recessed to prevent accidental actuation.

(4.18) Access to Setpoint Adjustments, Calibration and Test Points - Setpoint
adjustments, calibration and test points in the control room cabinet room are
accessible only when the cabinets are open. The cabinet keys are under
administrative control. Access to sensing equipment (transmitters, switches,
etc.) is administratively controlled as part of general station access control to the
protected and vital areas, as described in the security plan. Access is also
administratively controlled through compliance with station procedures.

(4.19) Identification of Protective Action - The station annunciator indicates when an
RPS channel has tripped. The station computer indicates when a channel has
tripped and the cause of the trip (e.g., high temperature, overpower, etc.). Each
cabinet alarm panel indicates that the channel has tripped. The bistable modules
inside the cabinets indicate which bistable in the channel was tripped.

(4.20) Information Readout - Each RPS channel provides readouts for all analog signals
as well as indication of channel trip status, status of each RC pump and CV
pressure switch status. The station computer monitors most RPS analog signals
and the status of each RPS channel trip. The station annunciator indicates when
an RPS channel trips.

Total power and power imbalance are continuously indicated on the control
console.

Refer to Section 7.5 for additional information on available indications.
(4.21) System Repair - The RPS is designed so that periodic testing can locate failure
down to the module level, at a minimum. The modular design of the system

allows quick repair of malfunctions.

(4.22) Identification - Refer to Subsection 8.3.1.2 for discussion of identification of
Protection System Components.

7222 Compliance with IEEE Standard 338-1971

Refer to Subsection 7.1.2.7 for a discussion on compliance.
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7.2.2.3 Compliance with AEC General Design Criteria
Refer to Section 3.1.
7224 Compliance with Safety Guide 22
The RPS does incorporate a scheme of testing which complies with Safety Guide 22, Section D,
Paragraph 2, (b) and (d). Utilizing logic toggle switches on the front face of the RPS reactor trip
module, the output from any RPS channel can be tripped so that the associated CRDCS trip
device (trip breaker) will open. This can be done without disrupting station operation since at
least two trip devices in parallel must trip in order to cause rod insertion. Test circuits allow the
operator to completely test the RPS channels at any time during reactor operation.

7.2.2.5 Compliance with Safety Guide 29

The RPS is seismically qualified as required by Safety Guide 29. A discussion relating to the
qualification is contained in Section 3.10.
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TABLE 7.2-3

ENVIRONMENTAL CONDITIONS FOR INSTRUMENTATION AND CONTROLS

Normal Calculated
Operating Max. Worst Design

Parameter Range Case Condition Value

1. Containment Vessel - inside primary shield - out of core detectors

Temperature, °F 70-200 300 212

Pressure, psig 0+0.5 40 40

Relative Humidity, % 10-80 100 90

2.  Containment Vessel - inside secondary shield - RTDs

Temperature, °F 40-140 265 286

Pressure, psig 0+0.5 40 40

Relative Humidity, % 10-80 100 100

Radiation, rads 1300 rads/hour 5.7 x 10* (24 hr. 3.7 x 108 * (40 yrs.
x 40 years = period) period)
3.7x108*

Containment Spray None for 24 hours for 24 hours

Chemicals:
HsBO3, N83PO4
LiOH, N828203,

H.. pH:4to9

* This dose is for a point inside the hot leg. For points outside the pipe the dose is a factor of

10 less.

3. Containment Vessel - outside secondary shield - transmitters, preamps

Temperature, °F
Pressure, psig
Relative humidity, %
Radiation, rads

40-140

0+0.5

10-80

25 millirads/hour
x 40 years =

0.7 x 104

265

40

100

5.7 x 10* (24 hr.
period)

7.2-15

286

40

100

7.0 x 10* (40 yrs.
period)
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TABLE 7.2-3 (Continued)

ENVIRONMENTAL CONDITIONS FOR INSTRUMENTATION AND CONTROLS

Normal Calculated
Operating Max. Worst Design
Parameter Range Case Condition Value

4.  Auxiliary Building, Switchgear Rooms
585 ft. elev. Room No. 323, 324 and 325
603 ft. elev. Room No. 428, 428A, 428B, 429, 429A and 429B

Temperature, °F 60-104 104
= Low Voltage Switchgear/Battery Room 112.3
= Electrical Isolation Rooms 123

» High Voltage Switchgear Rooms and Aux. 120
Shutdown Panel Room (Rooms 323, 324,

and 325)
Pressure, psig 0 0 0
Relative Humidity, % 30-70 70 70

Radiation, rads
in line components 35 rds/hour

x 40 years =
1x 107 1 x 107 (24 hr period) 2.0 x 107 (40 yr.
period)
Non-in line 25 millirads/hour
x 40 years =
0.7 x 10* 0.7 x 10* (24 hr. 1.5 x 104 (40 yr.
period) period)
5.  Auxiliary Building,
Emergency Diesel Generator Rooms
585 ft. elev. Room No. 318 and 319
Temperature, °F. 60-125 131 125
Pressure, psig 0 0 0
Relative Humidity, % 30-80 80 80
Radiation, rads
In line components 35 rad/hour 1 x 107 (24 hr. period) 2.0 x 107 (40 yr.
x 40 years = period)
1x107
Non-in line 25 millirads/hour 0.7 x 10* (24 hr. 1.5 x 10% (40 yr.
x 40 years = period) period)
0.7 x 104
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TABLE 7.2-3 (Continued)

ENVIRONMENTAL CONDITIONS FOR INSTRUMENTATION AND CONTROLS

Normal Calculated
Operating Max. Worst Design
Parameter Range Case Condition Value

6. Auxiliary Bldg., other areas

Temperature, °F 40-120 120 140
Pressure, psig 0 0.5 1.0
Relative Humidity, % 30-80 100 100

Radiation, rads
In line components 35 rads/hour

x 40 years =
1x107 1 x 107 (24 hr. period) 2.0 x 107 (40 yr.
period)
Non-in line 25 millirads/hour
x 40 years =
0.7 x 10* 0.7 x 10* (24 hr. 1.5 x 104 (40 yr.
period) period)
7.  Control Room
Temperature, °F 60-80 110 40-110
Pressure, psig Atmospheric Atmospheric Atmospheric
Relative Humidity, % 20-60 80 80
Radiation, rads Background Background Background

8.  Power Requirements for Instrumentation and Controls

Voltage 117V AC + 10%

Frequency 60 Hz + 5% harmonic content < 5% total and
with 10% peak max. deviation from sine
wave.

9.  Seismic Requirements
Refer to Section 3.10

NOTE: Normal operating range radiation values for the 40 year life of the plant were adjusted
to account for periods of reactor shutdown and operation at less than full reactor
power. Refer to Section 11.0.
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7.3 SAFETY FEATURES ACTUATION SYSTEM (SFAS)

The design goal of the SFAS is to automatically prevent or limit fission product and energy
release from the core, to isolate the containment vessel and to initiate the operation of the ESF
equipment in the event of a loss-of-coolant accident (LOCA).

The SFAS instrumentation and controls extend from the generating station variables to the input
terminals of the safety features actuation control devices such as motor controllers and solenoid
valves. The SFAS is divided into initiating or sensing channels, logic channels, and actuating
channels.

7.3.1 Description

7.3.11 Instrumentation and Control
7.3.1.1.1 Initiating Circuits

The initiating circuits of the SFAS are the sensing circuits monitoring the following station
variables:

1. CV radiation level.*
2.  CV pressure.

3. RC pressure.

4. BWST level.

* Amendment 221 to the Technical Specification eliminated the requirement for SFAS actuation
on high containment radiation. The SFAS containment RE’s are turned off.

7.3.1.1.2 Logic

The logic channels of the SFAS are made up of solid state components. Relays are used as
terminating devices of the SFAS logic, as isolation devices for remote control pushbuttons, and
as output signals to the station annunciator and computer.

The SFAS, as shown in Figures 7.3-1 and 7.3-2, SFAS, Logic and Signal Diagrams, consists of
four identical redundant sensing and logic channels and two identical redundant actuation
channels. Each sensing channel includes analog circuits with analog isolation devices, and
each logic channel includes trip bistable modules with digital (opto-electronic) isolation devices.
The isolated output of the trip bistable module is used to comprise coincidence matrices with the
terminating relays within the actuation channel of the SFAS. These opto-electronic isolation
devices also provide isolation between channels.

The trip bistables monitor the station variables and normally feed continuous electrical (fail-safe)
signals into two-out-of-four coincidence matrices. Should any of the station variables exceed
their trip setpoints, the corresponding bistables in each of the four channels will trip and cease
sending output signals. Should two of the four channel bistables monitoring the same station
variable cease to send output signals, the corresponding normally energized terminating relays
on all channels will trip.
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The terminating relays of sensing and logic Channels No. 1 and No. 3, must both be de-
energized to activate safety actuation Channel No. 1. Similarly, sensing and logic Channels 2
and 4 are de-energized to activate safety actuation channel 2.

The terminating relays act on the actuation control devices such as motor controllers and
solenoid valves.

The SFAS is a failsafe (de-energize-to-trip) system. Therefore, if power supply is lost to a
channel, that channel will trip, reducing the system coincidence matrices from two-out-of-four to
one-out-of-three mode.

In the event that a module which performs a protective function is removed from its cabinet, that
SFAS channel will trip unless it is bypassed (refer to Subsection 7.3.1.1.3).

7.3.1.1.3 Bypasses
The SFAS includes channel bypasses, operating bypasses, and shutdown bypasses:

1. Channel Bypass - Each SFAS sensing and logic channel is provided with one key
operated rotary test trip bypass switch. This switch enables the operator to change
the two-out-of-four coincidence matrices into a two-out-of-three mode for one given
generating station variable. In effect, the operator may (for one channel only)
bypass one of the following variables:

a. CV radiation.*

b. RC pressure.

c. CV pressure.

d. BWST level.

* Amendment 221 to the Technical Specifications eliminated the requirements for
SFAS actuation on high containment radiation. The SFAS containment RE’s are
turned off.

These channel bypasses permit test, calibration or maintenance of the analog

circuits of the SFAS including the transmitters of the generating station variables.

The key and the operation of the switch is under administrative control.

The switches are all keyed alike, with the key being removable only in the off-
position (bypass non-activated).

Electro-mechanical features are provided to prohibit the insertion and operation of
more than one channel bypass.

The off-position will be indicated at the SFAS cabinets and monitored and
displayed by the station computer and annunciator.

Motor controller bypasses are not provided. Controllers for motors driving

equipment, the operation of which could damage any equipment or disrupt station
operation, will only be tested during reactor shutdown.

7.3-2 UFSAR Rev 30 10/2014



Davis-Besse Unit 1 Updated Final Safety Analysis Report

2.  Operating Bypasses - Each sensing and logic channel of the SFAS system
includes two operating bypasses of the RC pressure trips, one for the RCS Low
Pressure trip signal and the other for the RCS Low-Low Pressure trip signal to
allow the depressurization of the RC system without initiating the RC pressure
trips. For this purpose eight pushbuttons are located at the main control console,
two for each channel.

The operating bypasses can only be actuated manually and only when the RC
pressure is below the associated setpoints, not to exceed 1800 psig or 660 psig
respectively. The bypasses will be automatically reset before the RC pressure
exceeds 1800 psig or 660 psig, respectively.

No operating bypasses are provided to prevent actuation of the SFAS on high CV
pressure, or low BWST level.

A minimum of three of the four pushbuttons of the RCS low pressure or RCS Low-
Low Pressure bypass setpoints must be actuated to effectively bypass the RC Low
or Low-Low pressure trips.

Indications that bypassing is permissible and that bypassing has been effected are
provided at the main control console, in the SFAS cabinets, and at the station
computer and annunciator.

3.  Shutdown Bypass - The SFAS Shutdown Bypass is provided to prevent spurious
actuation of the SFAS and will be used only when the SFAS is not required to be
operable by the Technical Specification. Use of the Shutdown Bypass will allow
maintenance, modification and testing of the bypassed portion of the SFAS without
the possibility of spurious equipment actuation. Under no circumstances will use of
the Shutdown Bypass be allowed in any mode other than Mode 5, 6 and when the
reactor is defueled.

The bypass is provided with a key actuated switch in each SFAS Logic cabinet (a
total of eight) and individual push button switches, one push button switch for each
piece of equipment in each Logic Channel. The bypass is provided by latch type
relays which require electrical power to be set in the bypass position or reset from
the bypass position. This scheme prevents any repositioning of the relays without
energization of the bypass circuitry. The key and the operation of the switch is
under administrative control.

The bypass will be continuously indicated at the station annunciator and the station
computer whenever any of the key switches are in bypass or when any of the latch
type relays are in the bypass position.

7.3.1.1.4 Interlocks

The SFAS provides interlocks to prohibit any manual or automatic override of the protective
action until the trip signals of the SFAS are reset or blocked by the operator.

Fault current conditions on motor operated equipment will override the interlocks and trip the
equipment.
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Interlocks which inhibit protective actions are described in Section 7.3.1.1.3.
7.3.1.1.5 Sequencing
The SFAS will automatically sequence the protective action by loading equipment in steps to the
emergency diesel generators if normal or reserve power is not available. Refer to Chapter 8.
Figure 7.3-1 contains the sequence logic for the SFAS.
7.3.1.1.6 Redundancy
The SFAS has redundancy as follows:

1. Each of the station variables listed in Subsection 7.3.1.4 (2) is monitored by at
least one trip bistable in each of four redundant SFAS sensing and logic channels.

2. The signal from each trip bistable is divided into four independent signals,
electrically isolated (buffered) from each other and fed into four redundant SFAS
logic channels.

3.  The logic terminating relays as outlined in Subsection 7.3.1.1.2 are combined into
two redundant safety actuating channels to independently control the safety
actuated devices.

7.3.1.1.7 Diversity

Diversity in the SFAS is provided by monitoring RC pressure and CV pressure, to sense loss of
coolant and activate protective action systems. Refer to the Technical Specifications.

7.3.1.1.8 Safety Actuated Devices

The safety actuation devices are tabulated in Figures 7.3-3 through 7.3-8, “SFAS Actuated
Equipment Tabulation” and described in Chapter 5, 6, 8, and 9.

7.3.1.2 Supporting Systems
The supporting system of the SFAS is the essential power supply (Chapter 8)
7.3.1.3 Non-Safety Systems
The non-safety systems and equipment associated with the ESF system are listed below:
1. Station annunciator (Section 7.11).
2.  Station computer (Section 7.10).
3.  Instrumentation systems to monitor the following ESF parameters:
a. Containment spray flow
b. CV emergency sump level

c. BWST temperature
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d. CV Radiation

Design Basis

The design basis information of the SFAS as required by Section 3 of IEEE Standard 279-1971
are as follows:

1.

Generating station conditions which require protective actions:
a. Loss of coolant accident (LOCA)
b.  Steam line break

Generating station variables that are required to be monitored in order to provide
protective actions:

a. CV pressure
b. RC pressure
c. BWST level (permissive only)

The number and location of protective function sensors provided to monitor those
variables that have spatial dependence:

Four (4) sensors (one for each channel) of each of the station variables as listed
above. Refer to the EI&C drawings for the location drawings of the RC pressure
sensors. For the relative locations of the CV pressure and BWST level sensors,
refer to Figure 9.4-11a and 6.3-2a, respectively.

The levels, (Trip Setpoints) that when reached, will activate protective action are
tabulated in Table 7.3-3. Allowable values are tabulated in the Technical
Specifications.

The range of operating requirements for both the energy supply and the
environment during normal, abnormal, and accident circumstances throughout
which the system will perform are tabulated in Table 7.3-4.

The accidents or other unusual events which could physically damage protection
system components or could cause environmental changes leading to functional
degradation of system performance, and for which provisions are incorporated to
retain the necessary protective action, are fire, missiles, flood, earthquake, and
high energy line break for equipment outside the containment vessel, and fire,
missiles, flood, earthquake, and LOCA for equipment inside the containment
vessel.

The minimum performance requirements to be accommodated until proper
conclusion of the protective action is assured, including system response times,
system accuracies and ranges of the magnitudes of sensed variables are tabulated
in Table 7.3-5.
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7.3.1.5 Drawings
The following drawings are related to the SFAS:
1.  Logic diagrams: Figures 7.3-1 through 7.3-8.
2. Wiring Diagrams: Refer to the E&IC drawings.
3.  Location drawings: Refer to the E&IC drawings and Figure 12.1-10.

4, Functional drawings: Figures 5.1-2, 6.3-1, 6.3-1A, 6.3-2, 6.3-2A, 7.3-9, 9.2-1,
9.2-2, 9.2-4a, 9.3-1, 9.3-16, 9.4-9, 9.4-11, 9.4-11A, 9.4-12.

7.3.2 Analysis of ESF Instrumentation and Controls

7.3.2.1 Implemented Design Documents

The design criteria incorporated in the design of the SFAS include the documents as tabulated
in Table 7.1-1.

7.3.2.2 Compliance with AEC General Design Criteria

The SFAS complies with the AEC General Design Criteria as tabulated in Table 7.1-1 and as
discussed in Appendix 3D.

7.3.2.3 Compliance with IEEE Standard 279-1971

The following discussions are keyed to Section 4 of IEEE Standard 279-1971 and demonstrate
compliance with the above mentioned standard.

(4.1) General Functional Requirement - The SFAS will, with precision and reliability,
automatically perform its protective function, whenever the station conditions
monitored by the SFAS reach a preset level, under the design conditions
described in Subsections 7.3.1.4 (7), (8), and (9). The operating requirements of
the SFAS components are listed in Table 7.3-4.

(4.2) Single Failure Criterion - No single failure can prevent the SFAS from performing
its protective function.

(4.3) Quality of Components and Modules - The SFAS consists of high quality
components and modules with minimum maintenance requirements and low
failure rates. Quality control procedures were used during fabrication and testing
to verify compliance with the requirements specified for the particular equipment.
Details of the QA procedures are provided in Chapter 17 of the FSAR and
Chapter 17 of the USAR.

(4.4) Equipment Qualification - Type test data is available to verify that the SFAS

equipment meet, on a continuing basis, the performance requirements
determined to be necessary for achieving the system requirements.
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Channel Integrity - Each SFAS channel is designed, manufactured, and located
so that channel integrity is maintained under the design condition listed in
Subsections 7.3.1.4 (7) and (9).

Channel Independence - Each SFAS logic channel is located in its own cabinets.
The cabinets act as a barrier against fire and mechanical damage from external
sources. The distance between cabinets of redundant channels are 4 feet to

13 feet to satisfy the single failure criterion. (Refer to Figure 12.1-10.)

The cabinets are in a room which offers environmental and missile protection.
Channel independence criteria for the balance of the SFAS are described in
Chapter 8.

Control and Protection System Interaction

a. Classification of Equipment - Equipment that is used for protective and
control function is classified as part of the protection system and meets the
requirements of IEEE Standard 279-1971.

The protective action is designed to override and block any control function
as shown on the schematics

b. Isolation Devices - Safety features actuation signals are transmitted only to
the control system to accomplish the protective action, in which case, the
control system is assumed to form part of the SFAS and is subject to the
same criteria. Therefore, no isolation devices are used between signal and
controller.

The control signals to close normal decay heat valve DH-11 (refer to
Subsections 6.3.2.16 and 7.6.1.1) and to open the core flooding tank
isolation valves (refer to Subsections 6.3.2.15 and 7.6.1.2) originate in the
SFAS logic cabinets but are isolated by relay contacts from the SFAS. The
bistables (one in each SFAS channel), which control these relays, share
sensors with the SFAS, but are independent of those bistables used for the
SFAS signals; they therefore act as second isolation devices.

Other than the above, signals from the SFAS are not utilized for any other
control system use.

c.  Single Random Failure - A single random failure resulting in a control
system action simultaneously causing a channel failure and a station
condition requiring protective action is incredible.

d. Multiple Failures Resulting From a Credible Single Event - No control
system action can result in a condition requiring protective action and
concurrently prevent the protective action of any SFAS channel.

Derivation of System Inputs - The SFAS inputs are derived from signals that are
direct measures of the station variables as listed in the Technical Specifications.
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(4.9) Capability for Sensor Checks - Each SFAS sensing channel contains readouts at
the main control panels for each monitored station variable, which permits cross-
checking between channels.

(4.10) Capability for Test and Calibration - Manual testing and calibration features have
been provided to perform periodic testing and calibration operations.

a.

Manual Testing of Bistables - Each bistable monitoring a station variable
has built-in provisions for testing.

To test a bistable, a test voltage is applied to its input by pressing a
momentary pushbutton, this causes the bistable to trip. Local light, station
annunciator and compute