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CHAPTER 7 
 

INSTRUMENTATION AND CONTROLS 
 
7.1  INTRODUCTION 
 
This chapter presents the various plant instrumentation and control 
(I&C) systems by relating the functional performance requirements, 
design bases, system descriptions, design evaluations, and tests and 
inspections for each.  The information provided in this chapter 
emphasizes those instruments and associated equipment which constitute 
the protection system as defined in the Institute of Electrical and 
Electronics Engineers (IEEE) Standard 279-1971, Criteria for 
Protection Systems for Nuclear Power Generating Stations. 
 
The primary purpose of the I&C systems is to provide automatic 
protection and exercise proper control against unsafe and improper 
reactor operation during steady state and transient power operations 
(American Nuclear Society (ANS) Conditions I, II, III), and to provide 
initiating signals to mitigate the consequences of faulted conditions 
(ANS Condition IV).  The ANS conditions are discussed in Chapter 15.  
Consequently, the information presented in this chapter emphasizes 
those I&C systems which are central to assuring that the reactor can 
be operated to produce power in a manner that ensures no undue risk to 
the health and safety of the public. 
 
It is shown that the applicable criteria and codes, such as the U.S. 
Nuclear Regulatory Commission (USNRC) General Design Criteria (GDC) 
and IEEE Standards, concerned with the safe generation of nuclear 
power are met by these systems. 
 
   Definitions 
 
Terminology used in this chapter is based on the definitions given in 
IEEE Standard 279-1971.  In addition, the following definitions apply: 
 
Degree of Redundancy:  The difference between the number of channels 
monitoring a variable and the number of channels, which when tripped, 
will cause an automatic system trip. 
 
Minimum Degree of Redundancy:  The degree of redundancy below which 
operation is prohibited, or otherwise restricted, by the Technical 
Specifications. 
 
Cold Shutdown Condition:  When the reactor is subcritical by at least 
1 percent Δk/k and Tavg is ≤ 200°F. 
 
Hot Standby Condition:  When the reactor is subcritical by an amount 
greater than or equal to the margin to be specified in the applicable 
Technical Specification, and Tavg is greater than or equal to the  
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temperature to be specified in the applicable Technical Specification. 
 
Containment Isolation Phase A:  Closure of all nonessential process 
lines which penetrate containment, initiated by the engineered safety 
features (ESF). 
 
Containment Isolation Phase B:  Closure of remaining process lines, 
initiated by containment Hi-3 pressure signal (process lines do not 
include ESF lines). 
 
   System Response Times 
 
Reactor Trip System Response Time:  The reactor trip system (RTS) 
response time shall be the time interval from when the monitored 
parameter exceeds its trip set point at the channel sensor until loss 
of voltage to the stationary gripper coils.  Engineered Safety 
Features Actuation System Response Time:  The interval required for 
the ESF sequence to be initiated subsequent to the point in time that 
the appropriate variable(s) exceed set points.  The response time 
includes sensor/process (analog) and logic (digital) delay. 
 
Reproducibility - This definition is taken from Scientific Apparatus 
Manufacturers Association (SAMA) Standard PMC-20.1-1973, Process 
Measurement and Control Terminology:  The closeness of agreement among 
repeated measurements of the output for the same value of input, under 
normal operating conditions over a period of time, approaching from 
both directions.  It includes drift due to environmental effects, 
hysteresis, long term  drift, and repeatability.  Long term drift 
(aging of components, etc) is not an important factor in accuracy 
requirements since, in general, the drift is not significant with 
respect to the time elapsed between testing.  Therefore, long term 
drift may be eliminated from this definition.  Reproducibility, in 
most cases, is a part of the definition of accuracy (described as 
follows): 
 
Accuracy - This definition is derived from SAMA Standard PMC-20.1-
1973.  An accuracy statement for a device falls under Note 2 of the 
SAMA definition of accuracy, which means reference accuracy or the 
accuracy of that device at reference operation conditions:  Reference 
accuracy includes conformity, hysteresis, and repeatability.  To 
adequately define the accuracy of a system, the term reproducibility 
is useful as it covers normal operating conditions.  The following 
terms, trip accuracy and indicated accuracy, etc, will then include 
conformity and reproducibility under normal operating conditions.  
Where the final result does not have to conform to an actual process 
variable but is related to another value established by testing, 
conformity may be eliminated, and the term reproducibility may be 
substituted, for accuracy. 
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Normal Operating Conditions:  These conditions cover all normal 
process temperature and pressure changes.  Also included are ambient 
temperature changes around the transmitter and racks.  Accuracies 
under post-accident conditions are not included. 
 
Readout Devices - For consistency, the final device of a complete 
channel is considered a readout device.  This includes indicators, 
recorders, and controllers. 
 
Channel Accuracy - This definition includes accuracy of primary 
element, transmitter, and rack modules.  It does not include readout 
devices or rack environmental effects, but does include process and 
environmental effects on field-mounted hardware.  Rack environmental 
effects are included in the next two definitions to avoid duplication 
due to dual inputs. 
 
Indicated and/or Recorded Accuracy - This definition includes channel 
accuracy, accuracy of readout devices, and rack environmental effects. 
 
Trip Accuracy - This definition includes comparator accuracy, channel 
accuracy for each input, and rack environmental effects.  This is the 
tolerance expressed in process terms (percent or span) within which 
the complete channel must perform its intended trip function.  This 
includes all instrument errors but no process effects, such as 
streaming.  The term actuation accuracy may be used where the word 
trip might cause confusion (for example, when starting pumps and other 
equipment). 
 
Control Accuracy - This definition includes channel accuracy, accuracy 
of readout devices (isolator, controller), and rack environmental 
effects.  Where an isolator separates control and protection signals, 
the isolator accuracy is added to the channel accuracy to determine 
control accuracy, but credit is taken for tuning beyond this point, 
that is, the accuracy of these modules (excluding controllers) is 
included in the original channel accuracy.  It is simply defined as 
the accuracy of the control signal in percent of the span of that 
signal.  This will then include gain changes where the control span is 
different from the span of the measured variable.  Where controllers 
are involved, the control span is the input span of the controller.  
No error is included for the time in which the system is in a 
nonsteady-state condition. 
 
7.1.1  Identification of Safety-Related Systems 
 
7.1.1.1  Safety-Related Systems 
 
The instrumentation discussed in Chapter 7 that is credited in the 
accident analyses, and those needed to shut down Beaver Valley Power 
Station - Unit 2 (BVPS-2) safely are given in this section. 
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7.1.1.1.1  Reactor Trip System 
 
The RTS is a functionally defined system described in Section 7.2.  
The equipment which provides the trip functions is also identified and 
discussed in Section 7.2.  Design bases for the RTS are given in 
Section 7.1.2.1.1.  Figure 7.1-1 includes a single line diagram of 
this system. 
 
7.1.1.1.2  Engineered Safety Features Actuation System 
 
The engineered safety features actuation system (ESFAS) is a 
functionally defined system described in Section 7.3.  The equipment 
which provides the actuation functions is identified and discussed in 
Section 7.3.  Design bases or the ESFAS are given in Section 
7.1.2.1.2. 
 
7.1.1.1.3  Instrumentation and Control Power Supply System 
 
Design bases for the I&C power supply system are given in Section 
7.1.2.1.3.  Further description of this system is provided in Section 
7.6.1. 
 
7.1.1.2  Safety-Related Display Instrumentation 
 
Display instrumentation provides the operator with information to 
enable him to monitor the results of ESF actions following a Condition 
II, III, or IV event.  Table 7.5-1 identifies the safety-related 
display information. 
 
7.1.1.3  Instrumentation and Control System Designers 
 
All systems discussed in Chapter 7 have definitive functional 
requirements developed on the basis of the nuclear steam supply system 
(NSSS) design.  All equipment necessary to achieve the functions shown 
on the logic diagrams, Figure 7.2-1, Sheets 1 through 18, are supplied 
by the NSSS, except where noted on the diagrams as being supplied by 
others. 
 
7.1.1.4  Plant Comparison 
 
System functions for all systems discussed in Chapter 7 are similar to 
those of the Beaver Valley Power Station - Unit 1.  A comparison table 
is provided in Section 1.3. 
 
7.1.2  Identification of Safety Criteria 
 
Section 7.1.2.1 gives design bases for the safety-related systems 
given in Section 7.1.1.1.  Design bases for nonsafety-related systems 
are provided in the sections which describe the systems.  Conservative 
considerations for instrument errors are included in the accident  
analyses presented in Chapter 15.  Functional requirements developed 
on the basis of the results of the accident analyses, which 
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have utilized conservative assumptions and parameters, are used in 
designing these systems and a pre-operational testing program verifies 
the adequacy of the design.  Accuracies are given in Sections 7.2, 
7.3, and 7.5. 
 
The criteria documents listed in Table 7.1-1 were considered in the 
design of the systems given in Section 7.1.1.  In general, the scope 
of  these documents is given in the document itself.  This determines 
the systems or parts of systems to which the document is applicable.  
A discussion of compliance with each document for systems in its scope 
is provided in the referenced sections.  Because some documents were 
issued after design and testing had been completed, the equipment 
documentation may not meet the format requirements of some standards.  
Justification for any exceptions taken to each document for systems in 
its scope is provided in the referenced sections. 
 
7.1.2.1  Design Bases 
 
7.1.2.1.1  Reactor Trip System 
 
The RTS acts to limit the consequences of Condition II events (faults 
of moderate frequency, such a loss of feedwater flow) by, at most, a 
shutdown of the reactor and turbine, with BVPS-2 capable of returning 
to operation after corrective action.  The RTS features impose a 
limiting boundary region to BVPS-2 operation which ensures that the 
reactor safety limits are not exceeded during Condition II events and 
that these events can be accommodated without developing into more 
severe conditions.  Reactor trip set points are given in Chapter 16, 
Technical Specifications. 
 
The design requirements for the RTS are derived by analyses of BVPS-2 
operating and fault conditions where automatic rapid control rod 
insertion is necessary in order-to prevent or limit core or reactor 
coolant boundary damage.  The design bases addressed in Section 3 of 
IEEE Standard 279-1971 are discussed in Section 7.2.1.  The design 
limits specified for the RTS are: 
 

1. Minimum departure from nucleate boiling ratio shall not be 
less than 1.30 as a result of any anticipated transient or 
malfunction (Condition II faults). 

 
2. Power density shall not exceed the rated linear power density 

for Condition II faults.  Chapter 4 describes fuel design 
limits. 

 
3. The stress limit of the reactor coolant system for the 

various conditions shall not be exceeded as specified in 
Chapter 5. 

 
4. Release of radioactive material shall not be sufficient to 

interrupt or restrict public use of those areas beyond the 
exclusion radius as a result of any Condition III fault. 
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5. For any Condition IV fault, release of radioactive material 
shall not result in an undue risk to public health and 
safety. 

 
7.1.2.1.2  Engineered Safety Features Actuation System 
 
The ESFAS acts to limit the consequences of Condition III events 
(infrequent faults such as primary coolant leakage from a small 
rupture which exceeds normal charging system makeup and requires 
actuation of the safety injection system).  The ESFAS acts to mitigate 
Condition IV events (limiting faults, which include the potential for 
significant release of radioactive material). 
 
The design bases for the ESFAS are derived from the design bases given 
in Chapter 6 for the ESF.  Design bases requirements of Section 3 of 
IEEE Standard 279-1971 are addressed in Section 7.3.1.2.  General 
design requirements are as follows: 
 

1. Automatic actuation requirements 
 
 The primary requirement of the ESFAS is to receive input 

signals (information) from the various processes within the 
reactor plant and containment and automatically provide, as 
output, timely and effective signals to actuate the various 
components and subsystems comprising the ESF system. 

 
2. Manual actuation requirements 
 
 The ESFAS has provisions in the main control room for 

manually initiating the functions of the ESF. 
 
7.1.2.1.3  Instrumentation and Control Power Supply System 
 
The I&C power supply system provides continuous, reliable, regulated 
single-phase ac power to all I&C equipment required for plant safety.  
Details of this system are provided in Section 7.6.  The design bases 
are given as follows: 
 

1. Each inverter has the capacity and regulation required for 
the ac output for proper operation of the equipment supplied. 

 
2. Redundant loads are assigned to different distribution panels 

which are supplied from different inverters. 
 
3. Auxiliary devices that are required to operate dependent 

equipment are supplied from the same distribution panel to 
prevent the loss of electric power in one protection set from 
causing the loss of equipment in another protection set.  No 
single failure shall cause a loss of power supply to more 
than one distribution panel. 
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4. Each of the distribution panels has access only to its 
respective inverter supply and a standby power supply. 

 
5. The system complies with IEEE Standard 308-1974, Criteria for 

Class lE Power Systems for Nuclear Power Generating Stations, 
Paragraph 5.4. 

 
7.1.2.1.4  Emergency Power 
 
Design bases and system description for the emergency power supply is 
provided in Chapter 8. 
 
7.1.2.1.5  Interlocks 
 
Interlocks are discussed in Sections 7.2, 7.3, 7.6, and 7.7.  The 
protection (P) interlocks for reactor trip and ESFAS are given in 
Tables 7.2-2 and 7.3-3.  The safety analyses demonstrate that even 
under conservative critical conditions for either postulated or 
hypothetical accidents, the protective systems ensure that the NSSS 
will be put into and maintained in a safe state following an ANS 
Condition II, III, or IV accident commensurate with applicable 
Technical Specifications and pertinent ANS criteria.  Therefore, the 
protective systems have been designed to meet IEEE Standard 279-1971 
and are entirely redundant and separate, including all permissives and 
blocks.  All blocks of a protective function are automatically cleared 
whenever the protective function would be required to function in 
accordance with GDC 20, 21, and 22 and Paragraphs 4.11, 4.12, and 4.13 
of IEEE Standard 279-1971.  Control interlocks (C) are identified in 
Table 7.7-1.  Because control interlocks are not safety-related, they 
have not been specifically designed to meet the requirements of IEEE 
protection system standards. 
 
7.1.2.1.6  Bypasses 
 
Bypasses are designed to meet the requirements of IEEE Standard 279-
1971, Paragraphs 4.11, 4.12, 4.13, and 4.14.  A discussion of bypasses 
provided is given in Sections 7.2 and 7.3. 
 
7.1.2.1.7  Equipment Protection 
 
The criteria for equipment protection are given in Chapter 3.  
Equipment related to safe operation of BVPS-2 is designed, 
constructed, and installed to protect it from damage.  This is 
accomplished by working to accepted standards and criteria aimed at 
providing reliable instrumentation that is available under varying 
conditions.  As an example, certain equipment is seismically qualified 
in accordance with IEEE Standard 344-1975, Guide for Seismic 
Qualification of Class 1 Electrical Equipment for Nuclear Power 
Generating Stations.  During construction, independence and separation 
are achieved, as required by IEEE Standards 279-1971 and 384-1974, 
Criteria for Independence of Class 1E Equipment and Circuits, and 
Regulatory Guide 1.75, either by barriers or physical  
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separation or by analysis or test.  This serves to protect against 
complete destruction of a system by fires, missiles, or other natural 
hazards. 
 
7.1.2.1.8  Diversity 
 
Functional diversity has been designed into the ESFAS and the RTS.  
Functional diversity is discussed by Gangloff and Loftus (1971).  The 
extent of diverse system variables has been evaluated for a wide 
variety of postulated accidents. 
 
For example, there are automatic reactor trips based upon neutron flux 
measurements, reactor coolant temperature and flow measurements, 
pressurizer pressure and level measurements, steam generator feedwater 
flow and level measurements, and reactor coolant pump (RCP) 
underfrequency and undervoltage measurements, as well as manually, and 
by initiation of a safety injection signal. 
 
Regarding the ESFAS for a loss-of-coolant accident, a safety injection 
signal can be obtained manually or by automatic initiation from two 
diverse parameter measurements. 
 

1. Low pressurizer pressure. 
 
2. High containment pressure (Hi-1). 

 
For a steam line break accident, diversity of safety injection signal 
actuation is provided by: 
 

1. Low compensated steam line pressure. 
 
2. For a steam break inside containment, high containment 

pressure (Hi-1) provides an additional parameter for 
generation of the signal. 

 
3. Low pressurizer pressure. 

 
All of the preceding sets of signals are redundant and physically 
separated and meet the requirements of IEEE Standard 279-1971. 
 
7.1.2.1.9  Trip Set Points 
 
The guidelines of Regulatory Guide 1.105 are followed with the 
clarification described as follows:  The protection system will 
automatically initiate appropriate protective action whenever a 
condition monitored by the system reaches a preset condition or set 
point. 
 
Three groups of values are used in determining reactor trip and ESF 
actuation set points. 
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The first group of values will be the safety analysis limits assumed 
in the accident analysis (Chapter 15).  These will be the least 
conservative values. 
 
The second group will consist of limiting values as listed in Chapter 
16, Technical Specifications.  These will be the maximum/minimum 
allowable values for limiting safety system settings and limiting 
conditions for operation.  Limiting values will be obtained by 
subtracting a safety margin from the safety analysis values.  The 
safety margin will account for instrument error, calibration 
uncertainties, and process uncertainties, such as flow stratification 
and transport factor effects, etc. 
 
The third group will consist of the nominal values set into the 
equipment.  These values will be obtained by subtracting allowances 
for instrument drift from the limiting values.  The nominal values 
will allow for normal expected instrument set point drift such that 
the Technical Specification allowable values will not be exceeded 
under normal operation.  These values are given in the trip set points 
in Chapter 16. 
 
As illustrated previously, the trip set point will be determined by 
factors other than the most accurate portion of the instrument’s 
range.  The only requirement on the instrument’s accuracy value is 
that over the instrument span, and the error must always be less than 
or equal to that assumed in the accident analysis.  The instrument 
does not need to be the most accurate at the trip set point value as 
long as it meets the minimum accuracy requirements. 
 
Range selection for the instrumentation will cover the expected range 
of the process variable being monitored, consistent with its 
application.  The design of the protection system will be such that 
trip set points will not require process transmitters to operate 
within 5 percent of the high and low ends of their calibrated span or 
range.  Functional requirements established for every channel in the 
protection system stipulate the maximum allowable errors on accuracy, 
linearity, and reproducibility.  The protection channels will have the 
capability for and will be tested to ascertain that the 
characteristics throughout the entire span are acceptable, and meet 
the functional requirements specifications. 
 
In this regard, it should be noted that specific functional 
requirements for response time, set point, and operating span will be 
finalized contingent on the results and evaluation of safety studies 
to be carried out using data pertinent to BVPS-2.  Emphasis will be 
placed on establishing adequate performance requirements under both 
normal and faulted conditions.  This will include consideration of 
process transmitter margins such that even under a highly improbable 
situation of full power operation at the safety analysis limits, that 
adequate instrumentation response is available to ensure plant safety. 
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7.1.2.1.10  Engineered Safety Features Motor Specifications 
 
Motors are discussed in Section 8.3. 
 
7.1.2.2  Independence of Redundant Safety-Related Systems 
 
The safety-related systems in Section 7.1.1.1 are designed to meet 
the independence requirements of GDC 22 and Paragraph 4.6 of IEEE 
Standard 279-1971. 
 
The electrical power supply, instrumentation, and control conductors 
for redundant circuits of BVPS-2 have physical separation to preserve 
the redundancy and to ensure that no single credible event will 
prevent operation of the associated function due to electrical 
conductor damage.  Critical circuits and functions include power, 
control, and analog instrumentation associated with the operation of 
the RTS or ESFAS.  Credible events include, but are not limited to, 
the effects of short circuits, pipe rupture, missiles, fire, etc, and 
are considered in the basic BVPS-2 design. 
 
7.1.2.2.1 General (Including Regulatory Guide 1.75 and IEEE 

Standard 384-1974) 
 
Description of separation is provided in Section 8.3. 
 
The physical separation criteria for redundant safety-related system 
sensors, sensing lines, wireways, cables, and components on racks 
within the NSSS scope meet recommendations contained in Regulatory 
Guide 1.75, with the following comments: 
 
The core thermocouple system satisfies Regulatory Guide 1.75 
separation requirement except for the two channels/trains inside  the 
refueling cavity.  The method of installation of the core 
thermocouples within the reactor cavity was completed prior to 
upgrading of the system to satisfy Regulatory Guide 1.97 
requirements.  The design within the refueling cavity is acceptable 
because: 
 

1. Only a small self-generated signal exists in the cabling 
from the thermocouples to the reference junction boxes and 
therefore no chance exists for a postulated propagating 
fault, and 

 
2. Due to the interference provided by the rod control 

mechanisms and rod position indicator stack, no likelihood 
exists for rendering all thermocouples inoperable. 

 
Separation recommendations for redundant instrumentation racks are 
not the same as those given in Paragraph C-16 of Regulatory Guide 
1.75 for the main control boards because of different functional 
requirements.  Main  control  boards  contain redundant circuits 
which are   required   to   be   physically   separated   from   each 
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other.  However, since there are no redundant circuits which share a 
single compartment of an NSSS protection instrumentation rack, and 
since these redundant protection instrumentation racks are physically 
separated from each other, the physical separation requirements 
specified for the main control board do not apply. 
 
To demonstrate the adequacy of the designs, test programs were 
conducted to supplement the isolator verification tests in order to 
assess any effects due to the manner in which isolators were wired in 
the protection cabinets. 
 
The programs demonstrated that Class 1E protection systems:  nuclear 
instrumentation system (NIS), solid state protection system (SSPS), 
and 7300 process control system (PCS) are not degraded by non-Class 1E 
circuits sharing the same enclosure.  Conformance to the requirements 
of IEEE Standard 279-1971 and Regulatory Guide 1.75 has 
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been established and accepted by the USNRC based on the following, 
which is applicable to these systems at BVPS-2. 
 
Tests conducted on the as-built designs of the NIS and SSPS were 
reported and accepted by the USNRC in support of the Diablo Canyon 
application (Docket Nos. 50-275 and 50-323).  These programs are 
applicable to BVPS-2.  Tests on the 7300 PCS are covered in the report 
entitled 7300 Series Process Control System Noise Tests subsequently 
reissued as WCAP-8892-A (Siroky and Marasco 1977).  In a letter dated 
April 20, 1977, R. Tedesco to C. Eicheldinger, the USNRC accepted the 
report in which the applicability of BVPS-2 is established.  Tests 
were conducted on the Eagle 21 Family of equipment of which the PSMS 
is included.  The results of the testing are described in detail in 
WCAP-11340, “Noise, Fault, Surge and Radio Frequency Interference Test 
Report” same subject (Non-Proprietary).  These WCAPs were officially 
submitted to the NRC on the South Texas Docket. 
 
7.1.2.2.2  Specific Systems 
 
Independence is maintained through the system, extending from the 
sensor through to the devices actuating the protective function.  
Physical separation is used to achieve separation of redundant 
transmitters.  Separation of wiring is achieved using separate 
wireways, cable trays, conduit runs, and containment penetrations for 
each redundant protection channel set.  Redundant analog equipment is 
separated by locating modules in different protection rack sets.  Each 
redundant channel set is energized from a separate ac power source. 
 
There are four separate process analog sets.  Separation of redundant 
analog channels begins at the process sensors and is maintained in the 
field wiring, containment penetrations, and analog protection cabinets 
to the redundant trains in the logic racks.  Redundant analog channels 
are separated by locating modules in different cabinets.  Since all 
equipment within any cabinet is associated with a single protection 
set, there is no requirement for separation of wiring and components 
within the cabinet. 
 
In the NIS, 7300 PCS, and the SSPS input cabinets, where redundant 
channel instrumentation are physically adjacent, there are no wireways 
or cable penetrations which would permit, for example, a fire 
resulting from electrical failure in one channel to propagate into 
redundant channels in the logic racks.  Redundant analog channels are 
separated by locating modules in different cabinets.  Since all 
equipment within any cabinet is associated with a single protection 
set, there is no requirement for separation of wiring and components 
within the cabinet. 
 
Independence of the logic trains is discussed in WCAP-7672 (Katz 
1971).  Two reactor trip breakers are actuated by two separate logic 
matrices which interrupt power to the control rod drive mechanisms. 
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The breaker main contacts are connected in series with the power 
supply so that opening either breaker interrupts power to all CRDMs, 
permitting the rods to free fall into the core. 
 

1. Reactor trip system 
 
 a. Separate routing is maintained for the four basic RTS 

channel sets analog sensing signals, bistable output 
signals, and power supplies for such systems.  The 
separation of these four channel sets is maintained from 
sensors to instrument cabinets to logic system input 
cabinets. 

 
 b. Separate routing of the redundant reactor trip signals 

from the redundant logic system cabinets is maintained, 
and in addition, they are separated by spatial separation 
or by provision of barriers or by separate cable trays or 
wireways from the four analog channel sets. 

 
2. Engineered safety features actuation system 

 
 a. Separate routing is maintained for the four basic sets of 

ESFAS analog sensing signals, bistable output signals, 
and power supplies for such systems.  The separation of 
these four channel sets is maintained from sensors to 
instrument cabinets to logic system input cabinets. 

 
 b. Separate routing of the ESF actuation signals from the 

redundant logic system cabinets is maintained.  In 
addition, they are separated by spatial separation or by 
provisions of barriers or by separate cable trays or 
wireways from the four analog channel sets. 

 
 c. Separate routing of control and power circuits associated 

with the operation of ESF equipment is required to retain 
redundancies provided in the system design and power 
supplies. 

 
3. Instrumentation and control power supply system 
 
 The separation criteria presented also apply to the power 

supplies for the load centers and buses distributing power to 
redundant components and to the control of these power 
supplies (Section 8.3). 

 
The RTS and ESFAS analog circuits may be routed in the same wireways 
provided circuits have the same power supply and channel set 
identified (I, II, III, or IV). 
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7.1.2.2.3  Fire Protection 
 
For electrical equipment within the NSSS scope of supply, Westinghouse 
specifies noncombustible or fire retardant material and conducts 
vendor-supplied specification reviews of this equipment,
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which includes assurance that materials will not be used which may 

ignite or explode from an electrical spark, flame, or from heating, or 

will independently support combustion.  These reviews also include 

assurance of conservative current carrying capacities of all 

instrument cabinet wiring, which precludes electrical fires resulting 

from excessive overcurrent (I2R) losses.  For example, wiring used for 

instrument cabinet construction has teflon or tefzel insulation and 

will be adequately sized based on current carrying capacities set 

forth by the National Electrical Code.  Braided sheathed material is 

noncombustible.  BVPS-2 fire protection is described in Section 9.5.1. 
 

7.1.2.3  Physical Identification of Safety-Related Equipment 

 

There are four separate protection sets identifiable with process 

equipment associated with the RTS and ESFAS.  A protection set may be 

comprised of more than a single process equipment cabinet.  The color 

coding of each process equipment rack nameplate coincides with the 

color code established for the protection set of which it is a part.  

Redundant channels are separated by locating them in different 

equipment cabinets.  Separation of redundant channels begins at the 

process sensors and is maintained in the field wiring, containment 

penetrations, and equipment cabinets to the redundant trains in the 

logic racks.  The SSPS input cabinets are divided into four isolated 

compartments, each serving one of four redundant input channels.  

Horizontal l/8-inch thick solid steel barriers, coated with fire 

retardant paint, separate the compartments.  Four l/8-inch thick solid 

steel, vertical wireways coated with fire retardant paint enter the 

input cabinets.  The wireway for a particular compartment is open only 

into that compartment so that flame could not propagate to affect 

other channels.  At the logic racks, the protection set color coding 

for redundant channels is clearly maintained until the channel loses 

its identity in the redundant logic trains.  The color coded 

nameplates described as follows provide identification of equipment 

associated with protective functions and their channel set 

association: 

 

Channel Color Coding 

  

I Red with white lettering 

II White with black lettering 

III Blue with white lettering 

IV Yellow with black 

lettering 

 

All noncabinet-mounted protective equipment and components are 

provided with an identification tag or nameplate.  Small electrical 

components, such as relays, have nameplates on the enclosure which 

houses them.  All cables are numbered with identification tags.  

Section 8.3 discusses cables, cable trays, and conduit. 
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7.1.2.4  Requirements for Periodic Testing 
 
Periodic testing of the RTS and ESFAS is described in Sections 7.2.2 
and 7.3.2.  Testing complies with Regulatory Guide 1.22 and IEEE 
Standard 338-1977, Criteria for the Periodic Testing of Nuclear Power 
Generating Station Class 1E Power and Protection Systems. 
 
The surveillance requirements of the Technical Specifications ensure 
that the system functional operability will be maintained comparable 
to the original design standards.  Periodic testing shall be conducted 
at the intervals specified in Technical Specifications for reactor 
trip, for ESF actuation, and for post-accident monitoring.  Sensors 
will be demonstrated adequate for the design by test reports, 
analysis, operating experience, or by suitable type testing.  The NIS 
detectors are excluded since delays attributable to them do not 
constitute a significant portion of the overall channel response. 
 
Where the ability of a system to respond to a bona fide accident 
signal is intentionally bypassed for the purpose of performing a test 
during reactor operation, each bypass condition is automatically 
indicated to the reactor operator in the main control room by a 
separate annunciator for the train in test.  Test circuitry does not 
allow two trains to be tested at the same time so that extension of 
the bypass condition to the redundant system is prevented. 
 
The actuation logic for the RTS and ESFAS is tested as described in 
Sections 7.2 and 7.3.  As recommended by Regulatory Guide 1.22, where 
actuated equipment is not tested during reactor operation, it has been 
determined that: 
 
 

1. There is no practicable system design that would permit 
operation of the equipment without adversely affecting the 
safety or operability of BVPS-2, 

 
2. The probability that the protection system will fail to 

initiate operation of the equipment is and can be maintained 
acceptably low without testing the equipment during reactor 
operation, and 

 
3. The equipment can routinely be tested when the reactor is 

shut down. 
 
The equipment that cannot be tested at full power so as not to damage 
equipment or upset plant operation are: 
 

1. Manual actuation switches for system level actuation of 
protective function, 

 
2. Reactor coolant pump circuit breakers, 
 
3. Turbine trip, 
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4. Main steam line isolation valves (close), 
 
5. Main feedwater isolation valves (close), 
 
6. Feedwater control valves (close), 
 
7. Reactor coolant pump primary component cooling water 

isolation valves (close), 
 
8. Main feedwater pump trip, 
 
9  Reactor coolant pump seal water return valves (close), 
 
10. Main generator trip, 
 
11. Primary component cooling to containment, and 
 
12. "Miscellaneous" 
 

The justification for not testing these items at full power is 
discussed as follows: 
 

1. Manual actuation switches 
 
 Testing of these at full power would cause initiation of 

their protection system function, causing plant upset and/or 
reactor trip.  It should be noted that the reactor trip 
function that is derived from the automatic safety injection 
signal is tested at power as follows: 

 
 The analog signals, from which the automatic safety injection 

signal is derived, is tested at power in the same manner as 
the other analog signals and as described in Section 
7.2.2.2.3 (10).  The processing of these signals in the SSPS, 
wherein their channel orientation converts to a logic train 
orientation, is tested at power by the built-in semi-
automatic test provisions of the SSPS.  The reactor trip 
breakers are tested at power, as discussed in Section 
7.2.2.2.3 (10). 

 
2. Reactor coolant pump circuit breakers 
 
 No credit is taken in the accident analyses for an RCP 

breaker opening causing a reactor trip.  Since testing them 
at power would cause a plant upset, the RCP breakers do not 
need to be tested at power. 
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3. Turbine trip 
 
 The generation of reactor trip from turbine trip is a 

testable function at power [similar to the other reactor trip 
generated from analog channels developing a bistable (on-off) 
output] as follows: 

 
 a. The signal derived from the trip fluid pressure switch 

may be testable at power by exercising the switches one 
at a time by means of observance of BVPS-2 operating 
procedures at full power. 

 
 b. The position signal derived from the turbine steam stop 

valves is testable at reduced load by means of 
observance of BVPS-2 operating procedures when the 
functional tests of the steam inlet valves is performed 
at a one-valve-at-a-time basis. 

 
4. Main steam line isolation valves 

 
 Main steam line isolation valves (MSIVs) are routinely tested 

during refueling outages.  Testing of the MSIVs to closure at 
power is not practical.  As the plant power is increased, the 
coolant average temperature is programmed to increase.  If 
the valves are closed under these elevated temperature 
conditions, the steam pressure transient would unnecessarily 
operate the steam generator relief valves and possibly the 
steam generator safety valves.  The steam pressure transient 
produced would cause shrinkage in the steam generator level, 
which would cause the reactor to trip on low-low generator 
water level.  Testing during operation will decrease the 
operating life of the valve. 

 
 Based on the previously identified problems incurred with 

periodic testing of the MSIVs at power, and since 1) no 
practical system design will permit operation of the valves 
without adversely affecting the safety or operability of 
BVPS-2, 2) the probability that the protection system will 
fail to initiate the actuated equipment is acceptably low due 
to testing up to final actuation, and 3) these valves will be 
routinely tested during refueling outages, the proposed 
resolution meets the guidelines of Section D.4 of Regulatory 
Guide 1.22. 

 
5. Main feedwater isolation valves 
 
 The feedwater isolation valves are routinely tested during 

refueling outages.  Periodic testing of these feedwater 
isolation valves by closing them completely, or partially, at 
power would induce steam generator water level transients and 
oscillations which would trip the reactor.  These transient 
conditions would be caused by perturbing the 



 BVPS-2 UFSAR Rev. 0 

7.1-17 

 feedwater flow and pressure conditions necessary for proper 
operation of the steam generator water level control system. 

 
 Based on these identified problems incurred with periodic 

testing of the feedwater isolation valves at power, and since 
1) no practical system design will permit operation of these 
valves without adversely affecting the safety or operability 
of BVPS-2, 2) the probability that the protection system will 
fail to initiate the activated equipment is acceptably low 
due to testing up to final actuation, and 3) these valves 
will be routinely tested during refueling outages, the 
proposed resolution meets the guidelines of Section D.4 of 
Regulatory Guide 1.22. 

 
6. Feedwater control valves 
 
 These valves are routinely tested during refueling outages.  

To close them at power would adversely affect the operability 
of BVPS-2.  The verification of operability of feedwater 
control valves at power is assured by confirmation of proper 
operation of the steam generator water level system.  The 
operability of the slave relay which actuates the solenoid, 
which is the actuating device, is verified during this test.  
Although the actual closing of these control valves is 
blocked when the slave relay is tested, all functions are 
tested to assure that no electrical malfunctions have 
occurred which could defeat the protective function.  It is 
noted that the solenoids work on the de-energize-to-actuate 
principle so that the feedwater control valves will fail 
closed upon either the loss of electrical power to the 
solenoids or loss of air pressure. 

 
 Based on the preceding, the testing of the isolating function 

of feedwater control valves meets the guidelines of Section 
D.4 of Regulatory Guide 1.22. 

 
7. Reactor coolant pump primary component cooling water 

isolation valves (close) 
 
 The primary component cooling water (PCCW) supply and return 

containment isolation valves are routinely tested during 
refueling outages.  Testing of these valves while the RCPs 
are operating introduces an unnecessary risk of costly damage 
to all the RCPs.  Loss of PCCW to these pumps is of economic 
consideration only, as the RCPs are not required to perform 
any safety-related function. 

 
 The RCPs will not seize due to complete loss of component 

cooling water. Information from the pump manufacturer 
indicates that the bearing babbitt would eventually break 
down but not so rapidly as to overcome the inertia of the 
flywheel.  If the pumps are not stopped within approximately 
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 10 minutes after PCCW is isolated, pump damage could be 
incurred. 

 
 Additional containment penetrations and containment isolation 

valves introduce additional unnecessary potential pathways 
for radioactive leakage following a postulated accident.  
Also, since the PCCW flow rates and temperatures are about 
equal during both plant power operation and plant refueling, 
periodic tests of these valves during a refueling outage 
would duplicate accident conditions.  Additionally, 
possibility of failure of containment isolation is remote 
because an additional failure of the low pressure fluid 
system, in addition to failure of both isolation valves, 
would have to occur to open a path through the containment. 

 
 Based on the previously described potential RCP damage 

incurred with periodic testing of the PCCW containment 
isolation valves at power, the duplication of at-power 
operating conditions during refueling outages, and since 1) 
no practical system design will permit operation of these 
valves without adversely affecting the safety or operability 
of BVPS-2, 2) the probability that the protection system will 
fail to initiate the activated equipment is acceptably low 
due to testing up to final actuation, and 3) these valves 
will be routinely tested during refueling outages when the 
RCPs are not operating, the proposed resolution meets the 
guidelines of Section D.4 of Regulatory Guide 1.22. 

 
8. Main feedwater pump trip 
 
 No credit is taken in the analysis for tripping the main 

feedwater pumps and therefore, this function does not require 
periodic testing.  These functions are routinely tested 
during refueling outages. 

 
9. Reactor coolant pump seal water return valves 
 
 Seal water return line isolation valves are routinely tested 

during refueling outages.  Closure of these valves during 
operation would cause the safety valve to lift, with the 
possibility of valve chatter.  Valve chatter would damage 
this relief valve so testing of these return line isolation 
valves at power would cause equipment damage.  Therefore, 
these valves will be tested during scheduled refueling 
outages.  As mentioned previously, additional containment 
penetrations and containment isolation valves introduce 
additional unnecessary potential pathways for radioactive 
release following a postulated accident.  Thus, the 
guidelines of Section D.4 of Regulatory Guide 1.22 are met. 
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10. Main generator trip 
 
 The main generator trip cannot be actuated during BVPS-2 

operation without causing plant upset or equipment damage.  
Circuitry for these devices has been provided to individually 
block actuation of a final device upon operation of the 
associated solid state logic output relay during testing.  
Operation of the output relay, including its contact 
operation and continuity of the electrical circuit associated 
with the final devices control, is checked in lieu of actual 
operation.  Interlocking prevents blocking the output from 
more than one output relay in a protection train at a time.  
Interlocking between trains is also provided to prevent 
continuity testing in both trains simultaneously.  Therefore, 
the redundant device associated with the protection train not 
under test will be available in event protection action is 
required. 

 
11. Primary component cooling to containment 
 
 The PCCW containment isolation valves are required to perform 

a containment isolation function and will be leak-tested and 
exercised in accordance with the requirements of 10 CFR 50 
Appendix J.  These valves cannot be full-stroked or leak-
tested during BVPS-2 operation.  Closing of any of these 
valves would result in a loss of cooling water to one or two 
RCPs.  These valves will be full-stroked and leak-tested 
during cold shutdown conditions, utilizing the leakage 
monitoring connections provided, in accordance with 10 CFR 50 
Appendix J, Type C testing requirements. 

 
12. "Miscellaneous" 
 
 License Amendment No. 147 revised Technical Specifications to 

eliminate periodic response time testing requirements on 
selected sensors and selected protection channel components.  
The Amendment permits the option of either measuring or 
verifying the response times by means other than testing. 

 
 The NRC staff stipulated conditions in their Safety 

Evaluation related to License Amendment No. 147.  Two of the 
conditions were not applicable at the time the License 
Amendment was issued but may be applicable in the future if 
the plant is modified.  The staff conditions and licensee 
response are described below to ensure future modification of 

 



 BVPS-2 UFSAR Rev. 15 

7.1-20 

 a Unit 2 Reactor Trip System or Engineered Safety Feature 
Actuation System pressure sensor (pressure or differential 
pressure transmitter) which requires response time 
verification will satisfy the two conditions. 

 
 Condition 
 
 For transmitters and switches that use capillary tubes, 

perform a response time test after initial installation and 
after any maintenance or modification activity that could 
damage the capillary tubes. 

 
 Commitment 
 
 BVPS Unit 2 has no pressure sensors (transmitters or 

switches) that use capillary tubes in any Reactor Trip System 
(RTS) or Engineered Safety Features Actuation System (ESFAS) 
application for which periodic response time testing is 
required.  If BVPS Unit 2 replaces any RTS or ESFAS pressure 
sensors for which response time verification is required in 
the future with sensors using capillary tubes, then BVPS 
Unit 2 will implement plant procedure changes (and/or other 
appropriate administrative controls) to assure the sensors 
are response time tested after initial installation and after 
any maintenance or modification activity that could damage 
the capillary tubes. 

 
 This commitment must be met prior to the application of 

WCAP-13632 methodology for the associated sensor. 
 
 Condition 
 
 If variable damping is used, implement a method to assure 

that the potentiometer is at the required setting and cannot 
be inadvertently changed or perform hydraulic response time 
testing of the sensor following each calibration. 

 
 Commitment 
 
 BVPS Unit 2 has no pressure transmitters with variable 

damping installed in any RTS or ESFAS application for which 
response time testing is required.  If BVPS Unit 2 replaces 
any RTS or ESFAS pressure transmitters for which response 
time verification is required in the future with pressure 
transmitters which have variable damping capability, then 
BVPS Unit 2 will implement procedure changes and/or establish 
appropriate administrative controls to assure the variable 
damping potentiometer cannot be inadvertently changed.  This 
commitment must be met prior to the application of WCAP-13632 
methodology for the associated transmitter. 
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7.1.2.5  Conformance to Regulatory Guide 1.47 
 
Bypass/inoperability indication is in agreement with Regulatory Guide 
1.47 with the following clarification: 
 

1. An indicator of bypass/inoperability will be provided for 
redundant or diverse portions of each safety system.  (Bypass 
includes any deliberate action which renders a safety system 
inoperable.) 

 
2. Only permanently installed electrical control devices in 

accessible locations are considered for bypassing a safety 
system.  The term permanently installed does not include the 
portable handle required to rack out a circuit breaker or 
devices within the containment which are not considered 
accessible.  The term control devices applies to equipment 
intended to be acted upon by an operator, such as control 
switches.  It does not include equipment which might be 
manipulated by prodding, such as relays. 

 
System level bypass and inoperability status, in accordance with 
Regulatory Guide 1.47, is discussed in Section 7.5. 
 
7.1.2.6  Conformance to Regulatory Guide 1.53 and IEEE Standard 379-
1972 
 
The principles described in IEEE Standard 379-1972, Application of the 
Single Failure Criterion to Nuclear Power Generating Station Class 1E 
Systems, were used in the design of the protection system.  The system 
complies with the intent of this standard and the additional guidance 
of Regulatory Guide 1.53.  The formal analyses have not been 
documented exactly as outlined, although parts of such analyses are 
published in various documents, such as the fault tree analysis, WCAP-
7706, by Gangloff and Loftus (1971). 
 
The referenced topical report provides details of the analyses of the 
protection systems previously made to show conformance with single 
failure criterion set forth in Paragraph 4.2 of IEEE Standard 279-
1971.  The interpretation of single failure criterion provided by IEEE 
Standard 379-1972 does not indicate substantial differences with the 
interpretation of the criterion, except in the methods used to confirm 
design reliability.  Established design criteria, in conjunction with 
sound engineering practices, form the bases for the protection 
systems.  The RTS and ESFAS are each redundant safety systems.  The 
required periodic testing of these systems will disclose any failures 
or loss of redundancy which could have occurred in the interval 
between tests, thus ensuring the availability of these systems. 
 
Protection system design conforms to Regulatory Guide 1.53 and IEEE 
Standard 379-1972, as interpreted as follows:  The required failure 
modes and effects analyses analyze the channel power supplies, the 
balance of plant protection system logic, and the actuator system, as 
addressed in Section 7.3.2. 
 

1. As stated in Position C.1 of Regulatory Guide 1.53, due to 
the trial use status of source document IEEE Standard 379-
1972, departure from certain provisions may occur. 
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2. With regard to Position C.2 of Regulatory Guide 1.53, the 
protection system, as defined by IEEE Standard 279-1971, 
incorporates the capabilities for test and calibration as set 
forth in Paragraphs 4.9 and 4.10 of IEEE Standard 279-1971. 

 
 Final actuation devices, as defined by IEEE Standard 379-

1972, are capable of periodic testing in accordance with 
Regulatory Guide 1.22.  The final actuation devices which 
cannot be fully tested during reactor operation (for reasons 
as stated in Positions 4.a through 4.c of Regulatory Guide 
1.22) can be subjected to a partial test with the unit on-
line and to full operational testing during reactor shutdown.  
These devices are tested and discussed in Section 7.1.2.4. 

 
 Taken as a whole, the operability of all active components 

necessary to achieve protective functions can be demonstrated 
via the testing program described in this item. 

 
3. With regard to Position C.3 of Regulatory Guide 1.53, single 

switches supplying signals to redundant channels are designed 
with at least 6 inches separation or suitable barriers 
between redundant circuits. 

 
4. Compliance with the single failure criteria can be verified 

based on a collective analysis of both the protective system 
defined in IEEE Standard 279-1971 and the final actuation 
devices or actuators defined in IEEE Standard 379-1972. 

 
7.1.2.7  Conformance to Regulatory Guide 1.63 
 
Conformance to Regulatory Guide 1.63 is discussed in Section 8.3. 
 
7.1.2.8  Conformance to IEEE Standard 317-1976 
 
Conformance to IEEE Standard 317-1976, Electric Penetration Assemblies 
in Containment Structures for Nuclear Power Generating Stations, is 
discussed in Section 8.3. 
 
7.1.2.9  Conformance to IEEE Standard 336-1971 
 
The quality assurance requirements for installing, inspecting, and 
testing for instrumentation and electric equipment conforms to IEEE 
Standard 336-1971. 
 
7.1.2.10  Conformance to IEEE Standard 338-1977 
 
The periodic testing of the RTS and ESFAS conforms to the requirements 
of IEEE Standard 338-1977, with the following comments: 
 

1. The surveillance requirements of the Technical Specifications 
for protection system ensure that the system functional 
operability is maintained comparable to the original design 
standards.  Periodic tests at frequent intervals or 
verifications demonstrate this capability for the system, 
excluding sensors. 
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 Sensors within the Westinghouse scope will be demonstrated 
adequate for this design by vendor testing, onsite tests in 
operating plants with appropriately similar design, by 
suitable type testing, or verification.  The NIS detectors 
are excluded since they exhibit response time characteristics 
such that delays attributable to them are negligible in the 
overall channel response time required for safety. 

 
 Overall protection system response times are verified in 

accordance with the Technical Specifications. 
 
 The verification of response times provides assurance that 

the protective and ESF action function associated with each 
channel is completed within the time limit assumed in the 
accident analysis. 

 
2. Reliability goals in accordance with the program mentioned in 

Section 4 of IEEE Standard 338-1977 have been developed, and 
adequacy of time intervals has been demonstrated. 

 
3. The periodic test interval as specified in the BVPS-2 

Technical Specifications and following the guidance of 
Section 4, of IEEE Standard 338-1977, is conservatively 
selected to assure that equipment associated with protection 
functions has not drifted beyond its minimum performance 
requirements.  If any protection channel appears to be  
marginal or requires more frequent adjustments due to BVPS-2 
condition changes, the time interval will be decreased to 
accommodate the situation until the marginal performance is 
resolved. 

 
7.1.3  References For Section 7.1 
 
Gangloff, W. C. and Loftus, W. D. 1971.  An Evaluation of Solid State 
Logic Reactor Protection in Anticipated Transients.  WCAP-7706. 
 
Katz, D. N. 1971.  Solid State Logic Protection System Description.  
WCAP-7488-L (Proprietary) and WCAP-7672. 
 
Siroky, R. M. and Marasco, F. W. 1977.  7300 Series Process Control 
System Noise Tests.  WCAP-8892-A. 
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TABLE 7.1-1 
 

LISTING OF APPLICABLE CRITERIA 
 
 Criteria Title Discussed In 

 
1. General Design Criteria (GDC), 

10 CFR 50, Appendix A 
 

  

 GDC 1 Quality Standards and Records 3.1.2, Chapters 7, 17 
 

 GDC 2 Design Bases for Protection Against 
Natural Phenomena 
 

3.1.2, 3.10, 3.11, 7.2.1.1.11 
 

 GDC 3 Fire Protection 3.1.2, 7.1.2.2.3, 9.5 
 

 GDC 4 Environmental and Missile Design Bases 3.1.2, 3.11, 7.2.2.2 
 

 GDC 5 Sharing of Structures, Systems, and 
Components 
 

3.1.2 

 GDC 10 Reactor Design 3.1.2, 7.2.2.2 
 

 GDC 12 Suppression of Reactor Power Oscillations 3.1.2, 7.7, Chapter 15 
 

 GDC 13 Instrumentation and Control 3.1.2, 7.3.1, 7.3.2, 7.7 
 

 GDC 15 Reactor Coolant System Design 3.1.2, 7.2.2.2 
 

 GDC 17 Electric Power Systems 3.1.2, 7.2.2.2, 7.6, Chapter 8 
 

 GDC 19 Control Room 3.1.2, 7.4.1.3, 7.7 
 

 GDC 20 Protection System Functions 3.1.2, 7.2, 7.3, 7.5 
 

 GDC 21 Protection System Reliability and Testability 3.1.2, 7.2.2.2, 7.3.1, 7.3.2 
 

 GDC 22 Protection System Independence 3.1.2, 7.1.2.2, 7.2.2.2, 7.3.1, 7.3.2 
 

 GDC 23 Protection System Failure Modes 3.1.2, 7.2.2.2, 7.3.1, 7.3.2 
 

 GDC 24 Separation of Protection and Control 
Systems 
 

3.1.2, 7.2.2.2, 7.3.1, 7.3.2 
 

 GDC 25 Protection System Requirements for 
Reactivity Control Malfunctions 

3.1.2, 7.3.2 
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TABLE 7.1-1 (Cont) 
 
 Criteria Title Discussed In 

 
 GDC 26 

 
Reactivity Control System Redundancy 
and Capability 
 

3.1.2 

 GDC 27 Combined Reactivity Control Systems 
Capability 
 

3.1.2, 7.3.1, 7.3.2, 7.7, Chapter 15 

 GDC 28 Reactivity Limits 3.1.2, 7.3.1, 7.3.2, 7.7, Chapter 15 
 

 GDC 29 Protection Against Anticipated Operational 
Occurrences 
 

3.1.2, 7.2.2.2 

 GDC 33 Reactor Coolant Makeup 3.1.2 
 

 GDC 34 Residual Heat Removal 3.1.2 
 

 GDC 35 Emergency Core Cooling 3.1.2, 7.3.1, 7.3.2 
 

 GDC 37 Testing of Emergency Core Cooling 
System 
 

3.1.2, 7.3.2 

 GDC 38 Containment Heat Removal 3.1.2, 7.3.1, 7.3.2 
 

 GDC 40 Testing of Containment Heat Removal 
System 
 

3.1.2, 7.3.2 

 GDC 41 Containment Atmosphere Cleanup 3.1.2, 7.3.2 
 

 GDC 43 Testing of Containment Atmosphere 
Cleanup Systems 
 

3.1.2, 7.3.2 

 GDC 44 Cooling Water 3.1.2 
 

 GDC 46 Testing of Cooling Water System 3.1.2, 7.3.2 
 

 GDC 50 Containment Design Basis 3.1.2 
 

 GDC 54 Piping Systems Penetrating Containment 3.1.2 
 

 GDC 55 Reactor Coolant Pressure Boundary 
Penetrating Containment 
 

3.1.2 

 GDC 56 Primary Containment Isolation 3.1.2 
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 Criteria Title Discussed In 
 

 GDC 57 
 

Closed System Isolation Valves 
 

3.1.2 

2. Institute of Electrical and 
Electronics Engineers (IEEE) 
Standards: 
 

  

 IEEE Std 279-1971 
(ANSI N42.7-1972) 

Criteria for Protection Systems for 
Nuclear Power Generating Stations 
 

7.1, 7.2, 7.3, 7.4, 7.5, 7.6 
 

 IEEE Std 308-1971, 1974 Criteria for Class 1E Power Systems 
for Nuclear Power Generating Stations 
 

8.1 for 1971 and 7.6, 8.1, 8.2.1.4.4, 
8.3.1.1.15 for 1974 

 IEEE Std 317-1976 Electric Penetration Assemblies in 
Containment Structures for Nuclear 
Power Generating Stations 
 

Chapter 8 
 

 IEEE Std 323-1971, 1974 Qualifying Class 1E Equipment for 
Nuclear Power Generating Stations 
 

3.10, 3.11* 
 

 IEEE Std 336-1971 
(ANSI N45.2.4-1972) 

Installation, Inspection, and Testing  
Requirements for Instrumentation and 
Electric Equipment During the Construction 
of Nuclear Power Generating Stations 
 

7.1.2.9 
 

 IEEE Std 338-1977 Criteria for the Periodic Testing of 
Nuclear Power Generating Station 
Protection Systems 
 

7.1.2.4, 7.1.2.10, 7.2.2, 7.3.2 

 IEEE Std 344-1971, 1975 Guide for Seismic Qualification of 
Class 1 Electrical Equipment for 
Nuclear Power Generating Stations 
 

3.10B 
 

 IEEE Std 379-1972 
(ANSI N41.2) 

Guide for the Application of the Single Failure 
Criterion to Nuclear Power Generating Station  
Protection Systems 
 
 

7.1.2.6 

 IEEE Std 382-1972, 1980 Type Test of Class 1 Electric 
Valve Operators 
 

3.9* 
 

 IEEE Std 384-1974 
(ANSI N41.14) 

Criteria for Separation of Class 1E 
Equipment and Circuits 

7.1.2.2.1, 7.1.2.2.2 
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 Criteria Title Discussed In 
 

 IEEE Std 334-1974 
 

Standard for Type Tests of Continuous 
Duty Class Motors Installed Inside the Containment 
of Nuclear Generating Stations 
 

8.1, 8.3.1 

3. Regulatory Guides (RG) 
 

  

 RG 1.6 Independence Between Redundant Standby 
(Onsite) Power Sources and Between Their 
Distribution Systems 
 

1.8, 7.6, Chapter 8 
 

 RG 1.11 Instrument Lines Penetrating Primary 
Reactor Containment 
 

1.8, 6.2.4, 7.3.1.1.2 

 RG 1.22 Periodic Testing of Protection System 
Actuation Functions 
 

1.8, 7.1.2.4, 7.2.2.2.3, 7.3.2.2.5, 
8.3.1, 8.3.2 
 

 RG 1.29 Seismic Design Classification 
 

1.8, 3.2.1 
 

 RG 1.30 Quality Assurance Requirements for 
the Installation, Inspections, and 
Testing of Instrumentation and 
Electric Equipment 
 

1.8, 8.3.1, 8.3.2, Chapter 17 
 

 RG 1.32 Criteria for Safety-Related Electric 
Power Systems for Nuclear Power Plants 
 

1.8, 7.5, 7.6, 8.2, 8.3.1, 8.3.2 

 RG 1.47 Bypassed and Inoperable Status Indication 
for Nuclear Power Plant Safety Systems 
 

1.8, 7.1.2.5, 7.5, 8.2, 8.3 
 

 RG 1.53 Application of the Single-Failure Criterion 
to Nuclear Power Plant Protection Systems 
 

1.8, 3.1.1, 7.1.2.6, 15.0.8 

 RG 1.62 Manual Initiation of Protective Actions 
 

1.8, 7.2.2.2.3, 7.3.2.2.7 
 

 RG 1.63 Electric Penetration Assemblies in 
Containment Structures for Light- 
Water-Cooled Nuclear Power Plants 
 

1.8, 8.3 

 RG 1.68 Initial Test Programs for Water- 
Cooled Nuclear Power Plants 

1.8, Chapter 14 
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 Criteria Title Discussed In 
 

 RG 1.70 
 

Standard Format and Content of Safety 
Analysis Reports for Nuclear Power Plants 
 

1.8, Chapter 7 

 RG 1.73 
 

Qualification Tests of Electric Valve 
Operators Installed Inside the Containment 
of Nuclear Power Plants 
 

1.7, 1.8 

 RG 1.75 Physical Independence of Electric Systems 
 

1.8, 7.1.2.2.1, 7.1.2.2.2, 8.3.1, 8.3.2 
 

 RG 1.89 Qualification of Class 1E Equipment 
for Nuclear Power Plants 
 

1.8, 8.3.1, 8.3.2 

 RG 1.97 Instrumentation for Light-Water-Cooled Nuclear 
Power Plants to Assess Plant Conditions During  
and Following an Accident 
 

1.8, 6.2, 7.5, 9.3.2, 11.5, 12.3 
 

 RG 1.100 Seismic Qualification of Electric 
Equipment for Nuclear Power Plants 
 

1.8, 3.10, 8.3.1, 8.3.2 
 

 RG 1.105 Instrument Setpoints 
 

1.8, 7.1.2.1.9, 7.5 
 

 RG 1.106 Thermal Overload Protection for 
Electric Motors on Motor-Operated 
Valves 
 

1.8 

 RG 1.118 Periodic Testing of Electric Power and 
Protection Systems 
 

1.8, 8.3 
 

4. Branch Technical Positions 
(BTP) 
 

  

 BTP ICSB 3 Isolation of Low Pressure Systems from 
the High Pressure Reactor Coolant System 
 

7.6.2 
 

 BTP ICSB 4 Requirements of Motor-Operated Valves 
in the ECCS Accumulator Lines 
 

7.6.4 

 BTP ICSB 5 Scram Breaker Test Requirements -  
Technical Specifications 

7.2.2.2.3, Chapter 16 
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TABLE 7.1-1 (Cont) 
 

 Criteria Title Discussed In 
 

 BTP ICSB 9 
 

Definition of Use of Channel Calibration - 
Technical Specification 
 

Chapter 16 

 BTP ICSB 12 
 

Protection System Trip Point Changes 
for Operation with Reactor Coolant 
Pumps Out of Service 
 

7.2.2.2.1, 4.1.1, Chapter 16 

 BTP ICSB 13 Design Criteria for Auxiliary Feedwater 
Systems 
 

7.3.2.3 
 

 BTP ICSB 14 Spurious Withdrawals of Single Control 
Rods in Pressurized Water Reactors 
 

7.7.2.2, 15.4 

 BTP ICSB 18 (PSB) Application of the Single Failure 
Criterion to Manually-Controlled 
Electrically-Operated Valves 
 

Tech Spec. 3/4.5 
 

 BTP ICSB 20 Design of Instrumentation and Controls 
Provided to Accomplish Changeover from 
Injection to Recirculation Mode 
 

7.6.5, 7A, 6.3 
 

 BTP ICSB 21 Guidance for Application of Regulatory 
Guide 1.47 
 

1.8, 7.1.2.5 
 

 BTP ICSB 22 Guidance for Application of Regulatory 
Guide 1.22 
 

1, 8, 7.1.2.4 

 BTP ICSB 26 Requirements for Reactor Protection  
System Anticipatory Trips 
 

7.2.1.1.2 
 

 
NOTE: 
 
*Effective dates based on purchase order dates. 
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7.2  REACTOR TRIP SYSTEM 
 
7.2.1  Description 
 
7.2.1.1  System Description 
 
The reactor trip system (RTS) automatically prevents operation of the 
reactor in an unsafe region by shutting down the reactor whenever the 
limits of the safe region are approached.  The safe operating region 
is defined by several considerations, such as mechanical/hydraulic 
limitations on equipment and heat transfer phenomena.  Therefore, the 
RTS maintains surveillance on process variables which are directly 
related to equipment mechanical limitations such as pressure, 
pressurizer water level (to prevent water discharge through safety 
valves), and also on variables which directly affect the heat transfer 
capability of the reactor (that is, flow and reactor coolant 
temperatures).  Still other parameters utilized in the RTS are 
calculated from various process variables.  In any event, whenever a 
direct process or calculated variable exceeds a set point, the reactor 
will be shut down in order to protect against either gross damage to 
fuel clad or loss of system integrity which could lead to release of 
radioactive fission products into the containment. 
 
The following systems make up the RTS (Reid (1973); Lipchak (1974); 
and Katz (1971) provide additional background information on the 
systems): 
 

1. Process instrumentation and control system, 
 

2. Nuclear instrumentation system, 
 

3. Solid state logic protection system, 
 

4. Reactor trip switchgear, and 
 

5. Manual actuation circuit. 
 
The RTS consists of sensors which, when connected with analog 
circuitry consisting of two to four redundant channels, monitor 
various plant parameters, and digital circuitry, consisting of two 
redundant logic trains, which receives inputs from the analog 
protection channels to complete the logic necessary to automatically 
open the reactor trip breakers. 
 
Each of the two trains, Trains A and B, is capable of opening a 
separate and independent reactor trip breaker, RTA and RTB, 
respectively.  The two trip breakers in series connect three-phase ac 
power from the rod drive motor-generator sets to the rod drive power 
cabinets, as shown on Figure 7.2-1, Sheet 2.  During Beaver Valley 
Power Station - Unit 2 (BVPS-2) power operation, a dc undervoltage 
coil on each reactor trip breaker holds a trip plunger out against its 
spring, allowing the power to be available at the rod control 
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power supply cabinets.  For reactor trip, a loss of dc voltage to the 
undervoltage coil, as well as energization of the shunt trip coil, 
open the breaker.  When either of the trip breakers opens, power is 
interrupted to the rod drive power supply and the control rods fall, 
by gravity, into the core.  The rods cannot be withdrawn until the 
trip breakers are manually reset.  The trip breakers cannot be reset 
until the abnormal condition which initiated the trip is corrected.  
Bypass breakers BYA and BYB are provided to permit testing of the trip 
breakers. 
 
7.2.1.1.1  Functional Performance Requirements 
 
The RTS automatically initiates reactor trip: 
 

1. Whenever necessary to prevent fuel rod damage for an 
anticipated operational transient (American Nuclear Society 
(ANS) Condition II), 

 
2. To limit core damage for infrequent faults (ANS Condition 

III), and 
 

3. So that the energy generated in the core is compatible with    
the design provisions to protect the reactor coolant pressure 
boundary (RCPB) for limiting fault conditions (ANS Condition 
IV). 

 
The RTS initiates a turbine trip signal whenever a reactor trip is 
initiated.  This prevents the reactivity insertion that would 
otherwise result from excessive reactor system cooldown and thus 
avoids unnecessary actuation of the engineered safety features 
actuation system (ESFAS). 
 
The RTS provides for manual initiation of reactor trip by operator 
action in the main control room. 
 
7.2.1.1.2  Reactor Trips 
 
The various reactor trip circuits automatically open the reactor trip 
breakers whenever a condition monitored by the RTS reaches a preset 
level.  To ensure a reliable system, high quality design, components, 
manufacturing, quality control, and testing are used.  In addition to 
redundant channels and trains, the design approach provides a RTS 
which monitors numerous system variables, therefore providing 
protection system functional diversity.  The extent of this diversity 
has been evaluated for a wide variety of postulated accidents. 
 
Table 7.2-1 provides a list of reactor trips, which are described as 
follows: 
 
 Nuclear Overpower Trips 
 
The specific trip functions generated are as follows: 
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1. Power range high neutron flux trip 
 

 The power range high neutron flux trip circuit trips the 
reactor when two out of four power range channels exceed the 
trip set point.  There are two bistable amplifiers for 
overpower protection in each of four redundant nuclear 
instrumentation power range channels.  Each has its own trip 
setting.  The bistable trip setting (high setting), 
associated with monitoring the high end of the power range, 
provides overpower protection and is never blocked.  The 
bistable trip setting (low setting), which provides a more 
restrictive protection limit during start-up and operation at 
low power level, can be manually blocked by the operator when 
two out of four power range channels   indicate approximately 
10 percent power (P-10).  Three out of four channels below 10 
percent automatically reinstates the trip (low setting) 
function.  Table 7.2-2 provides a listing of all protection 
system interlocks and blocks. 

 
2. Intermediate range high neutron flux trip 

 
 The intermediate range high neutron flux trip circuit trips 

the reactor when one out of two intermediate range channels 
exceeds the trip set point.  This trip, which provides 
protection during reactor start-up, can be manually blocked 
if two out of four power range channels are above 
approximately P-10.  Three out of four power range channels 
below this value automatically reinstate the intermediate 
range high neutron flux trip.  The intermediate range 
channels (including detectors) are separate from the power 
range channels.  The intermediate range channels can be 
individually bypassed at the nuclear instrumentation racks to 
permit channel testing during BVPS-2 shutdown or prior to 
start-up.  This bypass action is annunciated on the main 
control board. 

 
3. Source range high neutron flux trip 

 
 The source range high neutron flux trip circuit trips the 

reactor when one of the two source range channels exceeds the 
trip set point. This trip, which provides protection during 
reactor start-up and BVPS-2 shutdown, can be manually 
bypassed when one out of two intermediate range channels 
reads above the P-6 set point value and is automatically 
reinstated when both intermediate range channels decrease 
below the P-6 set point value.  This trip is also 
automatically bypassed by two out of four logic from the 
power range protection interlock (P-10).  This trip function 
can also be reinstated below P-10 by an administrative action 
requiring manual actuation of two control board-mounted 
switches.  Each switch will reinstate the trip function in 
one of the two protection logic trains.   The source range  
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 trip point is set between the P-6 set point (source range 
cutoff power) and the maximum source range power.  The 
channels can be individually bypassed at the nuclear 
instrumentation racks to permit channel testing during BVPS-2 
shutdown or prior to start-up.  This bypass action is 
annunciated on the main control board. 

 
4. Power range high positive neutron flux rate trip 

 
 This circuit trips the reactor when an abnormal rate of 

increase in nuclear power occurs in two out of four power 
range channels.  This trip provides departure from nucleate 
boiling (DNB) protection against rod ejection accidents of 
low worth from mid-power and is always active. 

 
 Core Thermal Overpower Trips 
 
The specific trip functions generated are as follows: 
 

1. Overtemperature ΔT trip 
 

 This trip protects the core against low DNBR and trips the 
reactor on coincidence, as listed in Table 7.2-1, with one 
set of temperature measurements per loop.  The set point for 
this trip is continuously calculated by analog circuitry for 
each loop by solving the equation found in Technical 
Specification Table 3.3.1-1. 
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 A separate ion chamber unit supplies the flux signal for each 

overtemperature ΔT trip channel.  Increases in Δφ beyond a 
predefined deadband will result in a decrease in trip set point 
(Figures 7.2-2 and 7.2-3).  The required one pressurizer pressure 
parameter per loop is obtained from separate sensors connected to 
three pressure taps at the top of the pressurizer.  Section 
7.2.2.3.3 provides an analysis of this arrangement.  Figure 7.2-
1, Sheet 5, shows the logic for overtemperature ΔT trip function. 

 
2. Overpower ΔT trip 

 
 This trip protects against excessive power (fuel rod rating 

protection) and trips the reactor on coincidence, as listed 
in Table 7.2-1, with one set of temperature measurements per 
loop.  Table 7.2-4 describes other events for which the 
overpower ΔT trip may provide a backup or secondary trip 
function. 
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 The set point for each channel is continuously calculated, 
using the equation found in Technical Specification Table 
3.3.1-1. 

 
 The source of temperature information is identical to that of the 

overtemperature ΔT trip, and the resultant ΔT set point is  
compared to the same ΔT.  Figure 7.2-1, Sheet 5, shows the logic 
for this trip function. 

 
 Reactor Coolant System Pressurizer Pressure Trips 
 
The specific trip functions generated are as follows: 
 

1. Pressurizer low pressure trip 
 

 The purpose of this trip is to protect against low pressure 
which could lead to DNB.  The parameter being sensed is 
reactor coolant pressure, as measured in the pressurizer.  
Above P-7, the reactor is tripped when the pressurizer 
pressure measurements fall below preset limits.  This signal 
is compensated to account for the fact that the measurement 
is in the pressurizer rather than in the core proper.  This 
trip is blocked below P-7 to permit start-up.  The trip logic 
and interlocks are given in Table 7.2-1, and the trip logic 
is shown on Figure 7.2-1, Sheet 6. 

 
 The reactor trips comply with the intent of NUREG-0737 (USNRC 

1980), TMI Action Item II.K.1.17. 
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2. Pressurizer high pressure trip 

 
 The purpose of this trip is to protect the reactor coolant 

system (RCS) against system overpressure and to prevent 
opening of the pressurizer safety valves.  The same sensors 
and transmitters used for the pressurizer low pressure trip 
are used for the high pressure trip except that separate 
bistables are used for trip.  These bistables trip when 
uncompensated pressurizer pressure signals exceed preset 
limits on coincidence, as listed in Table 7.2-1.  There are 
no interlocks or permissives associated with this trip 
function.  This trip protects against overstressing the RCPB.  
The logic for this trip is shown on Figure 7.2-1, Sheet 6. 

 
3. Pressurizer high water level trip 

 
 This trip is provided as a backup to the high pressurizer 

pressure trip and serves to prevent water relief through the 
pressurizer safety valves, and therefore provides for 
equipment protection.  This trip is blocked below P-7 to 
permit start-up.  The trip logic for this function is shown 
on Figure 7.2-1, Sheet 6. 

 
 Reactor Coolant System Low Flow Trips 
 
These trips protect the core from DNB in the event of a loss-of-
coolant flow (LOCF) situation.  Figure 7.2-1, Sheet 5 shows the logic 
for these trips.  The means of sensing the LOCF are as follows: 
 

1. Low reactor coolant flow 
 

 The parameter sensed is reactor coolant flow.  Three 
differential pressure transmitters in each coolant loop are 
used to provide the status of reactor coolant flow.  The 
basic function of this device is to provide information as to 
whether or not a reduction in flow has occurred.  An output 
signal from two out of the three bistables in a  loop would 
indicate a low flow in that loop.  Above P-7, two out of 
three loop low flow indications will trip the reactor.  Above 
P-8,  low flow in any one loop will cause a reactor trip.  
The coincidence logic and interlocks are given in Table 7.2-
1.  Trip logic for this function is shown on Figure 7.2-1, 
Sheet 5. 
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2. Reactor coolant pump breaker trip 
 

 One open breaker signal is generated for each reactor coolant 
pump (RCP).  Above the P-7 set point, the reactor trips on 
two open breaker signals.  One set of auxiliary contacts on 
each pump breaker serves as the input signal to the trip 
logic.  The coincident logic and interlocks are given in 
Table 7.2-1.  The trip logic for this function is shown on 
Figure 7.2-1, Sheet 5. 

 
3. Reactor coolant pump bus undervoltage trip 

 
 This trip is anticipatory to the low reactor coolant flow 

trip to protect against low flow which can result from loss 
of voltage to more than one RCP motor (for example, loss of 
offsite power or RCP breakers opening).  There is one 
undervoltage sensing relay connected to each phase of each 
RCP bus.  These relays provide an output signal when the bus 
voltage goes below approximately 70 percent of rated voltage.  
Signals from these relays are delayed to prevent spurious 
trips caused by short term voltage perturbations.  The 
coincidence logic and interlocks are given in Table 7.2-1. 

 
4. Reactor coolant pump bus underfrequency trip 

 
 This trip is anticipatory to the low reactor coolant flow 

trip to protect against low flow resulting from pump 
underfrequency, for example, a major grid frequency 
disturbance.  The function of this trip is to trip the 
reactor for an underfrequency condition.  There is one 
underfrequency sensing relay connected to each RCP bus.  
Signals from relays connected to any two of the buses (time 
delayed up to approximately 0.5 second to prevent spurious 
trips caused by short term frequency perturbations) will trip 
the reactor if power is above P-7. 7.2-1, Sheet 5, shows the 
logic for the RCP underfrequency trip. 

 
 Steam Generator Trips 
 
The specific trip functions generated are as follows: 
 

1. Low-low steam generator water level trip 
 

 This trip protects the reactor from loss of heat sink.  This 
trip is actuated on two out of three low-low water level 
signals occurring in any steam generator.  The logic is shown 
on Figure 7.2-1, Sheet 7. 
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 Reactor Trip On a Turbine Trip (Anticipatory) 
 
The reactor trip on a turbine trip is actuated by two out of three 
logic from low emergency trip fluid signals or by all closed signals 
from the turbine main stop valves.  A turbine trip causes a direct 
reactor trip above P-9.  The reactor trip on turbine trip provides 
additional protection and conservatism beyond that required.  This 
trip is included as part of good engineering practice and prudent 
design.  No credit is taken in any of the safety analyses (Chapter 15) 
for this trip. 
 
The turbine provides anticipatory trips to the reactor protection 
system (RPS) from contacts which change state when the turbine main 
stop valves close or when the turbine emergency trip fluid pressure 
goes below its set point. 
 
The anticipatory trips comply with the intent of NUREG-0737 (USNRC 
1980), TMI Action Items II.K.3.10 and II.K.3.12. 
 
One of the design bases considered in the protection system is the 
possibility of an earthquake.  With respect to these contacts, their 
functioning is unrelated to a seismic event in that they are 
anticipatory to other diverse parameters which cause reactor trip.  
The contacts are shut during BVPS-2 operation and open to cause 
reactor trip when the turbine is tripped.  No power is provided to the 
protection system from the contacts; they merely serve to interrupt 
power to cause reactor trip.  This design functions in a de-energize-
to-trip fashion to cause a plant trip if power is interrupted in the 
trip circuitry.  This ensures that the protection system will in no 
way be degraded by this anticipatory trip because seismic design 
considerations do not form part of the design bases for anticipatory 
trip sensors.  (The RPS cabinets which receive the inputs from the  
anticipatory trip sensors are seismically qualified, as discussed in 
Section 3.10.) 
 
Circuit analysis show that the functional performance of the 
protection system would not be degraded by credible electrical faults, 
such as opens and shorts in the circuits associated with reactor trip 
from turbine trip.  The contacts of redundant sensors on the steam 
stop valves and the trip fluid pressure system are connected through 
the grounded side of the ac supply circuits in the 
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solid state protection system (SSPS).  Loss of signal caused by 
circuit faults would produce either a partial or full reactor trip. 
 
The sensing devices associated with, or mounted on the turbine conform 
to requirements applicable to the anticipatory trip of the reactor.  
The anticipatory trips thus meet Institute of Electrical and 
Electronics Engineers (IEEE) Standard 279-1971 and Branch Technical 
Position ICSB 26, including redundancy, separation, single failure, 
etc.  Seismic qualification of the contacts sensors is not required.  
The logic for this type of trip is shown on Figure 7.2-1, Sheet 15. 
 
 Safety Injection Signal Actuation Trip 
 
A reactor trip occurs when safety injection is actuated.  The means of 
actuating safety injection is described in Section 7.3.  Figure 7.2-1, 
Sheet 8, shows the logic for this trip. 
 
 Manual Trip 
 
The manual trip consists of two switches with two outputs on each 
switch.  One output is used to actuate the Train A trip breaker, the 
other output actuates the Train B trip breaker.  Operating a manual 
trip switch removes the voltage from the undervoltage coil and 
energizes the shut trip coils in the breakers.  There are no 
interlocks which can block this trip.  Figure 7.2-1, Sheet 3, shows 
the manual trip logic. 
 
7.2.1.1.3  Reactor Trip System Interlocks 
 
 Power Escalation Permissives 
 
The overpower protection provided by the out-of-core nuclear 
instrumentation consists of three discrete, but overlapping, ranges.  
Continuation of start-up operation or power increase requires a 
permissive signal from the higher range instrumentation channels 
before the lower range trips can be manually blocked by the operator. 
 
One of two intermediate range permissive signals (P-6) is required 
prior to source range trip blocking.  A source range manual block is 
provided for each logic train and the blocks must be in effect on both 
trains in order to continue power escalation.  Source range trips are  
automatically reactivated when both intermediate range channels are 
below the permissive (P-6) set point.  There are two manual reset  
switches for administratively reactivating the source range trip and 
detector high voltage when between permissives P-6 and P-l0, if 
required.  Source range trip block and high voltage cutoff are always 
maintained when power is above the permissive P-10 set point with high 
voltage manual control switch in the normal position.  If the high 
voltage manual control switch, located on the source range drawer, is 
in the on or off position, it overrides any automatic actions. 
 
The intermediate range trip and power range (low set point) trip can 
only   be   blocked   after   satisfactory  operation  and  permissive 
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information are obtained from two of four power range channels.  
Individual blocking switches are provided so that the low range power 
range trip and intermediate range trip can be independently blocked 
(one switch for each train for a total of four switches).  These trips  
are automatically reactivated when any three out of the four power 
range channels are below the permissive (P-10) set point, thus 
ensuring automatic activation to more restrictive trip protection. 
 
The development of permissives P-6 and P-10 is shown on Figure 7.2-1, 
Sheet 4.  All of the permissives are digital, and they are derived 
from analog signals in the nuclear power range and intermediate range 
channels.  Table 7.2-2 provides the list of protection system 
interlocks. 
 
 Block of Reactor Trips at Low Power 
 
Interlock P-7 blocks a reactor trip (below approximately 10 percent of 
full power) on a low reactor coolant flow in more than one loop, two 
or more RCP breakers open, RCP undervoltage, RCP underfrequency, 
pressurizer low pressure, or pressurizer high water level.  Figure 
7.2-1, Sheets 5 and 6, illustrate permissive applications. The low 
power signal (P-7) is derived from three out of four power range 
neutron flux signals below the set point in coincidence with two out 
of two turbine first stage pressure signals below the set point (low 
plant load).  The permissive logic is shown on 7.2-1, Sheet 4. 
 
The P-8 interlock blocks a reactor trip when the plant is below 
approximately 30 percent of full power, on a low reactor coolant flow 
in any one loop.  The block action (absence of the P-8 interlock 
signal) occurs when three out of four neutron flux power range signals  
are below the set point.  Thus, below the P-8 set point, an automatic 
reactor trip will not occur until two loops are indicating low flow.  
Figure 7.2-1, Sheet 4, shows derivation of P-8, and Sheet 5, for its 
function in the low flow reactor trip logic. 
 
The P-9 interlock blocks reactor trip on a turbine trip when the plant 
is below approximately 49 percent of full power.  The block action 
(absence of the P-9 interlock signal) occurs when three out of four 
neutron flux power range signals are below the set point.  Thus, below 
the P-9 set point, the reactor will be allowed to operate if the 
turbine has tripped.  Figure 7.2-1, Sheet 4, depicts derivation of 
P-9, and Sheet 15 shows applicable logic.  The list of protection 
system blocks is given in Table 7.2-2. 
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7.2.1.1.4  Coolant Temperature Sensor Arrangement 
 
The hot and cold leg temperature signals required for input to the 
protection and control functions are obtained using thermowell mounted 
RTDs installed in each reactor coolant loop. 
 
The hot leg temperature measurement in each loop is accomplished using 
three fast response narrow range RTDs mounted in thermowells.  Two of 
the three thermowells in each loop are located within the scoops 
previously used to supply temperature samples to the RTD bypass 
manifold.  The third RTD could not be located within the scoop due to 
structural interferences and is located upstream from the scoop plane.   
The two scoops used to accommodate the thermowells were modified by 
machining a flow hole in the end of the scoop to facilitate the flow 
of water through the existing holes in the leading edge of the scoop 
and passed the temperature sensitive tip of the RTD. 
 
Due to temperature streaming the temperatures measured by the three 
hot leg RTDs are different and therefore these signals are 
electronically averaged to generate a hot leg average temperature.  
Provisions were made in the RTD electronics to allow for operation 
with only two RTDs in service.  The two RTD measurement can be biased 
to correct for the difference compared with the three RTD average. 
 
The cold leg temperature measurement in each loop is accomplished by 
one fast response, narrow range, dual element RTD.  The original cold 
leg RTD bypass penetration nozzle was modified to accept the 
thermowell. 
 
Signals from these instruments are used to compute the reactor coolant 
ΔT (temperature of the hot leg, Thot, minus the temperature at the cold 
leg, Tcold,) and an average reactor coolant temperature (Tavg).  The 

Tavg for each loop is indicated on the main control board. 
 
 Wide Range Cold Leg and Hot Leg Temperatures 
 
Wide Range temperature detectors, located in the thermometer wells in 
the cold and hot leg piping of each loop, supply signals to wide range 
temperature recorders.  This information is used by the operator to 
control coolant temperature during start-up and shutdown. 
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7.2.1.1.5  Pressurizer Water Level Reference Leg Arrangement 
 
The design of the pressurizer water level instrumentation includes a 
tank level arrangement using differential pressure between an upper 
and lower tap. 
 
7.2.1.1.6  Analog System 
 
The analog system consists of two instrumentation systems:  the 
process instrumentation system and the nuclear instrumentation system 
(NIS). 
 
Process instrumentation includes those devices (and their 
interconnection into systems) which measure temperature, pressure, 
fluid flow, and fluid level as in tanks or vessels.  Process 
instrumentation specifically excludes nuclear and radiation 
measurements. The process instrumentation includes the process 
measuring devices, power supplies, indicators, recorders, alarm 
actuating devices, controllers, signal conditioning devices, etc, 
which are necessary for day-to-day operation of the nuclear steam 
supply system as well as for monitoring BVPS-2, and providing 
initiation of protective functions upon approach to unsafe plant 
conditions. 
 
The primary function of nuclear instrumentation is to protect the 
reactor by monitoring the neutron flux and generating appropriate 
trips and alarms for various phases of reactor operating and shutdown 
conditions.  It also provides a secondary control function and 
indicates reactor status during start-up and power operation.  The NIS 
uses information from these separate types of instrumentation channels  
to provide three discrete protection levels.  Each range of 
instrumentation (source, intermediate, and power) provides the 
necessary overpower 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  
overpower 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. 
 
Various types of neutron detectors, with appropriate solid state 
electronic circuitry, are used to monitor the leakage neutron flux 
from a completely shutdown condition to 120 percent of full power.  
The neutron flux covers a wide range between these extremes.  
Therefore, monitoring with several ranges of instrumentation is 
necessary. 
 
The lowest range (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.  This is generally greater than two 
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counts per second.  The next range (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 
(power range) 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 system previously described provides main control room indication 
and recording of signals proportional to reactor neutron flux during 
core loading, shutdown, start-up, and power operation, as well as 
during subsequent refueling.  Start-up rate indication for the source 
and intermediate range channels is provided at the main 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 
main control room. 
 
Reid (1973) and Lipchak (1974) provide additional background 
information on the process and nuclear instrumentation. 
 
7.2.1.1.7  Solid State Protection System 
 
The SSPS takes binary inputs (voltage/no voltage) from the process and 
nuclear instrument channels corresponding to conditions 
(normal/abnormal) of BVPS-2 parameters.  The system combines these 
signals in the required logic combination and generates a trip signal 
simultaneously to the shunt trip coils and to the undervoltage trip 
attachment and shunt trip auxiliary relay coils of the reactor trip 
circuit breakers when the necessary combination of signals occur.  The 
system also provides annunciator, status light, and computer input 
signals which indicate the condition of bistable input signals, 
partial trip, and full trip functions and the status of the various 
blocking, permissive, and actuation functions.  In addition the system  
includes means for semi-automatic testing of the logic circuits. 
 
7.2.1.1.8  Isolation Amplifiers 
 
In certain applications, it is advantageous to employ control signals 
derived from individual protection channels through isolation 
amplifiers contained in the protection channel, as permitted by IEEE 
Standard 279-1971. 
 
In all of these cases, except as stated below, analog signals derived 
from protection channels for nonprotective functions are obtained 
through isolation amplifiers  located in the analog protection racks.  
By definition, nonprotective functions include those signals used for 
control, remote process indication, and computer monitoring.  Steam 
flow and feedwater flow no longer have protective functions since the 
low feedwater trip was eliminated, but portions of these loops are 
still protection grade due to their association with the protection 
racks and color coded signal cable routing.  Additional informationand 
discussions can be found in Section 7.1.2.2.1. 
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7.2.1.1.9  Energy Supply and Environmental Variations 
 
The energy supply for the RTS, including the voltage and frequency 
variations, is described in Section 7.6 and Chapter 8.  The 
environmental variations, throughout which the system will perform, 
are given in Section 3.11 and Chapter 8. 
 
7.2.1.1.10  Set Points 
 
The set points that require trip action are given in Chapter 16.  
Further discussion on set points is found in Section 7.1.2.1.9. 
 
7.2.1.1.11  Seismic Design 
 
The seismic design considerations for the RTS are given in Section 
3.10.  This design meets the requirements of General Design Criterion 
(GDC) 2. 
 
7.2.1.2  Design Bases Information 
 
The following information presents the design bases information 
requested by Section 3 of IEEE Standard 279-1971.  Functional logic 
diagrams are presented on Figure 7.2-1. 
 
7.2.1.2.1  Generating Station Conditions 
 
The following are the generating station conditions requiring reactor 
trip. 
 

1. The DNBR approaching 1.30, 
 

2. Power density (kW/ft) approaching rated value for Condition 
II faults (Chapter 4 discusses fuel design limits), or 

 
3. The RCS overpressure creating stresses approaching the limits 

specified in Chapter 5. 
 
7.2.1.2.2  Generating Station Variables 
 
The following are the variables required to be automatically monitored 
in order to provide reactor trips (Table 7.2-1). 
 

1. Neutron flux, 
 

2. Reactor coolant temperature, 
 

3. Reactor coolant system pressure (pressurizer pressure), 
 

4. Pressurizer water level, 
 
5. Reactor coolant flow, 
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6. Reactor coolant pump operational status (bus voltage and 
frequency, and breaker position), 

 
7. Steam generator water level, and 

 
8. Turbine-generator operational status (trip fluid pressure and 

stop valve position). 
 
7.2.1.2.3  Spatially Dependent Variables 
 
The following variable is spatially dependent: 
 
Reactor coolant temperature:  Section 7.3.1.2 discusses this 
variable's spatial dependence. 
 
7.2.1.2.4  Limits and Margins 
 
The parameter values that will require reactor trip are given in 
Chapter 16, Technical Specifications, and in Chapter 15, Accident 
Analyses.  Chapter 15 demonstrates that the set points used in Chapter 
16 are conservative. 
 
The set points for the various functions in the RTS have been 
analytically determined such that the operational limits so prescribed 
will prevent fuel rod clad damage and loss of integrity of the RCS as 
a result of any Condition II incident (anticipated malfunction).  As 
such, during any Condition II incident, the RTS limits the following 
parameters to: 
 

1. Minimum DNBR = 1.3, 
 

2. Maximum system pressure = 2,750 psia, and 
 

3. Fuel rod maximum linear power = 15.2 kW/ft. 
 
The accident analyses described in Chapter 15 demonstrate that the 
functional requirements as specified for the RTS are adequate to meet 
the preceding considerations, even assuming, for conservatism, adverse 
combinations of instrument errors.  A discussion of the safety limits 
associated with the reactor core and RCS, plus the limiting safety 
system set points, are presented in the Technical Specifications. 
 
7.2.1.2.5  Abnormal Events 
 
The following malfunctions, accidents, or other unusual events which 
could physically damage RTS components or could cause environmental 
changes are considered in design: 
 

1. Earthquakes (Chapters 2 and 3), 
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2. Fire (Section 9.5), 
 

3. Explosion (hydrogen buildup inside containment, Section 
6.2.5), 

 
4. Missiles (Section 3.5), 

 
5. Flood (Chapters 2 and 3), and 

 
6. Wind and tornadoes (Section 3.3). 

 
The RTS fulfills the requirements of IEEE Standard 279-1971 to provide 
automatic protection and to provide initiating signals to mitigate  
the consequences of faulted conditions.  The RTS includes provisions 
to provide protection against destruction of the system from fires, 
explosions, flood, wind, and tornadoes (refer to items 1 through 6).  
The discussions in Section 7.1.2.1.7 and this section adequately 
address or reference the coverage of the effects of abnormal events on 
the RTS in conformance with the applicable GDC. 
 
7.2.1.2.6  Minimum Performance Requirements 
 
 Reactor Trip System Response Times 
 
The RTS response time is defined in Section 7.1.  Allowable response 
times are contained in Licensing Requirements Manual Table 3.3.1-1.  
Section 7.1.2.7 provides a discussion of periodic response time 
verification capabilities.  
 
 Reactor Trip Accuracies 
 
Accuracy is defined in Section 7.1.  Reactor trip accuracies are 
tabulated in Table 7.2-3.  The trip set point is determined by factors  
other than the most accurate portion of the instrument’s range.  The 
safety limit set point is determined only by the accident analysis.  
As described previously, allowance is then made for process  
uncertainties, instrument error, instrument drift, and calibration  
uncertainty to obtain the nominal set point value, which is actually 
set into the equipment.  The only requirement on the instrument’s  
accuracy value is that over the instrument span, the error must always 
be less than or equal to the error value allowed in the accident 
analysis.  The instrument does not need to be the most accurate at the 
set point value as long as it meets the minimum accuracy   
requirement.  The accident analysis accounts for the expected errors 
at the actual set point. 
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 Protection System Ranges 
 
Typical protection system ranges are tabulated in Table 7.2-3.  Range 
selection for the instrumentation covers the expected range of the 
process variable being monitored during power operation.  Limiting set 
points are at least 5 percent from the end of the instrument span. 
 
7.2.2  Analyses 
 
7.2.2.1  Failure Modes and Effects Analyses 
 
A failure modes and effects analysis of the RTS has been performed.  
Results of this fault tree analysis are presented by Gangloff (1971). 
 
7.2.2.2  Evaluation of Design Limits 
 
While most set points used in the RTS are fixed, there are variable 
set points, most notably the overtemperature ΔT and overpower ΔT set 
points.  All set points in the RTS have been selected on the basis of 
engineering design or safety studies.  The capability of the RTS to 
prevent loss of integrity of the fuel clad and/or RCS pressure 
boundary during Condition II and III transients is demonstrated in 
Chapter 15.  These accident analyses are carried out using those set 
points determined from results of the engineering design studies.  Set 
point limits are presented in the Technical Specifications.  A 
discussion of the intent for each of the various reactor trips of the 
accident analyses (where appropriate) which utilizes this trip is 
presented as follows.  It should be noted that the selected trip set 
points all provide for margin before protection action is actually 
required to allow for uncertainties and instrument errors.  The design 
meets the requirements of GDC 10 and 20. 
 
7.2.2.2.1  Trip Set Point Discussion 
 
It has been pointed out previously that below a DNBR of 1.30 there is 
likely to be significant local fuel clad failure.  The DNBR existing 
at any point in the core for a given core design can be determined as 
a function of the core inlet temperature, power output, operating 
pressure, and flow.  Consequently, core safety limits in terms of a 
DNBR equal to 1.30 for the hot channel can be developed as a function 
of ΔT, Tavg, and pressure for a specified flow, as illustrated by the 
solid lines on Figure 7.2-3.  Also shown as solid lines on Figure 7.2-
3 are the locus of conditions equivalent to 118 percent of power as a 
function of ΔT and Tavg representing the overpower (kW/ft) limit on the 
fuel.  The dashed lines indicate the maximum permissible set point 
(ΔT) as a function of Tavg and pressure for the overtemperature and 
overpower reactor trip.  Actual values of set point constants in the 
equation representing the dashed lines are as given in the Technical 
Specifications.  These values are conservative to allow for instrument 
errors.  The design meets the requirements of GDC 10, 15, 20, and 29.  
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The DNBR is not a directly measurable quantity; however, the process 
variables that determine DNBR are sensed and evaluated.  Small 
isolated changes in various process variables may not individually 
result in violation of a core safety limit; whereas the combined 
variations, over sufficient time, may cause the overpower or 
overtemperature safety limit to be exceeded.  The design concept of 
the RTS accommodates this situation by providing reactor trips 
associated with individual process variables in addition to the 
overpower/overtemperature safety limit trips.  Process variable trips 
prevent reactor operation whenever a change in the monitored value is 
such that a core or system safety limit is in danger of being exceeded 
should operation continue.  Basically, the high pressure, low 
pressure, and overpressure/overtemperature ΔT trips provide sufficient 
protection for slow transients, as opposed to such trips as low flow 
or high flux which will trip the reactor rapidly for changes in flow 
or flux, respectively, that would result in fuel damage before 
actuation of the slower responding ΔT trips could be effected. 

 
Therefore, the RTS has been designed to provide protection for fuel 
cladding and RCS pressure boundary integrity where:  1) a rapid change 
in a single variable of factor which will result in exceeding a core 
or a system safety limit, and 2) a slow change in one or more 
variables will have an integrated effect which will cause safety 
limits to be exceeded.  Overall, the RTS offers diverse and 
comprehensive protection against fuel clad failure and/or loss of RCS 
integrity for Condition II and III accidents.  Table 7.2-4 lists the 
various trips of the RTS. 
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The RTS design was evaluated in detail with respect to common mode 
failure and is presented by Reid (1973).  The design meets the 
requirements of GDC 21. 
 
Preoperational testing is performed on RTS components and systems to 
determine equipment readiness for start-up.  This testing serves as a 
further evaluation of the system design. 
 
Analyses of the results of Condition I, II, III, and IV events, 
including considerations of instrumentation installed to mitigate 
their consequences, are presented in Chapter 15.  The instrumentation 
installed to mitigate the consequences of load rejection and turbine 
trip is addressed in Section 7.4. 
 
7.2.2.2.2  Reactor Coolant Flow Measurement 
 
The elbow taps used on each loop in the RCS are instrument devices 
that indicate the status of the reactor coolant flow.  The basic 
function of this device is to provide information as to whether or not 
a reduction in flow has occurred.  The correlation between flow and 
elbow tap signal is given by the following equation: 
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(7.2-3) 
 
where ΔPo is the pressure differential at the reference flow Wo, and ΔP 
is the pressure differential at the corresponding flow, w.  The full 
flow reference point is established during initial BVPS-2 start-up.  
The low flow trip point is then established by extrapolating along the 
correlation curve.  The expected absolute accuracy of the channel is 
within ±10 percent of full flow and field results have shown the 
repeatability of the trip point to be within ±1 percent. 
 
7.2.2.2.3  Evaluation of Compliance to Applicable Codes and Standards 
 
The RTS meets the GDC and IEEE Standard 279-1971 as follows: 
 
 General Functional Requirement 
 
The protection system automatically initiates appropriate protective 
action whenever a condition monitored by the system reaches a preset 
value.  Functional performance requirements are given in Section 
7.2.1.1.1; Section 7.2.1.2.4 presents a discussion of limits and 
margins; Section 7.2.1.2.5 discusses unusual (abnormal) events; and 
Section 7.2.1.2.6 presents minimum performance requirements. 
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 Single Failure Criterion 
 
The protection system is designed to provide two, three, or four 
instrumentation channels for each protective function and two logic 
train circuits.  These redundant channels and trains are electrically 
isolated and physically separated.  Thus, any single failure within a 
channel or train will not prevent system protective action at the 
system level when required.   
 
Single failure within the protection system shall not prevent proper 
protective action at the system level when required.  Components and 
systems not qualified for seismic events or accident environments and 
nonsafety-grade components and systems are assumed to fail to function 
if failure adversely affects protection system performance.  These 
components and systems are assumed to function if functioning 
adversely affects protection system performance.  All failures in the 
protection system that can be predicted as a result of an event for 
which the protection system is designed to provide a protective 
function are assumed to occur if the failure adversely affects the 
protection system performance.  After assuming the failures of 
nonsafety-grade, non-qualified equipment and those failures caused by 
a specific event, a random single failure is arbitrarily assumed.  
With these failures assumed, the protection system must be capable of 
performing the protective functions credited in the accident analyses. 
 
Loss of input power, the most likely mode  of failure, to a channel or 
logic train will result (except for containment spray) in a signal 
calling for protective action.  This design meets the requirements of 
GDC 23. 
 
To prevent the occurrence of common mode failures, functional 
diversity, physical and electrical separation, and testing are 
employed, as discussed by Gangloff (1971).  The design meets the 
requirements of GDC 21 and 22. 
 
 Quality of Components and Modules 
 
The quality assurance requirements imposed on the components and 
modules used in the RTS satisfy GDC 1. 
 
 Equipment Qualification 
 
Sections 3.10 and 3.11 discuss the type tests made to verify the 
performance requirements.  The test results demonstrate that the 
design meets the requirements of GDC 4. 
 
 Channel Integrity 
 
Protection system channels required to operate in accident conditions 
maintain necessary functional capability under extremes of conditions 
relating to environment, energy supply, malfunctions, and accidents.  
Vital power for the RTS is described in Section 7.6 and Chapter 8.  
The environmental variations throughout which the system will perform 
is discussed in Section 3.11. 
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 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 separation of redundant 
transmitters.  Separation of 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 cabinets.  Each redundant 
protection channel set is energized from a separate ac power feed.  
This design meets the requirements of GDC 21. 
 
Two reactor trip breakers are actuated by two separate logic matrices 
which interrupt power to the control rod drive mechanisms (CRDMs).  
The breaker main contacts are connected in series with the power 
supply so that opening either breaker interrupts power to all CRDMs, 
permitting the rods to fall into the core (Figure 7.1-1). 
 
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.  Generally, two 
or more diverse protection functions would terminate an accident 
before intolerable consequences could occur.  This design meets the 
requirements of GDC 22. 
 
 Control and Protection System Interaction 
 
The protection system is designed to be independent of the control 
system.  In certain applications the control signals and other 
nonprotective functions are derived from individual protective 
channels through isolation amplifiers.  The isolation amplifiers are 
classified as part of the protection system and are located in the 
protection racks.  Nonprotective functions include those signals used 
for control, remote process indication, and computer monitoring.  The 
isolation amplifiers are designed such that a short circuit, open 
circuit, or the application of credible fault potentials on the 
isolated output portion of the circuit (that is, the nonprotective 
side of the circuit) will not affect the input (protective) side of 
the circuit.  The signals obtained through the isolation amplifiers 
are never returned to the protection racks.  In addition to employing 
isolation between protection and control circuits, control circuit 
design also prevents adverse protection/control circuit interaction.  
An example of such a design is the use of the median signal selector 
in the steam generator water level control circuit.  The median signal 
selector receives the three level measurement signals and transmits  
the median of these signals for level control purposes.  This signal 
will reject a failed high or low steam generator level measurement  
and therefore this failure will not affect the system.  The control 
and protection system interaction has been eliminated by the median  
signal selector design.  This design meets the requirements of GDC 24 
and Paragraph 4.7 of IEEE Standard 279-1971. 
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The results of applying fault conditions on the output portion of the 
isolation amplifiers show that no significant disturbance to the 
isolation amplifier input signal occurred.  Section 7.1.2.2.1 provides 
a discussion of additional tests on the protection system. 
 
 Derivation of System Inputs 
 
To the extent feasible and practical, protection system inputs are 
derived from signals which are direct measures of the desired 
variables.  Variables monitored for the various reactor trips are 
listed in Section 7.2.1.2.2. 
 
 Capability for Sensor Checks 
 
The operational availability of each system input sensor during 
reactor operation is accomplished by cross-checking between channels 
that bear a known relationship to each other and that have readouts 
available.  Channel checks are discussed in Chapter 16. 
 
 Capability for Testing 
 
The RTS is capable of being tested during power operation.  Where only 
parts of the system are tested at any one time, the testing sequence 
provides  the  necessary  overlap  between   the   parts   to   assure 
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complete system operation.  The testing capabilities are in 
conformance with Regulatory Guide 1.22, as discussed in Section 
7.1.2.4. 
 
The protection system is designed to permit periodic testing of the 
analog channel portion of the RTS during reactor power operation 
without initiating a protective action.  This is because of the 
coincidence logic required for reactor trip.  These tests may be 
performed at any plant power from cold shutdown to full power.  Before  
starting any of these tests with BVPS-2 at power, all redundant 
reactor trip channels associated with the function to be tested must 
be in the normal (untripped) mode and the plant in stable operation in 
order to avoid spurious trips.  Set points are located in the 
technical specifications. 
 
1. Analog Channel Tests 
 
 Analog channel testing is performed at the analog instrumentation 

cabinet by individually inputting signals into the 
instrumentation channels and observing the tripping of the 
appropriate output bistables.  Proving lamps and analog test 
switches are provided in the analog racks.  The bistable output 
is put in a trip condition by placing the test switch in the test 
position.  This action connects the proving lamp to the bistable 
and disconnects and thus de-energizes (operates) the associated 
input relays in Train A and Train B logic cabinets.  This permits 
injection of a test signal to the channel.  Relay logic in the 
process cabinets automatically blocks the test signal unless the 
bistable amplifier is tripped.  This is done on one channel at a 
time.  Interruption of the bistable output to the  logic 
circuitry for any cause (test, maintenance purposes, or removed 
from service) will cause that portion of the logic to be actuated 
(partial trip) accompanied by a partial trip alarm and channel 
status light actuation in the main control room.  A simulated 
signal is then injected at a test jack.  Verification of the 
bistable trip setting is now confirmed by the proving lamp.  Each 
channel contains those switches, test points, etc., necessary to 
test the channel. It is estimated that analog testing can be 
performed at a rate of several channels per hour.  Reid (1973) 
provides additional information. 

 
 The following periodic tests of the analog channels of the 

protection system are performed: 
 

a. Tavg and ΔT protection channel testing, 
 

b. Pressurizer pressure protection channel testing, 
 

c. Pressurizer water level protection channel testing, 
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d. Steam generator water level protection channel testing, 
 

e. Reactor coolant low flow, underfrequency, and 
undervoltage protection channel testing, 

 
f. Turbine first stage pressure channel testing, 

 
g. Steam pressure protection channel testing, and 

 
h. Containment pressure testing. 

 
2. Nuclear Instrumentation Channel Tests 
 
 The power range channels of the NIS are tested by either 

superimposing a test signal on the actual detector signal being 
received by the channel at the time of testing or by injecting a 
test signal in place of the actual detector signal.  The output 
of the bistable is not placed in a tripped condition prior to 
testing when testing is performed by superimposing a signal.  
Also, since the power range channel logic is two out of four, 
bypass of this reactor trip function is not required. 

 
 To test a power range channel, a test-operate switch is provided 

to require deliberate operator action, and operation of which 
will initiate the channel test annunciator in the main control 
room.  Bistable operation is tested by increasing the test signal 
to bistable trip set point and verifying bistable relay operation 
by main control board annunciator and trip status lights.  The 
positive rate trip bistables are tested using the same procedure.  
Detailed step-by-step test procedures are described in the 
Nuclear Instrumentation Technical Manual. 

 
 It should be noted that a valid trip signal would cause the 

channel under test to trip at a lower actual reactor power.  A 
reactor trip would occur when a second bistable trips. No 
provision has been made in the channel test circuit for reducing 
the channel signal level below that signal being received from 
the NIS detector. 

 
 An NIS channel which can cause a reactor trip through one 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.  These bypasses are annunciated in the main 
control room. 

 
 The following periodic tests of the NIS are performed: 
 

a. Testing at BVPS-2 shutdown: 
 

 1) Source range testing, 
 

 2) Intermediate range testing, and 
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 3) Power range testing. 
 

b. Testing between P-6 and P-10 permissive power levels: 
 

 1) Source range testing,  
 

 2) Intermediate range testing, and 
 

 3) Power range testing. 
 

c. Testing above P-10 permissive power level. 
 

 1) Source range testing, and  
 
 2) Power range testing.  

 
 Any deviations noted during the performance of these tests 

are investigated and corrected in accordance with the 
established calibration and trouble shooting procedures 
provided in the BVPS-2 technical manual for the NIS. 
Protection trip set points are indicated in the BVPS-2 
technical specifications.  Additional background information 
on the NIS, is discussed by Lipchak (1974). 

 
3. Solid State Logic Testing 
 
 The reactor logic trains of the RTS are designed to be capable of 

complete testing at power.  After the individual channel analog 
testing is complete, the logic matrices are tested from the Train 
A and Train B logic rack test panels. This step provides overlap 
between the analog and logic portions of the test program.  
During this test, each of the logic inputs are actuated 
automatically in all combinations of trip and nontrip logic.  
Trip logic is not maintained sufficiently long enough to permit 
master relay actuation (master relays are pulsed in order to 
check continuity).  Following the logic testing, the individual 
master relays are actuated electrically to test their mechanical 
operation.  Actuation of the master relays during this test will 
apply low voltage to the slave relay coil circuits to allow 
continuity checking but not slave relay actuation.  During logic 
testing of one train, the other train can initiate any required 
protective functions.  Annunciation is provided in the main 
control room to indicate when a train is in test (train output 
bypassed) and when a reactor trip breaker is bypassed.  Logic 
testing can be performed in less than 30 minutes.  Additional 
background information on the logic system testing is given by 
Katz (1971). 

 
 A direct reactor trip resulting from undervoltage or 

underfrequency on the RCP buses is provided as discussed in 
Section 7.2.1 and shown on Figure 7.2-1.  The logic for these 
trips is capable of being tested during power operation.  When 
parts of the trip are being tested, the sequence is such that an 
overlap is provided between parts so that a complete logic test 
is provided.  Opening of the RCP breakers during power operation 
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 is not possible since a reactor trip would occur as a result of 
low reactor coolant flow. 

 
 This design complies with the testing requirements of the 

applicable criteria as addressed in Section 7.1.2.4.  Details of 
the method of testing and compliance with these standards are 
provided in Section 7.2.2.2.3. 

 
 The permissive and block interlocks associated with the RTS and 

ESFAS are given in Tables 7.2-2 and 7.3-3 and designated 
protection or P interlocks.  As a part of the protection system, 
these interlocks are designed to meet the testing requirements of 
IEEE Standards 279-1971 and 338-1977. 

 
 Testing of all protective system interlocks is provided by the 

logic testing and semi-automatic testing capabilities of the 
SSPS.  In the SSPS, the undervoltage trip attachment and shunt 
trip auxiliary relay coils (reactor trip) and master relays 
(engineered safeguards actuation) are pulsed for all combinations 
of trip or actuation logic with and without the interlock 
signals.  For example, reactor trip on low flow is tested to 
verify operability of the trip above P-7 and nontrip below P-7 
(Figure 7.2-1, Sheet 5).  Interlock testing may be performed at 
power. 

 
 Testing of the logic trains of the RTS includes a check of the 

input relays and a logic matrix check.  The following sequence is 
used to test the system: 

 
a. Check of input relays 

 
 During testing of the process instrumentation system and 

NIS channels, each channel bistable is placed in a trip 
mode causing one input relay in Train A and one in Train 
B to de-energize.  A contact of each relay is connected 
to a universal logic printed circuit card.  This card 
performs both the reactor trip and monitoring functions.  
Each reactor trip input relay contact causes a status 
lamp and an annunciator on the control board to operate.  
Either the Train A or Train B input relay operation will 
light the status lamp and annunciator. 

 
 Each train contains a multiplexing test switch.  At the 

start of a process or NIS test, this switch (in either 
train) is placed in the A + B position.  The A + B 
position alternately allows information to be 
transmitted from the two trains to the main control 
board.  A steady status lamp and annunciator indicates 
that input relays in both trains have been de-energized.  
A flashing lamp means that the input relays in the two 
trains did not both de-energize.  Contact inputs to the 
logic protection system such as RCP bus 
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 underfrequency relays operate input relays which are 
tested by operating the remote contacts as described 
previously and using the same type of indications as 
those provided for bistable input relays. 

 
 Actuation of the input relays provides the overlap 

between the testing of the logic protection system and 
the testing of those systems supplying the inputs to the 
logic protection system.  Test indications are status 
lamps and annunciators on the main control board.  
Inputs to the logic protection system are checked one 
channel at a time, leaving the other channels in 
service.  For example, a function that trips the reactor 
when two out of four channels trip becomes a one out of 
three trip when one channel is placed in the trip mode.  
Both trains of the logic protection system remain in 
service during this portion of the test. 

 
b. Check of logic matrices 

 
 Logic matrices are checked one train at a time.  Input 

relays are not operated during this portion of the test.  
Reactor trips from the train being tested are inhibited 
with the use of the input error inhibit switch on the 
semi-automatic test panel in the train.  At the 
completion of the logic matrix tests, closure of the 
input error inhibit switch contacts is verified by 
either a continuity check or by channel inputs that are 
tripped.  

 
 The logic test scheme uses pulse techniques to check the 

coincidence logic.  All possible trip and nontrip 
combinations are checked.  Pulses from the tester are 
applied to the inputs of the universal logic card at the 
same terminals that connect to the input relay contacts.  
Thus, there is an overlap between the input relay check 
and the logic matrix check.  Pulses are fed back from 
the reactor trip breaker undervoltage trip attachment 
and shunt trip auxiliary relay coils to the tester.  The 
pulses are of such short duration that the reactor trip 
breaker undervoltage coil does not de-energize. 

 
 Test indications that are provided are:  an annunciator 

in the main control room indicating that reactor trips 
from the train have been blocked and that the train is 
being tested, and green and red lamps on the semi-
automatic tester to indicate a good or bad logic matrix 
test.  Protection capability provided during this 
portion of the test is from the train not being tested. 
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4. General Warning Alarm Reactor Trip 
 
 Each of the two trains of the SSPS is continuously monitored by 

the general warning alarm RTS.  The warning circuits are actuated 
if undesirable train conditions are set up by improper alignment 
of testing systems, circuit malfunction, or failure, etc as 
listed subsequently.  A trouble condition in a logic train is 
indicated in the main control room.  However, if any one of the 
conditions exists in Train A at the same time any one of the 
conditions exists in Train B, the reactor will be automatically 
tripped by the general warning alarm system.  These conditions 
are: 

 
a. Loss of either of two 48 V dc or either of two 15 V dc 

power supplies, 
 

b. Printed circuit card improperly inserted, 
 

c. Input error inhibit switch in the inhibit position, 
 

d. Slave relay tester mode selector in test position, 
 

e. Multiplexing selector switch in inhibit position, 
 

f. Train bypass breaker racked in and closed, 
 

g. Permissive or memory test switch not in off position, 
 

h. Logic function test switch not in off position, or 
 
i. Loss of power to the output cabinet.  

 
5. Testing of Reactor Trip Breakers 
 
 Normally, reactor trip breakers 52/RTA and 52/RTB are in service 

and bypass breakers 52/BYA and 52/BYB are withdrawn (out of 
service).  In testing the protection logic, pulse techniques are 
used to avoid tripping the reactor trip breakers.  The following 
procedure describes the method used for testing the trip 
breakers: 

 
a. With bypass breaker 52/BYA racked out, manually close 

and trip it to verify its operation. 
 

b. Rack in and close 52/BYA.  Manually trip 52/RTA through 
a protection system logic matrix while at the same time 
operating the "Auto Shunt Trip Block" pushbutton on the 
automatic shunt trip panel.  This verifies operation of 
the undervoltage trip attachment (UVTA) when the breaker 
trips.  After reclosing RTA, trip it again by operation 
of the "Auto Shunt Trip Test" pushbutton on the 
automatic shunt Trip panel.  This is to verify tripping 
of the breaker through the shunt trip device. 
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c. Reset 52/RTA. 
 
d. Trip and rack out 52/BYA. 

 
e. Repeat preceding steps to test trip breaker 52/RTB using 

bypass breaker 52/BYB. 
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 Auxiliary contacts of the bypass breakers are connected in the 
alarm system of their respective trains such that if either train 
is placed in test while the bypass breaker of the other train is 
closed, both reactor trip breakers and both bypass breakers will 
automatically trip. 

 
 Auxiliary contacts of the bypass breakers are also connected in 

such a way that if an attempt is made to close the bypass breaker 
in one train while the bypass breaker of the other train is 
already closed, both bypass breakers will automatically trip. 

 
 The Train A and Train B alarm systems operate separate 

annunciators in the main control room.  The two bypass breakers 
also operate an annunciator in the main control room.  Bypassing 
of a protection train with either the bypass breaker or with the 
test switches will result in both audible and visual indications. 

 
 The complete RTS is normally required to be in service.  However, 

to permit online testing of the various protection channels or to 
permit continued operation in the event of a system 
instrumentation channel failure, a Technical Specification 
defining the minimum number of operable channels and the minimum 
degree of channel redundancy, has been formulated.  This 
Technical Specification also defines the required restriction to 
operation in the event that the channel operability and degree of 
redundancy requirements cannot be met. 

 
 Channel Bypass or Removal From Operation 
 
The protection system is designed to permit periodic testing of the 
analog channel portion of the RTS during reactor power operation 
without initiating a protective action, unless a trip condition 
actually exists.  This is because of the coincidence logic required 
for reactor trip. 
 
 Operating Bypasses 
 
Where operating 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 protective 
function are considered part of the protective system and are designed 
in accordance with the criteria of this section.  Indication is 
provided in the main control room if some part of the system has been 
administratively bypassed or taken out of service. 
 
 Indication of Bypasses 
 
Bypass indication is discussed in Section 7.1.2.5. 
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 Access to Means for Bypassing 
 
The design provides for administrative control of access to the means 
for manually bypassing channels or protective functions.  Additional 
background information is provided by Reid (1973). 
 
 Multiple Set Points 
 
For monitoring neutron flux, multiple set points are used.  When a 
more restrictive trip setting becomes necessary to provide adequate 
protection for a particular mode of operation or set of operating 
conditions, the protective system circuits are designed to provide 
positive means or administrative control to assure that the more 
restrictive trip set point is used.  The devices used to prevent 
improper use of less restrictive trip settings are considered part of 
the protective system and are designed in accordance with the criteria 
of this section. 
 
 Completion of Protective Action 
 
The protection system is so designed that, once initiated, a 
protective action goes to completion.  Return to normal operation 
requires action by the operator. 
 
 Manual Initiation 
 
Switches are provided on the main control board for manual initiation 
of protective action.  Failure in the automatic system does not 
prevent the manual actuation of the protective functions.  Manual 
actuation relies on the operation of a minimum of equipment.  This 
meets the intent of Regulatory Guide 1.62. 
 
 Access 
 
The design provides for administrative control of access to all set 
point adjustments, module calibration adjustments, and test points.  
Additional background information, is provided by Reid (1973). 
 
 Identification of Protective Actions 
 
Protective channel identification is discussed in Section 7.1.2.3.  
Indication is discussed subsequently. 
 
 Information Readout 
 
The protection system provides the operator with complete information 
pertinent to system status and safety.  All transmitted signals (flow, 
pressure, temperature) which can cause a reactor trip will be either 
indicated or recorded for every channel, including all neutron flux 
power range currents (top detector, bottom detector, algebraic 
difference, and average of bottom and top detector currents). 
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Any reactor trip will actuate an alarm and an indicator in the main 
control room.  Such protective actions are indicated and identified 
down to the channel level. 
 
Alarms and indicators are also used to alert the operator of 
deviations from normal operating conditions so that he may take 
appropriate corrective action to avoid a reactor trip.  Actuation of 
any rod stop or trip of any reactor trip channel will actuate an 
alarm. 
 
 System Repair 
 
The system is designed to facilitate the recognition, location, 
replacement, and repair of malfunctioning components or modules.  The 
capability for testing was previously discussed in Section 7.2.2.2.3. 
 
7.2.2.3  Specific Control and Protection Interactions 
 
7.2.2.3.1  Neutron Flux 
 
Four power range neutron flux channels are provided for overpower 
protection.  An isolation signal is also provided for automatic rod 
control.  If any channel fails in such a way as to produce a low 
output, that channel is incapable of proper overpower protection but a 
two out of four overpower trip logic ensures an overpower trip, if 
needed, even with an independent failure in another channel. 
 
In addition, channel deviation signals in the control system will give  
an alarm if any neutron flux channel deviates significantly from the 
average of the flux signals.  Also, the control system will respond  
only to rapid changes in indicated neutron flux.  Slow changes or 
drifts are compensated by the temperature control signals.  Finally, 
an overpower signal from any nuclear power range channel will block 
manual rod withdrawal.  The set point for this rod stop is below the 
reactor trip set point.  The automatic rod withdrawal function has 
been removed from the plant. 
 
7.2.2.3.2  Coolant Temperature 
 
The accuracy of the RTD loop temperature measurements is demonstrated 
during BVPS-2 start-up tests by comparing the temperature measurements 
from all RTDs with one another, as well as with the temperature  
measurements obtained from the wide range RTD located in the hot leg  
and cold leg piping of each loop.  The comparisons are done with the 
RCS in an isothermal condition.  The RTS setpoints are based on 
percentages of the indicated ΔT at nominal full power rather than on 
absolute values of ΔT.  This is done to account for loop differences 
which are inherent.  Therefore, the percent ΔT scheme is relative, not 
absolute, and provides better protective action without the expense of 
accuracy.  For this reason, the linearity of the ΔT signals, as a 
function of power, is of importance rather than the absolute values of 
the ΔT.  As part of the BVPS-2 start-up tests, the loop RTD signals 
will be compared with the core exit thermocouple signals during 
isothermal RCS conditions. 
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Plant control is based upon signals derived from protection system 
channels after isolation, by isolation amplifiers such that no 
feedback effect can perturb the protection channels.  
 
The input signals (one per loop) to the Reactor Control System are 
obtained from electronically isolated protection Tavg and Delta-T 
signals.  A Median Signal Selector (MSS) is implemented in the Reactor 
Control System, one for Tavg and one for Delta-T.  The MSS receives 
three signals as input and selects the median signal for input to the 
appropriate control systems.  Any single failure, high or low, in a 
calculated temperature will not result in an adverse control system 
response since the failed high or low temperature signal will be 
rejected by the MSS.  
 
Hence, the implementation of a MSS in the Reactor Control System in 
conjunction with two out of three protection logic satisfies the 
requirements of IEEE 279-1971, Section 4.7, "Control and Protection 
System Interaction".  
  
The response time allocated for measuring RCS hot and cold leg 
temperatures using thermowell mounted fast response RTDs is four 
seconds.  This response time does not include the process electronics. 
 
In addition, channel deviation signals in the control system will give 
an alarm if any temperature channel deviates significantly from the 
median value.  The manual rod withdrawal blocks and turbine runback 
(power demand reduction) will also occur if any two out of the three 
overtemperature or overpower ΔT channels indicate an adverse 
condition. 
 
7.2.2.3.3  Pressurizer Pressure 
 
The pressurizer pressure protection channel signals are used for high 
and low pressure protection and as inputs to the overtemperature T 
trip protection function.  Separate control channels are used to 
control pressurizer spray and heaters and pressurizer power-operated 
relief valves (PORVs).  Pressurizer pressure is sensed by fast 
response pressure transmitters. 
 
A spurious high pressure signal from one channel can cause decreasing 
pressure by actuation of either spray or relief valves.  Additional 
redundancy is provided in the low pressurizer pressure reactor trip 
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and in the logic for safety injection to ensure low pressure 
protection. 
 
Overpressure protection is based upon the positive surge of the 
reactor coolant produced as a result of turbine trip under full load, 
assuming the core continues to produce full power.   The self-actuated 
safety valves are sized on the basis of steam flow from the 
pressurizer to accommodate this surge at a set point of 2,500 psia and 
an accumulation of 3 percent.  Note that no credit is taken for the 
relief capability provided by the pressurizer PORVs during this surge. 
 
In addition, operation of any one of the pressurizer PORVs can 
maintain pressure below the high pressure trip point for most 
transients.  The rate of pressure rise achievable with heaters is 
slow, and ample time and pressure alarms are available to alert the 
operator of the need for appropriate action. 
 
7.2.2.3.4  Pressurizer Water Level 
 
Three pressurizer water level channels are used for reactor trip.  
Isolated signals from these channels are used for pressurizer water 
level control.  A failure in the level control system could fill or 
empty the pressurizer at a slow rate (on the order of 1/2 hour or 
more). 
 
The high water level trip set point provides sufficient margin such 
that the undesirable condition of discharging liquid coolant through 
the safety valves is avoided.  Even at full power conditions, which 
would produce the worst thermal expansion rates, a failure of the 
water level control would not lead to any liquid discharge through the 
safety valves.  This is due to the automatic high pressurizer pressure 
reactor trip actuating at a pressure sufficiently below the safety 
valve set point. 
 
For control failures which tend to empty the pressurizer, two out of 
three logic for safety injection action on low pressure ensures that 
the protection system can withstand an independent failure in another 
channel.  In addition, ample time is available and alarms exist to 
alert the operator of the need for appropriate action. 
 
7.2.2.3.5  Steam Generator Water Level 
  
The basic function of the reactor protection circuit 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, the reactor would be tripped on low-low steam 
generator water level.  In addition, auxiliary feedwater pumps are 
provided to supply feedwater in order to maintain residual heat 
removal after trip.  This reactor trip acts before the steam 
generators are dry to reduce the required  
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capacity and increase the starting time requirements of these 
auxiliary feedwater pumps, and to minimize the thermal transient on 
the RCS and steam generators.  A low-low steam generator water level 
reactor trip circuit is provided for each steam generator to ensure 
that sufficient initial thermal capacity is available in the steam 
generator at the start of the transient. 
 
It is desirable to minimize thermal transients on a steam generator 
for credible loss of feedwater accidents.  Hence, it should be noted 
that controller malfunctions caused by a protection system failure 
will affect only one steam generator.  Additionally, the steam 
generator level signals used in the feedwater control are processed  
by a median signal selector as discussed in Section 7.2.2.2.3. 
 
A spurious high signal from the feedwater flow channel being used for 
control would cause a reduction in feedwater flow, preventing that  
channel from ultimately tripping.  However, the mismatch between steam 
demand and feedwater flow produced by this spurious signal will 
actuate alarms to alert the operator of this situation in time for 
manual correction or the reactor will eventually trip on a low-low 
water level signal independent of the indicated feedwater flow. 
 
A spurious low signal from the feedwater flow channel being used for 
control would cause an increase in feedwater flow.  The mismatch 
between steam flow and feedwater flow produced by the spurious signal 
would actuate alarms to alert the operator of the situation in time 
for manual correction.  If the condition continues, a two out of three 
high-high steam generator water level signal in any loop, independent  
of the indicated feedwater flow, will cause feedwater isolation and 
trip the turbine.  The turbine trip will result in a subsequent 
reactor trip.  The high-high steam generator water level trip is an 
equipment protective trip preventing excessive moisture carryover 
which could damage the turbine blading. 
 
In addition, the three element feedwater controller incorporates reset 
action on the level error signal such that with expected controller 
settings, a rapid increase or decrease in the flow signal would cause 
only a small change in level before the controller would compensate 
for the level error.  A slow change in the feedwater signal would have 
no effect at all.  A spurious low or high steam flow signal would have 
the same effect as high or low feedwater signal, as discussed 
previously. 
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A spurious high or low steam generator water level signal from the 
protection channel will be rejected by the median signal selector 
eliminating spurious feedwater control actions. 
 
7.2.2.4  Additional Postulated Accidents 
 
Loss of plant instrument air or loss of primary plant component 
cooling water is discussed in Section 7.3.2.  Load rejection and 
turbine trip are discussed in further detail in Section 7.7. 
 
The control interlocks, called rod stops, that are provided to  
prevent abnormal power conditions which could result from excessive 
control rod withdrawal are discussed in Section 7.7.1.4.1 and listed 
in Table 7.7-1.  Excessively high power operation (which is prevented 
by blocking of rod withdrawal), if allowed to continue, might lead to 
a safety limit (Chapter 16) being reached.  Before such a limit is 
reached, protection will be available from the RTS.  At the power 
levels of the rod block set points, safety limits have not been 
reached.  Therefore, these rod withdrawal stops do not come under the 
scope of safety-related systems and are considered as control systems. 
 
7.2.3  Tests and Inspections 
 
The RTS meets the intent of the testing requirements of IEEE Standard 
338-1977.  The testability of the system is discussed in Section 
7.2.2.2.3.  The test intervals are specified in Chapter 16.  Written 
test procedures and documentation, conforming to the requirements of 
IEEE Standard 338-1977 will be available for audit by responsible 
personnel.  Periodic testing complies with Regulatory Guide 1.22, and 
as discussed in Sections 7.1.2.10 and 7.2.2.2.3. 
 
7.2.4  References for Section 7.2 
 
Gangloff, W.C. and Loftus, W.D. 1971.  An Evaluation of Solid State 
Logic Reactor Protection In Anticipated Transients.  WCAP-7706. 
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Katz, D.N.  1971.  Solid State Logic Protection System Description, 
WCAP-7488-L (Proprietary).  (Additional background information only.) 
 
Lipchak, J.B.  1974.  Nuclear Instrumentation System.  WCAP-8255.  
(Additional background information only.) 
 
Reid, J.B.  1973.  Process Instrumentation for Westinghouse Nuclear 
Steam Supply Systems.  WCAP-7913.  (Additional background information 
only.) 
 
U.S. Nuclear Regulatory Commission (USNRC) 1980.  Clarification of TMI 
Action Plan Requirements.  NUREG-0737. 
 
USNRC 1981.  Requirements for Reactor Protection System Anticipatory 
Trips.  Branch Technical Position ICSB 26. 
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TABLE 7.2-1 

 
LIST OF REACTOR TRIPS 

 
  

 
Reactor Trip 

 
Coincidence 
   Logic 

 
 
Interlocks 

 
 
Comments 

     
1. High neutron flux 

(power range) 
2/4 Manual block 

of low setting 
permitted by 
P-10 

High and low setting; 
manual block and 
automatic reset of low 
setting by 
P-10 
 

2. Intermediate 
range high 
neutron flux 
 

1/2 Manual block 
permitted by 
P-10 

Manual block and 
automatic reset 

3. Source range high 
neutron flux 

1/2 Manual block 
permitted by 
P-6, 
interlocked 
with P-10 

Manual block and 
automatic reset; 
automatic block above 
P-10 
 

4. Power range high 
positive neutron 
flux rate 
 

2/4 No interlocks  

5. Deleted 
 

   

6. Overtemperature  
ΔT 
 

2/3 No interlocks  

7. Overpower ΔT 2/3 No interlocks 
 

 

8. Pressurizer low 
pressure 
 

2/3 Interlocked 
with P-7 

Blocked below P-7 

9. Pressurizer high 
pressure 
 

2/3 No interlocks  

10. Pressurizer high 
water level 

2/3 Interlocked 
with P-7 

Blocked below P-7 
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TABLE 7.2-1 (Cont) 
 

  
 
Reactor Trip 

 
 
Coincidence 
    Logic 

 
 
   Interlocks 

 
 
     Comments 

     
11. Low reactor 

coolant flow 
2/3 per loop Interlocked 

with P-7 and  
P-8 

Low flow in one loop 
will cause a reactor 
trip when above P-8, 
and a low flow in 
two loops will cause 
a reactor trip when 
above P-7; blocked 
below P-7. 
 

12. Reactor 
coolant pump 
breakers open 
(anticipatory) 
 

2/3 Interlocked 
with P-7 

Blocked below P-7 

13. Reactor 
coolant pump 
bus 
undervoltage 
(anticipatory) 
 

2/3 Interlocked 
with P-7 

Low voltage 
permitted below 
P-7 
 

14. Reactor 
Coolant pump 
bus 
underfrequency 
(anticipatory) 
 

2/3 Interlocked 
with P-7 

Under frequency on 
two pump buses will 
trip all RCP 
breakers and cause 
reactor trip; 
blocked below P-7 
 

15. Low-low steam 
generator 
water level 
 

2/3 per loop No interlocks  
 

16. Safety 
injection 
signal 
 

Coincident 
with 
actuation of 
safety 
injection 
 

No interlocks Section 7.3 
discusses ESF 
actuation conditions 
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Reactor Trip 

 
Coincidence 

Logic 

 
 

Interlocks 

 
 

Comments 
     
17. Turbine-

generator 
(anticipatory) 
 

   

 a. Low 
emergency 
trip fluid 
pressure 

 

2/3 Interlocked 
with P-9 

Blocked below P-9 

 b. Turbine 
main stop 
valve 
close 

 

4/4 Interlocked 
with P-9 

Blocked below P-9 

18. Manual 1/2 No interlocks 
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TABLE 7.2-2 
 

PROTECTION SYSTEM INTERLOCKS AND BLOCKS 
 
Desig- 
nation 

 
   Condition and Derivation 

 
Function 

 
 I. POWER ESCALATION PERMISSIVES 

 
 

P-6 Presence of P-6:  1/2 neutron flux 
(intermediate range) above set point 
 

Allows manual block of source range reactor trip. 

 Absence of P-6:  2/2 neutron flux 
(intermediate range) below set point 
 

Defeats the block of source range reactor trip. 

P-10 Presence of P-10:  2/4 neutron flux 
(power range) above set point 

Allows manual block of power range 
(low set point) reactor trip. 
 

  Allows manual block of intermediate range  
reactor trip and intermediate range rod stops (C-1). 
 

  Blocks source range reactor trip (backup for P-6). 
 

  Input to P-7. 
 

 Absence of P-10:  3/4 neutron 
flux (power range) below set point 

Defeats the block of power range 
(low set point) reactor trip. 
 

  Defeats the block of intermediate range 
reactor trip and intermediate range rod 
stops (C-1) input to P-7. 
 

 II. BLOCKS OF REACTOR TRIPS 
 

 

P-7 Absence of P-7:  3/4 neutron flux 
(power range) below set point 
(from P-10), and 2/2 turbine 
first stage pressure below 
set point (from P-13) 

Blocks reactor trip on:  Low reactor 
coolant flow in more than one loop, and 
undervoltage, underfrequency, or RCP breakers 
open in more than one loop, pressurizer 
low pressure, and pressurizer high level. 
 

P-8 Absence of P-8:  3/4 neutron flux 
(power range) below set point 

Blocks reactor trip on low reactor coolant 
flow in a single loop. 
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Desig- 
nation 

 
   Condition and Derivation 

 
Function 

 
P-9 Absence of P-9:  3/4 neutron flux 

(power range) below set point 
 

Blocks reactor trip on turbine trip. 

P-13 2/2 turbine first stage pressure 
below set point 
 

Input to P-7. 
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TABLE 7.2-3 
 

REACTOR TRIP SYSTEM INSTRUMENTATION 
 
      Typical 
 Reactor Trip Signal Range Trip Accuracy 
 
1. Power range high neutron 1 to 120% full power ±5% (NOTE 1) 
 flux. 
 
2. Intermediate range high 8 decades of neutron flux ±9.8% (NOTE 1) 
 neutron flux overlapping source range by 2 
  decades and including 100% power 
 
3. Source range high neutron 6 decades of neutron flux (1 to ±10.8% (NOTE 1) 
 flux 10

6
 counts/sec) 

 
4. Power range high positive 2 to 30% of full power ±1.5% (NOTE 1) 
 neutron flux rate 
 
5. Deleted 
 
6. Overtemperature ΔT: TH 530 to 650°F ±8.0% (NOTE 2) 
  TC 510 to 630°F 
  Tavg 530 to 630°F 
 
  P przr 1,700 to 2,500 psi 
  F Δφ -50 to +50 
  ΔT set point 0 to 100°F 
 
7. Overpower ΔT Refer to overtemperature T ±4.9% (NOTE 3) 
 
8. Pressurizer low pressure 1,700 to 2,500 psig ±25 psig 
 
9. Pressurizer high pressure 1,700 to 2,500 psig ±52 psig 
 
10. Pressurizer high water Entire cylindrical portion of ±3.3% of full range 
 level pressurizer between taps at 
   design temperature 
   and pressure 
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      Typical 
 Reactor Trip Signal Range Trip Accuracy 
 
11. Low reactor coolant flow 0 to 120% of rated flow ±2.1% (Note 4) 
 
12. Reactor coolant pump 0 to 100% rated voltage ±13.6% of rated 
 undervoltage  voltage 
 
13. Reactor coolant pump under 50 to 65 Hz ±0.1 Hz 
 frequency 
 
14. Low-low steam generator ±6 ft from nominal full ±20.2% 
 water level load water level 
 
15. Turbine trip 
 
 
 
NOTES: 
 
1. In percent span (120% Rated Thermal Power (RTP)) 
 
2. In percent ΔT span (* °F = 150% RTP), Tavg -100°F, Pressure 800 psig, ±30% ΔI 
 
3. In percent ΔT span (* °F = 150% RTP), Tavg -100°F, Pressure 800 psig 
 
4. In percent span (120% flow) 
 
 
 
*NOTE:  Temperature value is based on cycle specific measurements 
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TABLE 7.2-4 
 

REACTOR TRIP CORRELATION 
 
 
Trip 

  
Accident

1
 

Technical 
Specification

2

 
1. Power range 

high 
neutron 
flux trip 
(low set 
point) 

 

a. Uncontrolled rod cluster control 
assembly bank withdrawal from a 
subcritical condition (Section 
15.4.1) 
 

2.b 

 b. Excessive heat removal due to 
feedwater system malfunctions 
(Sections 15.1.1 and 15.1.2) 
 

 

 c. Rupture of a control rod drive 
mechanism housing (rod cluster 
control assembly ejection) 
(Section 15.4.8) 
 

 

2. Power range 
high 
neutron 
flux trip 
(high set 
point) 

 

a. Uncontrolled rod cluster control 
assembly bank withdrawal from 
subcritical condition (Section 
15.4.1) 
 
 

2.a 

 b. Uncontrolled rod cluster control 
assembly bank withdrawal at 
power 
(Section 15.4.2) 

 

    
 

 

 c. Excessive heat removal due to 
feedwater system malfunctions 
(Section 15.1.1 and 15.1.2) 
 

 

 d. Excessive load increase incident 
(Section 15.1.3) 
 

 

 e. Accidental depressurization of 
the steam system 
(Section 15.1.4) 
 

 

 f. Major secondary system pipe 
ruptures (Section 15.1.5) 
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Trip 

  
Accident

1
 

Technical 
Specification

2
 

 
 g. Rupture of a control rod 

drive mechanism housing 
(rod cluster control 
assembly ejection) (Section 
15.4.8) 
 

 

3. Intermediate 
range high 
neutron flux 
trip 

 

 Uncontrolled rod cluster control 
assembly bank withdrawal from a 
subcritical condition (Section 15.4.1) 

 

5 

4. Source range 
high neutron 
flux trip 

 

 Uncontrolled rod cluster 
control bank withdrawal 
from a subcritical 
condition  
(Section 15.4.1) 
 

6 

5. Power range 
high 
positive 
neutron flux 
rate trip 

 

 Rupture of a control rod 
drive mechanism housing 
(rod cluster control 
assembly ejection) (Section 
15.4.8) 
 

3 

6. Deleted 
 

   

7. Overtempera-
ture ΔT trip 

a. Uncontrolled rod cluster 
control assembly bank 
withdrawal at power  
(Section 15.4.2) 
 

7 

 b. Uncontrolled boron dilution 
(Section 15.4.6) 
 

 

 c. Loss of external electrical 
load and/or turbine trip 
(Sections 15.2.2, 15.2.3, 
and 15.2.5) 
 

 

 d. Excessive heat removal due 
to feedwater system 
malfunctions (Sections 
15.2.1 and 15.1.3) 
 

 

 e. Excessive load increase 
incident (Section 15.1.3) 
 

 

 f. Accidental depressurization 
of the reactor coolant 
system (Section 15.6.1) 
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Trip 

  
Accident

1
 

Technical 
Specification

2 

 
 g. Accidental depressurization 

of the main steam system  
(Section 15.1.4) 
 

 

 h. Loss of reactor coolant from small 
ruptured pipes or from cracks in large 
pipes which actuates ECCS (Section 
15.6.2) 

 

 

8. Overpower 
ΔT trip 

 

a. Uncontrolled rod cluster 
control assembly bank  
withdrawal at power  
(Section 15.4.2) 
 

8 

 b. Excessive heat removal due 
to feedwater system 
malfunctions (Sections 
15.1.1 and 15.1.2) 
 

 

 c. Excessive load increase 
incident (Section 15.1.3) 
 

 

 d. Accidental depressurization 
of the main steam system  
(Section 15.1.4) 

 

     
9. Pressurizer 

low 
pressure 
trip 

 

a. Accidental depressurization 
of the reactor coolant 
system (Section 15.6.1) 

9 

 b. Loss of reactor coolant from 
small ruptured pipes or from 
cracks in large pipes which 
actuates ECCS (Section 
15.6.2) 
 

 

 c. Major reactor coolant system 
pipe ruptures (LOCA)  
(Section 15.6.5) 
 

 

 d. Steam generator tube rupture 
(Section 15.6.3) 
 

 

10. Pressurizer 
high 
pressure 
trip 

 

a. Uncontrolled rod cluster 
control assembly bank 
withdrawal at power  
(Section 15.4.2) 

10 
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    Trip 

  
Accident

1
 

Technical 
Specification

2
 

 
 b. Loss of external electrical 

load and/or turbine trip 
(Sections 15.2.2, 15.2.3, 
and 15.2.5) 
 

 

 c. Major rupture of a main 
feedwater pipe 
 

 

11. Pressurizer 
high water 
level trip 

a. Uncontrolled rod cluster 
control assembly bank 
withdrawal at power  
(Section 15.4.2) 
 

11 

 b. Loss of external electrical 
load and/or turbine trip 
(Sections 15.2.2, 15.2.3, 
and 15.2.5) 
 

 

 c. Major rupture of a main 
feedwater pipe 
 

 

12. Low reactor 
coolant 
flow 

a. Partial loss of forced 
reactor coolant flow 
(Section 15.3.1) 
 

12 

 b. Loss of offsite power to the 
station auxiliaries (station 
blackout) (Section 15.2.6) 
 

 

 c. Complete loss of forced 
reactor coolant flow 
(Section 15.3.2) 
 

 

 d. Reactor Coolant Pump Shaft 
Seizure (Locked Rotor) 
(Section 15.3.3) 
 

 

13. Reactor 
coolant 
pump 
breaker 
trip 

 

 Not used nor credit taken in 
any accident analysis 

Note 3  

14. Reactor 
coolant 
pump bus 
undervoltag
e trip 

 

 Not used nor credit taken in 
any accident analysis 
 

15 
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Trip 

  
Accident

1
 

Technical 
Specification

2 

 
15. Reactor 

coolant 
pump bus 
under-
frequency 
trip 

 

 Not used nor credit taken in 
any accident analysis 

16 

16. Low-low 
steam 
generator 
water level 
trip 

 

a. Loss of normal feedwater 
(Section 15.2.7) 
 

13 

 b. Major rupture of a main 
feedwater pipe. 
 

 

17. Reactor 
trip on 
turbine 
trip 

a. Loss of external electrical 
load and/or turbine trip 
(Sections 15.2.2, 15.2.3, 
and 15.2.5) 
 

Note 3  

 b. Loss of offsite power to the 
station auxiliaries (station 
blackout) (Section 15.2.6) 
 

Note 3  

18. Safety 
injection 
signal 
actuation 
trip 

 

a. Accidental depressurization 
of the main steam system 
(Section 15.1.4) 
 

Note 4  

 b. Major secondary system pipe 
ruptures. 
 

 

19. Manual trip  Available for all accidents 
(Chapter 15) 
 

1 

NOTES: 
 
  1  References refer to accident analysis presented in Chapter  

15. 
  2 References refer to Technical Specifications.  
  3 A Technical Specification is not required because this trip  

is not assumed to function in the accident analyses. 
  4 Accident assumes that the reactor is tripped at end of life, 

which is the worst initial condition for this case.   
Pressurizer low pressure is the initial trip of safety 
injection. 
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TRIP SIGNALS 
BEAVER VALLEY POWER STATION - UNIT 2 
FINAL SAFETY ANALYSIS REPORT 
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REFER TO FIGURE 7.3-11 

FIGURE 7.2-1 (SH. 6 OF 18) 
FUNCTIONAL DIAGRAM 
PRESSURIZER TRIP SIGNALS 
BEAVER VALLEY POWER STATION - UNIT 2 
FINAL SAFETY ANALYSIS REPORT 
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REFER TO FIGURE 7.3-12 

FIGURE 7.2-1 (SH. 7 OF 18) 
FUNCTIONAL DIAGRAM 
STEAM GENERATOR TRIP SIGNALS 
BEAVER VALLEY POWER STATION - UNIT 2 
FINAL SAFETY ANALYSIS REPORT 
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REFER TO FIGURE 7.3-13 

FIGURE 7.2-1 (SH. 8 OF 18) 
FUNCTIONAL DIAGRAM 
SAFEGUARD ACTUATION SIGNALS 
BEAVER VALLEY POWER STATION - UNIT 2 
FINAL SAFETY ANALYSIS REPORT 
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REFER TO FIGURE 7.3-14 

FIGURE 7.2-1 (SH. 9 OF 18) 
FUNCTIONAL DIAGRAM ROD 
CONTROLS & ROD BLOCKS 
BEAVER VALLEY POWER STATION - UNIT 2 
FINAL SAFETY ANALYSIS REPORT 
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REFER TO FIGURE 7.3-15 

FIGURE 7.2-1 (SH. 10 OF 18) 
FUNCTIONAL DIAGRAM 
STEAM DUMP CONTROL 
BEAVER VALLEY POWER STATION - UNIT 2 
FINAL SAFETY ANALYSIS REPORT 
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REFER TO FIGURE 7.3-16 

FIGURE 7.2-1 (SH. 11 OF 18) 
FUNCTIONAL DIAGRAM 
PRESSURIZER PRESSURE & 
LEVEL CONTROL 
BEAVER VALLEY POWER STATION - UNIT 2 
FINAL SAFETY ANALYSIS REPORT 
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REFER TO FIGURE 7.3-17 

FIGURE 7.2-1 (SH. 12 OF 18) 
FUNCTIONAL DIAGRAM 
PRESSURIZER HEATER CONTROL 
BEAVER VALLEY POWER STATION - UNIT 2 
FINAL SAFETY ANALYSIS REPORT 
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REFER TO FIGURE 7.3-18 

FIGURE 7.2-1 (SH. 13 OF 18) 
FUNCTIONAL DIAGRAM 
FEEDWATER CONTROL & ISOLATION 
BEAVER VALLEY POWER STATION - UNIT 2 
FINAL SAFETY ANALYSIS REPORT 
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REFER TO FIGURE 7.3-19 

FIGURE 7.2-1 (SH. 14 OF 18) 
FUNCTIONAL DIAGRAM 
AUXILIARY FEEDWATER 
PUMPS STARTUP 
BEAVER VALLEY POWER STATION - UNIT 2 
FINAL SAFETY ANALYSIS REPORT 



BVPS-2 UFSAR Rev. 9 

REFER TO FIGURE 7.3-20 

FIGURE 7.2-1 (SH. 15 OF 18) 
FUNCTIONAL DIAGRAM 
TURBINE TRIP RUNBACKS & 
OTHER SIGNALS (W REQUIREMENTS) 
BEAVER VALLEY POWER STATION - UNIT 2 
FINAL SAFETY ANALYSIS REPORT 
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REFER TO FIGURE 7.3-21 

FIGURE 7.2-1 (SH. 16 OF 18) 
FUNCTIONAL DIAGRAM 
LOOP STOP VALVE LOGIC 
BEAVER VALLEY POWER STATION - UNIT 2 
FINAL SAFETY ANALYSIS REPORT 
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REFER TO FIGURE 7.3-23 

FIGURE 7.2-1 (SH. 17 OF 18) 
FUNCTIONAL DIAGRAM 
PRESSURIZER PRESSURE 
RELIEF SYSTEM (TRAIN "A") 
BEAVER VALLEY POWER STATION - UNIT 2 
FINAL SAFETY ANALYSIS REPORT 
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REFER TO FIGURE 7.3-22 

FIGURE 7.2-1 (SH. 18 OF 18) 
FUNCTIONAL DIAGRAM 
PRESSURIZER PRESSURE 
RELIEF SYSTEM (TRAIN "B") 
BEAVER VALLEY POWER STATION - UNIT 2 
FINAL SAFETY ANALYSIS REPORT 
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7.3  ENGINEERED SAFETY FEATURES ACTUATION SYSTEM 
 
In addition to the requirements for a reactor trip for anticipated 
abnormal transients, the facility shall be provided with adequate 
instrumentation and controls to sense accident situations and initiate 
the operation of necessary engineered safety features (ESF).  The 
occurrence of a limiting fault, such as a loss-of-coolant accident 
(LOCA) or a main steam line break (MSLB), requires a reactor trip plus 
actuation of one or more of the ESF in order to prevent or mitigate 
damage to the core and reactor coolant system (RCS) components, and 
ensure containment integrity. 
 
In order to accomplish these design objectives the engineered safety 
features actuation system (ESFAS) shall have proper and timely 
initiating signals which are to be supplied by the sensors, 
transmitters, and logic components making up the various 
instrumentation channels of the ESFAS.  Figures 7.3-6, 7.3-7, 7.3-8, 
7.3-9, 7.3-10, 7.3-11, 7.3-12, 7.3-13, 7.3-14, 7.3-15, 7.3-16, 7.3-17, 
7.3-18, 7.3-19, 7.3-20, 7.3-21, 7.3-22 and 7.3-23 show Westinghouse 
Electric Corporation functional diagrams and 7.3-24, 7.3-25, 7.3-26, 
7.3-27, 7.3-28, 7.3-29, 7.3-30, 7.3-31, 7.3-32, 7.3-33, 7.3-34, 
7.3-35, 7.3-36, 7.3-37, 7.3-38, 7.3-39, 7.3-40, 7.3-41, 7.3-42, 
7.3-43, 7.3-44, 7.3-45, 7.3-46, 7.3-47, 7.3-48, 7.3-49, 7.3-50, 
7.3-51, 7.3-52, 7.3-52a, 7.3-53, 7.3-54, 7.3-55, 7.3-56, 7.3-56a, 
7.3-57, 7.3-58, 7.3-59, 7.3-60, 7.3-61, 7.3-62, 7.3-63, 7.3-64, 
7.3-65, 7.3-66, 7.3-67, 7.3-68, 7.3-69, 7.3-70, 7.3-71, 7.3-72, 
7.3-72a, 7.3-72b, 7.3-72c, 7.3-73, 7.3-74, 7.3-75, 7.3-76, 7.3-77, 
7.3-77a, 7.3-78, 7.3-79, 7.3-80, 7.3-81, 7.3-82, 7.3-82a, 7.3-82b, 
7.3-82c, 7.3-83, 7.3-84, 7.3-85, 7.3-86, 7.3-86a, 7.3-87, 7.3-88, 
7.3-89, 7.3-90, 7.3-91, 7.3-92, 7.3-93, 7.3-94 and 7.3-95 show logic 
diagrams for the ESFAS. 
 
7.3.1  Description 
 
The ESFAS uses selected plant parameters, determines whether or not 
predetermined safety limits are being exceeded and, if they are, 
combines the signals into logic matrices sensitive to combinations 
indicative of primary or secondary system boundary ruptures (Condition 
III or IV faults).  Once the required logic combination is completed, 
the system sends actuation signals to the appropriate ESF components.  
The ESFAS meets the functional requirements of General Design Criteria 
(GDC) 13, 20, 27, and 38. 
 
7.3.1.1  System Description 
 
The ESFAS is a functionally defined system described in this section.  
The equipment which provides the actuation functions identified in 
Section 7.3.1.1.1 is listed as follows and is discussed in this 
section. 
 

1. Process instrumentation and control system (Reid 1973), 
 
2. Solid state protection system (Katz 1971), 
 
3. Engineered safety features test cabinet (Mesmeringer 1980), 

and 
 
4. Manual actuation circuits. 
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The ESFAS consists of two discrete portions of circuitry:  1) an 
analog portion consisting of three to four redundant channels per 
parameter or variable to monitor various Beaver Valley Power Station - 
Unit 2 (BVPS-2) parameters such as the RCS and steam system pressures, 
temperatures, and flows, and containment pressures, and 2) a portion 
consisting of two redundant logic trains which receive inputs from the 
analog protection channels and perform the logic needed to actuate the 
ESF.  Each actuation train is capable of actuating the minimum ESF 
equipment required, thereby assuring that any single failure within 
either of the redundant trains shall not result in the defeat of the 
required protective function. 
 
The redundant concept is applied to both the analog and logic portions 
of the system.  Separation of redundant analog channels begins at the 
process sensors and is maintained in the field wiring, containment 
vessel penetrations, and analog protection racks, terminating at the 
redundant group of logic racks.  The design meets the requirements of 
GDC 20, 21, 22, 23, and 24. 
 
The variables are sensed by the analog circuitry as discussed in WCAP-
7913 (Reid 1973) and in Section 7.2.  The outputs from the analog 
channels are combined into actuation logic as shown on Figure 7.2-1, 
Sheets 5, 6, 7, and 8.  Tables 7.3-1 and 7.3-2 give additional 
information pertaining to logic and function. 
 
The interlocks associated with the ESFAS are outlined in Table 7.3-3.  
These interlocks satisfy the functional requirements discussed in 
Section 7.1.2. 
 
System level manual initiation from the main control board is provided 
for the following systems: 
 
 Safety Injection 
 
Two switches, operating either switch will actuate. 
 
 Containment Isolation Phase A 
 
Two switches, operating either switch will actuate. 
 
 Control Room Isolation 
 
Two switches, operating either switch will actuate. 
 
 Steam Line Isolation 
 
Four switches, operating two associated switches per train, 
simultaneously controls all steam line isolation valves (SLIVs) and 
bypass valves. 
 
 Containment Spray and Containment Isolation Phase B 
 
Four switches, actuation will occur if two associated controls are 
operated simultaneously.  For the transfer of emergency core cooling 
system (ECCS) injection to the recirculation mode, refer to Sections 
6.3.2.8 and 7.6.5 and Table 6.3-7. 
 



 BVPS-2 UFSAR Rev. 17 

7.3-3 

7.3.1.1.1  Function Initiation 
 
The specific functions which rely on the ESFAS for initiation are: 
 

1. A reactor trip, provided one has not already been generated 
by the reactor trip system. 

 
2. Cold leg injection isolation valves, which are opened to 

align the charging pumps for high pressure safety injection 
into the cold legs of the RCS. 

 
3. Charging pumps, low head safety injection (LHSI) pumps, and 

associated valving, which provide emergency makeup water to 
the cold legs of the RCS following a LOCA. 

 
4. Automatic transfer of ECCS injection to recirculation on 

extreme low refueling water storage tank (RWST) level. 
 
5. Pumps and valves, which serve as part of the heat sink and as 

part of the heat sink for containment cooling, for example, 
service water pumps. 

 
6. Motor-driven auxiliary feedwater pumps and associated valves 

and the valves required to initiate a steam supply to the 
turbine-driven auxiliary feedwater pump. 

 
7. Containment isolation Phase A, whose function is to prevent 

fission product release.  (Isolation of all lines not 
essential to reactor protection.) 

 
8. Steam line isolation to prevent the continuous, uncontrolled 

blowdown of more than one steam generator and thereby 
uncontrolled RCS cooldown. 

 
9. Main feedwater line isolation, as required, to prevent or 

mitigate the effects of excessive cooldown. 
 
10. Start-up of the emergency diesel generators to assure the 

backup supply of power to emergency and supporting systems 
components. 

 
11. Isolation of the main control room air ducts to meet control 

room occupancy requirements and start of the emergency 
ventilation fans to pressurize the control room. 
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12. Containment quench and recirculation spray systems, which 
performs the following functions: 

 
 a. Initiate quench and recirculation sprays to reduce 

containment pressure and temperature following a LOCA 
or MSLB accident inside containment. 

 
 b. Initiates containment isolation Phase B which, except 

for ESF lines penetrating containment, isolates the 
containment following  a LOCA, or an MSLB or feedwater 
line break within containment to limit radioactive 
releases.  (Section 6.2.4 considers isolation valves in 
further detail.) 

 
13. Sequencers for loss of offsite power (LOOP) or safety 

injection (Chapter 8). 
 
7.3.1.1.2  Analog Circuitry 
 
The process analog sensors and racks for the ESFAS are discussed in 
WCAP-7913 (Reid 1973).  Discussed in this report are the parameters to 
be measured including pressures, flows, tank and vessel water levels, 
and temperatures, as well as the measurement and signal transmission 
considerations.  Other considerations discussed are automatic 
calculations, signal conditioning and location, and mounting of the 
devices. 
 
The sensors monitoring the primary system are located as shown on the 
piping flow diagrams in Chapter 5, Reactor Coolant System and 
Connected Systems.  The secondary system sensor locations are shown on 
the steam system flow diagrams given in Chapter 10. 
 
There are four instrument lines which penetrate the containment and 
which are required to remain functional following a LOCA or MSLB 
inside containment.  These lines sense the pressure of containment 
atmosphere on the inside and are connected to pressure transmitters on 
the outside.  Signals from these transmitters can initiate safety 
injection and containment isolation on Hi-1 containment pressure, and 
initiate main steam line isolation on Hi-2 containment pressure.  
These signals also, upon Hi-3 containment pressure, produce the 
automatic signal to initiate containment depressurization system spray 
and provide for post-accident monitoring (PAM) of containment 
pressure.  In view of these functions, these lines do not have 
automatic isolation valves since it is essential that the lines remain 
open and not be isolated following an accident.  This system is 
described in Section 6.2.4. 
 
7.3.1.1.3  Digital Circuitry 
 
The ESF logic racks are discussed in detail in WCAP-7488-L (Katz 
1971).  The description includes the considerations and provisions
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for physical and electrical separation as well as details of the 
circuitry.  Katz (1971) also discusses certain aspects of on-line test 
provisions, provisions for test points, considerations for the 
instrument power source, and considerations for accomplishing physical 
separation.  The outputs from the analog channels are combined into 
actuation logic as shown on Figure 7.2-1, Sheets 5 (Tavg), 6 
(Pressurizer Pressure), 7 (Low Steam Line Pressure), 8 (Engineered 
Safety Features Actuation), and 14 (Auxiliary Feedwater). 
 
To facilitate ESF actuation testing, two cabinets (one per train) are 
provided which enable operation, to the maximum extent practical, of 
safety features loads on a group by group basis until actuation of all 
devices has been checked.  Final actuation testing is discussed in 
detail in Section 7.3.2. 
 
7.3.1.1.4  Final Actuation Circuitry 
 
The outputs of the solid-state protection system (SSPS) (the slave 
relays) are energized to actuate, as are most final actuators and 
actuated devices.  These devices are listed as follows: 
 

1. Safety injection system pump and valve actuators.  (Chapter 6 
provides flow diagrams and additional information). 

 
2. Containment isolation Phase A and Phase B (Chapter 6.) 
 
3. Automatic transfer of ECCS injection to recirculation on 

extreme low RWST level. 
 
4. Service water pump and valve actuators (Chapter 9). 
 
5. Auxiliary feedwater pumps start (Chapter 10). 
 
6. Emergency diesel generators start (Chapter 8). 
 
7. Feedwater isolation (Chapter 10). 
 
8. Main control room ventilation isolation valve and damper 

actuators (Chapter 6). 
 
9. Steam line isolation valve actuators (Chapter 10). 
 
10. Containment quench spray, recirculation spray, and valve 

actuators (Chapter 6). 
 
If an accident is assumed to occur coincident with a LOOP, the ESF 
loads are sequenced onto the emergency diesel generators to prevent 
overloading them.  This sequence is discussed in Chapter 8.  The 
design meets the requirements of GDC 35. 
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7.3.1.1.5  Support Systems 
 
The following systems are required for support of the ESF: 
 

1. Service water - heat removal (Section 9.2.1). 
 
2. Safety-related ventilation systems (Section 9.4). 
 
3. Electrical power distribution systems (Section 8.3). 
 
4. Emergency diesel generator fuel oil system (Section 9.5.4). 

 
7.3.1.2  Design Bases Information 
 
The functional diagrams presented on Figure 7.2-1, Sheets 5, 6, 7, and 
8 provide a graphic outline of the functional logic associated with  
requirements for the ESFAS.  Requirements for the ESF systems are 
given in Chapter 6.  Given by the following is the design bases 
information required by the Institute of Electrical and Electronics 
Engineers (IEEE) Standard 279-1971. 
 
7.3.1.2.1  Generating Station Conditions 
 
The following is a summary of those generating station conditions 
requiring protective action from the ESFAS to mitigate an accident 
(for transient termination, refer to Section 7.2). 
 

1. Primary System: 
 
 a. Rupture in small pipes or cracks in large pipes, 
 
 b. Rupture of a reactor coolant pipe (LOCA), and 
 
 c. Steam generator tube rupture. 
 

2. Secondary System: 
 
 a. Minor secondary system pipe breaks resulting in steam 

release rates equivalent to a single dump, relief, or 
safety valve, 

 
 b. Rupture of a major steam pipe, and 
 
 c. Rupture of a major feedwater pipe. 
 
7.3.1.2.2  Generating Station Variables 
 
The following list summarizes the generating station variables 
required to be monitored for the automatic initiation of ESF during 
each accident identified in the preceding section.  Requirements for 
PAM are given in Table 7.5-1. 
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1. Primary system accidents: 
 
 a. Pressurizer pressure, 
 
 b. RWST water level, and 
 
 c. Containment pressure (not required for steam generator 

tube rupture). 
 

2. Secondary system accidents: 
 
 a. Pressurizer pressure, 
 
 b. Steam line pressures and pressure rates, 
 
 c. Containment pressure, and 
 
 d. Steam generator water level. 
 
7.3.1.2.3  Limits, Margins, and Levels 
 
Prudent operational limits, available margins, and set points before 
onset of unsafe conditions requiring protective action are discussed 
in Chapters 15 and 16. 
 
7.3.1.2.4  Abnormal Events 
 
The malfunctions, accidents, or other unusual events which could 
physically damage protection system components or could cause 
environmental changes are as follows: 
 

1. LOCA (Chapter 15), 
 
2. Secondary system accidents (Chapter 15), 
 
3. Earthquakes (Chapters 2 and 3), 
 
4. Fire (Section 9.5.1), 
 
5. Missiles (Section 3.5), 
 
6. Flood (Chapters 2 and 3), 
 
7. Environmental transients (temperature/pressure/humidity) due 

to ventilation system failures (Section 3.11), and 
 
8. High energy line breaks (Section 3.6). 

 
7.3.1.2.5  Minimum Performance Requirements 
 
Minimum performance requirements are as follows: 
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1. System response times. 
 
 The ESFAS response time is defined as the interval required 

for the ESF sequence to be initiated subsequent to the point 
in time that the appropriate variable(s) exceed set points.  
The ESF sequence is initiated by the output of the ESFAS, 
which is by the operation of the dry contacts of the slave 
relays (600 series relays) in the output cabinets of the 
SSPS.  The list of response times which follows, includes the 
interval of time which will elapse between the time the 
parameter, as sensed by the sensor, exceeds the safety set 
point and the time the SSPS slave relay dry contacts are 
operated.  These values are maximum allowable values 
consistent with the safety analyses and the Licensing 
Requirements Manual and are systematically verified during 
plant preoperational start-up tests.  For the overall ESF 
response time, refer to Table 3.3.2-1 of the Licensing 
Requirements Manual.  In a similar manner for the overall RTS 
instrumentation response time, refer to Table 3.3.1-1 of the 
Licensing Requirements Manual.  

  
 The ESFAS is always capable of having response time tests 

performed, using the same methods as those tests performed 
during the preoperational test program or following 
significant component changes. 

 
 a. Typical maximum allowable time delays in generating the 

actuation signal for loss-of-coolant accident (LOCA) 
protection are: 

 
  (1) Pressurizer pressure 1.0 second 
  (2) RWST water level 1.5 seconds 
  (3) Containment pressure 1.5 seconds 
 
 b. Typical maximum allowable time delays in generating the 

actuation signal for main steam line break (MSLB) 
protection are: 

 
  (1) Steam line pressure 1.0 second 
  (2) Steam line pressure rate 1.0 second 
  (3) Pressurizer pressure 1.0 second 
  (4) High containment pressure 
   for closing main steam line 
   stop valves (Hi-2) 1.5 seconds 
  (5) Actuation signals for 
   auxiliary feedwater pumps 2.0 seconds 
 

2. Systems accuracies. 
 
 a. Typical accuracies required for generating the required 

actuation signals for LOCA are: 
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  (1) Pressurizer pressure 
   (uncompensated ) ±25 psi 
 
  (2) Containment pressure ±2.9 percent 
    of full scale 
 
  (3) RWST water level ±5.7 percent 
    of span  
 
 b. Typical accuracies required in generating the required 

actuation signals for MSLB protection are given: 
 
  (1) Steam line pressure ±8.3 percent of 
    span 
 
  (2) Steam generator water level ±18.2 percent of 
    span 
 
  (3) Pressurizer pressure ±25 psig 
 
  (4) Containment pressure signal ±2.9 percent of  
    span  
 

3. Ranges of sensed variables to be accommodated until 
conclusion of protective action is assured. 

 
 a. Typical ranges required in generating the actuation 

signals for LOCA protection are given: 
 
  (1) Pressurizer pressure 1,700 to 2,500 
    psig 
 
  (2) Containment pressure 0 to 115 percent 
    of containment 
    design pressure 
 
  (3) RWST water level 0 to 144 inches 
 
 b. Typical ranges required in generating the required 

actuation signals for MSLB protection are given: 
 
  (1) Steam line pressure 
   (from which steam line 
   pressure rate is also 
   derived) 0 to 1,300 psig 
 
  (2) Steam generator water level 0 to 144 inches 
 
  (3) Containment pressure 0 to 115 percent 
    of containment 
    design pressure 
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7.3.1.3  Final System Drawings 
 
Functional block diagrams, electrical elementaries, and other 
drawings, as required to assure electrical separation and to perform a 
safety review, are provided in the drawing supplement (Section 1.7) 
prepared by Stone & Webster Engineering Corporation.  These will 
include Westinghouse process block diagrams, Westinghouse nuclear 
instrumentation system block diagrams, and Westinghouse safeguards 
test cabinets drawings.  The functional logic diagram is shown on 
Figure 7.2-1. 
 
7.3.2  Analysis 
 
Failure modes and effects analyses (FMEAs) have been performed on ESF 
systems equipment within the Westinghouse scope of supply.  The 
interfaces between the Westinghouse ESF systems and the BVPS-2 ESF 
systems have been analyzed and found to meet the interface 
requirements specified in WCAP-8760 (Mesmeringer 1980).  The BVPS-2 
ESF systems, although not identical, have been designed to equivalent 
safety design criteria. 
 
For balance of plant (BOP) safety systems, FMEAs have also been 
performed on the instrumentation and controls and electrical power 
portions of those systems used to initiate the operation of the ESF 
systems and their essential auxiliary supporting systems (Table 7.3-
4).  The analyses were made to assure that each system satisfies the 
applicable design criteria and will perform as intended during all 
BVPS-2 operations and accident conditions for which its function is 
required. 
 
The ESF and supporting systems are designed so that a LOOP, the loss 
of cooling water to vital equipment, a plant load rejection, or a 
turbine trip will not prevent the completion of the safety function 
under postulated accidents and failures.  Evaluation of the individual 
and combined capabilities of the ESF and supporting systems can be 
found in Chapters 6 and 15. 
 
Compliance with the IEEE Standards, Regulatory Guides, and GDC is as 
follows:  discussion of the GDC is provided in various sections of 
Chapter 7 where a particular GDC is applicable; applicable GDC include 
Criteria 13, 20, 21, 22, 23, 24, 25, 26, 27, 28, 35, 37, 38, 40, 43, 
and 46; compliance with certain IEEE Standards is presented in 
Sections 7.1.2.6, 7.1.2.8, 7.1.2.9, and 7.1.2.10; compliance with 
Regulatory Guides is discussed in Section 7.1. 
 
7.3.2.1  Failure Mode and Effects Analyses 
 
The systematic, organized, analytical procedure for identifying the 
possible modes of failure and evaluating their consequences is called 
a FMEA.  Its purpose is to demonstrate and verify how the GDC of 10 
CFR 50 Appendix A and IEEE Standard 279-1971 requirements are 
satisfied.  The FMEAs that are performed on the Class 1E electric  
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power and instrumentation and controls portions of the safety-related 
auxiliary supporting systems also determine if they will meet the 
single failure criteria. 
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The FMEA for a BOP safety-related system is produced in the form of a 
computerized tabulation that identifies the component, its failure 
mode, the method of failure detection, and its effect on the safety-
related system.  This tabulation is derived from the fault tree 
analysis (FTA).    
 
The FTA is a technique by which failures that can contribute to an 
undesired event are systematically and deductively organized from a 
top event down to subordinate events.  It is pictorially represented 
by rectangular blocks connected via flow lines to logic gates, all 
placed together in a tree-shaped configuration called a fault tree 
diagram. 
 
The fault tree diagram identifies all the failure modes that are 
significant to the failure of the BOP safety-related system, the 
failure paths from the failed items up through the fault tree to a 
single top failure event, and any single failures that may result in 
the failure of the system to perform its intended safety function.  It 
also provides a visual display of how the system can malfunction.  
 
When the event blocks and logic gates on the fault tree diagram have 
been assigned unique computer-readable codes, they can be computer-
processed and printed out in a standard format as an auditable, 
permanent record called the FMEA. 
 
The FMEAs for the BOP safety-related systems of BVPS-2 are provided in 
a separate document entitled Failure Modes and Effects Analysis 
(Section 1.7). 
 
7.3.2.2  Compliance with IEEE Standard 279-1971 
 
The discussion that follows shows that the ESFAS complies with IEEE 
Standard 279-1971. 
 
7.3.2.2.1  Single Failure Criteria 
 
The discussion presented in Section 7.2.2.2.3 is applicable to the 
ESFAS, with the following exception: 
 
In the ESF systems, a de-energization of the bistable will call for 
actuation of ESF equipment controlled by the specific bistable that 
lost power (containment spray and RWST extreme low bistables 
excepted).  The actuated equipment must have power to comply.  The 
power supply for the protection systems is discussed in Section 7.6 
and in Chapter 8.  For containment spray and RWST extreme low 
bistables, the final bistables are energized to trip to avoid spurious 
actuation.  In addition, manual containment spray requires a 
simultaneous actuation of two manual controls.  This is considered 
acceptable because spray actuation on Hi-3 containment pressure signal 
provides automatic initiation of the system via protection channels, 
meeting the criteria in IEEE Standard 279-1971.  Moreover, two sets 
(two switches per set) of the containment spray manual 
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initiation switches are provided to meet the requirements of IEEE 
Standard 279-1971.  Also, it is possible for all ESF equipment 
(valves, pumps, etc) to be individually manually-actuated from the 
main control board.  Hence, a third mode of containment spray 
initiation is available.  The design meets the requirements of GDC 21 
and 23. 
 
7.3.2.2.2  Equipment Qualification 
 
The subject of equipment qualification is addressed in Sections 3.10 
and 3.11. 
 
7.3.2.2.3  Channel Independence 
 
The discussion presented in Section 7.2.2.2.3 is applicable.  The ESF 
slave relay outputs from the solid state logic protection cabinets are  
redundant, and the actuation signals associated with each train are 
energized up to and including the final actuators by the separate ac 
power supplies which power the logic trains. 
 
7.3.2.2.4  Control and Protection System Interaction 
 
The discussions presented in Section 7.2.2.2.3 are applicable. 
 
7.3.2.2.5  Capability for Sensor Checks and Equipment Test and 
Calibration 
 
The discussions of the system testability in Section 7.2.2.2.3 are 
applicable to the sensors, analog circuitry, and logic trains of the 
ESFAS. 
 
The following discussions cover those areas in which the testing 
provisions differ from those for the RTS. 
 
  Testing of Engineered Safety Features Actuation Systems 
 
The ESFAS are tested to provide assurance that the systems will 
operate as designed and will be available to function properly in the 
unlikely event of an accident.  The testing program meets the 
requirements of GDC 21, 37, 40, and 43 and Regulatory Guide 1.22, as 
discussed in Section 7.1.2.4.  The tests described herein, and further 
discussed in Section 6.3.4, meet the requirements on testing of the 
ECCS, as stated in GDC 37, except for the operation of those 
components that will cause an actual safety injection.  The test 
demonstrates the performance of the full operational sequence that 
brings the system into operation, the transfer between normal and 
emergency power sources, and the operation of associated cooling water 
systems.  The charging pumps and LHSI pumps are started and operated  
and their performance verified in a separate test discussed in Section 
6.3.4.  When the pump tests are considered in conjunction with the 
ECCS test, the requirements of GDC 37 on testing of the ECCS  
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are met as closely as possible without causing an actual safety 
injection. 
 
Testing described in Sections 6.3.4, 7.2.2.2.3, and 7.3.2.2.3 provides 
complete periodic testability during reactor operation of all logic 
and components associated with the ECCS.  This design meets the 
requirements of Regulatory Guide 1.22, as discussed in the previous 
sections.  The program is as follows: 
 

1. Prior to initial plant operations, ESF system tests will be 
conducted. 

 
2. Subsequent to initial start-up, ESF system tests will be 

conducted during each regularly scheduled refueling outage. 
 
3. During on-line operation of the reactor, all of the ESF 

analog and logic circuitry will be fully tested.  In 
addition, essentially all of the ESF final actuators will be 
fully tested.  The remaining few final actuators whose 
operation is not compatible with continued on-line plant 
operation will be checked by means of continuity testing. 

 
  Performance Test Acceptability Standard for Safety Injection 
  Signal and Automatic Signal for Containment Depressurization 
  Actuation Generation 
 
During reactor operation, the basis for ESFAS acceptability will be 
the successful completion of the overlapping tests performed on the 
initiating system and the ESFAS (Figure 7.3-3).  Checks of process 
indications verify operability of the sensors.  Analog checks and 
tests verify the operability of the analog circuitry from the input of 
these circuits through and including the logic input relays except for 
the input relays during the solid state logic testing.  Solid state 
logic testing also checks the digital signal path from and including 
logic input relay contacts through the logic matrices and master 
relays and perform continuity tests on the coils of the output slave 
relays.  Final actuator testing operates the output slave relays and 
verifies operability of those devices which require safeguards 
actuation and which can be tested without causing plant upset.  A 
continuity check is performed on the actuators of the untestable 
devices.  Operation of the final devices is confirmed by control board 
indication, and by visual observation that the appropriate pump 
breakers close and automatic valves have completed their travel. 
 
The basis for acceptability for the ESF interlocks will be control 
board indication of proper receipt of the signal upon introducing the 
required input at the appropriate set point. 
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  Frequency of Performance of Engineered Safety Features Actuation 
  Tests 
 
During reactor operation, complete system testing (excluding sensors 
or those devices whose operation would cause plant upset) is performed 
in accordance with the Technical Specifications.  Testing, including 
the sensors, is also performed during scheduled BVPS-2 shutdown for 
refueling. 
 
  Engineered Safety Features Actuation Test Description 
 
The following sections describe the testing circuitry and procedures 
for the on-line portion of the testing program.  The guidelines used 
in developing the circuitry and procedures are: 
 

1. The test procedures must not involve the potential for damage 
to any BVPS-2 equipment, 

 
2. The test procedures must minimize the potential for 

accidental tripping of BVPS-2 systems, and 
 
3. The provisions for on-line testing must minimize complication 

of ESF actuation circuits so that their reliability is not 
degraded. 

 
  Description of Initiation Circuitry 
 
Several systems (listed in Section 7.3.1.1.1) comprise the total ESF 
system, the majority of which may be initiated by different process 
conditions and be reset independently of each other. 
 
The remaining functions (listed in Section 7.3.1.1.1) are initiated by 
a common signal (safety injection signal) which in turn may be 
generated by different process conditions. 
 
In addition, operation of all other vital auxiliary support systems, 
such as auxiliary feedwater, primary component cooling water, and 
service water is initiated by the safety injection signal. 
 
Each function is actuated by a logic circuit, which is duplicated for 
each of the two redundant trains of ESF initiation circuits. 
 
The output of each of the initiation circuits consists of a master 
relay, which drives slave relays for contact multiplication as 
required.  The master and slave relays are mounted in the ESFAS 
cabinets, designated Train A and Train B, respectively, for the 
redundant counterparts.  The master and slave relay circuits operate 
various pump and fan circuit breakers or starters, motor-operated
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valve (MOV) contactors, solenoid-operated valves, emergency diesel 
generator starting, etc. 
 
  Analog Testing 
 
Analog testing is identical (except as noted) to that used for reactor 
trip circuitry and is described in Section 7.2.  An exception to this 
is containment quench spray, which is energized to actuate two out of 
four and reverts to two out of three when one channel is in test. 
 
  Solid State Logic Testing 
 
Except for containment spray channels, solid-state logic testing is 
the same as that discussed in Section 7.2.  During logic testing of 
one train, the other train can initiate the required ESF function 
(Katz 1971).  Katz (1971) gives additional information on solid-state 
logic testing. 
 
  Actuator Testing 
 
At this point, testing of the initiation circuits through operation of 
the master relay and its contacts to the coils of the slave relays has 
been accomplished.  Slave relays do not operate because of the reduced 
voltage. 
 
The ESFAS final actuation device or actuated equipment testing will be 
performed from the engineered safeguards test cabinets.  These 
cabinets are normally located near the SSPS equipment.  One test 
cabinet is provided for each of the two protection trains, Trains A 
and B.  Each cabinet contains individual test switches necessary to 
actuate the slave relays.  To prevent accidental actuation, test 
switches are of the type that must be rotated and then depressed to 
operate the slave relays.  Assignments of contacts of the slave relays 
for actuation of various final devices or actuators have been made 
such that groups of devices or actuated equipment can be operated 
individually during BVPS-2 operation without causing plant upset or 
equipment damage.  In the unlikely event that a safety injection 
signal is initiated during the test of the final device that is 
actuated by this test, the device will already be in its safeguards 
position. 
 
During this last procedure, close communication between the main 
control room operator and the operator at the test panel is required.  
Prior to the energizing of a slave relay, the operator in the main 
control room assures that plant conditions will permit operation of 
the equipment that is to be actuated by the relay.  After the test 
panel operator has energized the slave relay, the main control room 
operator observes that all equipment has operated, as indicated by 
appropriate indicating lamps, monitor lamps, and annunciators on the 
main control board, and using a prepared checklist, records all 
operations.  This operator then resets all devices and prepares for 
operation of the next slave relay-actuated equipment. 
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By means of the procedure outlined previously, all ESF devices 
actuated by the ESFAS initiation circuits, with the exceptions noted 
in Section 7.1.2.4 under a discussion of Regulatory Guide 1.22, are 
operated by the automatic circuitry. 
 
  Actuator Blocking and Continuity Test Circuits 
 
Those few final actuation devices that cannot be designed to be 
actuated during BVPS-2 operation (discussed in Section 7.1.2.4) have 
been assigned to slave relays, for which additional test circuitry has 
been provided to individually block actuation of a final device upon  
operation of the associated slave relay during testing.  Operation of 
these slave relays, including contact operations and continuity of the 
electrical circuits associated with the final devices’ control, are 
checked in lieu of actual operation.  The circuits provide for 
monitoring of the slave relay contacts, the devices’ control circuit 
cabling, control voltage, and the devices’ actuation solenoids.  
Interlocking prevents blocking the output from more than one output 
relay in a protection train at a time.  Interlocking between Trains A 
and B is also provided to prevent continuity testing in both trains 
simultaneously.  The redundant device associated with the protection 
train not under test will be available in the event protective action 
is required.  If an accident occurs during testing, the automatic 
actuation circuitry will override testing as noted previously.  One 
exception to this is that if the accident occurs while testing a slave 
relay whose output must be blocked, those few final actuation devices 
associated with this slave relay will not be overridden; however, the 
redundant devices in the other train would be operational and would 
perform the required safety function.  Actuation devices to be blocked 
are identified in Section 7.1.2.4. 
 
The continuity test circuits for those components that cannot be 
actuated on-line are verified by providing indicating lights on the 
safeguards test racks. 
 
The typical schemes for blocking operation of selected protection 
function actuator circuits are shown on Figure 7.3-4 as Details A and 
B.  The schemes operate as explained by the following and are 
duplicated for each safeguards train. 
 
Detail A shows the circuit for contact closure for protection function 
actuation.  Under normal BVPS-2 operation, and equipment not under 
test, the test lamp DS* for the various circuits will be energized.  
Typical circuit path will be through the normally closed test relay 
contact K8* and through test lamp connections 1 to 3.  Coil X2 will be 
capable of being energized for protection function actuation upon 
closure of solid-state logic output relay contact K*.  Coil X2 is 
typical for a breaker closing auxiliary coil, motor starter master 
coil, coil of a solenoid valve, auxiliary relay, etc.  When the 
contact K8* is opened to block energizing of coil X2, the white lamp 
is de-energized and the slave relay K* may be energized to
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perform continuity testing.  This continuity testing is verified by 
depressing test lamp DS* and observing that the lamp lights through 
connection 2 (Contact K8* open) through solid-state logic output relay 
contact K* (now closed) and finally through actuator coil X2.  
Sufficient current will flow in the circuit to cause the lamp to glow 
but insufficient to cause the actuator coil X2 to operate.  To verify 
operability of the blocking relay in both blocking and restoring 
normal service, open the blocking relay contact in series with lamp 
connections - the test lamp should be de-energized; close the blocking 
relay contact in series with the lamp connections - the test lamp 
should now be energized.  This test verifies that the circuit is now 
in its normal, that is, operable condition. 
 
Detail B shows the circuit for contact opening for protection function 
actuation.  Under normal BVPS-2 operation, and equipment not under 
test, the white test lamp DS*, for the various circuits will be 
energized, and green test lamp DS* will be de-energized.  Typical 
circuit path for white lamp DS* will be through the normally closed 
solid-state logic output relay contact K* and through test lamp 
connections 1 to 3.  Coil Y2 will be capable of being de-energized for 
protection function actuation upon opening of solid-state logic output  
relay contact K*.  Coil Y2 is typical for a solenoid valve coil, 
auxiliary relay, etc.  When the contact K8* is closed to block de-
energizing of coil Y2, the green test lamp is energized and the slave 
relay K* may be energized to verify operation (opening of its 
contacts).  To verify operability of the blocking relay in both 
blocking and restoring normal service, close the blocking relay 
contact to the green lamp - the green test lamp should be energized; 
open this blocking relay contact - the green test lamp should be de-
energized, which verifies that the circuit is now in its normal (that 
is, operable) condition. 
 
  Time Required for Testing 
 
It is estimated that analog testing can be performed at a rate of 
several channels per hour.  Logic testing of Train A or B can be 
performed in less than 2 hours.  Testing of actuated components 
(including those which can only be partially tested) will be a 
function of main control room operator availability.  It is expected 
to require several shifts to accomplish these tests.  During this 
procedure automatic actuation circuitry will override testing, except 
for those few devices associated with a single slave relay whose 
outputs must be closed and then only while blocked.  It is anticipated 
that continuity testing associated with a blocked slave relay could 
take several minutes.  During this time, the redundant devices in the 
other trains would be functional. 
 
  Summary of On-Line Testing Capabilities 
 
The procedures described provide capability for checking completely 
from the process signal to the logic cabinets and from there to the 
individual pump and fan circuit breakers or starters, valve 



 BVPS-2 UFSAR Rev. 23 

7.3-18 

contactors, pilot solenoid valves, etc, including all field cabling 
actually used in the circuitry called upon to operate for an accident 
condition.  For those few devices whose operation could adversely 
affect BVPS-2 or equipment operation, the same procedure provides for 
checking from the process signal to the logic rack.  To check the 
final actuation device a continuity test of the individual control 
circuits is performed. 
 
The procedures require testing at various locations: 
 

1. Analog testing and verification of bistable set points are 
accomplished at the process analog racks.  Verification of 
bistable relay operation is done by the main control room 
status lights. 

 
2. Logic testing through operation of the master relays and low 

voltage application to slave relays is done at the logic rack 
test panel. 

 
3. Testing of pumps, fans, and valves is done at a test panel 

located in the vicinity of the logic racks, in combination 
with the main control room operator. 

 
4. Continuity testing for those circuits that cannot be operated 

is done at the same test panel mentioned in item 3. 
 
The reactor coolant pump (RCP) essential service isolation valves 
consist of the isolation valves for the component cooling water (CCW) 
and the seal water return header.  For the discussion of testing 
limitations of these valves, refer to Section 7.1.2.4, Items 7 and 9. 
 
Containment spray system tests will be performed periodically.  The 
pump tests will be performed with the isolation valves in the spray 
supply lines at the containment and spray chemical additive tank 
closed.  The valves tests are performed with the pump stopped.  During 
this testing, automatic actuation circuitry will override testing. 
 
  Testing During Shutdown 
 
The ECCS tests will be performed in accordance with the Surveillance 
Frequency Control Program with the RCS isolated from the ECCS by 
closing the appropriate valves.  A test safety injection signal will 
then be applied to initiate operation of active components (pumps and 
valves) of the ECCS.  This is in compliance with GDC 37. 
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7.3.2.2.6  Manual Resets and Blocking Features 
 
The manual reset feature associated with containment spray actuation 
is provided in the SSPS design for two basic purposes:  1) the feature 
permits the operator to start an interruption procedure of automatic 
containment in the event of false initiation of an actuate signal, and 
2) although spray system performance is automatic, the reset feature 
enables the operator to start a manual takeover of the system to 
handle unexpected events which can be better dealt with by operator 
appraisal of changing conditions following an accident. 
 
It is most important to note that manual control of the spray system 
does not occur, once actuation has begun, by just resetting the 
associated logic devices alone.  Components will seal in (latch) so 
that removal of the actuate signal, in itself, will neither cancel nor 
prevent completion of protection action, nor provide the operator with 
manual override of the automatic system by this single action.  In 
order to take complete control of the system to interrupt its 
automatic performance, the operator must deliberately unlatch relays 
which have sealed in the initial actuate signals in the associated 
motor control center in addition to tripping the pump motor circuit 
breakers, if stopping the pumps is desirable or necessary. 
 
The feature of manual reset associated with containment spray does not 
perform bypass function.  It is merely the first of several manual 
operations required to take control from the automatic system 
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or interrupt its completion should such an action be considered 
necessary. 
 
In the event that the operator anticipates system actuation and 
erroneously concludes that it is undesirable or unnecessary and 
imposes a standing reset condition in one train (by operating and 
holding the corresponding reset switch at the time the initiate signal 
is transmitted), the other train will automatically carry the 
protective action to completion.  In the event that the reset 
condition is imposed simultaneously in both trains at the time the 
initiate signals are generated, the automatic sequential completion of 
system action is interrupted and control will have been taken over by 
the operator.  Manual takeover will be maintained, even though the 
reset switches are released, if the original initiate signal exists.  
Should the initiate signal then clear and return again, automatic 
system actuation will repeat. 
 
Note also that any time delays imposed on the system action are to be 
applied after the initiating signals are latched. 
 
The manual block features associated with pressurizer and steam line 
safety injection signals provide the operator with the means to block 
initiation of safety injection during BVPS-2 start-up and shutdown.  
These block features meet the requirements of Paragraph 4.12 of IEEE 
Standard 279-1971 in that automatic removal of the block occurs when 
plant conditions require the protection system to be functional. 
 
7.3.2.2.7  Manual Initiation of Protective Actions (Regulatory Guide 
1.62) 
 
The ESFAS agrees with Regulatory Guide 1.62 with the following 
clarification: 
 

1. Manual initiation at the system level is interpreted to mean 
no more than three operator actions will be required to 
initiate at least one train, division, or channel of final 
actuation devices, including support systems. 

 
2. Engineering judgement will be exercised to assure that a 

minimum of operator actions are required to achieve system 
level manual initiation without unnecessarily jeopardizing 
the return to operation of the power plant.  For protective 
actions that significantly affect return to operation, or for 
those protective actions that may, if inadvertently 
initiated, result in a less safe plant condition, operator 
actions on two control devices will be required. 

 
3. Designs requiring more than two operator actions per train, 

division, or channel to achieve protective action are to be 
limited to those actions required only in the long term and 
will be evaluated on a case-by-case basis. 
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4. All equipment that contributes to the protective action will 
be initiated at the system level. 

 
5. Switches for manual initiation will be located in the main 

control room in such a manner as to permit deliberate 
expeditious action by the operator. 

 
6. Equipment common to both manual and automatic initiation will 

be minimized.  Where manual and automatic action sequencing 
functions and interlocks that contribute to the protective 
action are common, component or channel level initiation will 
also be provided in the main control room. 

 
7. Manual initiation portions of the protection system will meet 

the single failure criterion. 
 
8. Manual initiation portions of the protection system will not 

impair the ability of the automatic system to meet the single 
failure criterion. 

 
9. Manual initiation portions of the protective system are 

designed such that once initiated, a protective action at the 
system level (indication of the final actuation device 
associated with a given protective function) goes to 
completion. 

 
 Having gone to completion (that is, once sufficient breakers 

are closed or sufficient MOVs or other actuators are 
operated), a device shall only be returned to its pre-
initiation status by deliberate operator action.  This action 
shall be similar in nature for all protection systems. 

 
 This design is in compliance with Paragraph 4.16 of IEEE 

Standard 279-1971. 
 
10. In addition, manual initiation is provided to allow the 

operator to take early action based on observation of  plant 
parameters.  It is not to be treated as a backup to automatic 
features.  Operator actions will not be required to 
compensate for single failures. 

 
This discussion represents an interpretation of the stated position of 
Regulatory Guide 1.62 with regard to philosophy and definition of 
terms.  As such, it describes, in as much detail as required, exactly 
how the subject guide will be implemented.  It does not take any 
exceptions to the stated position in the regulatory guide. 
 
The ESFAS agrees with Regulatory Guide 1.62 with the following 
additional clarification: 
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There are three individual main steam stop valve control devices (one 
per loop) mounted on the main control board.  Each device when 
actuated will isolate one of the main steam lines.  In addition, there 
will be two sets (two momentary controls per set) of system level 
control devices, with either set capable of actuating all steam lines 
at the system level. 
 
No exception to the requirements of IEEE Standard 279-1971 has been 
taken in the manual initiation circuit of safety injection.  Although 
Paragraph 4.17 of IEEE Standard 279-1971 requires that a single 
failure within common portions of the protective system shall not 
defeat the protective action by manual or automatic means, IEEE 
Standard 279-1971 does not specifically preclude the sharing of 
initiated circuitry logic between automatic and manual functions.  It 
is true that the manual safety injection functions associated with one 
actuation train (for example, Train A) shares portions of the 
automatic initiation circuitry logic of the same logic train; however, 
a single failure in shared functions does not defeat the protective 
action of the redundant actuation train (for example, Train B).  A 
single failure in shared functions does not defeat the protective 
action of the safety function.  It is further noted that the sharing 
of the logic by manual and automatic initiation is consistent with the 
system level action requirements of IEEE Standard 279-1971, Paragraph 
4.17, and consistent with the minimization of complexity. 
 
For the transfer of ECCS injection to the recirculation mode, refer to 
Sections 6.3.2.8 and 7.6.5, and Table 6.3-7. 
 
7.3.2.3  Further Considerations 
 
7.3.2.3.1  Instrument Air and Component Cooling 
 
In addition to the considerations given previously, a loss of reactor 
plant instrument air or loss of CCW to vital equipment has been 
considered.  For the discussion concerning loss of component cooling 
water to the RCPs, refer to Section 7.1.2.4 under Item 7, which 
addresses closure of the CCW isolation valves.  Loss of instrument air 
does not prevent the operation of the minimum systems necessary for 
hot standby or cold shutdown, assuming limited operator action outside 
the main control room, as well as operator control of the control 
room.  Furthermore, all pneumatically-operated valves and controls 
will assume a safe operating position upon loss of instrument air.  It 
is also noted that, for conservatism during the accident analysis 
(Chapter 15), credit is not taken for the instrument air systems nor 
for any control system benefit. 
 
Circuitry is not provided which directly trips the RCPs on a loss of 
primary CCW.  The BOP design provides for alarms in the main control 
room whenever CCW is lost.  The RCPs can run about 10 minutes after a 
loss of CCW.  This provides adequate time for the operator to correct 
the problem or trip the plant if necessary. 
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7.3.2.3.2  Auxiliary Feedwater System 
 
The auxiliary feedwater system (AFWS) complies with the intent of 
NUREG-0737 (USNRC 1980), Action Item II.E.1.2.  For the description of 
the AFWS, refer to Section 10.4.9. 
 
The two motor-driven AFW pumps are started automatically by any one or 
more of the following conditions.  Starting the motor-driven AFW pumps 
will cause the blowdown isolation and sampling isolation valves for 
all steam generators to close. 
 

1. Safety injection, 
 
2. Two out of three low-low level in any two steam generators 

(from SSPS), 
 
3. Automatic trip of main feedwater pumps, 
 
4. AMSAC Auto Start. 

  
The turbine-driven AFW pump is started automatically by any one or 
more of the following conditions.  Starting the turbine driven AFW 
pump will cause the blowdown isolation and sampling isolation valves 
for all steam generators to close. 
 

1. Safety injection, 
 
2. Two out of three low-low level in any steam generator (from 

SSPS), 
 
3. Two out of three reactor coolant pump bus undervoltage, or 
 
4. AMSAC Auto Start. 

 
7.3.2.4  Summary 
 
The ESFAS detects Condition III and IV faults and generates signals 
which actuate the ESF.  The system senses the accident condition and 
generates the signal actuating the protection function reliably and 
within a time determined by and consistent with the accident analysis 
in Chapter 15. 
 
Much longer times are associated with the actuation of the mechanical 
and fluid system equipment related with the ESF.  This includes the 
time required for switching, bringing pumps and other equipment to 
speed, and the time required for them to take load.  For the maximum 
time duration associated with ESF load sequencing, refer to Section 
8.3. 
 
Operating procedures require that the complete ESFAS normally be 
operable.  However, redundancy of system components is such that the 
system operability assumed for the safety analyses can still be met 
with certain instrumentation channels out of service.  Channels that  
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are out of service are to be placed in the tripped mode or bypass mode 
in the case of containment spray. 
 
Containment isolation satisfies the intent of NUREG-0737 (USNRC 1980), 
Action Item II.E.4.2, Position 4, by providing containment isolation 
either by a safety injection signal or by a high containment pressure 
signal, as shown in Table 7.3-2. 
 
7.3.2.4.1  Loss-of-Coolant Accident Protection 
 
By analysis of LOCAs and in system tests it has been verified that 
except for very small coolant system breaks, which can be protected 
against by the charging pumps followed by an orderly shutdown, the 
effects of various LOCAs are reliably detected by the low pressurizer 
pressure signal and the ECCS is actuated in time to prevent or limit 
core damage. 
 
For large RCS breaks, the passive accumulators inject first because of 
the rapid pressure drop.  This protects the reactor during the 
unavoidable delay associated with actuating the active ECCS phase. 
 
Hi-1 containment pressure also actuates the ECCS.  Therefore, 
emergency core cooling actuation can be brought about by sensing this 
other direct consequence of a primary system break, that is, the ESFAS 
detects the leakage of the coolant into the containment.  Section 
7.3.1.2.5 gives the time between the occurrence of the low pressurizer 
pressure signal or the Hi-1 containment pressure signal and the 
generation of the actuation signal. 
 
Containment spray will provide additional emergency cooling of 
containment and also limit fission product release upon sensing 
elevated containment pressure (Hi-3) to mitigate the effects of a 
LOCA. 
 
The delay time between detection of the accident condition and the 
generation of the actuation signal for these systems is assumed to be 
about 1.0 second, well within the capability of the protection system 
equipment.  However, this time is short compared to that required for 
start-up of the fluid systems. 
 
The analyses in Chapter 15 show that the diverse methods of detecting 
the accident condition and the time for generation of the signals by 
the protection systems are adequate to provide reliable and timely 
protection against the effects of loss-of-coolant. 
 
7.3.2.4.2  Main Steam Line Break Protection 
 
The ECCS is also actuated in order to protect against an MSLB.  
Section 7.3.1.2.5 gives the time between occurrence of low steam line 
pressure, high containment pressure (for breaks in containment), or 
high steam line pressure rate and generation of the actuation signal.  
Analysis of MSLB accidents, assuming this delay for signal generation, 
shows that the ECCS is actuated for an MSLB in time to limit or 
prevent further core damage for MSLB cases. 
 



 BVPS-2 UFSAR Rev. 16 

7.3-25 

 
Additional protection against the effects of MSLB is provided by 
feedwater isolation, which occurs upon actuation of the ECCS.  
Feedwater isolation is initiated in order to prevent excessive 
cooldown of the reactor vessel and thus protect the RCS boundary. 
 
Supplementary protection against a MSLB accident is provided by 
closure of all SLIVs in order to prevent uncontrolled blowdown of all 
steam generators.  The generation of the protection system signal is 
again short compared to the time to trip the fast acting SLIVs which 
are designed to close in less than approximately 5 seconds. 
 
In addition to actuation of the ESF, the effect of an MSLB accident 
also generates a signal resulting in a reactor trip on overpower ΔT or 
following ECCS actuation.  The core reactivity is further reduced by 
the highly borated water injected by the ECCS. 
 
The analyses in Chapter 15 of the MSLB accidents and an evaluation of 
the protection system instrumentation and channel design show that the 
ESFAS are effective in preventing or mitigating the effects of an MSLB 
accident. 
 
7.3.3  References for Section 7.3 
 
Katz, D. N. 1971.  Solid-State Logic Protection System Description.  
WCAP-7488-L (Proprietary) and WCAP-7672.  (Instrumentation operation 
details apply to three loop plants; however, block diagram may not.) 
 
Mesmeringer, J. C. 1980.  Failure Modes and Effects Analysis of the 
Engineered Safety Features Actuation System.  WCAP-8760. 
 
Reid, J. B. 1973.  Process Instrumentation for Westinghouse Nuclear 
Steam Supply System.  WCAP-7913 (Instrumentation operation details 
apply to three loop plants; however, block diagrams may not). 
 
U.S. Nuclear Regulatory Commission 1980.  Clarification of TMI Action 
Plan Requirements.  NUREG-0737. 
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TABLE 7.3-1 
 

INSTRUMENT OPERATING CONDITIONS FOR 
ENGINEERED SAFETY FEATURES 

 
 
 
 
   Functional Unit 

No. of 
Channels 

No. of Channels 
    to Trip     

   
Safety Injection 
 
 Manual 

 
 
2 

 
 
1 

   
 Containment pressure (Hi-1) 3 2 
   
 Low compensated steam 
 (lead-lag compensated) 

3/steam line 2/steam line  
any steam line 

   
 Pressurizer low pressure* 3 2 
   
Containment Quench Spray 
 
 Manual** 

 
 
4 

 
 
2 

   
 Containment pressure (Hi-3) 4 2 
 high high   
   
Containment Recirculation Spray   
   
 Manual** 4 2 
   
 RWST level low 3 2 
   
 Coincident with Containment 

Pressure high high 
4 2 

 
 
 
NOTES: 
 
  *Permissible bypass if reactor coolant pressure is less than 2,000 

psig. 
 **Manual actuation of containment spray is accomplished by actuating 

either of two sets (two switches per set).  Both switches in a set 
must be actuated to obtain a manually initiated containment 
depressurization signal per train. 
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TABLE 7.3-2 
 

INSTRUMENT OPERATING CONDITIONS FOR ISOLATION FUNCTIONS 
 
 

 
   Functional Unit 

No. of 
Channels 

Channels 
Needed to Trip 

   
Containment Isolation 
 
 1. Automatic safety injection 

(Phase A) 
 
  a. Containment pressure (Hi-1) 
  b. Low compensated steam line 

pressure (lead-lag 
compensated) 

  c. Pressurizer low pressure* 
 

 
 
 
 
 
3 

3/steam line 
 
 
3 

 
 
 
 
 
2 

2/steam line  
any steam line 

 
2 

 2. Containment pressure (Phase B) 
 
  a. Hi-3 
 

 
 
4 

 
 
2 

 3. Manual 
 
  a. Phase A 
  b. Phase B** 
 

 
 
2 
4 

 
 
1 
2 

Steam Line Isolation 
 
 1. High steam pressure rate 
 
 
 2. Containment pressure (Hi-2) 
 
 3. Low steam line pressure 
 
 
 4. Manual 

 
 

3/steam line 
 
 
3 
 

3/steam line 
 
 

1 loop*** 

 
 

2/steam line 
any steam line 

 
2 
 

2/steam line  
any steam line 

 
1/loop  

 
Feedwater Line Isolation 
 
 1. Safety Injection 
 
  a. Manual 
  b. Containment pressure (Hi-1) 
  c. Low compensated steam line 

pressure (lead-lag 
compensated) 

  d. Pressurizer low pressure* 

 
 
 
 
2 
3 

3/steam line 
 
 
3 

 
 
 
 
1 
2 

2/steam line  
any steam line 

 
2 
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TABLE 7.3-2 (Cont) 
 
 
 
NOTES: 
 
   *Permissible bypass if reactor coolant pressure is less than 2,000 

psig. 
 
  **Manual actuation of containment spray is accomplished by actuating 

either of two sets (two switches per set).  Both switches in a set 
must be actuated to obtain a manually-initiated containment 
depressurization signal per train. 

   
 ***Additionally there will be two sets of control devices (two 

momentary controls per set) on the main control board.  Operating 
either set will actuate all three main steam line stop and bypass 
valves at the system level. 
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TABLE 7.3-3 
 

INTERLOCKS FOR ENGINEERED SAFETY FEATURES ACTUATION SYSTEM 
 
 
Designation Input Function Performed 

   
P-4

(1) 
Reactor tripped Presence of P-4 signal 

actuates turbine trip 
 

  Presence of P-4 signal 
allows manual 
reset/block of the 
automatic reactuation 
of safety injection 
 

  Absence of P-4 signal 
defeats the manual 
reset/block preventing 
automatic reactuation 
of safety injection 
 

  Presence of P-4 signal 
closes main feedwater 
valves on Tavg below 
setpoint.  Presence of 
P-4 signal prevents 
opening of main 
feedwater valves which 
were closed by safety 
injection high-high 
steam generator water 
level 
 

P-11 2/3 pressurizer pressure 
below setpoint (Presence 
signal permits functions 
shown.  Absence of signal 
defeats functions shown) 

Allows manual block of 
safety injection on 
low pressurizer 
pressure signal 
 
Allows manual block of 
safety injection 
actuation on low 
compensated steamline 
pressure signal 
 

  Permits steamline 
isolation via high 
steam pressure rate if 
low pressure signal 
manually blocked 
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TABLE 7.3-3 (Cont) 
 
 

Designation Input Function Performed 
   

P-12 2/3 Tavg below setpoint 
(Presence of P-12 signal 
performed or permits 
functions shown.  Absence 
of signal defeats function 
shown) 

Blocks steam dump 
except for cooldown 
condenser dump valves 
 
Allows manual bypass 
of steam water dump 
block for the 
cooldown valves only 

 
 
(1) See Table 7.7-1 for control system functions. 
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TABLE 7.3-4 
 

FMEAs PERFORMED ON 
INSTRUMENTATION & CONTROLS AND ELECTRICAL PORTIONS 

ENGINEERED SAFETY FEATURES & AUXILIARY SUPPORTING SYSTEMS 
 
 
 

FMEA Title FMEA Dwg No. 
  
Steam Systems 
 
 Main steamline isolation system 
 Steam generator blowdown system 

 
 

15-2 
5-15 
 

Water Systems 
 
 Station service water system 
 Primary component cooling water system 
 Condensate and feedwater system 
 Auxiliary feedwater system 
 

 
 

17-1 
12-7 
5-4 
5-13 

Engineered Safety Features Systems 
 
 Residual heat removal system 
 High head safety injection system 
 Low head safety injection system 
 Recirculation spray system 
 Quench spray system 
 RCS - pump hot/cold leg, bypass isolation 
 RCS - pressurizer control 
 RCS - reactor coolant letdown 
 

 
 

25-7 
26-1 
26-2 
27-1 
27-9 
25-4 
25-6 
25-13 

Electrical Systems 
 
 Class 1E ac power system 
 Class 1E dc power system 
 Vital bus uninterruptible power system 
 Engineered safety features load sequencing 
 480 V ac emergency power supply 
 Containment isolation signal initiation system
 

 
 

22-5 
22-10 
22-12 
22-6.1 
22-8 
27-12 

Emergency Diesel Generator Systems 
 
 Emergency diesel generator fuel oil storage 

and transfer system 
 Emergency diesel generator starting system 
 Emergency diesel generator spurious trip 
 

 
 
 
8-9 
22-6 
22-6.5 
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TABLE 7.3-4 (Cont) 
 
 
 

FMEA Title FMEA Dwg No. 
  
Ventilation Systems 
 
 Control room ventilation system 
 Control building ventilation system 
 Main steam and feedwater valve area ventilation 

system 
 Safeguards area ventilation system 
 Cable vault and rod control area ventilation 

system 
 Auxiliary building ventilation system 
 Primary intake structure ventilation system 
 Emergency diesel generator building ventilation 

system 
 Emergency switchgear room ventilation system 
 Battery room ventilation system 

 
 

21-1 
21-2 
 

21-6 
21-7 
 

21-8 
21-21 
21-23 
 

21-34 
21-55 
21-56 
 

Service Systems 
 
 Reactor plant and process sampling system 
 Supplementary leak collection and release system
 Containment purge air system 
 Containment vacuum leakage monitoring system 
 Combustible gas control system 
 Spent fuel pool cooling and cleanup system 
 

 
 

14-15 
21-18 
21-19 
27-10 
27-13 
29-8 
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IP BREAKERS 52/RTA AND 52/RTB 
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4. ALL CIRCUITS ON THIS SHEET ARE NOT REDUNDANT BECAUSE BOTI-1 TRAINS ARE SHOr.N. 
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FUNCTIONAL DIAGRAM 
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l. THE REDUNDANT MANUAL BLOCK CONTROLS 
CONSIST OF TWO CONTROLS ON THE CONTROL 
BOARD FOR EACH RANGE. ONE FOR EACH 
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C[N)ITION HELO 1'111011 10 Tl£ ~ OF THE ACT\JATION SIIJoW.. 

7. SERVICE IIATER SYS1EM I SCLATION IS USEC 011.Y IF AEQJl!El. 
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FUNCTIONAL DIAGRAM -AUXILIARY 
FEEDWATER PUMPS STARTUP 
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tNOTE D 

1. 1HE. ENCLOSED C!RCUIT MEET? THE PROTECT!ON_REOUNOAt\lCY REQUIREMENT BY 
COt-16lNING SIGNALS FROM T>iE HOT ANO COL:) Lt.C. 

2 . .:>QSITION DETECTION FOR HOT LEG ANO COLO ~[G STCJ~ '.'_ALVES IS BY 2 
!NOEPENOENT LIMIT SWITCHES FOR EACH VAL\IE, 1 FOR EACf-' TRAIN. POSITION 
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~100ES l-4. 

J. SlGNALS ARE REQUIREO IN BOTH TRAINS UEF ORE Tl-'£ A( TUA";" fQN IS PERMi TT ED. 
4 .• USS OF SlGNAL TO THE TIME DELr\Y wlLL CAUSE TME TlMER TO RESET TO THE 

8!:.GINN[NG OF THE:. SYCLE. 

5. f LOW DETECTION FOR EACH LOOP IS R•· 2 P~DEPE'iOENT SWITCHES. I FOR EACH rRA!N. 
6. All BISTABLES ON THIS SHEET ARE' ENERGIZE TO ACTl...:ATE". 
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PCV-455C. 
COl·-o TP.OL SWI TC.H (ON MCil) 

i 
OPEN AIJTO fCl-056 

PC.V-455C 
(NOTE o,) 

PORV 
PRESS. RELIEF 

SIGNAL 
(SHEE.T l I} 

(NOTE 1) 

PRESS'JRI ZER 
PRESS. RE U E F 
INTLK SIGNAL 

(SHEE, 6)· 

BLOCK VALVE 
1-800C8 CONTP.OL SWITCH 

(ON MCB) 

OPEN 

BLOCK VALVE 
1-800013 

(NOTE lo} 

WIDE RANG~ 
RCS PRESSURE 

{NOTE 4) 
III 

WIDE RANGE 
RCS TEMPERATURE 

{NOTE 2~5) 

II: II: Il: 

REV. 4 

TRAIN 'El" RCS COLD I 
ovrn?RESSURE Mi'tlGATION I 

ACTUATtON(ONMCEl) I I 
I .,_ - - -i---, 

NOT Full 
OPEN 

MM BLOCK 

(NOTE~} 

j ' - llf ,~1 1® 
L----~---- I 

(NOTE 3) 

NOT~S: 
1. THIS'. SIGNAL IS THE OUTPUT FROM BISTABLE P6-444 6. ELECTRICAL 

ll50ATION JS REQUIRED IN THE TRAIN "6.' SSPS CABINET /N ORDER 
TO NNECT THIS SIGNAL TO THE SAFETY GRADE CIRCUITS. 

2. PR ECTION GRADE WIDE RANGE RCS TEMPERATURE SIGNALS 
FR TRAIN •13• RELATED PROTECTIO"-l SETS. 

3. A .UNC:ATION IN THE MAIN CONTROL P.O.OMJ5 REQUIRED TO BE 
V!SflL£ TO THE OPERATOR AT THE MAIN CONTROL BOARD. 

4. PRgTECTION GRADE WIDE RANGE RCS PRESSURE SIGNAL FROM 
TAll!N •5• RE!.ATEO PROT-ECTIOM SET. 

5. TH~ RCS LOOP AND HOT LEG OR COLO l£G A5516NMENTS FOR THE 
WI E RANGE RCS TEMPERATURE SIGNALS MUST BE.CONSISTENT 
\\iiT THE REQUIREMENTS FOR PAMS. 

6. STA US UGHTS MUST PROVIDED FOR EACH PQRV AND EACH PORV 
Bl CK VALVE. AT THE MAIN CONTROL OOARD TO INDICATE WHEN 
TH VALVE 15 FULLY CLOSED OR FULLY OPEN. 

7. NO E CF THE CIRCUIT5 ON THIS SHEET ARE REDUNDANT. 

FIGURE 7.3-22 
FUNCTIONAL DIAGRAM 
PRESSURIZER PRESSURE 
RELIEF SYSTEM {TRAIN 11 811

) 

BEAVER VALLEY POWER STATION-UNIT 2 
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FIG, 7,3-65 
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CONTROl SWITCH (ON M::8) 

OPEN AU TO (LOSE 

PCV" 45<a 
(NOTE G) 

PCV-4550 
CONTROL SWITCH (ON MCB) 

OPEN AUTO U05E 

PORV 
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(5HEET JI} 
{NOTE 1) 

PAE5SURI zrn 
PRESSURE RELi EF 
INTLI\ SIGNAL 
(SllEET 0) 

BLOCK VALVE 
1-8000A WNTROL SWITCH 

(ON MCB) 

f AUTO OPEN 

BLOCK ""'LVE 
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(NOTE 6) 

BLOCK VALVE 
1-8000C CONTROL SWITCH 

(ONMCB) 

CtDS AUTO OPEN 
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BLOCK VALVE 
1-eoooc 

(/'-OTE <o) 

TRAIN'A'RCS CCLD 
DVERPHESSURE MITIGATI0/,I 

ACTUATION (ON MCB) 

(NOTE 3) 
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RCS TEMPERATURE u,qn:5<,C5J 

1 , rl r, 
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RCS PRESSURE LOW 

(~Tt4) ~-----~ 
I Pl / TB _f 
: ~T) 4138 L----v------

§----~BJ 
40 

0 
---75 

(NOTE 3) 

FIG. 7.3-725 

(NOTE.:l) 

"-IOTES: 
'· THIS SIGNAL IS iHE OUTPUT FROM BISTl\&.E E'fl 445A. ELECTRICAL ISOLATION IS 

REQ!JIREO IN THE TRAIN •A' SSPS CABINET IN OROEA TO CO"INECT Tl-11S ·SIGNAL 
TO THE SAFETY GRADE CIRCUITS. 

2. PROTECTION GRAf)E WIDE RA"IGE RCS TEMPERATURE SIGNALS FROM TRAIN"A" 
RELATED PROTE:lCTION SETS. 

3. MJNUNCIATION IN THE MAIN CONTROL ROOM IS REQUIRED ID BE VISIBLE TO THE 
OPERATOR AT r[HE MAIN 'CONTROL BOARO. 

4. PROTECTION 6R~
0

DE WIDE RANGE RCS PRESSURE SlGNAL FROM TRAIN "A' 
RELATED PROT CTION SET. 

5. rl-!E. RCS LOOP NU H6T LEG OR COLD LEG ASSIC,NMENTS FOR THE WIDE 
R41,j$E RCS TE! MRATLJAE SIGNAL'.t MUST BE CONSISTENT WITH THE 
REQUIREMENTS Ofl PAM5. 

6 STATUS LIGHTS UST · BE PROVIDED FOR EACH PORV ANO EACH R'.lRV BLK. IIALV£ AT TIIE 
MAIN fDNTROL- RO 10 INDICATE WHEN THE W\LVE 15 FULLY CLOSED OR 
Fl.ILLY OPE/J. 

7. NOt-lE OF THE C UITS QI,.! THIS SHEET ARE REDUNDANT 
i 

FIGURE 7. 3-23 
FUNCTIONAL DIAGRAM 
PRESSURIZER PRESSURE 

REV. 4 

RELIEF SYSTEM (TRAlN 11 A11
) 
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SYMBOL 

A 
B ANO 0 
C 

A 
B 0 
C 

A 
B 2/3 0 
C 

A~B 

M 
E C 

, T.D. r►• SEC. 

A~B 
~ V' 

LOG IC FUNCTION OESCR IPT I ON 

AND ALL INPUTS A, B, AND CARE 
REQUIRED BEFORE PROCEEDING 
TOO. 

OR ANY INPUT A, B, OR C IS 
REQUIRED BEFORE PROCEEDING 
TO 0. 

COUNTING ANY TWO INPUTS A, B, OR C 
ARE REQUIRED BEFORE PROCEEDING 
TOD. 

NOT OUTPUT B EXISTS ONLY WHEN 
INPUT A DOES NOT EXIST. 

RETENTIVE MOMENTARY INPUT A CAUSES 
MEMORY CONTINUOUS OUTPUT C 

MOMENTARY INPUT B CANCELS 
OUTPUT C IF INPUT A ABSENT 

TIME CONTINUOUS INPUT A PRODUCES 
DELAY OUTPUT B AFTER DESIGNATED TIME, 

WHEN INPUT IS REMOVED, OUTPUT 
IS LOST ANO TIME DELAY RESET. 

TIME CONTINUOUS INPUT A PRODUCES 
RETENT!OM IMMEDIATE OUTPUT B FOR 

DESIGNATED RETENTION TIME THEN 
OUTPUT B IS ~OST. RESET BY 
REMOVAL OF INPUT. 

SYMBOL LOGIC FUNCTION uESCRIPTlON 

INSTRUMENT 2 - UNIT NUMBER 
SOURCE CWS - SYSTEM CODE 

REFER TO 2BVM-146 
PS - EQUIPIENT IOENT. LOO• 

REFER TO 2BVM-146 

0 27 - UNDERVOLTAGE RELAY 
ELECTRICAL 33 - POSITION SWITCH 
SOURCE ~2 - MAGNETIC STARTER OR CONTACTOR 

~9 - MACHINE THERMAL RELAY 
52 - AC CIRCUIT BREAKER 

52H - CELL SWITCH CONTACT-CHANGES 
STATE WHEN SWITCHGEAR 
CIRCUIT BREAKER JS REMOVED 
FROM OPERATING POSITION. 

( ) 7\ - ALARM RELAY 

CONDITION STATEMENT OF OPERATING STATIJS 

CONTROL DEV ICES 

< > CONTROL CS - CONTROL SWTICH 
ACTION PB - PUSHBUTTON 

SS - SELECTOR SWITCH 

RESULTANT STATEMENT OF FINAL ACTION 

~ ALPHABETICAL REFERENCE 
TO SAME SHEET 

~ NUMERICAL REFERENCE 
TO ANOTHER SHEET 

SYMBOL LOOI C FUNCTION DESCR I PT l ON 

R - RED 

0 G - GREEN 
I MDI CATI NG A - AMBER 
LJGHT W - WHITE 

B - BLUE 
SL - ENGRAVED STATUS LIGHT 

8 A - ANNUNCIATOR 
ALARM SEM - SEQUENCE OF EVENTS INPUT 

& ANNUNCIATOR SYMBOLS NUMBERED 
IN THE LOWER RIGHT CORNER ARE 

COMMON ALARM COM,!ON TO OTHER ANNUNCIATORS 
SIMILAR EQUIPMENT WITH THE SAME NUMBER FOR THAT 

SERIES OF LOGIC DIAGRAMS. 

A COMPUTER 

L - LEVEL 

§ F - FLOW 
INDICATOR OR P - PRESSURE 
RECORDER AMM - AMMETER 

LOCATIONS 
I 

PCP - POST ACCIDENT SAMPLE CONTROL PANEL 
ABP - AUXILIARY BOILER CONTROL M - AT MOTOR 

PANEL I Mkk - ~BOV MOTOR CONTROL CENTER 
At_ - STATION AIR COMPRESSOR Rt - ROD DRIVE M-G SET CONTROL 

PANEL ,; PANEL 
ASP - ALTERNA:fE SHUTDOWN Rtt - SWITCHYARD RELAY HOUSE 

PANEL !l.K - RACK 
Atlf - AUXILIAiY HYDROGEN l - ~160V SWITCHGEAR 

CONTROL 1 PANEL S{!f - SHUTDOWN PANEL 
a - MAIN CONTROL BOARD SP - SAMPLE PANEL ill - BUILDING SERVICE CONTROL ~ - SEC. SYS. SAMP. PANEL 

PANEL ill - SOLID WASTE DISPOSAL 
CFP - CHEMICAL FEED CONTROL CONTROL PANEL 

PANEL !VP - TURBINE ROOM VENT PANEL 
Cf - CHLORINiTION CONTROL !LS: - ~BOV SWITCHGEAR 

PANEL (UNIT 1) VPlf' - VIBRATION MONITORING PANEL 
1!k - WATER CHILLER CONTROL PANEL 

W!if - WASTE NEUTRALIZING CONTROL 
~fA - GAS WASTE CONTROL PANEL 

PANEL A, {B SIM I LAR) fill - RADIATION MONITORING 
ll - CONTAtMMEtlT lNSTRUMtNT CABINET 

AIR COMPRESSOR CONTROL 
PANEL 

L - LOCAL 

~IGURE 7.3-24 
i 

LOGIC DIAGRAM 
DIGITAL SYMBOLS 
BEAVER VALLEY POWER STATION-UNIT 2 
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SYMBOL DESCRIPTION SYMBOL 

-0- PROPORTIONAL 

-G- REVERSE PROPORTIONAL 

-0- INTEGRAL, RESET -0-
---G- OERIVATIVE, RATE 

=L}- ADD OR TOTALIZE 

~ DIFFERENCE 

---G-- AVERAGING 

---0-- MULTIPLYING 

B 
-~r:B-=~~AJj A 

--fiiiC~A T 

C 

-G- DIVIDING -B-
(TYPICAL) 

~ SQUARE ROOT 

-0- EXPONENTIAL 

DESCR t PTt ON 

NON-LINEAR OR 
UNSPECIFIED FUNCTION 

POSITIVE BIAS 

NEGATIVE BIAS 

HIGH SELEC Tl NG 

LOW SELECT I NG 

HIGH LIMIT! NG 

LOW LIMITt NG 

DIG I TAL IN PUT AT UPPER LEFT BLOCK (B~ A) ALLOWS 
INCOMING SIGNAL AT B TO TRANSFER TO A. 
DJ GI TAL I N PUT AT LOWER LEFT BLOCK (C ~A) ALLOWS 
INCOMING SIGHAL ATC TO TRANSFER TO A. 

FOR INPUT/OUTPUT CONVERSION OF 
THE FOLL OWi NG: 
E VOLTAGE 
H HYDRAULIC 
A ANALOG 

TIME FUNCTION 

I CURRENT 
P PNEIMATtc 
D DIGITAL 

RATE Of CHANGE LIMITER 

ADD 

K + J 
(TYPICAL) 

SYMBOL 

H/A 
BIAS 

DESCRIPTION 

HAND - AUTOMATIC 
SELECTOR STATION 

HAND - AUTOMATIC 
SELECTOR STATION 
WITH 81 AS 

HAND - AUTOMATIC 
SELECTOR STATION 
WI TH SET PO I NT 

MAH UAL STAT I ON 

~IGURE 7. 3-25 
LOGIC DIAGRAM 
ANALOG SYMBOLS 
BEAVER VALLEY POWER STATION-UNIT 2 
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I. GUIDE LINES TO LOGIC DIAGRAMS 2. MEDIUM VOLTAGE SWITCHGEAR 

I.I THE PURPOSE OF THE LOGIC DIAGRAMS IS TO RECORD 2, 1 THE FOLLOWING 1S A LISTING OF CONTROLS AND 
AN UNDERSTANDING OF THE CO~TROL AND lNSTRUMENTA- NONlTORING DEVICES WHICH ARE PROVIDED FOR ALL 
TIO~ PROVISIONS FOR THE INDIVIDUAL EQUIPMENT MEDIUM VOLTAGE SWITCHGEAR BUT ARE NOT SHOWN 
COMPONENTS AND SYSTEMS OF THE POWER STATION. ON THE LOGIC DIAGRAMS. 
THEY ARE, HOWEVER, NOT INTENDED TO SUMMARIZE 
MID SPECIFY THE HARDWARE THAT IS REQUIRED. A. WITH THE BREAKER IN TEST POSITION, THE MAIN 
THIS WILL BE SHOWN IN D~TAIL ON FLOW, ELEMENTARY DISCONNECTS ARE OPEN AND BREAKER CONTROL IS 
ANO INSTRUMENT-LOOP DIAGRAMS. AVAILABLE AT THE SWITCHGEAR ONLY. 

1. 2 LOGIC DIAGRAMS AND SYSTEM DESCRIPTIONS_ARE NOT B. WITH THE BREAKER IN THE OPERATE POSITION, 
INTENDED TO REPLACE EQUIPMENT OPERATING THE BREAKER CAN BE OPERATED ONLY REMOTELY, 
INSTRUCTIONS. UNLESS OTHERWISE NOTED. 

I. 3 ALL ALARMS ARE LOCATED IN THE CONTROL ROOM UNLESS C. STATIONARY CONTACTS LOCATED ON THE BREAKER 
OTHERWISE NOTED. STRUCTURE ARE USED FOR INTERLOCKING PURPOSES, 

OPERATION OF THE BREAKER IN THE "TEST" PO-
1.~ THE ELECTRICAL POWER SOURCE FOR CONTROL AHO SITION, OR COMPLETE WITHDRAWAL OF THE BREAKER 

INSTRUMENTATION IS NOTED ON ONE LINE DIAGRAMS, WI LL NOT CAUSE THESE CONTACTS TO CHANGE 
ELECTRICAL ELEMENTARY DIAGRAMS, AND INSTRUMENT- STATUS. 
LOOP DI AG RAMS. 

D, MECHANICAL TRIP SWITCHES AT THE SWITCHGEAR 
1.5 REFER TO LSK-0-lA AND 18 DIGITAL AND ANALOG CAN BE USED TO OPEi THE BREAKER MECHANICALLY, 

SYMBOLS. THIS MAY BE NECESSARY IF 125 V DC CONTROL 
POWER JS LOST AT THE TRIP CIRCUIT. 

1.6 MARK NOS.HAVING AN ASTERISK ANO ELECTRICAL 
OVER COOING INDICATE EQU! PMENT REQUIRED 2,2 OPERATION INDICATING LIGHTS LOCATED ON THE MAIN 
TO FUNCTION DURING OR AFTER AN ACCIDENT. CONTROL BOARD SHOW: 

A. WHITE (NORMAL)- BREAKER OPEN THE MECHANICAL FLOW PATH ANO ELECTRICAL POWER B. RED - BREAKER CLOSED SOURCE AS FOLLOWS: THIS LIGHT ALSO INDICATES {AO) MECHANICAL FLOW PATH A,ELECT; POWER SOURCE THAT POWER IS AVAILABLE AT ORANGE. THE BREAKER TRIP CIRCUIT. (BP) MECHANICAL FLOW PATH B,ELECT.POWER SOURCE c. WHITE (BRIGHT)- BREAKER OPEN (AUTO TRIP PURPLE. CONDITION) (SG) DENOTES SPARE,ELECT,POWER SOURCE GREEN o. NO LIGHTS ON - WITH CONTROL SWITCH IN ffPULL {CAPABLE OF BEING POWERED FROM EITHER TO LOCK~ OR LOSS OF CONTROL PWR EMERGENCY BUS}, OR BREAKER RACKED OUT 
REFER TO 2BVM-12,lNSTRUCTIONS FOR PREPARATION 2.3 MEDIUM VOLTAGE SWITCHGEAR IS TRIPPED FOLLOWING 
OF FLOW DIAGRAMS. A SUSTAINED UNDERVOLTAGE INCIDENT, EXCEPT FOR 

EMERGENCY SWITCHGEAR MOTORS WHICH ARE TRIPPED WILL 
I. 7 WITH REGUARD TO EQUIPMENT CAPABLE OF CONTROL FOLLOW THE EMERGENCY LOAOI NG PROGRAM. 

FROM THE CONTROL ROOM {B) ALTERNATE SHUTDOWN PANEL 
(ASP) OR THE SHUTDOWN PANEL (SOP), IND!CAT I NG 2.ll MEDIUM VOLTAGE SWITCHGEAR WITH AN AUTO START 
LIGHTS ON THE SOP WILL BE ACTUATED FEATURE WILL HAVE A MANUALLY RESET LOCKOUT RELAY, 
ONLY WHEN CONTROL IS AT THE SOP, LOCATED AT THE SWITCHGEAR, OPERATED BY BREAKER 
INDICATING LIGHTS IN THE OVERCURREMT OR GROUND CONDITIONS. 
CONTROL ROOM WILL BE ACTUATED ONLY 
WHEN CONTROL IS AT THE CONTROL ROOM, ANO 
!NDlCAT!NG LIGHTS ON THE ASP W!LL BE ACTUATED ONLY 
WHEN CONTROL IS AT THE ASP. 

3. LOW VOLTAGE SWITCHGEAR 

3. I THE FOLLO~ING IS A LISTING OF CONTROLS AND 
MONITQRING DEV!CES WHICH ARE PROVIDED FOR LOW 
VOLTAGE SWI TCHGUR BUT ARE NOT SHOWN ON THE 
LOGIC DIAGRAMS. 
A, WITH THE BREAKER JN. TEST POSITION, THE MAIN 

DISCONNECTS ~RE OPEN ANp BREAKER CONTROL IS 
AVAILABLE AT THE SWITCHGEAR ONLY. 

B. WITH THE BREAKER IN THE OPERATE POSITION, 
THE BREAKER CAN BE OPERATED ONLY REMOTELY 
UNLESS OTHERWISE NOTED. 

C •. AUXILIARY CONTACTS LOCATED ON THE BREAKER 
MECHANISM ARE USED FOR INTERLOCKING PURPOSES• 
OPERATION OF THE BREAKER IN THE TEST POSITION 
WILL CAUSE THE AUXILIARY CONTACTS TO OPERATE. 
CELL SWITCHES ARE PROVIDED TO PREVENT INAD-
VERTENT OPERATION OF INTERLOCKED EQUIPMENT. 

o. MECHANICAL TRIP SWITCHES AT THE SWITCHGEAR 
CAN BE USED TO OPEN THE BREAKER MECHANICALLY. 

3.2 OPERATION INDICATING LIGHTS SAME AS FOR MEDIUM 
VOLTAGE SWITCHGEAR, PARAGRAPH 2.2, 

3,S LOW VOLTAGE SWITCHGEAR IS TRIPPED FOLLOWING A 
SUSTAINED UNDERVOLTAGE INCIDENT, EXCEPT FOR 
EMERGENCY SWITCHGEAR MOTORS WIIICH WILL FOLLOW 
THE EMERGENCY LOADING PROGRAM, 

3.ij OVERCURRENT PROTECTION WILL REQUIRE MANUAL RESET 
AT THE SWITCHGEAR. 

~- LOW VOLTAGE MOTOR CONTROL CENTER (MCC) MOTORS 

ll.1 LOW VOLTAGE MCC MOTORS, ARRANGED FOR MAINTAINED 
START WILL RESTART WHEN POWER 1S RESTORED 
FOLLOWING AN UNOERVOLTAGE INCIOEMT, 

ll.2 START SIGNAL WILL BE MOMENTARY UNLESS OTHERWISE 
NOTED. 

~-8 THERMAL OVERLOAD PROTECTION TRIPS WILL REQUIRE 
MANUAL RESET AT MCC. 

~-" OPERATION INDICATING LIGHTS SHOW: 

A. GREEN - MAGNETIC STARTER DE-EIIERGIZED 
8. RED - MAGNETIC STARTER ENERGIZED 
c. NO LIGHTS ON - WITH CS IN •PULL TO 

LOCK" OR LOSS OF CONTROL POWER. 

5, MOTOR OPERATEO VALVES 

/ 5.1 UNLESS OTHERWISE NOTED ON THE LOGIC DIAGRAMS, 
ALL MOTOR OPERATED VALVES WILL, ONCE INITIATED, 
GO FULL TRAVEL UNTIL STOPPED IN FULL-OPEN OR 
FULL-CLOSED POSITION. WHEN TORQUE SEATING IS 
REQUIRED, THE LOGIC DIAGRAM WILL SO STATE. 

'5.2 IF ON THE LOGIC DIAGRAMS THROTTLING SERVICE 
IS REQUIRED FOR A VALVE, THE VALVE TRAVEL 
WILL STOP WHEN THE "OPEN" OR "CLOSE" SIGNAL 
IS REMOVED. 

5.3 NORMAL VALVE TRAVEL IS ONLY STOPPED IN All 
INTERMEDIATE POSITION BY MOTOR OVERLOAD OR 
HIGH TORQUE. THE ABOVE CONOITIONS ARE BYPASSED 
WHEN CERTAIN VALVES ARE PERFORMING A 
SAFETY FUNCTION 

5.4 OPERATION IND I CATI NG LIGHTS SHOW: 

A. GREEN - VALVE CLOSED 
B. RED - VALVE OPEN 
C. RED AND GREEN - VALVE IN AN INTERMEDIATE 

POSITION. 
D. NO LIGHTS ON - WITH CS IN "PULL TO 

LOCK" OR LOSS OF CONTROL POWER. 

F_iGURE 7. 3-26 
~OGIC DIAGRAM 
GENERAL NOTES 
BEAVER VALLEY POWER STATION-UNIT 2 
FINAL SAFETY ANALYSIS REPORT 



NOTES: 

MCIOTOR 

SQ~ RT~ 

B 
SQ. RT. 

1, LOGIC FOR LOOP 21 SHOWN, 
LOGIC FO~ LOOl'S 22 00 23 S lM I LAR, 

2. # SY WESTINGHOUSE. 

CONO!TI OM 

FEEOWATER TO STEAM 
GENERATOR 2R~SG21 A 
FLOW 

FEEDWATER TO 5.JEAM 
GENERATOR 2RC~G21A 
FLOW 

2RC~G21A 
\STEAM GENERATOR 

STEAM FLOW 

2RC~G21A 
STEAM GEMER!TOR 
STEAM PRESSURE 

2RC~G2lA 
STE GENERATOR 
STEAM PRESSURE 

2RCS*SG21A 
STEAM GENERATOR 
STEAM PRESSUR 

2RC~G21A 
STEAM GENERATOR 
STEAM FLOW 

STEAM FLOW> 

\, FEEOWATER FLOW 
{CHANNEL 3) 

STEAM FLOW> 
FEEOWATER FLOW 
{CHANNEL 4) 

FEEDWATER FLOW 
) STEAM FLOW 

FEEDWATER FLOW 
.) STEAM FLOW 

F (X) 

CONTROL ACTION 

SS MAINTAINED 
FEED WATER FLOW 

(r-,ANN[L 4 

SS. MAI NT.ll NED) 
FEtD WATER FLCW 

CHANNEL 3 

SS (MAINTAIMED) 
STEAM FLOW 

(HI\NNEL 3 

SS (MA I NTA I NED) 
SfEAIA FLOW 

(HAt\lNEL 4 

A 

LOOP J 
STEAM FLOW) 
FEEOWATER FLOW 

B 

LOOP A 
FEEDWATER FLOW 

SEAM FLOW 

_ _. fl 

W\sEM 
~ 

3. LOGIC fOR 2M5S-P1475F ON LOOP 21 FOR ALTERNATE SHUTDOWN PANEL SHOWN. 
LOG !C FOR 2 M S5 - P!485F ON LOOP 22 FOR ALTERNATE SHUTDOWN PANEL S lM ILAR. 

4. STEAM FLOW>FEE-OWATER FLOW IS A RESULT OF A COMPUTER CALCULATlQN 
BASED ON STEAi.ii FLOW, STEAMLINE PRESSURE, AND FEEOWATER FLOW. 

RESULTANT 

B 

B~ A T 1-A _____ ..,._ ____ -fl,j 2RC*GllA 
STM;GIN,FEEDWATER 

C ~ A FLOW SIGNAL 

C 

RC~G21A 
i-------111 STElM-GENERATOR 

FLOW ERROR SIGNAL 

2RC$621A 
T t-A--------+-------Ai'., STM.uEHERATOll STEA!-! 

,FLOW (PRESS,COMPEN.) 

C 

B 

FIGURE 7. 3-27 
LOGIC DIAGRAM 

REV 7 
MONITOlf 

B 

FIG. 7.3-28 

.B: 

MAIN FEEDWATER CONTROL 
BEAVER VALLEY POWER STATION-UNIT 2 
FINAL SAFETY ANALYSIS REPORT 
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------------------------------------------------------------------···············-----------------------------------------------------------------------············-···----················· ------------ --------------------------··························-·····---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------······--·-··--------------------------------------------"·'. 

A 

B 

C 

D 

E 

No. 10080-LSK-5-48 
1 

SOURCE 

2MSS-
PT446 

(ZBJ 

2MSS-
PT447 

(ZY> 

1 

A 

2FWS-
LT476 

(ABl 

2FWS-
L T477F 

2FWS-
LT475 

(AW) 

2FWS-
LT474 

(AR) 

2FWS-
LS478D 

1 

LSK-5-4A 

# 

10 

C 

C 

2 
MONITOR 

LSK-11-14D 

20 

LSK-5-13F 

21 
LSK-5-13F 

4 LSK-5-4G 

2FWS-
FR478 

B -

2FWS-
LI477 

F 
NOTE 4 

ASP 

4 LSK-5-4G 

4 LSK-5-4G 

C 

2 

2MSS-
PI446 

B -

2MSS-
PI447 

B 

PAM I 

2FWS-
LI476 

(AOl B 

PAM II 

2FWS-
Ll475 

<BP) B -

PAM I 

2FWS-
LI474 

(AO) B 

SEM 

STM GEN A LEVEL 
DEVIATION FROM 
SETPOINT 

B 

3 
CONDITION 

TURBINE FIRST 
STAGE PRESSURE 

TURBINE FIRST 
STAGE PRESSURE 

2RCS-SG21A 
STEAM GENERATOR 
FLOW ERROR SIGNAL 

STEAM GENERATOR 
PROGRAMMED LEVEL 
SETPOINT 

2FWS-L T474 
2FWS-L T475 

2RCS-SG21A 
STEAM GENERATOR 
WATER LEVEL 

2RCS-SG21A 
STEAM GENERATOR 
WATER LEVEL 

2RCS-SG21A 
STEAM GENERATOR 
WATER LEVEL 

2RCS-SG21A 
STEAM GENERATOR 
WATER LEVEL 

STEAM GENERATOR 21A 
LEVEL DEVIATION 
FROM SETPO!NT 

3 

8 

9 

4 5 
CONTROL ACTION 

SS (MAINTAINED) 
TURBINE FIRST STAGE 
PRESS.CHANNEL 3 

B 

SS (MAINTAINED> 
TURBINE FIRST STAGE 
PRESS.CHANNEL 4 

8 NOTE 3 

MEDIAN 
SELECTOR 

MODULE 

F(Yl 

LEAD/LAG 

7 LSK-5-4G 

14 

A/D 

15 

AID 

LSK-5-4G 

16 

A/D 

NOTES: 
I. 
2. 

" BY WESTINGHOUSE. 
LOGIC FOR LOOP 21 SHOWN, 

LSK-5-4G 

LSK-5-4G 

LSK-5-4G 

8 lliJ A 

C .. A 

LOGIC FOR LOOP 22 ANO LOOP 23 SIMILAR. 
3. SWITCH COMMON TO ALL LOOPS. 

B 

A 
T 

C 

K + J 

2/3 

2/3 

6 

STEAM 
GENERATOR 
218 

STEAM 
GENERATOR.,.___ 
21C 

{ F(Xl } 

NOTE 8 

ECP 
03-0483 

K + f 

STEAM 
GENERATOR --
21B 

STEAM s GENERATOR 
21C 

OR 

LSK-5-4G 4. LOGIC FOR 2FWS-LI477F ON LOOP 21 FOR ALTERNATE SHUTDOWN PANEL SHOWN, 
LOGIC FOR 2FWS-Ll487F ON LOOP 22 FOR ALTERNATE SHUTDOWN PANEL SIMILAR. 
DELETED 5. 

6. 
7. 

8. 

DELETED 
ALL ASTERISKS (*lHAVE BEEN REPLACED BY DASHES.REFER TO THE ASSET 
EQUIPMENT LIST (AEL) AS THE OFFICIAL LISTING OF ANY ASSET'S QA CATEGORY. 
F(XlOUTPUT IS CONSTANT SG LEVEL CONTROL SETPOINT EQUAL TO 44% AT ALL 
POWER LEVELS. 

7 

F<Tl 

LEAD/LAG 

H/A 

B ~--~ 

OR 

ARSTEivERGY 

RESULTANT 

STEAM GENERATOR 
PROGRAMMED LEVEL 
SETPOINT 

FEEOWATER VALVE 
CONTROL SIGNAL 

BYPASS FEEDWATER 
VALVE CONTROL 

, SIGNAL 

TRAIN A 
ANY STEAM GEN 
2/3 HI -HI LEVEL 

TRAIN B 
ANY STEAM GENERATOR 
2/3 HI-HI LEVEL 

8 
MONITOR 

2FWS-
LI478 

A 

A 

8 

2 LSK-5-4C 

5 LSK-5-4D 

17 LSK-5-4F 

STM GEN A 
HI-HI LEVEL 
TURBINE TRIP 

B -

SEM 
C 

3 

LSK-5-4C 

FINALIZED FLUID SYSTEM 
FIGURE 7.3-28 UFSAR 

O.M. F"IGURE 24-5B 

BEAVER VALLEY POWER STATION UNIT 2 FENOC NUCLEAR OPERATIN6 COMPANY 
SCALE OATE 11-30-93 ARCH.N>P. FPE: N/A f"INAL APP. LOGIC DIAGRAM 
N/A f"OR ISSU -MAIN FEEDWATER CONTROL DRAWN BY KKR ELECT . .-PP. DIR.EE: 

OfG./CHK RWK FMC I.ECH . .APP. KEH O.F,£, i~~ 100014 A DWG.NO. REV. 
NO. 

ENGR.ICHK BLP TAS Cl\r'IL APP. 1-8-94 ~g-e. 1596 10080-LSK-5-48 15 

4 PREPNIED ON 5 6 7 
e-----------------------------------------------'---------- GAE.DOI 

SYSTEM 23-0CT-2003 11:41 k:\u2\10500406.el3 T HE BtPS 
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SOURCE 

FIG. 7.3-28 
FIG. 7.3 -18@ 

FIG. 7.3-13@ 

FIG. 7.3·10@ 

NOTES: 

CONDITION 

FEEDWATER VALVE 
CONTROL SIGNAL 

TRAIN B 
SAFETY IIIJECTI ON 
SIGNAL 

TRAIN B 
ANY STEUI GENERATOR 
2/3 HI-HI LEVEL 

REACTOR TRIP 
TRAIN B 

J.. LOGIC FOR 2FWSXFCV1178 (-Pl, LOOP 21 SHOWN 
LOGIC FOR 2FWSXFCV1188 {- P ), LOOP 22 AMO 2FWS*FCV498 (-P), LOOP 23 SIM I LAA. 

2. j BY WESTINGHOUSE 

C 

ENERGIZE C~A 

2FW~SV1i78B ( - PI 

MAIM FEEOWATER CONTROL VALVE 

T 

B 

VENT AIR 
TO CLOSE 

RESULTANT MONITOR 

0••ow,r,, ISDLATID~ J::\ 
\...._~ IGNAL TRAIN B _/'---~ FIG. 7.3-30 

2FW.CV1178 (-Pl 
FOw.COIHROL VALVE 
MODULATE 

FIGURE 7.3- 29 
LOGIC DIAGRAM 

ll£ACTtJI TRIP & 
T AVG.OR SI/ 

MUN FEEtWATER 
'--.J-~ i VLV ,CLOSED 

MAIN FEEDWATER CONTROL 
BEAVER VALLEY POWER STATION-UNIT 2 
FINAL SAFETY ANALYSIS REPORT 



SOURCE 

Fl G 7.3-28 

108D993 

FIG. 7.3-29 

NOTE: 

CONDITION 

BYPASS FEEDWATER 
VALVE CONTROL 
SIGNAL 

POWER RANGE 
N EU T RON FL U.X 

FEEDWATER ISOLATION 
SIGNAL TRAIN B 

I. LOGIC FOR 2FW~cv,79 (-P),LOOP 21 SHOWN' 

CONTROL ACT I ON 

PB 
FEEDWATER 
ISLN. RESET 

LOGIC FOR 2FW~FCV~9 (-P),LOOP 22 AND 2FWS*FSV499 I-P),LOOP 23 SIMILAR. 

H/A. 

R M 
E NOT 

NOT 0 M 
AND 

FEEDWATER BYPASS CONTROL VALVES 

C 

A 
T 

B 

PLUGGED 
C 

ENERGIZE C ♦ A 

2FWS•FSV47981 (-P) 
A 

T 

DE-ENERGIZE B-t:11-A 
B 

VEN AIR 
TO CLOSE 

RESULTANT 

2FW-CY~79 1-P) 
FEEOWATER BYPASS 
MODUlATE 

FEEDWATER 
ISOLATION VALVES 
CLOSE SIGNAL 

FIGURE 7. 3-30 
LOGIC DIAGRAM 

MONITOR 

MAIN FEEDWATER CONTROL 

REV 12 

OPEN 

CLOSE: 

FEEDWATER 
BYPASS VALVES 
BLOCK 
~ 

BEAVER VALLEY POWER STATION- UN IT 2 
UPDATED FINAL SAFETY ANALYSIS REPORT 



SOURCE MONITOR 

PAMl 

CONDITION 

2FWS-MOY I SIA 
.NO MOTOR THERMAL 
OYERLOIJ) 

2 RCS* SGZIA 
STEAM GENERATOR 

WATER LEVEL 

2RC91:SG218 
STEAM GENERATCR 

WATER LEVEL 

2.RC Sit SG2I C 
STEAM GENERATOR 

WATER LEVEL 

NOTES: I, LOGIC FOR 2FWS-NOYl511A SHOWN, 
LOGIC FOR 2FWS-NOVl511B ANO C, ANO 
2FWS-NOVl55A, B, ANO C StNlU.R, 

CONTROL ACT I ON 

cs 
2FWS-MOYI SU 
OPEN 

cs 
2FWS-MOY15U 
CLOSE 

FIG.7.3-55 

RE'!ULTANT 

2FWS-NOY1511A 
FEEOWATER VALVE 
OPEN 

2FWS-MOY15U 
FEEDWATER VALVE 
CLOSE 
TORQUE SEAT CLOSE 

STEAM GENERATOR FEED LINE VALVES 

FIGURE 7. 3 - 31 
LOGIC DIAGRAM 

MONITOR 

I 

I 

MAIN FEEDWATER CONTROL 
BEAVER VALLEY POWER STATION-UNIT 2 
FINAL SAFETY ANALYSIS REPORT 



SOURCE MONITOR 

FIG 7.3-2B 

FIG. 7. 3-13 

CONDITIOr1 

HYDRAULIC PUMP 
MOTOR THERMAL 
OVERLOAD 

HYDRAULIC PRESSURE 
HIGH 

2FWS*IIYV 157 A(AO) 
NITROGEN PRESS 
LOW 

2FWS~YV157 B (BO) 
NITROGEN PRESS 
LOW 

2FWS*HYV157C(CO) 
NITROGEN PRESS 
LOW 

FEEDWATER I SO LH I 01 
VALVE CLOSE 
SIGNAL (TRAIN A) 

FEEDWATER ISOLATION 
VALVE CLOSE SIGNAL 
TRAIN A 

TRAIN A 
ANY STEAM GEN. 
2;3 HI ·HI LEVEL 

TRAIN A 
SAFETY INJECTION 
SIGNAL 

NOTES: I, LOGIC FOR 2FWs);tiYVI 57A (AO) SHOWN, 
LOGIC FOR 2FWs¥tiYV157B (BO), AND 
2FW~YVl57C (CO) SIMILAR, 

2. VALVE FAILS AS IS ON LOSS OF POWER, 

CONTROL ACTION 

FD'ITR ISOL TRIP VALVES 
NITROGEN PRESSURE LOW 

B 

cs 
\ 2FWS:li(HYVl57A Vl,,O) 

OPEN 

cs 
2FWS * HYVl5 7A ( AO) 
CLOSE 

a 

-------B 

PB 
FEEOWATER ISOL. 
SIGNAL RESET 

FEEDWATER ISOLATION VALVE 

'---------B 

FEEDWATER ISOL. 
VALVE CLCSE SIGNAL 
TRAIN A 

FEEDWATER ISOL. 
VALVE CLOSE SIGNAL 
TRAIN A 

RESULTANT 

2FWS.l!HYVl57A !AO) 
~----1,1 FEEDWATER ISOL. 

VALVE OPEN 

2 FWS .I! HYVl5 7A ( AO] 
--------Al FEEOWATER ISOL. 

VALVE CLOSE 

FIGURE 7. 3-32 
LOGIC DIAGRAM 

MONITOR 

MAIN FEEDWATER CONTROL 
BEAVER VALLEY POWER STATION-UNIT 2 
FINAL SAFETY ANALYSIS REPORT 



~OURCE COMDITIDN 

2RCS•SG21A STEAM 
GENERATOR WATER LEVEL 
HIGH-HIGH 

FIG. 7.3-28 

2RCS+SG21A STEAM 
A/D GEMERATOR WATER LEVEL 

LOW-LOW 

FIG. 7.3-28 

2RCS•SG2lA STEAM 
GENERATOR WATER LEVEL 

FIG. 7.3-28 
HIGH-HIGH 

A/D 2RCS•SG21A STEAM 
GENERATOR WATER LEVEL 

FIG. 7.3-28 
LOW-LOW 

2RCS•SG21A STEAM 
GENERATOR WATER LEVEL 

FIG. 7.3-28 IGH-HIGH 

A/D 2RCS•SG21A STEAM 
GENERATOR WATER LEVEL 

OW-LOW 

2RCS~G21 A STEAM 
FIG. 7.3-28 AID GENERATOR WATER LEVE 

HIGH 

2RCS1SG2JA STEAM 
FIG.7.3-28 AID GENERATOR Wt.TERLEVEL 

NOTE2 
LOW 

NOTES: 
I, LOGIC FOR STEAM GENERATOR 2RC~G21A WATER LEVEL SHOWN. 

LOGIC FOR STEAM GENERATORS 2RC~G21B AND 2RCSW'SG2IC SIMIL~R, 
2. STEAM GENERATOR LEVEL IS THE RE:.::,ULT OF A COMPUTER CALCULATION•. 

MONITOR 

REV 7 

STEAM GENERA10R A LEVEL 
HIGH/LOW 

B 

FIGURE 7. 3-33 
LOGIC DIAGRAM 
MAIN FEEDWATER CONTROL 
BEAVER VALLEY POWER STATION-UNIT 2 
FINAL SAFETY ANALYSIS REPORT 



.SOURCE MONITOR 
REACTOR TRIP 
DUE TO 

A TIJRB I ME TR IP 
FIG. 7. 3-20 @ Ii 

NIS SOURCE RANGL 
IIIEIITRON FLUX HIGH 

FIG. 7.3-8 @ a REACTOR TRIP 

NIS INTER RANQE 
NEUTROM FLUX HIGH 

REACTOR TRIP 
FIG.7.3-8 I 

3 
HIS 2/~ POWER RANGE 
HIGH SETPOINT NEIITRON 

FIG. 7.3-8 ® I FLUX HIGH REACTOR TRIP 

105 2/q Pl1ftER RANGE 
lOW SETPOINT NEUTRON 

FIG.7.3-8 @) I FLUX HIGH REACTOR TRIP 

NIS 2/q P<M'ER RANGE 
NEUTRON FLUX RATE 

FIG. 7._ 3-8 @) I HIGH REACTOR TRIP 
6 

2 3 LOOPS OYER TEMP 
AT REACTOR TR IP 

7 
FIG.'?3-10@ 

2/3 LOOPS OYERPIMER 
AT REACTOR TRIP 

FIG. 7. 3-10 @ I 

FIG. 7. 3-13@ 

I. TRAIN A SHffl, TRAIN B SINIUIR. 

2- FOR SETPO I IIT I II FORMAT I OIi REFER TO WEST I IIGltOUSE MANUAL - •PRECAUT I OHS, LIMITATIONS, 
AIID SET POIIITS FOR IIUCLEAR STEAM SUPPLY svsnNS•. 

J. MANUAL BLOCK OF TIIIS TRIP IS PROVIDED ABOVE A PRESET PERMISSIVE VALUE (REACTOR POWER > ~.) 
4. AIIIIUIIC I ATORS, A!!D CCINPUTE- I NPUTS CaM«NI T~ BOTH TIA I NS. 

CONDITION 

TURB I :IE TR IP AMO 
REACTOR PWR ) . 49 % 

1/2 SOORCE RANGE HI NTJt. 
FWX UP CCUfTS/SEC. AMO 
REACiOR Nl < 50."lo 

1 2 llflM>. RAIEE HI 
FUJX..a.llREMT ~IV. 10 
25jRII.LPOWER 

2N NM£R RAIEE HI NTJt. 
FLUX HIGH SET POINT ) 
108% Fill PMR 

2N POWER RAMlE HHII 
NBJTROII FLUX I.rt« SET PT. 
>$R.llPOIIER 

2/q POWER RANGE 
HIGH NEUTRON FLUX 
RATE 

2/3 LOOPS 
OYERTENPERATURE AT 

2/3 LOOPS 
OVERPOWER AT 

SAFETY INJECTION 
REACTOi TR1r SIGNAL 

NOTE 3 

NOTE 3 

NOTE 2 

NOTE 2 

NOTE2 

FIGURE 7. 3-34 
LOGIC DIAGRAM 
REACTOR TRIPS 

REV . 10 
MCMlTOR 

F\G.7.3-35 

(97) 

BEAVER VALLEY POWER STATION-UNIT 2 
UPDATED FINAL SAFETY ANALYSIS REPORT 



SOURCE MON I TOR 

FIG. 7.3-34 

,/-! ~FACTOR 
(001 AN1 I OOF' FLOW 

LO- REACTOR TRIP 
FIG. 7. 3-: 10 I 

2 /3 REACTCR COOLMfl 
PtJ'4P LOOP FLOW 
LOlit REACTOR TRIP 

FIG. 7.3-10@ I 
213 REACTOR COOLANl B""'p BUS U"DU FR F.Q. 

[ e:CTOR TR IP 

0 FIG. 7. 3-10@ 

2/S REACTOR COOLA"T 
PU'4P BUS LINDERVOLTAGE 
RE,CTOR TRIP 

FIG. 7. 3-10 @) .k 

P~ESSURIZER PRESSURE 
HIGH REACTOR TRIP 

FIG. 7.3-1 I I 
PRESSURIZER PRESSURE 
L~ REACTOR TRIP 

F IG.7.3-11@ I 

P'CESSURIZER LEVEL 
, HIGH REACTOR TRIP 

A FIG. 7. 3-J 1@ I 

NOTES: 1. TRAIN J. SHOWN·, TRAIN B SIMIU~. 
2. ANMUNCIATORS AND COMPUTE~ INPUTS COt-1140N TO ROTH TRAINS1 
a. THESE TRIPS ARE CONDITIOMED L'Y TIIRBlttE IMPULSE CHAMRER PRESSURF. 

> 1~ LOAD OR 2N REACTOR rolrl~R > 10( ,~EE WESTINGHnusE DR.&WIN~ 
NO ■ 10809Q3 SHEET IJ), 

CONblTION 

REACTOR TRIPS 
FROM LSK .. 1-IJA 

LOW....n.ow ANY LOOP 
2/3 0( T£CTORS 
(POWER) !JO%) 

2/3 LOOPS LOW 
FLOW OR 2/3 RCP 
A PEN 

2/3 UNDER-
FREQUENCY ON 
RCP BUSES AND P7 

2/3 UNDER-
VOLTAGE 
ON RCP BUSES 

2/3 PRESSURIZER 
HIGH PRESSURE 
) 2385 PSIG 

.2/3 PRESSURIZER 
LOW PRESSURE 

· .. ( 1 88 5 PS I G 

2/3 PRESSURIZER 
HIGH WATER L~VEL 
) 92% OF SPAN 

NOTE 3 

NOTE 3 

NOTE 3 

NOTE 3 

N E 3 

2 FlG. 7. 3-36 

FIGURE 7.3-35 
LOGIC DIAGRAM 
REACTOR TRIPS 

REV 12 

BEAVER VALLEY POWER STATION- UN IT 2 
UPDATED Fl NAL SAFETY ANALYSIS REPORT 



SOURCE CONDITION 

"REACTOR TRIPS 
FROM FIG. 7.3-35 

ANY 
~:::.:...::.~~;.__------------1 STEAM GEI\ERATOR 

LOW•LOW WATER LVL. 

TRAIN A 
to--------c REACTOR TRIP 

SIGNALS 

FIGURE 7. 3 - 36 
LOGIC DIAGRAM 
REACTOR TRIPS 

REV12 

BEAVER VALLEY POWER STATION-UNIT 2 
UPDATED FINAL SAFETY ANALYSIS REPORT 



SOURCE 

3 

TRAIN B 
SIMILAR 

NOTES: 

FIG. 7.3-36 

FIG, 7.3-a@ 

CONDITION 

TRAIN A 
REACTOR TR IP 
SIGNALS 

52 BVA 
BREAKER 
OF'ERATE F'OSITION 

52 BYA 
BREAKER 
CLOSED 

s2 ave 
BREUER 
OPE~lTE POSITION 

52 BYB 
BREAKER 
CLOSED 

MANUAL REAClOR 
TRIPS 

TRAIN B 
REACTOR TRIP 
SIGNALS 

CONTROL ACTION 

REACTOR TRIP 
BYPASS BKR A 
OPERATE POSITION/ 

CLOSED 
~ 

CS 2-RTC 
REACTOR TRIP 
11 TRIP 11 

NOTE 3 

REACTOR TR IP 
BYPASS BKR B 
OPERATE POSITION/ 

CLOSED 
§ 

CS 2-RT 
REACTOR TRIP 
11 TRIP" 

1. NORMAL OPERATION IS WITH REACTOR TRIP BREAKERS 52 RTA AND 52 RTB IN SERVICE AND BYPASS BREAKERS 52 BYA AND 52 BYB WITHDRAWN. 

2. THE BYPASS BREAKER INTERLOCK IS OPERATIVE ONLY WHEN BOTH BYPASS BREAKERS ARE IN THE OPERATE POSITION (RACKED IN). 

3. CS 2~RTC IS ABLE TO CLOSE THE BREAKERS AS WELL AS .TRIP TH.EM. CS 2-RT IS ONLY ABLE TO TRIP THE BR.EAK.ERS .. 

NOT 

NOT 

RESULTANT 

52 RTA 
BREAKER 
TRIP 

52 BYB 
BREAKER 
TRIP 

52 BYA 
BREAKER 
TRIP 

52 RTB 
BREAKER 
TRIP 

FIGURE 7. 3-37 
LOGIC DIAGRAM 
REACTOR TRIPS 

REV 12 

FIG,7.3-38 

MANUAL 
REACTOR 

A TRIP FROM 
MAIN 
ONTROL 

BOARD 
B 

FIG,7.3-38 

BEAVER VALLEY POWER STATION-UN IT 2 
UPDATED FINAL SAFETY ANALYS1S REPORT 



•act RESULTANT 

RE.ACTOR. TRIP 

■TUI 

I. IEACTOI TIIP IESULTS II TURIIIE TIIP, FEEDWATER IS0UTIOlf, ANO SAFm 
IIIJECT111 IUET AIO 11.0CI PEINISSIY£. 

FIGURE 7. 3-38 
LOGIC DIAGRAM 
REACTOR TRIPS 
BEAVER VALLEY POWER STATION-UNIT 2 
FINAL SAFETY ANALYSIS REPORT 



SOURCE 

33 

14 

-
FIG. 7.3-44 

35 

I 16 

20 

;; 

27 

-

A 

-

-

B 

C 

1 

6 

13 

11 

CONDITION 
FIG. 7.3-41 DIESEL GENERATOR 

BARRING DEViCE "1 &"2 • DISENGAGED 

FIG. 7.3-42 DIESEL GENERATOR 
ENGINE TROUBLE --RESET AND 

DIESEL GENERATOR -ELECTRICAL PROTECTION -RESET 

FIG. 7.3-44 

FIG. 7.3-45 

1080993 SH. 8. 

FIG. 7.3-40 

FIG. 7.3-41 

FIG. 7.3-43 

FIG. 7.3-43 

DIESEL GENERATOR 
ELECTRICAL PR0 7 ECTION 
RESET 

ACB 2E7 BUS 2AE SUP. 
BKR. TRIPPED AND GEN. 
SYNCH. SW. IN OFF 

SAFETY 
INJECTION SIGNAL 
TRAIN A 

BUS 2AE 
SUSTAINED BUS 
UNDERVOLTAGE 

DIESEL GENERATOR 
EMERGENCY START 
SIGNAL 

DIESEL GENERATOR 
START CIRCUIT "' . 
ENERGIZED 

DIESEL GENERATOR 
START CIRCUIT "2 
ENERGIZED 

DIESEL 
GE\IERATOR 
TEST START 

DIESEL 
GE\IERATOR TRIP 
SIG\IAL 

DIESEL GENERA-OR 
ENGINE SPEED 
HIGH 

DIESEL 
G::NERATOR 
START FAIL~RE 

--
--

-- OR ... '-.. 
~ -

-/ .. DR - '-

• -

.. ... 

--
-/ 
OR 

\. 

OR 

NOTES: 1. LOGIC FOR DIESEL G::\l::RATOR 2EGS•EG2-!I-Oi SHO'WN. 
LOGIC FOR D,ESEL GE\IERATOR 2EGS•EG2-2I-P: SIMILAR 
CO\ITROL AVAILABLE FROM ALT SHU- □ OWN PANAL. 

2. CONTROL AT AL TER\IATE SHUTDOWN PANEL. 
3. ;; Bv WESTI\GHOUSE 
4. KEYLJCKEO, KEY RE'-'IOVABLE 1\1 RE!v1C-E PCJSITION. 

NOT 

EXCEPT \jO 

CONTROL ACTION 

SS IMAINTAINED) 
2EGS•EG2-H-0) 
REMOTE 

-

D 

- --.... 

PB 
2EGS•EG2-l<-Ol 
START 

SS lr-'AINTAINEOl 
2EGS•EG2-1(-0l 
NORMAL 

PB 
2EGS•EG2-ll-OI 
START 

PB 
2EGS•EG2-l(-01 
CONTROL TRANSFER 

PB 
2EGS•EG2-1I-0l 
START 

SS IMAINTAINEJ) 
2EGS•EG2-1I-0l 
REMCTE 

PB 
2EGS•EG2-1:-0l 
CO\ITROL -RANSFER 

2EGS•EG2-1I-0) 
t-'ANUAL RESET 
AT R::LAY 

PB 
2EGS•EG2-11-0l 
CON-ROL TRANSFER 

2E:iS•EG2-!(-0l 
MANUAL RESE-
A- RELAY 

NCTE 4 

.... -
L -

AND· 

--

\OT 

-- / 
OR 

-- I -... 
ASP -

B -

B - ... NC T -
SOP -

SOP -

NOTE 4 

L 

SOP 

L 

0 ASP M 
E 
M 

R 

L 

--
AND --

.... ... --
AND -... 

--... 
.. -

AND .. -• 
--
... -

AND .... -... ... 

ANO 

/ 
OR 

30 

J 

--

AND 

.. -

\JOT 

FIG. 7.3-41 

2EGS•EG2-1:-0I 
CONTROL AT ALT. 
SHUTDOW\I PA\IEL 

--
7 

-
7 

R 

0 

0 

R 

C 

A 

M 
E 
M 

M 
E 
M 

SEM 

iJG AUTO 
START 

B -

SOURCE ( 
IDENTICAL) 

~ NOT 

SOURCE 
IDE\ITICAL 

... ... 

RESULTANT 

DIESEL GENERATOR 
EMERGENCY START 
SIGNAL 

D:ESEL GENERATOR 
START CIRCUIT "2 
DE -ENERGIZED 

DIESEL GENERATOR 
START CIRCUIT "l 
OE-ENERGIZED 

DIESEL GE\IERATOR 
START CIRCUIT "' 
E\IERGIZED 

D:ESEL GE\IERATOR 
START CIRCUIT "2 
ENERGIZED 

2EGS•EG2-!l-0) 

-... A ... 

B 

C 

MONITOR 

.. 4 -
-

• 17 

-- 18 ... 
-

- 2 

3 

REV 12 

FIG. 7 .3-40 
FIG. 7.3-41 
FIG. 7 .3-50 

FIG. 7.3-52 

FIG. 7.3-52 

FIG. 7.3-40 
FIG. 7.3-43 
FIG. 7.3-46 
FIG. 7.3-49 

FIG. 7.3-40 
FIG. 7.3-43 
FIG. 7.3-46 
FIG. 7.3-49 

CC\ITROL AT 
SI--UTDOWN 
PANEL 

'-----~ CONTROL AT SHUTDCW\lt------t--_,, A 

NOTE 2 
PANEL 

B 

B 
ASP 

C 

5 g 

C 
SEM 

FIGURE 7.3-39 
LOGIC DIAGRAM 
EMERGENCY GENERATOR STARTING 
B::AVER VALLEY ~owER STATION - UNIT 2 
L~CATEJ FINAL SAFETY ANALYSIS REPORT 



SOURCE 
FIG. 7 .3-39 

2 

33 

n FIG. 7.3-42 vi--
8 FIG. 7.3-44 

35 1
--

FIG. 7.3-44 
16 

FIG. 7.3-43 
12 

FIG. 7.3-39 
3 

G FIG. 7.3-13 ® 

27 

52 

FIG. 7.3-41 
6 

FIG. 7.3-43 
11 

F:G. 7.3-39 
4 

NOTES: 

CONDITION 
DIESEL GENERATOR 
START CIRCUIT "1 
ENERGIZED 

DIESEL GENERATOR 
BARRING DEVICE "1 &"2 
□ :SENGAGED 

DIESEL GENERATOR 
ENGINE -ROUBLE 
RESET 

DIESEL GENERATOR 
ELECTR:CAL PROTECTION 
RESET 

DIESEL GENERATOR 
ELECTRICAL PROTECTION 
RESET 

DIESEL GENERATOR 
EN3INE SPEED 
LOW 

DIESEL GENERATOR 
START CIRCUIT "2 
ENERGIZED 

SAFETY INJECTION 
SIGNAL 
TRAIN A 

BUS 2AE 
SUSTAINED BUS 
UNCC:RVOLTAGE 

ACB 2E7 4160 VOLT 
BUS 2AE SUPPLY 
BREAKER ,RIPPED 

DIESEL 
GENERATOR TRIP 
SIGNAL 

DIESEL 
GENERA-OR START 
FAILURE 

DIESEL GE~ERATOR 
EMERGENCY STAR-
SIGNAL 

1. LCGIC FOR DIESEL Ct::NERATOR 2t::GS•E32<I-0I SHOWN. 
LOGIC FOR DIESEL GENERATOR 2EGS•EG2-2(-P) SIMILAR. 

2. KEY LCCKED, KEY REMOVABLE IN Rt::MOTE "OSITION. 

ANO 

OR 

OR 

NOT 

NCT 

CONTROL ACTION 

SS (MAINTAINED) 
2EGS•EG 2-1(-0l 
_OCAL 

PB! 
2EGS•EG 2-1(-0l 
START 

OR 

SS IMAINTAiNEOI 
2EGS•EG 2-1I-0I 
REMOTE 

PB 
2EGS•EG 2-1(-0I 
START 

cs 
2EGS•EG 2-1(-01 
EXERCISE 

SS (MAINTAINED) 
2EGS•EG 2-1(-0l 
LOCAL 

NOTE 2 

L 

L 

L -

B -

NOTE 2 

L -

AND 

ANO 

ANO 

CR 

OR 

RESULTANT 

r---------1~ ENERGIZE OPEN 

2E3A•SOV202-1(-0I 

NOT f----.i DE-ENERGIZE CLOSE 

~--------~ ENERGIZE OPEN 

N0 7 

2EGA•SCV2Z2-2I-0I 

1----.i DE-ENERGIZE CLOSE 

DIESEL GENERATOR AIR START SOLENOIDS 

0 
M DIESEL GENERATOR 
E TEST 
M STAR-

R 

FIGURE 7 .3-40 
LOGIC DIAGRAM 

1 

FIG. 7.3-39 
FIG. 7.3-42 

REV 12 

EMERGENCY GENERATOR STARTING 
BEAVER VALLEY POWER STATICN - UNIT 2 
UPDATED FINAL SAFETY ANALYSIS REPORT 



SOURCE MONITOR CONDITION 
DIESEL GENERATOR FIG. 7.3-42 ENGINE TROUBLE 
TRIP 

FIG. 7.3-44 DIESEL GENERATOR 
DG 2-1 ELECTRICAL 
OVER- PROTECTION 
·SPEED 

TilP DIESEL GENERATOR 
OVERS PEED 
TRIP 

SEM 
DG 2-1 LOCAL 

FIG. 7.3-39 

FIG. 7.3-39 

FIG. 7.3-13@ 

PANEL TROUBLE 
I DIESEL GENERATOR 

EMERGENCY START 
SIGNAL 

2EGS*EG2-I (-0) 
CONTROL AT ALT. 
SHUTDOWN PANEL 

SAFETY 
INJECTION SIGNAL 
TRAIN A 

BUS 2AE 
SUSTAINED BUS 
UNDERVOLTAGE 

DIESEL GENERATOR 
BARRING DEVICE #I 
ENGAGED 

DIESEL GENERATOR 
BARRING DEVICE #2 
ENGAGED 

CONTROL ACTION 

PB 
2 EG S ;# EG 2-1 ( -0) 
START 

PB 
2EG5¾EG 2-1 (-0) 
CONTROL TRANSFER 

PB 
2EGS*EG 2-1(-0} 
STOP 

PB 
2EGS*EG 2-1 (-0) 
STOP 

SS (MAINTAINED) 
2EG ~ EG 2-1 ( -0) 
LOCAL 

PB 
2EG~EG 2-1 (-0) 
STOP 

PB 
2EGS*EG2-I (-0) 
STOP 

NOT 

NOT 

NOTE 6 

L 

L ,... 

ASP 

NOT 

NOT 

AND 

AND 

FIG. 7.3-39 
D.G. 2-1 LOCAL 

PANEL TROUBLE 
I § 

NOTES: I. LOGIC FOR DG 2-1 SHUTDOWN SOLENOID 2EGA*SOV201-1(-0) IS SHOWN, 
LOGIC FOR DG 2-2 SHUTDOWN SOLENO l D 2EG~SOV201-2( -P) IS SIM I LAR EXCEPT NO CONTROL FROM ASP. 

2. Loq1c FOR CONTROL FROM THE CONTROL ROOM IS SHOWN. 
LOGIC FOR CONTROL FROM THE SHUTDOWN PANEL IS SIMILAR, 

3. CONTROL FROM THE CONTROL ROOM IS ONLY AVAILABLE WHEN THE CONTROL TRANSFER RELAY HAS BEEN MANUALLY 
RESET, CONTROL FROM THE SHUTDOWN PANEL IS ONLY AVAILABLE WHEN THE CONTROL TRANSFER RELAY IS ACTUATED, 

4. ENERGIZING SHUTDOWN SOLENOID 2EGA~SOV201-1 WILL ADMIT AIR TO THE FUEL RACK BOOST SOURCE CYLINDER 
ISOLATING DIESEL GENERATOR FUEL OIL SUPPLY. 

5. NO CONTROL AVAILABLE FROM ALTERNATE SHUTDOWN PANEL FOR 2EGS*EG2-2 (-P). 
6. KEYLOCKED 1 KEY REMOVABLE IN REMOTE POSITION. 
1. RESET FROM MB SHOWN, RESET FROM SD P AND ASP SIM I LAR. 

AND 

M 
E 

AND M 

NOT 
AND 

T. R, NOT 

RESULTANT 

DIESEL 
GENERATOR TRIP 
SIGNAL 

DIESEL GENERATOR 
NOT TRIP SIGNAL 

RESET 

NOTE 4 

ENERGIZE OPEN 

2EG~SOY201-1(-0) 

NOT DE-ENERGIZE CLOSE 

SHUTDOWN SOLENOI~ 

FIGURE 7.3-41 
LOGIC DIAGRAM 

REV 12 
MONITOR 

FIG. 73-39 
F1G. 7.3-40 
FIG. 7.3-45 
FIG. 7.3-52A 

FIG. 7.3-42 
FIG. 7.3-50 
FIG. 7.3-51 
FIG. 7.3-52 

EMERGENCY GENERATOR-STARTING 
BEAVER VALLEY POWER STATION-UN IT 2 
UPDATED Fr NAL SAFETY ANALYSIS REPORT 



SOURCE MONITOR 

FIG. 7.3-46 

FIG. U-41 

FIU.3-43 

FIG. 1.3-40 

CONOITION 

01 ESEL GENERATOR 
FUEL OIL PRESSURE 
LOI 

DIESEL GENERATOR 
LUBE OIL PRESSURE 
EXTREME LOW 

DIESEL GENERATOR 
TRIP SIGNAL 
RESET 

DIESEL GENERATOR 
ENGINE SPEED 
HIGH 

IESEL GENERATOR 
LUBE OIL PRESSURE 
LOW 

DIESEL GENERATOR 
LUBE OIL PRESSURE 
LOW-LOW 

DIESEL GENERATOR 
LU BE O!L PRESSURE 
EXTREME LOW 

DIESEL GENERATOR 
JACK ET COOL! NG WATER 
TEMPERATURE HIGH 

DIESEL GENERATOR 

T,D, 

LUBE OIL TEMPERATURE 1-----c,i 
HIGH 

DIESEL GENERATOR 
LUBE OIL TEMPERATURE 
HIGH-HIGH 

DI ESE L GENERATOR 
JACKET COOLING WATER 
TEMPERATURE HIGH 

DIESEL GENERATOR 
TEST START 

CONTROL ACTION 

6, ASSOCIATED EQUIPMENT IDENTIFICATION NUMBERS: 

NOTES: 

I. LOGIC FOR DIESEL GENERATOR 2EGS .. EG2-I (-0) ENGINE TRBL. SHOWN 
LOGIC FOR DIESEL GENERATOR 2EGS ¥ E G2-2(-P )ENGINE TRBL. SIMILAR 

2. FOR ADDITION AL RESET PUSHBUTTON I NTE RLOC KS REFER TO LSK-22-6 E 
3.0G 2-1 JACKET COOLING WATER TEMPERATURE HIGH 
4. DG 2-1 FUEL 01 L PRESSURE LOW 
5.DG 2-1 LUBE OIL PRESSURE LOW 

2EG S*EG2-1 ( -0) 2 EGSffi:EG2-2 ( -P) 
2EGOlPS20! -1 (-0) 2EGOjPS202-1 (-P) 
2EGO)Kf'S20I-2!·0l 2EGO~S202-2 (·Pl 
2EGO)KPS20 I -3 (-0) 2 EG01'f!S202-3 (·Pl 
2EGO~PS20l -11 l·Ol 2EGOtPS202-11 (·?) 
2EGF)(.?S202-I !-OJ 2EGF~S202-2 (·Pl 
2EG Q,JS2I0-I (·Ol 2EG:trs2 t 0-2 (-Pl 
2EGSUS2I11-I (-0 l 2EGSllJ"S 2111-2 (-Pl 

NOTE 2 

PB 
2EG~EG2-I ( -0) 
RESET ---------..J 1. 

M 
E 
M 

RESULTANT 

DIESEL GENERATOR 
ENGINE TROUBLE 
RESET 

DIESEL GENERATOR 
ENGINE TROUBLE 
TRIP 

DIESEL GENERA TOR 
JACKET CLNG. ITR. TEMP. 
HIGH 

'FIGURE 7.3- 42 
LOGIC DIAGRAM 

FIG. 7.3 -39 
FIG. 7.3 -40 

FIG. 7.3-41 

EMERGENCY GENERATOR - STARTING 
BEAVER VALLEY POWER STATION-UNIT 2 
FINAL SAFETY ANALYSIS REPORT 



SOURCE COMDITION 

DIESEL GENERATOR 
FIG. 7. 3-39 START CIRCUIT NI T,D. 

ENERGIZED 

DIESEL GENERATOR 
3 FIG. 7. 3-39 START CIRCUIT #2 T.D, 

ENERGIZED 

DIESEL GENERATOR 
START CIRCUIT NI 
LOSS OF CONT, PWR. 

DIESEL GENERATOR 
START CIRCUIT #2 
LOSS OF CONT, PWR. 

DIESEL GENERATOR 
STOPPING CIRCUIT 
LOSS OF CONT. PWR. 

DIESEL GENERATOR 
SHUTDOWN CIRCUIT 
LOSS OF CONT, PWR, 

DIESEL GENERATOR 
EXCITER BREAKER 
LOSS OF CONT, PWR. 

DIESEL GENERATOR 
VOLTAGE REGULATOR 
LOSS OF CONT, PWR. 

DIESEL GENERATOR 
ENGINE SPEED 
HIGH 

DIESEL GEN.JACKET 
CLNG.WTR, PRESS, 
> PRESS,ATHIGH SPEED 

NOTES: 

I, LOGIC FOR DIESEL GENERATOR 2EGS*EG2-1(-0) START FAILURE SHOWN, 
LOGIC FOR DIESEL GtNERATOR 2EGS~EG2-2(-P) START FAILURE SIMILAR. 

2, FOR ADDITIONAL RESET PUSHBUTTON INTERLOCKS REFER TO FIG. 7. 3-42 

AND 

ANO 

3, LOGIC FOR JACKET COOLING WATER TEMPERATURE CONTROL VALVE 2EGS*TCV216-I (-0) SHOWN. 
LOGIC FOR JACKET COOLING WATER TEMPERATURE CONTROL VALVE 2EGS*TCV216-2 (-P) SIMILAR. 

CONTROL ACTION 

NOT 

PB NOTE 2 
2EGS EG2-1 (-0) 
RESET 

.L 

NOT 

~. ASSOCIATED EQUIPMENT IOENTIFICATIOK NUMBERS: 
2EGS EG2-1 -0 2EGS*EG2-2 -P 
2EGS~PSIOOA -0 2EGS*PSIOOB -P 
2EGS*TT216-1(-0) 2EG~TT216-2(-P) 
2EGS~TCV216-1{-0 2EGS;lf(TCV216-2{-P) 
2EGS;,if$0Y218-1{-0 2E~~OV218-2f-P\ 

RESULTANT 
DIESEL GENERATOR 
START FAILURE 
RESET 

DIESEL 
GENERATOR START 
FAILURE 

DIESEL GENERATOR 
ENA HIE SPEED 
< HIGH 

DIESEL GENERATOR 
ENGINE SPEED 
> HIGH 

FIGURE 7.3-43 
LOGIC DIAGRAM 

REV12 

MONITOR 

FIG.7. 3-39 
FIG. 2.3-40 

DG 2-1 GliNERATOR 
START FAILURE 

.L 

DG2-I LOCAL 
PNL TROUBLE 
I 

SEM 

DG 2·1 LOSS OF 
CONTROL POWER 

.L 

FIG. 7. '3-40 

------e0 FIG. 7. 3-39 
FIG. 7.3-42 
FIG.7. 3-45 
FIG. 7. 3-46 
FIG.7.3-47 
FIG. 7. 3-52 
FIG. 7.3-52A 
FIG. 7.3-48 

EMERGENCY GENERATOR-STARTING 
BEAVER VALLEY POWER STATION-UNIT 2 
UPDATED FINAL SAFETY ANALYSIS REPORT 



SOURCE 

32 

46 

40 

76 

64 

FFf-1 

52 

59 

59 

51 
0A 

51 
0B 

51 
0::: 

50 
1-03 

50 
1-03 

50 
1-03 

C 

87 

MONITOR 
SEM 

C 

CONDITION 
DIESEL GEN. 

REVERSE POWER 

DIESEL GENERATOR 
REVERSE 
POWER 

SEM 

C 

SC:M 

C A 

O.G. 2-1 LOSS o= 
FIELD/LOW 
EXCITATION 

A 
B -

SEM 

C 
NOTE 2 

ACB 2E7 
BUS 2AE SL:PPLY 
BREAKER CLOSED 

SEM 

DIESEL GENERATOR 
OVERVOLTAGE 
VOLTS/HERTZ 

DIESEL GENERATOR 
PHASE B TIME 
OVERCURRENT •• 

□ ;ESEL GENERATOR 

DIESEL GENERATOR 
POTENT:AL TRANSF 
BLOWN =us:: 

D'.ESEL GEN PT 
BLOWN FUSE 

B - DIESEL GENERATOR 
EXCITER 
LOSS OF FIELD 

DIESEL GENERATOR 
EXCITER 
OVERCJRRENT 

OIESE_ GENERATOR 
EXCITC:R 
GROUND OVERCURRENT 

DIESEL GENERATOR 
FIELD 
FLASHED 

DIESEL GENERATOR 
OVERVOLTAGE 
VOLTS/HERTZ 

DIESEL GENERA-OR 
PHASE A TIME 
OVERCURRENT •• 

DIESEL GENERATCR 
PHASE C T:ME 
OVERCUR"lENT •• 

T.O. 

AND 

ANO 

AND 

ANO 

INSTANTANTANEOUS PHASE1---------------------------
0VERCURRENT •• 

DIESEL ::3ENERAT □ R 

DIESEL GENERATOR 
INSTANT ANT ANECUS PHASE>--------------- ~f----, 
□ VERCURRC:NT •• 

ANO 
!NSTANTANTANEOUS PHASEl----------------------------91--_J 
OVC:RCJRRENT •• 

SE'-'! 

CIESEL GENERATOR 
GROUND 
CVERCURRE!',T 

•• - OVE"lCURRENT RELAY T"lIP TORQUE CONTROLLED BY 
DISTANCE RELAYS. 

□ IESE_ GENERATOR 
DIFFE"lENTIAL 
OVERCURRENT 

NOTES: 
I. LOGIC FOR DIESEL GENERATOR 2EGS•EG2-:I-O, ELECTRICAL PROTECTICN SHOW/\, 

LOGIC FOR DIESEL GENERATOR 2EGS•EG2-21-Pi ELECTRICAL PROTECTICN SIMILAR. 
2.COMMOI\ COMPU-ER '.NPUT ALSO SHOWN ON LSk-22-6G. 

1 OR 

AND 

2 

OR 

1 

2 

CONTROL ACTION 

MA,NUA_ RESET AT 
RELAY 

MANUAL RESET AT 
RELAY 

OR 

OR 

L 

0 

R 

0 

R 

C 

A 

M 
E 
M 

M 
E 
M 

NOT 

NOT 

SEM 

DIESEL ::3EN.2-1 
EI_ECTRICAL 

FAULT 

B ,.....__..,__....> 

RESULTANT 

DIESEL GENERATOR 
ELECTRICAL 
PROTECTION 

□ :ESEL GENERATOR 
ELECTRICAL PROT. 
RESET 

DIESEL GENE"lATOR 
ELECTRICAL 
PROTECTION 

DIESEL GENERATOR 
ELECTRICAL PROT. 
RESET 

FIGURE 7.3-44 
LOGIC DIAGRAM 

REV 12 

MONITOR 

15 

FIG. 7.3-41 
FIG. 7.3-45 
FIG. 7.3-51 
FIG. 7 .3-52A 

16 

FI::3. 7.3-39 
FI::3. 7.3-40 

34 

FIG. 7.3-41 
FIG. 7.3-45 
FIG. 7.3-51 
FIG. 7.3-52A 

35 

FIG. 7.3-39 
FIG. 7.3-40 

EMERGENCY GENERATOR-STARTING 
BEAVER VALLEY POWER STATION - UNIT 2 
LPDATED F'.NAL SAFETY ANALYS'.S REPORT 



SOURCE CONDITION CONTROL ACTION 

1080993 SH. 3 SAFETY PB 

RESULTANT 

REV 12 

MONITOR 
CQ~TROL AT 
SHUTDOWN PANEL 

INJEC no~ 
SiGNAL. ITRAiN oca 2E10 

TRANSFER 
NOT£ 3 

ACB 2E10 
DIESEL GEN BRKA 
CLOSED 

~-----~SOP 

ACB 2El0 
f-1.ANUAL RESET AT 
RELAY ,._ ______ _.;e, 

cs 

ACS 2£10 ,_ ____________________ _. .. CONTROL AT 

SHUTDOWN PANEL 

ACS 2E7 Bl:S 2AE SUP. 
f------------; SKR TRIPPED ANO GEN. 

S YNC:H SW. IN O'!='F 

0 =:0'"'~·:::,c7 ~ 
52 ------iL-=-t---------l Bl.,S 7--,E '>JC'iMAL SJPPLY f--e----11f-----------------------------j._------

ACB 2El0 
{AFTER TRIP) 

~----~-~~ 

33 

3REAKER TR IPP[O 

--------~ 

D!ESE!... G::!JEPATCP. 2-1 
=";. 0. :'.>RT .. ~D CiSCONf'..FCT 
S".-.'!T'.':.H :'.:LOSED 

0 F[G. 7.3-52A (/ \ 
21 f---------------1 ~gs,~~:~RFR~.D·.JEt-!CY )1-----

\ 0 e[G. 7.3-43 (
~----o_._.:::_.r,~---___ ,--

1
--~--:::·_,:::_,-_.:.:_:-,---iE:::r-_:-,,:::T __ -,..,:::. :::.=._-\ I 

· ,- .~ :3P:':ED ) 

SS iMA!="lTA[\IEOl 
GE\IE~A TON SY~~Gt 
ON 

f-.JOTE 

~------~8 ~ < E~s£E 0 )_s,._ __________________ -1~ _____ I 
~-~--~~--{:]>-------- ACB 2~10 

~NC DIESEL GEN 89K.R 
CLOSE 

~,. I 

0ol f------------1(. AC3 ?E7 
1 l'-': -')'~LRi..:v-•i-:.;E:t-.1 

-------~ 

0f:-OCT·.2.Z~. 13::7 
i· 

15 

( / DIESEL GEf\£RC\TOR 2-1 
cNOE'« •JL H•G': 

BJS 2A::: 

T.O. 

--D-IE_S_E_L_G_EN_E_R_•_T_CR--

1

:-~~~;~: ~~~~j~~s a•-,_1 _______________ ~~--~R-_?':_2-E1_e ________________________ _ 
&CTffiOC~ I 
PROTECTIOt,J ~------~ §_ 

DIESEL c::.MERA ruH ~ 
EL-FCTRICr'.i;_ ( ,..., 1 

PROTECTI•:r·J l A >----,-

('
/ O!ESEL GEhE~<:, TOR 

· TH(::> 
S!GNAL 

N<..HES: l. U)CIC ;:-CR ~j[E'~EL CE,\iERATOR BRE:-'" ER PCB 2EL0 :.HOW~J. 
· :)-,,- F "" D:i:S::i.... =r---~-iU<,:...:,y, 8-!::cE.:.>sE.9 ACB z.c10 SlML .. AR. 

2. 

LiGI::.:" i-CR ;a[B .:::E:J ~L~J ·:=.;.;tJllt-, C.:\J- LSK-22-SO. 
5. CE~,EP,~,T(.::. ::-~t-,CH, ·_.,·:-, =--i r.,~T ;:- .. C·-_1•-., .:;·i S~1 JTJr•,.;\I Pf:,~JE:.... 
5. CLHt-1GN CJi''P..JTES :~,P-.JT f-:j __ ·;c '::,r.c.~·;-.., Ct·, LS:<-22-b;:-. 

ONE CCMP-JTF= :•-;;:;.;: r:7_:r):t·~ 8:)TJ-: r:n..-or::- f\O::::AT;GtL 
8 ... B'r ·.-:~s= 

cs 
ACS 2E10 
,AFTER G:_,lSEl 

T.C. 

ACB 2E10 
OJESEL. GEN BRKR 
T9IP 

i="fG. 7.3-39 

FIGURE 7.3-45 
LOGIC DIAGRAM 

O.G. 2-1 ~CB 2E 10 
AU TC CLOSE/ 
ACTO TRIP 

J.C. 2< LCS'; OF 
;::;ELD/ :...ow 
EXCrT!'HirJN 

EMERGENCY GENERATOR - STARTING 
SE?~'vER \;ALLEY POWER ST4T[0N - Ul\:!T 2 
JPJATEC F!~~-AL SAFETY ANALYSIS R::P:JR:" 



~OURCE 

FIG. 7.3-39 

FIG. U-39 

FIG. 7.3-43 

CONDITION 

2EGS~M2 I A { -0) 
NO MOTOR THERMAL 
OVERLOAD 

DIESEL GENERATOR 
BARRING DEVICE HI 
DISENGAGED 

DIESEL GENERATOR 
BARRING DEVICE #2 
DISENGAGED 

2EGst,-M2 I A(-0) 
MOTOR THERMAL 
OVERLOAD 

2EGFiE--P22A(-O) 
NO MOTOR THERMAL 
OVERLOAD 

DIESEL GENERATOR 
START CIRCUIT Iii 
EltERG l ZED 

DIESEL GENERATOR 
START CIRCUIT #2 
ENERGIZED 

DIESEL GEltERATOR 
FUEL OIL PRESSURE 
LOW 

J ESEL GENERATOR 
ENGINE SPEED 
KIGH 

EGF%::P22A(-O) 
MOTOR TIIERMA L 
OVERLOAD 

T,O, 

NOTES: I, LOG! C FOR BARR I NG DEV I CE MOTOR 2EGSffi-M2 I A (-0) SHOWN, 
LOGIC FOR BARRING DEVICE MOTOR 2EGS;fM21B(-P) SIMILAR, 

2. LOGIC FOR FUEL OIL PUMP 2EGF;)i"cP22A{-O) SKOWN, 
LOGIC FOR FUEL OIL PUMP 2EGF*P22B(-P) SIMILAR, 

CONTROL ACTION 

PB 
2EGS*M2 IA(-O) 
FORWARD ,.__ _____ __, .L 

PB 
2EGS*M21 A{ -0) 
REVERSE 

PS 
2EGS tM2 l Al-OJ 
STOP 

RESULTANT 

2EGSJjEM21 A{-0) 1---------~=:'!!JI BARR I NG DEV I CE MOTOR 
START (FORWARD) 

2EQ~M21A(-O) 
+-----------"!~BARR I NG DEV ICE MOTOR 

START (REVERSE) 

2EGSlll21A(-OJ 
BARR I NG DEVICE II O mR 
_STOP 

MONITOR 

DIESEL GENERATOR BARRING DEVICE MOTOR 

flG. 7.3-42 

T,D, 

SS (MAINTAlltED) 
2EGF:¥_ P22A ( -0) 
IIAND 
---------...J.L 

SS {MA I NTA I NED} 
2EGF*P22A(-O) 
AUTO 

SS {MAINTAINED) 
2EGF*P22A{-O) 3, ASSOCIATED EQUIPMENT IOENTIF!CATION NO'S. OFF 

2EG~EG2H.(-O) 2EGS-1E,EG2-1{-P) '--------/ .L 
2EGS""'cM21A(-O) 2EGS-,ofM21B{-P} 
2EGF)(PS202-I (-0) 2EGAl!IPS202-2 !-Pl 
2EGF*P22A{-O) 2EGF:if-1'22B(-P) 

AMO 

ANO 

'· EG~P22A(-O) 
1--------IF~UEL OIL PUMP 

TART 

EGF;lltP22A(-O} 
,-----~UEL Oil PUMP 

TOP 

.L 

DIESEL GENERATOR AUXILIARY FUEL O;L PUMP 

FIGURE 7.3-46 
LOGIC DIAGRAM 
EMERGENCY GENERATOR-STARTING 
BEAVER VALLEY POWER STATION-UNIT 2 
FINAL SAFETY ANALYSIS REPORT 



CONDITION 
SOURCE 

2EGA*TK21A 
AIR RECEIVER PRESSURE 
LOW 

2EGA*TK21A 
AIR RECEIVER PRESSURE 
HIGH 

2EGA*C21A(-O} 
MOTOR THERMAL 
OVERLOAD 

NOTE 4 2 EGA- E21A 
COOLING AlR FLOI 

0.G. 2-1 LOI 

A 
LOCAL PNL. 

1 1RBL. 
B -

O.G. A IR DRYER 
OE WP0INT WIP. 

HIGH 
l 

FIG 7.3-43 

NOTES: 

2 EGA- 0RY21A 
0EWP0I NT TEMP. 
HIGH 

2 EGA- E21A 
MOTOR THERMAL 
OVERLOAD 

DIESEL GENERATOR 
ENGINE SPEED 
HIGH 

2EGS~P23A -0 
MOTOR THERMAL 
OVER LOAD 

I , LOG IC FOR START A IR COMPRESSOR 2EGA* C2 I A (- 0) SHOWN, 
LOG~ C FOR START A IR COMPRESSOR 2EGA * C2 I B (,. Pl *C22A (-P) 
ANO *C22B ( • PJ SIMILAR. 

2. L:OG IC FOR KEEP WARM PUMP 2EG~P23A(-O) SHOWN, 
LOGIC FOR KEEP WARM PUMP 2EG5?IE:-P23B(-B) AND SPACE HEATERS 
2EGS:1';;H21A{-O)AND H21B(-P) SIMILAR, 

3. ASSOCIATED EQUIPMENT IDENTIFICATION NUMBERS: 
2EGS*EG2-t(-Ol 2EGS;,jE.::EG2-21:d 2EGS*EG2-1 -0 
2EGA*C2 I A (-01 2EGA *C2 I B (-Pl 2EGS*P23A -0 
2EGA*TK21A 2EGfvl!;:-TK21B 2EGS*H21A(-O) 
2EGA * PS201!-0 l 2EGA¼f'S202 H l m A - f2 U 
2EGA *C22.\ (-0) 2EGA *C22B (-P) 2 EGA - fS 20 IA 
2EGA}IE_TK22A 2EGA;;:f TK228 2 EGA - TS204A 
2EGA*PS 203{ - OJ 2EGA*PS20~ (·Pl 

CONTROL ACTlON 
RESULTANT MONITOR 

SS (MAlNT/llNED) AND 
2EGA*C21 t -0) 
HAND 

.L 
2EGA * C2 I A,'( -OJ 

AND AIR Ca.4PRESSOR 
START .L 

SS (MAINTAHfED) 
2EGA*C21A (-0) 
AUTO 

.L 2 EGA- E2 IA : 
ANO 0.G. AFTERCO;OLER 

START 
AND 

2EGA*C2IA ,t-01 
AIR COMPRESSOR 
STOP .L 

SS (MAINTAINED) SOURCE 2 EGA~ 22 A Ii-OJ 
2EGA*C2lA (-0) SIMILAR A!R COMP RES~OR 
OFF .L STOP L 

DIESEL GENERATOR START AIR COMPRESS~? 
2EGA-E21A, 
0.G. AFTERCOPLER 
STOP 

SS (MAINTAINED) 
2EG5-3f:P23A(-O) ANO 
HAND 

2EGS;;fn3A('-O) 
KEEP WARM p,(JMP 
START L 

SS (MAINTAINED) 
2 EG~P23A ( -0) 
AUTO 

2EGS*P23A(-O) 
l-----------------1::,,f KEEP WARM !'µMP 

SS (MAlNTAlNEO) 
2EG~P23A(-O) 
OFF 

.L 

DIESEL GENERATOR JACKET WATER KEEP WARM PUMP 

2EGS*EG2-2 -P 
2EGS*P23B -P) 
2EGS*H2lB(-P) 
2EGA-E2ta 
2EGA - fS2018 
2m - TS2048 

4. LOCAL TOGGl E SWITCH IS H'JVIOEO FOR BYPASS Of 2 EGA· fS20 IA AND - f S 20la FOR 
0 PERATION Of con RESSORS WHEN AIR DRYING EQUIP NE NT IS HOT O PtRAT ING. 

STOP 

Fl~GURE 7. 3 -4 7 
LOGIC DIAGRAM 

.L 

EMERGENCY GENERATOR-STARTING 
BEAVER VALLEY POWER STATION-UNIT 2 
FINAL SAFETY ANALYSIS REPORT 



SOURCE 

FIG. 7.3-43 

CONDITION 

2EGS*E23A(-O) 
MOTOR THERMAL 
OVERLOAD 

2EGS*P23A (-0) 
KEEP WARM PUMP 
STOPPED 

DIESEL 
GENERATOR SPEED 
HIGH 

2EG07"-P23A(-O) 
MOTOR THERMAL 
OVERLOAD 

NOTES, ATER HEATER 2E6-~:(:P) SIMILAR, ( O' SHJWN, 
LOGIC FOR JAC'i: :ATER HEATER 2EGS,fE OJl<P23A(-O) SHOWS. 

I • LOG IC FOR JACK R ARM PRE LUBE PUMP :;:OJl<P238( .p) • 
LOGIC FOR ROCK~R ARM PRE LUBE PUMP 2. LOGIC FOR ROCK 

CONTROL ACT ION 

SS (MA I HTAINED) 
2EGS*E23A(-O,) 
HAND 

SS (MA1NTAIHED) 
2EGS*E23A(-O) 
OFF 

SS (MA!NTA/NEO) 
2EGO*P23A ( -0) 
HAND 

SS (MAINTAINED) 
2EG~P23A ( -0) 
AUTO 

SS (MAINTAINED) 
2EGO*P23A(-O) 
OFF 

RESULTANT 

2EGS)k-E23A(-O) 
WATER HEATER \-------------~ ~IDE-ENERGIZE 

2EGO*P23A{-O) 
PRE LUBE PUMP l----------- - ' Ls_TA_R_T_ 

2EG0~23A{-O) 
PRE LUBE PUMP _______________ - ·- ls:.:,:TO::..P ___ _ 

· E 7 3-48 iflGUR · 

MONITOR 

J. 

1. 

J. 

1. 

iLOGIC DIAGRAM RATOR-STARTING 
-!EMERGENCY GEN;ER STATION-UNIT 2 
REAVER VALLEY :fLYSIS REPORT ,flNAL SAFETY A 
! 



SOURCE CONDITION CONTROL ACT ION 

FIG. 7.3-39 DIESEL GENERATOR 
START C!RC Utl # 1 
ENERGIZED 

.L II 
f IG. 7 .3-39 0lESEL GENERH0R E START CIRCUIT If 2 JI ENERGIZED 

L NOTE 3 
2EG0*P24A{-0l 
MOTOR THERMAL 
OVERLOAD SS (MAINTAINED) 

2EGO~2qA(-O) 
OFF 

.L 
DIESEL GENERATOR PRE LUBE AMD KEEP WARM PUMP 

SS (MAINTAINED) 
2EGffl2qA(-O) 
HAND AND 

.L 

2EGO:;t-P2qA{-O) 
KEEP WARM PUMP 
RUNNING 

SS (MAINTAINED) 
2EG011E::E2qA{-0) 
AUTO 

DIESEL GENERATOR I. 
LUBE OIL TEMPERATURE 
HIGH 

DIESEL 
GENERATOR SPEED 
HIGH AND 

2EGO :f E2qA { -0) 
t«lTOR THERMAL 
OVERLOAD SS (MAINTAINED) 

2EG07'EE.2qA(-O) 
2EGO .j-P2qA(-O) OFF 1, KEEP WARM PUMP 
STOPPED 

DIESEL GENERATOR .PR~ LUBE OIL HEATER 

NOTES: I., LOGIC FOR PRELUBE OIL AND KEEP WARM PUMP 2£G~P2qA{-O) SHOWN., 
LOGIC FOR PREtUBE OIL AND KEEP WARM PUMP 2E~P2ijB{-P) SIMILAR, 

4. ASSOCIATED EQUIPMENT IDENTIFICATION NUMBERS: 
2EG EG2-I -0 2EGS 62-2 -P 

2, LOGIC FOR PRELUBE OIL HEATER 2EGO*E2qA{-O) SHOWN, 
LOGIC FOR PRELUBE OIL HEATER 2EG~2ij8{-P) SIMILAR, 

3. REPRESfffTS SHUNT TRI~ 

2EG~P2qA -0 2EG~2qB -P 
2EG~E2qA{-O) 2EGO)il(;-E2qB(-P) 
2EGS* T H213-I (-0) 2EGS* TKZl!-2 {-Pl 

RESULTANT 

~EGO~2qA(-O) 
.EEP WARM PUMP 
START 

tE&~qA(-0) 
IEEP WARM PUMP 
STOP 

lEG~2qA(-O) 
;RE LUBE OIL HEATER 

NERGIZE 

~EG~2qA(-O) 
PRE LUBE OIL HEATER 
l'E-ENERG I ZE 

FIGURE 7. 3 -49 
LOGIC DIAGRAM 

MONITOR 

.L 

.L 

.L 

b 

EMERGENCY GENERATOR-STARTING 
BEAVER VALLEY POWER STATION-UNIT 2 
FINAL SAFETY ANALYSIS REPORT 



SOURCE 

FIG. 7 . .3-39 

FIG. 7 . .3-41 

CONDITION 

DIESEL GENERATOR 
SPEED 
LOW 

DIESEL GENERATOR 
EMERGENCY START 
SIGNAL 

DIESEL GENERA TOR 
TRIP SIGNAL 
RESET 

_ _.. NOT --

1.---_ __., NOT 1-----.i 

CONTROL ACTION 

cs 
GOVERNOR CONTROL 
RAISE 

cs 
GOVERNOR CONTROL 
RAISE 

RESULTANT 

MANUAL 
AND ~-------..i GOVERNOR CONTROL 

INCREASE ENGINE SPEED 

ANO f---______________ _._ _ __., 

cs 
GOVERNOR CONTROL 
LOWER 

cs 
GOVERNOR CONTROL 
LOWER 

MANUAL 
AND 1---------_,.. GOVERNOR CONTROL 

LOWER ENGINE SPEED 

AUTOMATIC >----------------_...,----------~ GOVERNOR 

cs 
VOLTAGE 
RAISE 

cs 
VOLTAGE 
LOWER 
'--------' ~ 

AND 

CONTROL 

AUTOMATIC 
AND 1------------.i VOLTAGE REGULA TOR 

SETPOINT RAISED 

AU TOMA TIC 
AND f----------_.,. VOLTAGE REGULATOR 

SETPOlNT LOWERED 

nr--------------------------------------------------...iJ AUTOMATIC V l VOLTAGE CONTROL 

NOTES: 

1. LOGIC SHOWN FOR DIESEL GENERATOR 2EGS*DG2-1(-0) SHOYh--J. 
DIESEL GENERA TOR 2EGS-DG2* 2( -P) SIMILAR. FIGURE 7 .3-50 

LOGIC DIAGRAM 

REV 16 

EMERGENCY GENERATOR - STARTING 
BEAVER VALLEY POWER STATIION - UNIT 2 
UPDATED FINAL SAFETY ANALYSIS REPORT 

r\ 
03-MAY-2007 11:27 M:\u2\UFSAR\g7030500.dgn PREPARED ON~~"~/ CAEOO/ 

THE CNSU L-~~~~ SYSTEM 
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SOURCE 

52 1-----------1 

69 1-----------i 

5 FIG. 7.3-41 

CONDmON 

ACB2E7 4161l Vil.I 
BIIS2flES11'Pt.Yllffl(R 
CLOSED 

H.D. GRIil. DISCONfECT 
SW HAN ACCESS. COVER 
CLOSED 

HIJTIR ll'ERA1£11 GIHJ. 
OISCIJtECTSWJTCH 
NOT Fil.LY ti'EN 

ACB2E7 41611 'Ill. T 
BUS2flES11'Pt.Yll1lKR 
TRIPl'EO 

DIESEi. GETERATIR 
TRIPSI-
RESET 

DIESEi. GETERATIR 
ELECTRIC/t. 
ffiDTECTl(ll 

DIE5EI. GENERATIR 
ELECTRICN.. 
PROlECT!ffi 

AC8 'l£/ 4161l 'Ill.! 
BUS 2flE Slfft Y BR11R 
Tllll'PED 

ACS 2Eli 
DIESELGEN.ffl 
Tllll'PED 

I. LOGIC SHOWN FOR DIESEL GENERATOR 2EGS*DG2-lt-Ol SHOWN. 
DIESEL GENERATOR 2EGS*DG2-2t-Pl SIMILAR 

CONTROL ACTION 

PB 
EXCITER FJELD 
FLASH 

RESULTANT MONITOR 

MOTOR OPERATED 1----------------.... GROUND DISCONNECT 1------1 
CLOSED 

MOTOR OPERATED 1-------~ GROUND DISCONNECT 1------1 

DIESEL GENERATOR 
1---..i FIELD FLASH 

ENABLED 

TRIP 

tBEJIATIR 
EJICITER F!Wl 
FLASH 

tBEIIAT!II EXtITEII 
&'IILIM;EREG. 
EllAIUll 1'111'1 

GElEIIITIR EllCIIER '-----------~FnDTlllff'ED 
SS (MAINTAINED> t'IFF'I 
GENERATOR SYNCH l-----
ON 

R 

B 

B 

'------...1a 

SS (MAINTAINED) 
GENERATOR SYNCH 
OFF 

FIGURE 7 .3-51 
LOGIC DIAGRAM 

REV 17 

2. INITIATION OF ISOCHRONOUS DROOP CONTROL PERMITS SLOW LOADING OF DIESEL GENERATOR 
DURING THE EXERCISE MODE OF OPERATION INSTEAD OF THE NORMAL FAST LOAD CAPABILITIES. EMERGENCY GENERATOR - STARTING 

3. REFER TO FIGURE 7.3-44 FOR LOGIC OEVELOPMENT OF OIESEL GENERATOR ELECTRICAL PROTECTION. BEAVER VALLEY POWER STATIION - UNIT 2 
UPDATED FINAL SAFETY ANALYSIS REPORT 

PREPARED ON 'A? C/IEDDI , 28-AUG-2008 13:54 K:\u2\UFSAR\g7030510.dgn THE CNSU L,.."9~~ SYSTEM , 
~---------------------------------------------------------------------------------------------------------------------------------------------------Y------------------------------------------------• 



MON /TOR 

FIG, 7. 3-39 

FIG-7. 3-39 

FIG. 7. 3-41 

FIG. 7. 3-43 

CONDIT ION 
DIESEL GENERATOR 2-1 
RSVRi/1 START AIR PRES;------------~ 
LOW 

DIESEL GENERATOR 2-1 
START CKT Ii I 
DE-ENERGIZED 

DIESEL GENERATOR 2-1 
START CKT 1/2 
DE-ENERGIZED 

DIESEL GENERATOR 2-
RSVR/i2 START AIR PRES1------------B1 
LOW 

n.G.,2-1 JACKET CLNG, 
WTR. .EX PANS I ON TK..LVL. 1---------------------..-c:,r 
LOW 

D,G,2-1 ROCKER ARM 
LUBE OIL LEVEL RSVR. 1---------------------+"'lil 
HIGH 

O,G.,2-1 LUBE OIL 
SUMP LEVEL 
LOW 

DIESEL GENERATOR 2-1 
LUBE OIL TEMPERATURE 
LOW 

O,G.,2-1 JACKET CLNG., 
WATER PRESSURE 
LOW 

DIESEL GENERATOR 
TRIP SJGNAL 
RESET 

DIESEL GENERATOR 
ENG! NE SPEED 
HIGH 

O.,G..2-1 ROCKER ARM 
LUBE OIL PRESSURE 
LOW 

DIESEL GENERATOR 2-►\ 
CRANKCASE PRESSURE 
HIGH 

DIESEL GEK.2-1 LUBE 
OIL SUMP LEVEL 
HIGH 

0 .• G ,2-1 JACKET CLNG • 
WATER TEMPERATURE 
LOW 

T. D .• 

AND 

MONITOR 

D •. G..2-1 LOCAL 
PANEL TROUBLE 

NOTES: 

I.. LOGl'C FOR DIESEL GENERATOR 2-1 SHOWN, 
LOGtC FOR DIESEL GENERATOR 2-2 SI Ml LAR., 

2. ASSOCIATED EQUIPMENT IDENTIFICATION NUMBERS: 

2EGSzlfEG2-1(-0) 2EGS~G2-2(-P) 
2EGA)WS205 -1 (-0 I 2EGA~S205-2 (-Pl 
2EGA):PS206 -11-0J 2EG,UPS206-2 (- P J 
2EG$-LS201-l 2EGS-tS201-2 
2EG Q)1.S2 I 2 -1 (-0) 2EG0l(LS2 I 2 -2 (-Pl 
2EG~S2 I 0-1 ( ·O) 2EG~S 2 10-2 (·Pl 
2E~S2 I 2-l ( ·OJ 2EGO*TS212-2 (-Pl 
2EG~S210-1 f-0) 2EGS~S210-2 (-Pl 
2EGIUIPS2 I I -1 I-OJ 2EGO~S2 I 1-2 {-Pl 
2£DWS2 I 0-f (-0 l 2 EDGf.F'S2 I 0-2 l · P) 
2ml.~s2 ! 1-1 (-0) 2EDG *LS2f 1-2 ( ·P) 
2EGS~S2~-1 (-0} 2 EGS'!'JS20~-2 (-P J 

3, DG 2-1 RECI EVER #I A IR PRESSURE LOW 
4. DG 2,-1 RECIEVER+!=ZAIR PRESSURE LOW 
S, OG 2~1 JACKET CLNG, WTR. EXPANSION TK. LVL, LOW 
6. OG 2-1 ROCKER ARM LUBE Oil RSVR HIGH 
7, DG ~-I LUBE Oil SUMP LEVEL LOW 
8. DG ~I LUBE OIL TEMP. LOW 
9. OG 2'-1 JACKET COOLltJG WATER PRESSURE LOW 

10, OG 2-1 ROCKER ARM LUSE.OIL PRESSURE LOW 
11, 06 ?~) CRANKCASE PRESSURE HIGH 
12, DG 21,r LUBE Oil SUMP LEVEL HIGH 
13, DG 2d JACKET COOLING WATER TEMP, LOW 
14. THIS ALARM IS CUTOUT WHEN LOW SPEED RELAY {LSRJ 

IS E;NERGIZED. 

FIGURE 7 .3-52 
L:OGIC DIAGRAM 
~ MERGEN CY GENERATOR-START I NG 
BEAVER VALLEY POWER STATION-UNIT 2 
F1

1
1NAL SAFETY ANALYSIS REPORT 



SOURCE 

FIG. 7.3-45 

FIG. 7.3·43 

FIG. 7.3-45 

F'IG. 7.:3-44 

FIG. 7.3-44 

FIG. 7.3·41 

Non 3 

NOTES: 

CONDITION 

8\JS2AE 
UNDERFREQ. 

AC82E7 
BUS 2AE NORM.SUPPLY 

BRKR, TRIPPED 

DIESEL GENERATOR 
ENGINE SPEED 
HIGH 

DIESEL GENERATO 
2-1 UNDERVOLTAGE 

01 ESEL GEN.ERA TOR 
EL.ECTRICAL 
PROTECTION 

DIESEL GENERATOR· 
ELECTRICAL 
PROTECTION 

DIESEL GENERATOR 
TRIP 
SIGNAL 

2EDG*P21A(-O) 
MOTOR THERMAL 
OVERLOAD 

1,ONLY MANUAL MODE OF OPERATION IS AVAILABLE FROM 
THE ALTERNATE SHUTDOWN PANEL FOR ACB2EIO 

2 LOGIC FOR ACB2EIO ALSO SHOWN ON LSk-22-66 
3. RELAY CONTACT CLOSES AS ENGINE SPEED INCREASES. 

4. CONTROL FOR 2EDG*P2IA SHOWN. 
CONTROL FOR 2EDG*P21B SIMILAR. 

5. SUPPLIED BY MFG. 

NOT FIG, 7.3-45 

NOT 

CONTROL ACTION 

PB 
AC82EIO 
CONTROL TRANSF 

cs 
ACB2EIO 
CLOSE 

cs 
ACB2EIO 
TRIP 

SS (MAINTAINED) 
2EDG*P21A (·0) 
HAND 

SS (MAINTAINED) 
2EDG*P2IA (-0) 
AUTO 

AND 
---------....,NOTt-----1:.----1 

SS (MAINTAINED) 
2 EOG* P21A (-0) 
OFF 

CRANKCASE VACUUM PUMP 

M 
E 
M 

REV 12 
RESULTANT MONITOR 

ACB2EIO 
CONTROL AT ALT, 
SHUTDOWN PANEL CONTROl AT ALT. 

SHUTDOWN PANEL 

ACB2EIO 
DIESEL GEN. BRKR. 

. CL 

ACBZEIO 
DIESEL GEN. BAKR. 
TRIP 

(BRl&HT) 

2EDG* P21A(-O) 
AND 1--...,,.CRANKCASE VAC. PMP 1----------' L 

START 

2EDG*P2IA 
--Riil CRANKCASE VAC. PMPt--------......t 

STOP --- b 

FIGURE 7. 3 - 52A 
LOGIC DIAGRAM 
EMERGENCY GENERATOR-STARTING 
BEAVER VALLEY POWER STATION-UNIT 2 
UPDATED FINAL SAFETY ANALYSIS REPORT 



SOUR;;E 

FIG. 7.3-13@) 

1..0N,)I i ICIC 

2 OUT OF 3 
STEAM GCHER\TORS 
LOW LOW LEVEL 

SAFETY INJECTION 
UGNAL TRAIN A 

2FWE* P22( S-) 

CONTROL ACTION 

cs 
2Ri=* P2ZA( AO) 
AUTO 

cs 
2FWS-P21A 

~A_FT_ER_S_TA_R_T __ _, g 

DISCHARGE PRESSURE+----~--< 
cs 
2FWS-P21 B 
UTER START 

(NOTE 5) 

LOW 

2FWS-P2IA 
STM.GEN.FEED PUMP 
STOPPED 

2FWS-P21B 
STM.GEH.FEED PUMP 
STOPPED 

ACB 2E7 
BUS 2AE SUP LY. BRKR ,1----91 
CLOSED 

DIESEL LOADING 
SEQUENCE SIGNAL 

2FWE* P23A( AO) 
MOTOR ELECTRICAL 
PROTECTION TRIP 

~160V BUS 2AE 
BUS UNDERVOLTAGE 

AMSAC 
INITIATE AUX FW 

I. # ~ESTINCHOUSE FUNCTIONAL DRAWINGS. 
2. f.CIITROL FROM toNTROL ROOM SHOWN, 

tONTROL FROM SHUT!mWH PANEL SIMILAR. 
3. LOGIC FOR 2FWE * P23A(AQ SHOWN 

LOGIC FOR 2FWE*P23BlBP) SIMILAR 

cs 
2FWE *P23A( AO) 

,.__ST_il_RT ____ _, !! 

PB 
2FIHP23AUO) 
CONTROL TRANSFER 

2 FIE +P23A CAO) 
MANUAL RESET 
AT RELAY 

cs 
2FWE,r;P23A{-AO) 
STOP !. 

MOTOR DRIVEN AUXILIARY FEED PUMP 

4. SEE ADDITIONAL CONTROL OF 2FWE*P23A(AO) ON FIG.7.'.3·56A 

5. DIESEL LOADING SEQUENCE SIGNAL WILL BE RETAINED FOR 5 SECONDS THEN 
BLOCKED UNTIL THE SEQUENCER CYCLE HAS BEEN COMPLETED 

REV.[) (97) 

RESUl.1 ANT MOIIITCR 

2AIE '#- P 23 A( AO) 
STJ.1.GEN.AUX.FO.PIIMP 1---~ 
AUTO START/STOP 

Fl&. 7.3-54 

2FWE~ P23A( AO) 
1--~ .AU)..l:.IARY FEEO PUMP 

START 

2FWUt: P2::t~( AO) 
AUXILIARY FEEO PUMP 1----er 
STOP 

FIGURE 7. 3-53 . 
LOGIC DIAGRAM 

I 

BRIGHT 

STEAM GENERATOR AUXILIARY 
FEED PUMPS & VALVES 
BEAVER VALLEY POWER STATION-UNIT 2 
UPDATED FINAL SAFETY ANALYSIS REPORT 



REV 17 
SOURCE MONITOR CONDITION CONTROL ACTION RESULANT 

2FWE *P23AIAO> 
t-"-="-'-'"'-'=-----➔TM. GEN.AUX.FEED PMP.r--------------------------------------------------+----; ... 

AUTO START /STOP 

2MSS*SOVl05AIAO> t----------1 STM. ADMISSION VALVE 
OPEN 

2MSS*SDVl05DIADI t----------1 STM. ADMISSION VALVE 
OPEN 

2 OUT OF 3 1-....._=-=-=----..._ ___ -I REACTOR COOL. PUMPS 
BUS UN□EAV□L TAGE 

L□-LO LEVEL 

RAIN A STM. ADM. VLV. 
)--"-"""-'"""..._ _____ -I CONTROL AT CONTROL t-------1--

RDOM 

NOTES, 
I. LOGIC FDR 2MSS*SIYll!J5A4AO> ANO 2MSS*SOVlll50(AQl SHOWN 

LOGIC FDR 2MSS*SOVl05Bl8Pl AND 2MSS*SDVl05EIBPl SIMILAR 
LOGIC FDR 2MSS*SDYl05CICOl AND 2MSS*SOVlll5FICPl SIMILAR 

2. OPENING OF BOTH VALVES WILL ADMIT STEAM TD THE TURBINE DRIVE 
OF 2FWE *P221S-l 

AUXILIARY FEED 
PUMP TURBINE 
□VERSPEED 

TURBINE DRIVEN AUX. t------------1 FD. PUMP AUTO START 
SIGNAL 

TURBINE DRIVEN AUX. t------------1 FD. PUMP AUTO START 
SIGNAL 

3. # WESTINGHOUSE FUNCTIONAL DRAWINGS 
4. SUPPLIED BY MFG. 
5. VALVE MUST BE MANUALLY,DPENED ANO LATCHED AT THE PUMP. 
6. FOR VALVES 2MSS*SDVl05A & D □NL Y. 

SS MAINTAINED 
2MSS-SDVl05AIADI 

AUTO 

SS MAINTAINED 
2MSS-S□Vl05AIADI 

OPEN 

SS MAINTAINED 
2MSS-SOV105ACA□ l 

CLOSE !;! 

SS MAINT AINE□ 
2MSS-S0Yllil50CA□l 

AUTO 

SS MAINTAINED 
2MSS-S□Vllil50CA0l 

OPEN 

SS MAINTAINED 
2MSS-S□Vl050(AOl 

'--....;cCL;;c□;.;S.;;;E __ _,, !;! 

A ,_ ______ ._ 

DE-ENERGIZE OPEN NOTE 2 

2MSS-S0Vl05AIADI 

ENERGIZE CLOSE 

ANO 

DE-ENERGIZE OPEN 
NOTE 2 

2MSS-S0Vl050IAOl 

ENERGIZE CLOSE 

...-------, C 

----------------A 
PB 

AUX. FW PUMP 
AUTO /AUTO START STOP 

AUX. FW PUMP 
S TM SUPPLY SDV 
SS IN CLOSE POS 

e 

AUX. FW PUMP 
STM SUPPLY SOV 
SS IN CLOSE PDS 

B 

2FWE *P221S-l >--------.i ENERGIZE TRIP 
'-T-'-R'"IP ____ _.,, R 

NOTE 5 

STM.ml'IEN MIX.FEED l'tH' 
1111P If() TIIJllllNG Wl'IE 

MANUAL 
RESET >--------.iOE-ENERGIZE RESET 

'------..JL 
FIGURE 7.3-54 
LOGIC DIAGRAM 
STEAM GENERATOR AUXILIARY 
FEED PUMPS AND VALVES 
BEAVER VALLEY POWER STATIION - UNIT 2 
UPDATED FINAL SAFETY ANALYSIS REPORT 
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SOURCE MONITOR 

FIG. 7.3-31 

FIG. 7.3-31 

F¥IS 
FIG. 7.3-31 Ll-497 (NOTE 

NOTES: 8 .h 

CONDITION 

2FWE * P22 (S -) TURB. 
0RIVEN FD. PUMP INBD. 
BRG. TEMP. 

2FWE*P23A(AO) 
AUX,FD,PUHP LUBE 
OIL PRESSURE 

2FWE*P2 3B(BP) 
AUX FD PUMP LUBE 

Oil. PRESSURE 

2FWE * P2 2(5-) 
TU RB. DRIVEN FD. PUMP 
LUBE OIL PRESS. 

2RCS*SG21A A-
STEAM GENERATOR 
WATER LEVEL 

2RCS!tSG21C(C-) 
STEAM GENERATOR 
WATER LEVEL 

4) 

L LOGIC FOR 2MSS*SOVIOSA(A0~ ANO 2M55)(-S0Vl05D~O~ SHOWN 
LOGIC FOR 2MSS*SOVIOSB{BP ANO 2MSS*SOVI05E BP. SIMILAR 

. LOGIC FOR 2M S S* SOV I 05C (CO AND 2 MS S * SOV IOSF CP SIM lLAR 
2, OPENING OF BOTH VALVES WILL ADHIT STEAM TO THE TURBINE 

DRIVE OF 2FWEJtP22(S-:) 
3. LOGIC FOR 2 FWE - TEl 22A SHOWN, LOG IC FOR 2 FWE-TEl 2 2B TU RBI NE FEED 

PUMP OUTBOARD TEMPERATURE IS SIM I LAR 
4. LEVEL INDICATORS 2FWS-Ll477B, 487B, AND 4978 ARE LOCATED NEAR 

ASSOCIATED FEEDWATER CONTROL VALVES 

CONTROL ACTION 

SS (MAI NTA l NED) 
2MSS..S0YJ05A(AO) 
OPEN ~ 

SS (Mt. I NTA I NED) 
2MS s~ov 1 0SA~O) 
CLOSE ill 

'PB 1STM ADH vv's 
TRAIN A 
C0Nllt0L TRANSFER fil 

.L 

SS{MA IN TA I NED 

AND 

AND 

t----------t,i,1 DE-ENERGIZE OPEN. 

2NS~~0Y105A(AO) : 

~--------t,11ENERGIZE CLOS~ 

TRAINA STM ADM 
~----------i. vv's CONTROL Al 

CONTROL 1 ROOM 

TURBINE DRIVEN AUX FEED PUMP-SHUTDOWN P,ANEL·C0NTR0L 

MON4TOR 

FIG. 7.3-54 

CONTROL AT 
SHUTDOWN PANEL 
.I! 

2MSS*SOVl05D(AO) \-----------~t----, N OPEN 1----------t,,tDE-ENERGIZE OP~N 

2MS~ SOV 105D(AO) 

SS(MA IN TAI NED) 1---------~ ENERGIZE CLOSE 
2HSS)l(SQVI050(AO) \------------G"'--.1 
CLOSE .sDe 

FIGURE 7. 3-55 
LOGIC DIAGRAM 
STEAM GENERATOR AUXILIARY 
FEED PUMPS AND VALVES 
ijEAVER VALLEY POWER STATION-UNIT 2 
FINAL SAFETY ANALYSIS REPORT 

I 



SOURCE MONITOR 

NOTES, 
I. LOGIC FOR 2FWE•HCVIOOC (AO) SHOWN 

LOGIC FOR 2 FWE * HCVIOOE (AO) SIMILAR. 
2. LOGIC FOR 2 FWE * HC V 100 A (AO) SHOWN 

LOGIC FOR 2 FWE * HCV 100B (BP), 2FWE• HCVIOOD( BP) 
AND 2 FWE •HCVIOOF{ BP) SIMILAR. 

3. ASSOCIATED EQUIPMENT LIST 

CONDITION 

2F WE• HCVIOOA (AO) 
AUX FOWTR.CNTRL, V.V. 
CLOSE 

2RCS*SG21 C( C-) 
MAIN FEED LINE 
PRESSURE 

2RCS x SG2 IC (C-l 
AUX FEED FLOW 

2 FWE * HCV IOOA ( AO} 
AUX. FOWTR. CNTRL. V. V. 
OPEN 

2 FWE * HCVIOOA (AO) 
AUX.FDWTR. CNTRL. V.V. 
CLOSE 

2 RCS II SG2l C(C-l 
AUX FEED FLOW 

2 RCS• SG2 IA 
AUXILIARY FEED 
FLOW 

2 FWE •FT 100 A (AR} 2 FWE•FT 10D B (BR) 2 FWE x FTIOO ( CR} (SHOWN) 

2 FWE * Fl 100 A (AO) 2FWEx FIIOOB ( BO) 2FWE x FIIOOC(CO) 
2 FWE- FIIOOAI 2FWE-FIIOOB! 2FWE- FIIOOCI 

2 FWE • FTIOOAI (AW) 
2FWE * Fl I OOA2 { AP) 
2FWE-FIIOOA3 
2FWE-FRIOO 

2FWE II FT!OOBI { BWJ 
2FWE• FTIOOB2{BP) 
2FWE- F1100B3 
2FWE-FRIOO 

2FWE* FTIOOCI (CW) (SHOWN) 
2FWE * FIIOOC2 ( CP) 
2F WE- FIIOOC3 
2FWE-FRIOO 

4. LOGIC FOR 2FWE-FIIOOAF 
LOGIC FOR 2FWE-FllOOBF 

FOR ALTERNATE SHUTDOWN PANEL SHOWN. 
FOR ALTERNATE SHUTDOWN PANEL SIMILAR. 

CONTROL ACTION 

PB 
2FWE•HCV100C \AO) 
CONTROL TRANSFER 
-------ASP 

2FWE•HCV100C {AO} 
MANUAL RESET 
AT RELAY 

PB 
2 FWE• HCV IOOC \AOl 
CONTROL TRANSFER 

L 

'--------'SOP 

2 FWE•HCV IOOC (AO) 
MANUAL RESET 
AT RELAY 
'-------..-J .!:.. 

PB 
2FWE * HCVIOOA( A(» 
CONTROL TRANSFER ,__ _____ __, SOP 

2 FWE•H CV I OOA ( AOl 
MANUAL RESET 
AT RELAY 

L 

HIC 

'-----'ASP 

HIC 

SOP 

HIC 

-. _ ___, B 

HIC 

RESULTANT MONITOR 

-----i~ B ~ A 

----ljill C---1:!t- A 

---1,.. B--+ A 
T --* c---a,. A 

A 

B 

2FWE*HCVIOOC ( AO) 

MODULATE 

C _: VALVE FAILS AS IS ON LOSS OF480V 
: VALVE FAILS OPEN ON LOSS 
: OF CONTROL POWER 

,._ _ ___,SOP _____ _ 

HIC 

'-----'! 

B 

2FW E*HCVIOOA (AO} 
T t-A----1~ 

C 

MODULATE 

VALVE FAILS AS IS ON LOSS OF 480 V 
VALVE FAILS OPEN ON LDSS OF 
CONTROL POWER 

B 

AUXILIARY FEEDWATER CONTROL VALVES 

FIGURE 7.3-56 
$TEAM GENERATOR AUXILIARY 
FEED PUMPS AND VALVES 
E;IEAVER VALLEY POWER STATION-UNIT 2 
~lNAL SAFETY ANALYSIS REPORT 



SOURCE CONDIT JON 

MOTOR ELECTRICAL 
PROTECTION TRIP 

4160V BUS2AE 
BUS 

UNDERVOLTAGE 

NOTES: 1. SEE ADDITIONAL CONTROL OF 2FWE*P23 {AO) ON FIG. 7.3-53. 

CONTROL ACTION 

PB 
2FWE * P23A(AO) 
CONTROL TRANSFER ASP 

2FWE*P23A(AO) 
MANUAL RESET 

AT RELAY 

cs 
2FWE* P23A (AO) 

'-S_TA_R_T ___ ---' ASP 

cs 
2FWE* P23A {AO) 
STOP ASP 

2. ONLY MANUAL MODE OF OPERATION IS AVAILABLE FROM THE ALTERNATE SHUTDOWN PANEL. 

RESULTANT MONITOR 

2FWE*P23A(A ) 
1------------Hi CONTROL AT ALT. 

MOTOR DRIVEN AUXILIARY FEED PUMP 

SHUTDOWN 'EL CONTROL AT ALTERNATE 
A 

2 
SHUTDOWN PANEL 

.__ ........... 8 

2FWE * P23A ( AO) 
AUX. FEED PUMP 

START 

2FWE * P23A (AO) 
AUX. FEED PUMP 

STOP 

R"IGURE 7. 3-56A 

JoGIC DIAGRAM 
$TEAM GENERATOR AUXIUARY 

iEED PUMPS AND VALVES 
EAVER VALLEY POWER STATION- UNIT 2 
INAL SAFETY ANALYSIS REPORT 



SOURCE COND!TION 

i--:-~=.!.:::..~---------..J MAIN STEAM LINE 
ISOLATION SIGNAL 

CONTROL ACTION 

PB TRAINA 
STEAM Ll NE ISOL. 
MANUAL INIT!ATION 

PB TRAIN A 
STEAM LINE ISOL. 
MANUAL INlTIATlON 

PB TRAINA 
STEAM LINE lSOL. 

""'R..:..:E::.::S:.::.El..:__ ___ _, a 

R~SULTANT 

MA I l STEAM LI NE 
1soµr10N SIGNAL 
TRAjN A 

FIGURE 7.3-57 
LOGIC DIAGRAM 

,MOfrllTOR 

MAIN STEAM LINE TRIP VALVES 
BEAVER VALLEY POWER STATION-UNIT 2 
FINAL SAFETY ANALYSIS REPORT 



SOURCE CONDITION 

STEAM L1NE 
~~~o-llill'-------------1 ISOLAT!ON/SAFETY 

INJECTION BLOCKED 

G FIG. 7.3-12 @) 

FIGURE 7.3- 58 
LOGIC DIAGRAM 
MAIN STEAM LINE TRIP VALVES 
BEAVER VALLEY POWER STATION-UNIT 2 
FINAL SAFETY ANALYSIS REPORT 



SOURCE MONITOR CONDITION 

MSTA 
1,1 

STEAMLINE ISOLATION 1 SIGNAL TRAI~ A 
FIG. 7.3-57 

2MSS •ADV 101A:AO)IAP) 
33 TRIP VALVE NOT FULLY 

OPC:N 

MSTA 
w 

SCURCE 
SI~ILA~ STEAM'_JNE ISOLATION 

TO TRAIN SIGNf'.lL TRAIN B 
A 

33 

MSTA 
w 

2MSS •SO V 101 A-3A:AOI 
MSIV TEST BLOCK Vi'>LVE 
CLOSED 

NOTES: 
1. CONTROL FOR 2MSS•AOV101A:AOJIAP) SHOWN. 

CONTROL FOR 2MSS•AOV 101BIBDl18P) ANO 
2MSS•AOV101C(C0l1CP) SIMILAR. 

2. INPUTS ;:-ROM 2MSS•AOV101A(AOl(AP) SH0 1t!N. 
INPUTS ;:-ROM 2MSS•AOV10,B(BOIIBP) AND 
2MSS•AOV101CICOIICPI SIMILAR. 
COMPUTER POINTS A9E PROVIDED, O~E FOR 
EACH I/ AL VE. 

MONITOR CONTROL ACTION 

cs 
2 MSS •AO V 10 !A( I'> OI 
OPEN 

B -

7 LSK-15-2E 
NOT 

STEAML !NE 
STOP VALVE 
NOT FULLY OPEN/ 
BYPASS VALVE NJT 
FULLY CLOSED 

B cs 
2MSS•AOV101AI ADI -
CLOSE 

8 -

r 
l, 

cs 
2 MS S • AOV 101 A( A Pl 
OPEN 

B -
8 LSK-15-2E 

NCT 

cs 
2MSS •eiOV 10 lAIAPl 
CLOSE 

B -

LSK-15-2E 

11 LSK-!5-2E 

AND 

OR 

OR NOT 

:0 
LSK-15-2E OR 

OR 

5 LSK-15-2E 

2 LSK-15-2E 

12 LSK-15-2E 

3 LSK-15-2E 

OR 

NOT 
AND 

9 

LSK-15-2E OR 

OR 5 LSK-15-2E 

LSK-15-2E 

RESULTANT 

SUPPLY 
AIR 

B 

ENE9GIZE 8 Ill A 
A 2MSS•SOV T 101A-l(ADI 

DE-ENERGIZE C Ill A 

C 
BLCCK 

AIR 

B 

ENERGIZE B .. A 
A 2MSS•SOV T 13 LSK-15-2E 101A-lB(APl 

DE-ENERGIZE C .. A 

C 
BLOCK 

AIR 

FIGURE 7 ,3-59 
LOGIC DIAGRAM 
MAIN STEAM LINE TRIP VALVES 
BEAVER VALLEY ~owE9 STATION - UNIT 2 
UPDATED FINAL Sf'.lFETY ANALYSIS REPORT 

REV 12 



SOIJRCE 

MOHS: 

FIG 7.3-57. 

MONITOR 

ST~LINE STOP VLV. 
NOT FU LL Y OPEN 

BYPASS VLV, 
l(OT FULLY CLOSEO 

\SOURCE SIMILAR TO TRAIN A 

COHO ITI ON 

MAIN Sr'EAM LI NE 
ISOLATION SIGNAL 
TRAIN A 

2MSS * AOY 102A ( AOlAP 
BYPASS TRIP VALVE 
NOT FULLY CLu'iED 

MAIN STEAM LINE 
I SOLA Tl ON SIGNAL 
TRAIN 6 

. 1. BYPASS TR IP ~-ALVE 2MSSjf, AOVI02A( AO)lAP) SHOWN, 
BY t'ASS TR IP VALVES 2MSS* AOV I 02B ( BO)!BPJ AND I02C/CO)ICP) SIMILAR , 

2. TWO SWITCHES ARE PROVDED FOR EACH BYPASS VALVE FOR INDICATION. 

CONTROL ACT! ON 

cs 
2MSS*AOV102A (AO} 
OPEN ~ 

cs 
2Mss¥AOV102A {AO) 
CLOSE 

cs 
2MSS*AOV102A (AP} 
OPEN 

cs 
2MSS*AOVI02A {AP) 
CLOSE 

MAIN STEAM I. INE BYPASS TRIP VALVE 

RESULTAiH HON I TOR 

AIJt-tlT AIR 

8 

~--- ~E~IIT B--{>A 

2MSS*SOV102Al{AO) 
Al 

T 

C>A DE-ENERGIZE c--
C I 

VENT AIR 

B 

ENERGIZE B~A 

2MS~ SOVl02A2( AP) T' 

0 £-ErkRG I ZE C~A 

C 

i'ElfT AIR 

A 2.14SS )lie AOV I 02A( AOW',PI 
BYPASS TRIP VALVE 
EPIERGIZE TO OPEN 

VALVE CLOSES 
ON AIR FAILURE 

FIGURE 7. 3-60 
LOGIC DIAGRAM 

NOTE 2 

MAIN STEAM LINE TRIP VALVES 
I 

B 

a 

SEAVER VALLEY POWER STATION-UNIT 2 
FINAL SAFETY ANALYSIS REPORT 



SOURCE 

NOTES: l, HI-I 
HI-I 

MONITOR 

A/0 

FIG. 7.3-62 

CONTAINMENT PRESSURE {TRAIN A) IS SHOWN, 
CONTAINMENT PRESSURE (TRAIN B) lS SIMILAR. 

2, ANNUNCIATORS, AND COIIPUTER INPUT 
ARE CONNON TO BOTH TRAINS, 

3, REFER TO FIG. 7.3-63ANO 64 FOR CONTAINlitENT ISOLATION 
PHASE A ANO SAFETY INJECTION. 

4. 2LMS-PR950 ALSO SHOWN ON FJG. 7.3-62 

f! 

NOTE 4 
1! 

CONDITION 

CHANtiEL Il 
CONTAINMENT PRESSURE 

CHANNEL ll 
CONT A I MM ENT PRESSURE 1-----+---------~ 
HIGH 

CHANNEL III 
CONTAINHENT PRESSURE 

CHANNEL ill 
CO NT~ I M'-lflH PRES SU RE ,__ __ 
HIGH 

CHANNEL .II 
CONTAINMENT PRESSURE 

CHANNEL Il 
CON TAI kMElH PRESSURE ,__ __ 
HIGH 

RESULTANT 

HI -I CONTAINMENT 
.,__ ___ -.;;:;ii PRESSURE 

TRAIN A 

FIG. 7.3-13@ 

MONITOR 

CONTAIMIIENT PRESS. - HIGH 
REACTOR TRIP ANOS, I, 

FIG.7.3-64 

CONTAINMENT PRESS. 
HIGH/HIGH~IGH 

I 

FIGURE 7.3-61 
LOGIC DIAGRAM- CONTAINMENT 
DEPRESSURIZATION AND ISOLATION 
SIGNAL INITIATION SYSTEM 
eEAVER VALLEY POWER STATION-UNIT 2 
FINAL SAFETY ANALYSIS REPORT 



SOURCE 

A/D 

A/D 

FIG.7.3-61 

A/0 

FIG.U-61 

A/0 

FIG. 1.3 -61 

NOTES: 

MONITOR 

CHANNEL I 
CONTAINMENT PRESS~RE 

CHANNEL I 
CONTAINMENT PRESSURE 
Hl-Hl 

CHANNEL Il 
CONTAINMENT PF~SSURE 
HI-HI 

CHANNEL m 
CONTAIN~ENT PRESSURE 
HI-HI 

CHANNEL II 
CONTAINMENT PRESSURE 
HI-HI 

I. CONTAINMENT ISOLATION PHASE B {TRAIN A) SHOWN, 
CONTAINMENT ISOLATION PHASE B (TRAIN B) SIMILAR, 

2, .~NNUNC1ATOR COMMON TO BOTH TRAINS. 

CONDITION 

CS CONT A 1 NMENT 
ISOL PHASE B 
ACTUATE --------...J' 
CS CONTAINMENT 
lSOL PHASE B 
ACTUATE a 

CS CONTAINMENT 
ISOL PHASE B 
ACTUATE 

CS CONTAINMENT 
ISOL PHASE B 
ACTUATE 

PB CONTAINMENT 
ISOL PHASE B 
RESET 

NOTE:li 
TEST SWITCH 
CHANNEL I 
TEST BYPASS 

NuTE:li 
TEST SWITCH 
CHANNEL II 
TEST BYPASS 

NOTE:li 
TEST SWITCH 
CHANNEL ID 
TEST BYPASS 

NOTE:ll 
TEST SWITCH 
CHAHNEL Il 
TEST BYPASS 

NOTE 3 

NOTE 3 

3, MANUAL ACTUATION CONSISTS OF FOUR MOMENTARY CONTROLS, 
CONTAINMENT ISOLATION PHASE B ACTUATION WILL OCCUR ONLY IF 
T\liO ASSCCIATED CONTROLS ARE OPERATED SIMULTANEOUSLY, 5. CONTAINMENT ISOLATION PHASE B 

q, WH~N TWO CHANNELS ARE TESTED SIMULTANEOUSLY THE TEST 
¥10LATION ANNUNCIATOR IS ACTUATED, 

6. CONTAINMENT PRESSURE HIGH/ HIGH - HIGH 
7. 2 LMS - PR950 ALSO SHOWN ON FIG. 7. 3- 61 

CONTROL ACTION RESULTANT 

COfffA I KMENT 
ISOLATION PHASE B 
TRAIN A 

FIG. 7.3-13@, 

FIGURE 7.3-62 

MONITOR 

LOGIC DIAGRAM- CONTAINMENT 
0EPRESSURIZATION AND ISOLATION 
SIGNAL INITIATION SYSTEM 
BEAVER VALLEY POWER STATION-UNIT 2 
FINAL SAFETY ANALYSIS REPORT 



SOURCE MONITOR 

A/D 

SEM 

C 

A/D 

SL 

B 

AID 

SL 

B 

6 A/D 

SEM 
FIG. 7.3-65 

C 

SL 

B 

7 A/D 

SEM 
FIG. 7.3-65 

C 

SL 

B 

8 A/D 

SEM 
FIG. 7.3-65 

C 

SL 

B 

A/D 

SEM 

C 

SL 

B 

AID 
SEM 

C 

51_ 

B 
A/0 

SEM 

C 

CONDITION 

2RCS•PRE21 
PRESSU°'IIZER 
PRESSURE HIGH 

2RCS•PRE21 
PRESSURIZER 
PRESSURE HIGH 

2RCS•PRE21 
PRESSURIZER 
PRESSURE HIGH 

2RCS•PRC::21 
"RESSURIZER 
"RESSURE LOW 

2RCS•PRC::2'. 
PRESSURIZER 
PRESSURE LOW 

ZRCS•PRC::21 
PRESSURIZER 
PRESSURE LOW 

2C::CS•PRE21 
PRESSLRIZER 
PRESSURE HIGH 

2RCS•PRE21 
PRESSUR:ZER 
PRESSURE HIGH 

2RCS•PRE21 
PRESSURIZER 
PRESSURE HIGf-, 

SEM 

SL · 
B 

213 

SE M t----~ 

C 

SL 

B 

A 

MONITOR 

3 
FIG. 7.3-72B 

NOT 

OR 
A 

2/3 

OR A 

\ICTC:: 7 

CONTROL ACTION 

CS TRA[N A 
PRESSURIZC::R SAF. !NJ. r---..t 
RESET 

B 

CS TRAIN A 
PRC::SSUR:ZER SAF. !NJ.;---
BLOCK 

B 

PRESSURIZER 
PRESSURE 
HIGH/LOW 

B 

PB TRAIN A 
SAFETV !NJ. SYS. 
BLOCK/RC::SET TRANS. 

SOP 

JR 

ANO 

MONITOR 

R 

J 

SL 

0 

M 
E 
M 

NOTE 8 

B 
C 

NOT 

SEM 

RESULTANT 

AND 
2RCS•PRE21 
PRESSU"l!ZER 
PRESSURE LOW 

2RCS•PRE21 
PRESSURIZER 
PRESS. NOT H!GH 

REV 12 

MONITOR 

SL 

C 

1 

5 

NOTE 4 

B 

SEM 

NOTE 5 

FIG. 7.3-5L 

SEM 

=re. 7.3-58 

NOTE 5 

B 

M 
E 
M 

SAFETY IN.:ECTION 
1-----------------.i BLOCK-RESC::T CONTROL 1---------,,.. 

C 

Mi\NUAL RESET 
AT RELAY 

fo.OTES: 

R 

L 

I. CON-ROL AT MAIN BOARD SHOWN. CONTROL AT S-,UTD0 1,iN PANC::L S[MILAR. 
2. LOGIC FOR TRAIN A IS SHOWN. LOGIC "'CR TRA:N B IS SIMILAR. 
3. REDUNDANT MANUAL BLOCK-R:C:SET CONSISTS CF -we MOM:C:NTARY 

CONTROLS AT T-,E CONTRO_ ROC~,ONC:: FOR EACH TRAIN. 

4. PRESSURIZER SAFETY INJECTION BLOCKED. RED IB_OCKI f'.lND GREEN 
IRESC::T: IND. L:GHTS PROVIDED f'.lT SOP. 

5. PRESSURIZC::R L0 1,i FRC::SSURE REACTOR TRIP ANC SAFC::TY IN:ECTION 
5. CONTROL AT SHUTDCWN PANE_ 
7. :NST. FOR PRESSLRIZC::R "RESSURE HIGH REACTOR 'RIP SHOW\I. 

[NST. FCR PRESSURIZER PRESSLRE LOW RC::ACTOR TRIP S:MILAR. 
8. P<l PC::RMISSIVE. 

AT SOP 

2 

FIG. 7.3-58 

FIGURE 7.3-63 
LOGIC DIAGRAM - SAFETY INJECTION 
AND CONTAINMENT ISOLATION PHASE A 
BEAVER VALLC::Y "OWC::R STATIO\I - UNIT 2 
UPD/\TED FINAL SAFETY ANALYSIS RC::PORT 



SOURCE 

NOTE: 

CONDITION 

SAFm INJECTION 
SIGNAL 
TRAIN A 

REACTOR TRIP 
TRAIN A 

STEAM LINE PRESSURE 
LOW 

LOW 
PRESSURIZER 
PRESSURE 

CONTROL ACTION 

T,D, 

PB 
SAFETY INJ. TRAIN A 
RESET 

CONTAINM~NT PRESSURE 
HI-I TRAIN A 

cs 
SAFETY INJECTION 
ACTUATE 

cs 
SAFETY INJECTION 

ACTUATE 

PB CONTAINMENT I SOL: 
PHASC A (TRAIN A) 

RESET 

cs 
CONTAINMENT ISOLATIO 
PHASE A .ACTUATE 

cs 
CONTAINMENT ISOLATIO 
PHASE A ACTUATE 

1. LOGIC FOR TRAIN A 1S SHOWN. 
LOGIC FOR TRAIN B IS SJ MILAR. 

2. MONITOR DEVICES ARE SHOWN ON LOGIC DIAGRAM 27-l2A. 
3, REFER TO LSK-27-15 FOR A SU~MARY OF COMPONENTS ACTUATED BY CIA AND SIS. 
IL S,\FETY INJECTION SIGNAL, 

AUTO SAFETY 
INJECTION BLOCKED 
~ 

MANUAL SAFETY INJECTION 
ACTUATION FROM MAIN 

CONTROL BOARD 

M 

RESU·.rANT MONITOR 

SAFETY 1-e-~--------.,-------1:~ l NJECT I ON SIGNAL 

FIG.7.3-!3(!) 

TRAIN A 

NOTE 3 

SAFETY INJECTION 
REACTOR TR IP 
SIGNAL 

CONTAINMENT 
J-------t,lfl ISOLATION PHASE A 

(TRAIN A) 

NOTE 3 

FIGURE 7.3-64 
LOGIC DIAGRAM - SAFETY 
INJECTION ANO CONTAINMENT 
·ISOLATION PHASE A 
BEAVER VALLEY POWER STATION-UNIT 2 
FINAL SAFETY ANALYSIS REPORT 



SOURCE MONITOR CONDITION 

2RCS-PRE21 
PRESSURIZER 
PRESSURE 

2RCS-PRE21 
AID PRESSURIZER PRESSURE 

LOW 

~ 

2RCS-PRE21 
PRESSURIZER 
PRESSURE 

2RCS-PRE21 
AID PRESSURIZER PRESSURE 

LOW 

~ 

2RCS-PRE21 
PRESSURIZER 
PRESSURE 

AID 

FIG. 7.3- 728 

2RCS-PRE21 
AID PZR.CONTROL PRESS. 

HIGH-HIGH 

~ 2RCS-PRE21 
AID PZR.CONTROL PRESS. 

LOW 

2RCS-PRE21 
A/D PZR.CONTROL PRESS. 

HIGH 

2RCS-PRE21 
PRESSURIZER CONTROL 
PRESSURE 

FIG. 7.3-66 PZR PRESSURE 
2 CONTROL 

SIGNAL 

CONTROL ACTION 

SS !MAINTAINED) 
2RCS-PCV 455DCCO> 
OPEN 

!! 

SS (MAINTAINED> 
2RCS-PCV4550-SW 
NORM 

h 

AND 

SS !MAINTAINED> 
2RCS-PCV455D(COl 
AUTO 

AND 

SS (MAINT AINEOl 
2RCS-PCV455□ -sw 
!SOL 

h 

SS IMAINTAINEDl 
2RCS-PCV455DCCOl 
CLOSE 

~ 

PRESSURIZER POWER RELIEF VALVE 

REV 23 

RESULTANT MONITOR 

PRESSURIZER PRESSURE 
LOW 

!! 

ANO 

ENERGIZE OPEN ~ 
2RCS-PCV455□(COl 

DE-ENERGIZE CLOSE 

FIGURE 7.3-65 
LOGIC DIAGRAM 
PRESSURIZER CONTROL 

~ 

BEAVER VALLEY POWER STATION - UNIT 2 
UPDATED FINAL SAFETY ANALYSIS REPORT 



SOURCE MON I TOR 

B 

SOP 

PZR ~OHTROL 

CONDITION 

2RCS,¥c' PRE21 
PRESSllk°iZER 
PR~SS\JRE 

2RC5*PRE21 
PRESSURIZER 
LEVEL 

2RCS¼ PRE21 
PRESSURIZER 
PRESSURE 

PZR, PRESSURE 
OEYIATION FROM SP 
HIGc, 

PRESS DEY I AT I OK K !GIi/LOW 

CONTROL ACT I CN 

K 

H/A 
K + I SET POINT 

,j 

K 

PRESSURIZER POWER RELIEF VALVE 

H/A 
SET POINT 

B 

H/A 
SET POINT >-.._--&I 
'--.--..J·.8 

8ESULTANT 

2RCSHPCV1155A"-} 
PZR SPRAY VALVE 
MODULATE 

VALVE CLOSES ON AIR FAILURE 

PZR PRESSURE 
CONTROL SIGNAL 

2RC~PCVl'55B{B-) 
PZlf SPliAY VAi.VE 
MODULATE 

Y~LVE CLOSES ON AIR FAILURE 

l«INITOR 

OPEN 
B 

CLOSED 
,a 

OPEN 
B 

CLOSED 
~ 

FIC. 7.3-65 
FIC.7.3-71 

PRESSURIZER SPRAY VALVES 

FIGURE 7. 3-66 
J_OGIC DIAGRAM 
PRESSURIZER CONTROL 
BEAVER VALLEY POWER STATION-UNIT 2 
FINAL SAFETY ANALYSIS REPORT 



SOURC~ MONITOR 

A/0 

A/D 

A{O 

A/0 

A/0 

A/0 

CONDITION 

ZR POWER RELIEF 
DISCHARGE LINE TEMP. 
) AMBIENT + 20F 

PZR SAFETY RELIEF 
DISCH.LINE C TEMP. 
) AMBIENT + 20F 

PZR SAFETY RELIEF 
DI SCH. I: I NE B TEMP. 
) AMB I ENT + 20F 

PZR SAFETY RF.llEF 
OISCH.L1NE A TEMP. 
) AMBIENT+ 20F 

PRESSURIZER SPRAY 
LINE TEMPERATURE 
LCM 

PRESSURIZER SP RAY 
LINE TEMPERATURE 
LOW 

MONITOR 

SEM 
C 

C 

CONTROL ACTION 

PRESSURIZER 
POWER/SAFETY RELIEF 
TROUBLE 

ft 

PRESS UR I ZER 
SURGE/SPRAY LI NE 
TEMP LOW 

ft 

RESULTANT 

FIGURE 7. 3- 67 
LOGIC DIAGRAM 
PRESSURIZER CONTROL 

MONITOR 

BEAVER VALLEY POWER STATION-UNIT 2 
FINAL SAFETY ANALYSIS REPORT 



SOURCE MONITOR 

PAM I 

A/0 

A/0 

A/D 

CONDITION 

2RCS~PRE2 I 
PRESSURIZER 
LEVEL 

2RCS'¥PRE.21 
PRESSURIZER 
LEVEL 

2RCS~RE21 
PRESSURIZER 
LEVEL 

PRESSUR \ZER 
LEVEL HIGH 

PRESSURIZER 
LEVEL HIGH 

PRESSURIZER 
LEVEL HIGH 

CONTROL ACT I ON 

SS (MAINTAIKEO) 
2RCS-L T0ij592 
Il + ill 

SS (MA I NTA I NED) 
2RCS-LTOijS9Z 
I+ II. 8 

SS (MAINTAINED) 
2RCS-LTOij59Z 
I+ III 

SS (MAINTAINED) 
2RCS-LTOij59Y 
I 

8 A 
SS (MAINTAINED) 
2RCS-LTO~S9Y 
TI 

D 
SS (MA INTAI KEO) 
2RCS-LTD'+59Y 
.III 

A 

C~B T B 

A~B 

C 

A 

c--e. B B 
T 

A~B 

C 

A B 

[>C 

e,c T C 

[>C 

D 

A/0 

RESULTANT MON LTOR 

PRESSURIZER 
LEVEL S 1 GNA L 

PRESS UR I Z ER 
CONTROL LEVEL 
HIGH 

PRESSURIZER 
LEVEL 

FIGURE 7. 3-68 
LOGIC DIAGRAM 
PRESSURIZER CONTROL 

~ Fl G.7.3-75 

PZR CONTROL 
LVL HIGH/LOW 

8 

8 

BEAVER VALLEY POWER STATION-UNIT 2 
FINAL SAFETY ANALYSIS REPORT 



,. 
SOURCE MONITOR 

SEM 

PZR. CONTROL LEVEL 
DEVIATION HIGH/LOW 

PZR, CONTROL PRESS. 
DEVIATION HIGH/LOW 

8 

8:....--. --------, 

G\ 
51 ~-------------, 

FIG. 7. 3 -1 3@) 

NOTES: 
I, LOGIC FOR GROUP A HEATERS (TRAIN A) SHOWN, 

LOGIC FOR GROUP B HF.ATER$ (TRAIN B) Sll~ILAR.i 
EXCEPT NO CONTROL IS AVAILABLE t='ROM THt. 
ALTERNATE_SHI ITnOVJN PANEL, 

2 ONE COMPUTER INPUT WILL PROVID.f BOTH ON AND 
OFF INDICATIONS, 

CONDITION 

PZR LEVEL BELOW 
REFERENCE LEVEL 
L0"4 

14160V BUS 2AE 
DIES GEN SUPP BRKR 
OPEN 

PZR PRESS BELO\'/ 
REFERENCE PRESS. 

"" 
PRESSURl7.E~ LEVlL 
A BOVE REF l EVEL 
H IGl'4 

4-SOV BUS 2N 
BUS UNDERVOLTAGE 

ELECTRICAL 
PROTECTION TRIP 

PRESSUR I 7ER 
LEVEL LOW 

PRESSUR17ER 
~EVEL LOW 

SAFETY 
:NJECTION SIGNAL 1 

TRAINA 

COHl kOL ACTION 
PB 
GROUP A HEATERS 
CONTROL TRANSFER 

MANUAL RESET 
AT RELAY 

cs 
2RCP* H2A( ZO) 

ON 

cs 
2RCP* H2A{ZO) 
ON 

cs 
2RCP*H2A(ZO) 
AUTO (AFTER OFF) 

'--------------t~ NOT 

cs 
21\CfM-H2A (ZO) 
AUTO (AFTER ON 

PZR, CONTROL LEVEL 
HIGH IL.OW 

A 3 ~ 

cs 
2RCf*H2A(ZO) 
OFF 

cs 
2RCPk-H2A{ZO) 

3, PRESSURIZER BACKUP HEATER GROUP AUTO OFF 
CLOSE/TRIP, '-----------

4, ONLY THE MANUAL MODE OF OPERATION IS AVAII_ABLE FROM 
,HE SHUTDOWN PANEL 

5 ux;1L F()R PRESSURjZER HEATERS 2RCP-H2A(ZO) ALSO 
SHOWNONFIG,7,~~72C · - · 

AND 

NOT 

~ND 

RESULTAffT 

GROUP A HEATERS 
CONTROL AT SOP 

2RCP*H2A( 20) 
PREiSURIZER HEATERS 
ON 

ANO 

AND 

REV 12 
MON ITJR 

CONTROL AT 
SHUTDOWN 

PANEL 
---.B 

~(DIM) 

! >-:' 2DP 
2RCP*H2A(ZO) 
PRESSURIZER HEATERS I.L.---..-""t::=9' C \NOTE 2 
OFF 

GROUP A PRESSURIZER HEATERS 

FIGURE 7. 3-69 
LOGIC DIAGRAM 
PRESSURIZER CONTROL 
BEAVER VALLEY POWER STATIONw UN IT 2 
UPDATED FINAL SAFETY ANALYStS REPORT 



SOURCE CONDITION 

ll 160V BUS 2AE 
DIES GEH SUPPLY BRKR 
OPEN 

FIG. 7.3-!7 W PRESSURIZER PRESS/ 
LEVEL REFEREKCE 
SIGNAL 

ill60V BUS 2N 
BUS UNDERVOLTAGE 

ELECTRICAL 
PROTECTION TRIP 

FIG. 7.3 -17 W PRESSURIZER LEVEL 
LOI 

FIG. 7.3-13 (!) SAFETY 
INJECTION SIGNAL 
TRAIN A 

GROUP 0 
PRESSURIZER HEATERS 
ON 

NOTES: 

I. LOGIC FOR GROUP D PRESSURIZER HEATERS (TRAIN A) SHOWN. 
LOGIC FOR GROUPE PRESSURIZER HEATERS (TRAIN B) SIMILAR. 

2. ONE COMPUTER INPUT WI LL PROVIDE BUTH HtATER ON AND OFF 
IN!11CATIONS. 

cs 
2RCP*K2D (ZO) 

ON 
.!! 

cs 
2RCP*H2D{ZO) 
AUTO ( AFTER OFF) 

.!! 

cs 
2RCP * H2D{ZO) 
OFF 

~ 

cs 
2RCP* H2D(ZOJ 
(AFTER ON) 

~ 

cs 
2RCP * H2D{ ZO) 

(AFTER OFF) 
'--------J.!! 

CONTROL ACT I ON 

AND 

RESULUNT 1-CN !TOR 

2RC P * H2D (ZOtk PRESSUIIIZER ATERS 
OM 

~ 

2RCP *H2D ZO) 
?RESSlJR IZER '!(EATERS 
OFF 

GROUP D PRESSURllER HEATERS 

FIGURE 7. 3-70 
LOGIC DIAGRAM 
PRESSURIZER CONTROL 

DIM 

!!; 

BRIGHT 
!!; 

PRE~SURIZER 
BACK-UP HTR 
GROUP AUTO 
CLOSE/TR IP 
ft 

BEAVER VALLEY POWER STATION-UNIT 2 
ltlNAL SAFETY ANALYSIS REPORT 



SOURCE JilONITOR 

0 FIG. 7.3-17 ® 

MOTES: 

CONDITION 

1180V 8US 2D 
BUS UNDERYOLTAGE 

ELECTRICAL 
PROTf.CTiON TRJP 

PRESSURIZER LEVEL 
LOW 

PRESSURIZER 
PRESSURE CONTROL 
SIGNAL 

ACB FOR 
GROUP C HEATERS 
OPEN 

PZR CONTROL HEATER 
POWER CONTROLLER 
TROUBLE 

I , S I l I CON CONTROLLED RECT I FI ER { SCR) TO CONTROL POWER 
TO GROUP C PRESSURIZER HEATERS. 

2. II BY WESTINGHOUSE. 

3. ONE COMPUTER INPUT WILL rROYIDE BOTH TRIP AND CLOSE 
IREAKER POSITION !NDlCATIOtlS. 

CONTROL ACTION 

cs 
2RCP-H2C 
ON 

cs 
2RCP-H2C 
OFF 

K 

NOTE I 

cs 
2RCP-H2C 
{AFTER ON) 

PRESSURIZER HEATER§ - CONTROL GROUP 

RESULTANT MONITOR 

ACB FOR GROUP C 
PRESSURIZER HEATERS. 1-__ _. 

CLOSE 

_J:'{:1M 
ACB FOR GROUP C !~ 
PRESSURIZER HEATERS i----
TRIP 

POWER TO 2RCP-H2C 
PRESSURIZER HEATERS 
MODULATE 

FIGURE 7.3 -71 

{BRIGHT) 

PZR, CONTROL 
HEATER GRou, 

TROUBLE 
I 

Lr.OGIC DIAGRAM 
PRESSURIZER CONTROL 
BEAVER VALLEY POWER STATION-UNIT 2 
FINAL SAFETY ANALYSIS REPORT 



SOURCE 

A/D 

A/D 

A/0 

MONITOR CONDITION 
~LR SURGE/SPRAY 

LINE TEt-lP 
A 2 Lgw -P-RE-S-SU-R-IZ-ER-SU-R-GE-

1---+-_.:::==::::....::-'---l LI NE TEMPERATURE 
LOW 

PRESSURIZER 
SURGE LINE 
TEMPERATURE 

PRESSURIZER 
LIOUJD TEMPERATURE 
NIGH 

PRESSURIZER LIQUID 
TEMPERATURE 

PRESSURIZER 
VAPOR TEMPERATURE 
IUGH 

PRESSUtlZER VAPOR 
TEMPERATURE 

PRESSURIZER 
LEVEL 

PZR STM/WTR 
TEMP HIGH 

FIGURE 7.3 -72 
LOGIC DIAGRAM 
PRESSURIZER CONTROL 
BEAVER VALLEY POWER STATION-UNIT 2 
F'NAL SAFETY ANALYSIS REPORT 



SOURCE 

FIG. 7. 3-65 

FIG. 7.~ -65 

CONDITION 

PZR PRESSURE 
IN 2/3 LOOPS 
LOW 

PZR PRESSURE 
IN 2/3 LOOPS 
LOW 

NOTE l,LOGIC FOR 2RCS..MOY53S P) SHOWN · 
Lo,1c FOR 2RCSJtMOV536~) SIMILAR 

2.CONTROL SWITCHES ARE MAINTAINED 
IN THE CLOSE POSITION. 

NOT 

MONITOR 
cs 
2RCS*MOV535~P) 
OPEN 

.B. 
SS (MAINTAINED) 
TRAIN B 
ARM NO 

cs 
2RCSM-MOVS35(AP) 
AUTO .B. 

ANO 

cs 
2RCS*HOV 53S~P) ,_(_NO_T_E_2 _) -----4~ 

CLOSE A 

SS (MAINTAINED) 
TRAIN B 
BLOCK 

2~CS*MOV537(Cd) J.--------BI 
OPEN .i 

.----111JitNOTl-----======~----1~--, 

cs 
2RCS*MOV537(CO) 
AUTO .I. 

cs . 
2RCSM-MOV S3 7(CO) ,_(_N_O_T _E _2_) __ -----i~ 

CLOSE 

CONTROL ACTION MONITOR 

2RC5*HOV53S(AP) 
ANO PZR,REL.ISOLATION 

OPEN 

2RC~MOV53S(AP) 
ANDt------i1111PZR, REL.ISOLATION a-------~~ 

CLOSE 

PRESSURIZER RE.LIEF ISOLATION VALVE . 

2RCSMMOV537 CO 
NO t----~ PZR.REL.ISOlATION ..,_ _____ __,:llJII 

OPEN 

2RCSM MOV537(CO) 
~• PZR REL ISOLATION ~------GIIC 

CLOSE 

No..--

FIGURE 7. 3- 72A 
LOGIC DIAGRAM 
PRESSURIZER CONTROL 

I 

I 

i. 

REV12 

BEAVER VALLEY POWER STATION - UNIT 2 
UPDATED FINAL SAFETY ANALYSIS REPORT 



SOURCE 

FIG. 7,3-23 

FIG, 7,3-65 

FIG, 7,3-65 

NOTES: 
1. LOGIC FOR 2RCS-PCV456<B01 SHOWN. 

LOGIC FOR 2RCS-PCV455CCAPI SIMILAR EXCEPT NO 

CONDITION 

WIDE RANGE 
REACTOR COOLANT SYS. 
PRESSURE HIGH 

PZR,PRESSURE 
IN 2/3 LOOPS 
LOW 

2RCS-PRE21 
PZR CONTROL PRESS. 
HIGH-HIGH 

CONTROL IS AVAILABLE FROM THE ALTERNATE SHUTDOWN PANEL. 
2. ONLY MANUAL MODE OF OPERATION IS AVA[LABLE FROM THE 

ALTERNATE SHUTDOWN PANEL. 
3. ~ BY WESTINGHOUSE, 

MONITOR CONTROL ACTION 

< 
SS <MAINTAINEOJ ) 
2RCS-PCV456-SW 
NORM 

_____________, 

SS <MAINTAINED! 
2RCS-PCV456CBOl 
OPEN 

SS CMAINTAINEOJ 
TRAIN A 
ARM 

SS CMAINTAINEOJ 
2RCS-PCV456CBOJ 
AUTO 

SS CMAINTAINEOJ 
2RCS-PCV456CBOJ 
OPEN 

SS CMA!NTAINEOJ 
2RCS-PCV456CBOI 
CLOSE 

SS <MAINTAINE □l 
2RCS-PCV456-SW 
!SOL 

SS CMAINTAINEOJ 
TRAIN A 
BLOCK 

SS CMAINTAINEDl 
2RCS-PCV456CBOJ 
CLOSE 

2RCS-PCV456CBOI 
MANUAL RESET 
AT RELAY 

PB 
2RCS-PCV456CBOl 
CONTROL TRANSFER 

ASP 

AND 

AND 

M 
E 
M 

AND 

AND 

RESULTANT 

OPEN 
2RCS-PCV456<BOJ 

PRESSURIZER POWER RELIEF VALVE 

2RCS-PCV456CBOJ 
CONTROL AT ALT. 
SHUTDOWN PANEL 

FIGURE 7.3-728 

MONITOR 

LOGIC DIAGRAM 
PRESSURIZER CONTROL 

REV 23 

BEAVER VALLEY POWER STATION - UNIT 2 
UPDATED FINAL SAFETY ANALYSIS REPORT 



SWACE CONDITION 

480V BUS 2N 
BUS UNOERVOLTAGE 

ELECTRICAL 
PROTECTION 
TRIP 

NOTES: 
I. ONLY TH£ MANUAL MOOE: OF OP£R,,,,TION IS A'IAILABlE •ROM 

THE ALTERNATE SHUTDOWN PANEL 
2 LOGIC FOR PRFSSURIZE:R HEATERS 2RCP-H2A{ZO)ALS(J 

SHOWN ON Fl G. 7. 3 - 69 

CONTROL ACTION 

PB 
2RCP- H2A(ZO) 
CONTROL TRANSF M 

£ 
2RCP- H2A(ZO) 

MANUAL RESET 
AT RELAY 

cs 
2 RC P-H2A(ZO) 
ON 

cs 
2 RC P-H2 A(ZO) 
OFF ANO 

RESULTANT MONITOk 

CONTROL AT 
ALTERNATE 
SHUTDOWN A PANEL 6 

2RCP-H2A(ZO) a. 
CONTROL AT All 
SHUTDOWN PAN L 

L~ 
2RCP-H2 0 i 

PRESSURIZER HTRS, 
ON ASE 

BRIGHT 

ASP 

2RCP-H2A{ZO) DIM 
PRESSURIZER HlRS 
OFF ~ 

FIGURE 7.3 - 72C 
!LOGIC DIAGRAM 
:PRESSURIZER CONTROL 
BEAVER VALLEY POWER STATION -UNIT 2 
FINAL SAFETY ANALYSIS REPORT 



SOURCE 

1 

62 

2CHS-
FT! 70 

52 

59 

62 

1 

52 

50 
5'. 

27 

MONITOR 

LSK-27-17A 

2CHS-

Fil 70 
B 

FIG. 7.3-13 @ 

LSK-27-17A 

CONDITION 

RECIRCULATION 
MODE INITIATION 
SIGNAL TRA;N A 

DIESEL LOADING 
SEQUENCE TI~ED-OUT 

2CHS•P21A(AO) 
CHARGING PUMP DISCH. 
=-LOW MEASUREMENT 

AC3-2E7 
BUS 2AE SPL Y. BRKR. 
CLOSEC 

SAFETY 
INJECTION SIGNAL 
TRAIN A 

DIESEL LOADING 
SEQUENCE s;GNAL 

RECIRCULATION 
MOOE INITIATION 
SIGNAL TRAIN A 

2CHS•P21CISG) 
CHARGING PUMP 
RUNNING ON BUS 2AE 

2CHS•P21AIAOl 
MOTCR ELECTRICAL 
PROTECTION TRIP 

4160V BUS 2AE 
UNOERVOLTAGE 

2'.::HS-

Tll23 

2CHS- SOP 

NOTES: 

2CHS-
TE123 

52 

Tll23A 
B 

C 

1. '._CGIC FOR CHARGING PUMP 2CHS•P21A(AO) SHOWN, 
LCGIC FOR PUMP 2CHS•P21B,BP) SIMILAR. 

REGEN. HEAT 
EXCH. CHARGING 
LINE DISCH. TEMP. 

2CHS•P21AIAOI 
CHARGING PUMP 
RUNNiNG 

2. CONTROL FROM BENCH BOARD SHCWN, CCNTROL FRJM SHUTOCWN PANEL SIMILAR. 
3. CONTROL FROM BENCH BOARD AVAILABLE ONLY AFTER MANUAL 

RESET OF CONTRJL TRANSFER SWITCH. 

4. ANNJI\CIATOR DISPLAY IS C0\1f/ON TO ALL SHUTDOVIN PANEL TRANSFER SWITCHES. 
5. ONE COMPUTl::R INPL T 'WIL~ PROVIDE B0-H ON ANO JFF INDICATICNS. 
6. SEE ADDITIONAL CONTROL CF 2CHS•P21A(AC) ON =-rG. 7.3-77A. 

AND 

ANC 

OR 

A 

PND 

NGT 

NOT 

OR 

CONTROL ACTION 

PB 
2CHS•P21A(AO) 
CCNTROL TRANSFER 

2CHS•P21PIAO) 
MANUC\L RESET C; T 
RELAY 

cs 
2CHS•P21AIA0) 
START 

cs 
2CHS•P2lAIAOl 
AUTO 

A NOT 

cs 
2CHS•P21AIAO) 
STOP 

cs 
2CHS•P21AIAOl 
AUTO !AFTER STOP) 

cs 
2CHS•P21AIA0i 
AuTO (AFTER START! 

0 
SOP M 

E 
M 

R 

L -

B -

AND 

B -

AND 

B -

B -

NCT 

B 
CHARGING PLMP 

RESULTANT 

2CHS•F21AIA0) 
CONTROL AT 
SHUTDOWN PANEL 

OR 

2Cf-aS•P2\AIAOl 
AND CHARGING PUf!P 

START 

NOT 

2CHS•P21AIAOJ 
JR CrlARGING PUMP 

S,OP 

OR 

AND 

AND 

NOTE 4 

NCTE 5 

NOTE 5 

FIGURE 7 .3- 73 
LOGIC DIAGRAM 
CHARGING PUMPS 

REV 12 

MONITOR 

CONTROL C;, 
SHUTDOWN 
PANEL 

B 

SEM 

C 

R 

B -

AMM 

B 

SEM 

C 

IOIMI 
w 

B 

CHPRGING PP 
START/ 

B -

IBR:Gf-"T) 

B 

BEAVER VALLEY POWER STAT:ON - JNIT 2 
uPOATED FINAL SAFETY ANA_v51s REPORT 



10080-LSK-26-1B 

SOURCE 

2SIS• 
FT940 

IAB) 

2SIS• 
FT943 

(ZY I 

52 

59 

62 

1 

62 

52---1 

!:0 
51 

27 

52 

2C--IS-
FTL0 

. NOTE 5 

F:G. 7.3-13 

LSK-27-l?A 

LSK-27-l?A 

MONITOR 

® 

2SIS• 
FI940 

IAOl 

2SIS• 
FI943 

IZPI 

2CHS-
F l llZ 

2CHS-
=-Jt10A 

PAM 1 

B -
PAM 2 

B -

B 

L 

CONDITION 

C--IARGING PUMP DISC-I. 
TO HOT & COLD LEGS 

C--IARGING PUMP DISC-I. 
TO HOT & COLD LEGS 

ACB-2E7 
BUS 2AE SPL Y. BRK"l. 
CLOSED 

SAFETY 
'.NJECTION SIGNA 1

_ 

TRAIN A 

CIESEL LOADING 
SEQUENCER 
TIMED OUT 

RECIRCULATION 
MODE INITIATION 
SIGNAL TRAIN A 

DIESEL LOADING 
SEQUENCE SIGNAL 

RECIRCLLATiON 
MODE INITIATION 
SIGNAL TRAIN A 

2CHS•P21AIAOI 
RACKED IN ON 
BUS 2AE 

2CHS•P21CISGl 
MJTOR ELECTRICAL 
PR07ECTION TRIP 

4160V BUS 2AE 
UNDERVQLTC\GE 

2CHS•P21CISG: 
CHARGING ;,UMP 
RUNNING 

BORIC 
ACID BYPASS 
FLOW 

NOTES: 

AND 

A 

ANO 

ANO 

NOT 

I. LOGIC =- □ R CHARGING PUMP CN BUS 2AE SHO\-IN, 
LDCIC =-oR PUMP 01\ BUS 2DF S!MiLAR. 

OR 

OR 

2. ANI\UNCIATOR DISPLAY IS COM~ON TO ALL SHUTCOWN 
PANEL TRANSFER SWITCHES. 

3. CONTROL FROM BENCH BOARD SHOWN, CONTRCL FROM 
S--IUTJOWN PANEL SIMILAR. 

4. 

5. 
6. 

NOT 

A 

CONTROL ACTION 

PB 
2CHS•P21CISOI 
CONTROL TRANSFER 

2CHS•P21CISOI 
MANUAL RESET 
RELAY 

cs 
2CHS•P21CISOI 
START 

cs 
2CHS•P21CISOI 
AUTO 

NOT 

cs 
2C--IS•P21CISOI 
STOP 

cs 
2C--IS•P21CISOI 

AT 

AUTO !AFTER STOP) 

cs 
2CHS•P21CISOI 
AUTO !AFTER START) 

0 SOP 
~ 

E 
r-" 

R 

L -

B 

AND 

B 

ANJ 

B -

B 

NOT 

B 
CHC\RGING PUMP 

CONTROL FROM BENCH BCARD AVC\ILAB_E 01\LY AFTER MANUAL 
RESET OF TRANSFER SWITCH. 
FLOW INDICATCRS ARE COMMCN TO ALL CHARGING PUMPS. 
ONE COMP'J-ER :fsP'JT :oROVIDES BOTH ON ?'ND OFF INDICATICN. 

OR 

NOT 

AND 

Al\0 

RESULTANT 

2CHS•P21CISGI 
CONTROL AT 
S--IUTJOWN PANEL 

2CHS•P21CISGI 
ANJ CHARGING PUMP 

START 

2C--IS•P21CISGI 
OR C--IARGING PUMP 

STOP 

OR 

REV 12 

MONITOR 

NOTE 2 

NOTE 6 

NOTE 6 

FIGURE 7.3-74 
LOGIC DIAGRAMS 
CHARGING PUMPS 

C 

C 

R 

AMM 

C 

w 

A 

w 

CONTROL AT 
S--IUTJOWN 
PANEL 

B 

SEM 

B -

B -

SEM 

IJIMI 

B -

CHARG:NG PP 
AUTO START/ 
STOP 

B 

:BRIGHT) 

B 

BEAVER VPLLEY FOWER STATIOI\ - UNI- 2 
LPDATED F:NAL SA=-ETY ANALYSIS REPORT 

0 • 
' 



SOURCE 

NCITES: 

IGNI lOII 

FIG. 7. 3-68 

CONDI TIGII 

CNU61NG PUMP 
LUBE Oil PR£SSUIE 
LOW 

2CH$-P21A-l 
MOTOR THERMAL 
OVERLOAD 

PIESSUIIZEI 
UYEL SIGIAL 

l+J 

CONTROL ACTIOfl 

AUXILIARY LUIE Oil PUMP 

H/A 

IIESULTAIT 

2CU-P21 A- I 1 
AUXILIARY LUBE OIL 
PUMP ITAIT ' 

2CHS-P21A-I 
AUXILIARY LUIE OIL 
PUMP STOP 

NOIIITOI 

AUCTIONEEIEO 
TAYG ---------------------------...... --------------~ 

A/0 

A/0 

CHARGING NIP 
OISCHAR6E FLOW 
Hl&lt 

CHARGING PUMP 
DISCHARGE FLOW 
LOW 

I • LOGIC F911 AUX I l I AIY LU BE O I l MP 2CliS-P21A·I SHCMI. 
LOGIC FO~ PUMPS 2CHS-P218·1 ANO P21C-I SINIUR. . 

2. I SUPPLIED BY NMUFACTUREI. 

3. ANMUltCIATOI 01$PUY IS COIN>N TO All SHUTDOWN 
PAJIEL TRAJtSFEI SWITCHES, 

4. ONLY MANUAL MOD£ Of OPERATION 15 AVAILABLE FRON THE ALTE.RNATE SHUTDOWN PANEL 

I + / H/A 

2CH5*FCV122 (Z-) 
MANUAL RESET 
AT RELAY 

PB 
CHSHCV122 (Z-) 
CONTROL TRANSFER 

A 

A S-, I 

T 

C ~· 
C 

A---+ £> B 

E> B 

I 

T 

CONTROL AT 
SHUTDOWN 
PANEL 0 FIG. 7.3-16@ 

A 

8 

C 

CHARGING PUMP OISdiARGE 
FLOW CONTROL VALVE 
2CHS *FCVI 22(2•) 

MODULATE VALVE OPENS ON AIR FAILURE 

F;IGURE 7. 3-75 
lOGIC DIAGRAM 
CHARGING PUMPS 
BEAVER VALLEY POWER STATION-UNIT 2 
FINAL SAFETY ANALYSIS REPORT 
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sour;cr 

0 

NOTES: 

A/D 

MONI TO ft CHARGING FLOW COMDITION 

PA Tll TROUBLE 

I 

CHARGING PUMP 
DISCH.HEADER PRESS, 

CHARGING PUMP 
DISCHARGE HEADER 
PRESSURE 

2CHS*MOV8132A(ZO) 
MOTOR THERMAL 
OVERLOAD 

2CHStNOV8130A ( ZO) 
SUCTION VV. NOT 
FULLY OPEN 

CONTROL ACTION 

cs 
2CHS .j; MO V8 l 32A ( 20) 
OPEt. 

NOT 

cs 
2CHS * MOV8132A{ ZC) 
CLOSE 

2C HStMOV81~B(Z P) 
CHARGING PUt1P DISCHARGE VALVE 

INPUTS SIMILAR 2CHS,-MOV 8131 AfZO) 

2CHStMOV8131B{ZP) cs 
2CHS,IE.._MOV8130A(ZO) 
OPEN 

I LOOP FILL HEADER cs 
PRESSURE 

2CHS {MOV8130A(ZO) 
CLOSE I 

2CHS~OV8130A(ZO) 
MOTOR THERMAL NOT 
OVERLOAD 

I LOOP FILL HEADER 
FLOW A K+J 

I, DISCHARGE VALVE 2CHS$,-MOV8132A{ZO) SHOWN, 
· REACTOR COOLANT LOOP FILL HEADER VALVE 

DISCHARGE VALVES ;2CHS~M0\18 l 32B( ZP) ,•MOV8 l33A( ZO) ,•MOV8 l33B(ZP) SIMI LA R. 

2, DURING NORMAL PLANT OPERATION DISCHARGE VALVES 2CHS"MOV8132A(ZO), 
~MOV8132B(ZP), ,\:MOV8133A{ZO), AND ~MOV8133B(ZP) ARE TO BE LEFT 
OPEN WITH THEIR POWER REMOVED, REFER TO FIG. 7.3-77B 

3, suer I ON VALVE 2CHS tMOV8130A(ZO) SHOWN. SUCTION VALVES 2CHS .. MOV8130B(ZP), 
*MOV8i31A(ZO), *MOV8131B(ZP), LOOP FILL VALVES 2RCSiMOVS56A(A.), *MOV556B(B-), 
~MOV556C(C-}. - . · 

AND 

AND 

AND 

AND · 

CHARGING PUMP SUCTION VALVE 

a 

RESULTANT MONITOR 

2CHS~MOV8 l 32A(ZO) -0~ DISCHARGE VALVE 
OPEN 

NOTE 1 

2CHS*MOv8132A(ZOj 
DISCHARGE VALVE 
CLOSE 

TORQUE SEAT CLOSE 

2CH$~MOV8130A(ZO) 
SUCTION VALVE 
OPEN 

2·:H'S -if:_MOV8 I 30Al zo) 
SUCTION VALVE 
CLOSE 

2CH S "-.FCV I 60(Z-) 
LOOP FI Ll HEADER VY I 

MODULATE. 
VALV£ CLOSES Of4 MR FAILURE 

FIGURE 7. 3-76 
LOGIC DIAGRAM 
CHARGING PUMPS 

I 

REV 12 

B 

CHARGING PUMP 
SUCTION VALVES 

A NOT FULLY 
OPEN 

I 

I 

BEAVER VALLEY POWER STATION-UNIT 2 
UPDATED FINAL SAFETY ANALYSIS REPORT 



SOuRCE CONDITlu/>j CONTROL ACTiON MONITOR 

cs 
2CHS*SOv206 (ZJ) 
OPEN 

>---------------------~DE-ENERGIZE. OPEN 

NOTES: 

2CHS MOV350{ZP) 
MOTOR THERMAL 

OVERLOAD 

L ANNUNCIATOR DISPLAY IS COMMON TO ALL SHUTDOWN PANEL T RA NSF ER SWITCHES 

,.__ _____ __, B. 

C:. 
ZCH s*sov 20,s (ZO) 
CLOSE ~-------'.a 

re. '-~ 
2CH$cll'MOV 350 (Z F') 
OPEN '-------~ .e 

cs 
2 CHS*MOV350 {Z P) 
CLC!SE '--------./a 

Fe 
2CH9i<SOV206 rzo) 
TRANSFER 

2C HS* SOV 206 (20) 
MANUAL RESET 
AT RELAY 

PB 
2C HS* MOV 350 lZ P) 
TRANSFER 

2CHS*MOV350{Z P) 
MANUAL RESET 
AT RELAY 

2 .CONTROL. FROM eE NCH BOA RD FOR 2CHS*SOV ZOE SHOWN, CONTROL FOR 2CHS*MJV 35 J SHOWN, 
CONT AOL f ROM SHU TOOW N PANEL SI MIL.AR. 

3. SEE ADD IT JO NAL CONTROL OF 2CHS * SUV2 06 {ZO} ON FIG. 7.3-77 A. 

EMERGENCY 80RATION VALVE 

ANDI---------------~ 

ANDI--------------~ 

BORIC ACID TANK TC CHARC,• NG PUMP SUCTION VALVE 

M 
E 
M 

2CHS * S 0~ 20G CZ 0) 
' 

ENE RSI ZE CLOSE 

2CHS?i,.MOV350(Z P) 
SUCTION VALVE 
OPEN 

ZC HS,i.MO~ 350 (Z P) 
sue T10N vf vE 
CLOSE ' 

TOROUE SE~T CLOSE 

2CHS* SOV 206{20) 
CONTROL ,f,,T 

SHUTDOWN PANEL 

CONTP,OL. Al 
I SHUTDOWN PANEL '--...J.....:.~.a 

M 2CHS~MOV350(ZP) 
E 1----------------At CONTROL AT 
M SHUTOOWN;PANEL 

flGURE 7.3-77 
~OGIC DIAGRAM 
CHARGING PUMPS 
~EAVER VALLEY POWER STATION-UNIT 2 
flNAL SAFETY ANALYSIS REPORT 



$OURCE 

NOTES: 

CONDITION 

4160V BUS2AE 
UNDERVOLTAGE 

I. SEE ADOIT IONAL CONTROL Of 2CHS * SOV206(ZO) ON FIG. 7. 3 - 7 7. 
2.S£E AOOITK>NAL CONTROL OF 2CHS'AP2l.4(AQ ON FIG. 7.3 -73. 
3.0NLY MANUAL MODE OF OPERATION. IS AVAILABLE FROM THE ALTERNATE SHUTOOWN PANEL. 

CONTROL ACTION 

PB 
2CHSiSOV206(Z0) 

ONTIOL TPANSFER ~ 

2CH5*SOV206(Z()} 
MANUAL RESET· 
AT RELAY 

2CH5*P2IA(AO) 
MANUAL RESET 

AT RELAY 

cs 
2CHStP2lA(A(J 
SiART 

cs 
2CHSil P21/liAQ) 

\..:S:..:T.:.O.;...P ---,.J~ 

RESti.TANT MONITOR 

2CHS•SOv206 {20) 
1---41o------__,,j~ CONTROL AT ALT. 

SHUTDOWN PANEL 

'---~DE-EN~GIZE OPEN i-------.:ai 

2CHSIJ60V206(Z0) 

ENE~IZE CLOSE1------1,..w 
i 

EMERGENCY: BORATION VALVE 
I 

2C~P21A(AQ 
'-------.QI CONTROL AT ALT. 

SHUTDOWN PANEL 

2CHS• P21.al.AO) 
1-----1~ CHA RGI NG PUMP 

START 

2CHSi,\P21A(AO) 
l,.....--~~ CHARGING PUMP s p 

CHARGING PUMP 

f!IGURE 7.3-77 A 
LOGIC DIAGRAM 
GHARGING PUMPS 

...__ ~Arn 

(BRIGHT) 

ASP 
(DIM) 

BEAVER VALLEY POWER STATION-UNIT 2 
F.:INAL SAFETY ANALYSIS REPORT 



SOURCE MONITOR RESULTANT 

2CH5lf P21A (AO) 
CHARblNG PUMP ~--+31K+ S+ Di----------------~-~ 
LUBE Oil TEMPERATUR 

2CHS-TC 150A 
PN[UMATIC TEMP. CONT. i------------.... 
SET POINT 

2CHSXP 21A (AO J 
LUBE OIL TEt-tPE.RATURE 1---------------------1 
HU;H 

C 

NOTES: 

(NOTE 4) 
~ 

2CHS~P21A (AO) 
CHAR(,IN(, PUMP 
LUBf Oil PRESSURE 

2CHSlif MOV8\32A 
SLAVE CONTACTOR 
PW[R AVAILABLE 

2 CHS* P 2 IA (AOJ 
CHARGING PP. LO COOLER 
DISCH. TEMP. 

1. 2CHS*P2\A{AO) LUBE OIL TEMPERATE BLENDING VALVE 2CHS·TCVl50A SHOWN. 
BLENDING VALVES 2CHS-TCV l':>OB ~ 2CHS-TCV I-SOC FOR 2CH';,ll'P21B(BP) C. 
ZCl•ISw P2 IC (SG) ARE SIM IL AR. 

2.CHA~INfi, PUMP WBE Oll TEMPERATURE Hl&H 
COMPUTER POINT COM ►tOH TO 2CHS-TSH l~OA,-TSH-1~6 7 0R 
-TSH 150( HIGH TEMPERATURE CONDITION. 

3, C HARbl Nb PUMP ZCHS- PIT250A LU l~E OIL PRESSUR[ COHPUTER INPUT SHQ\.JN. 
2CHS_; P\T250B C -Pl T250C IN PUTS SIMILAR. 

4. 2CHS!I' MO\l 8132A SLA'i E (ONT.I.( TOR PO'wl[ R AVAILABLE INDICATION SHQ\.IN. 
INDl(ATION FOR 2C H$1f-M0V8132B,*HOV8133A,&."' MOV813 3B SIMILAR. 
REFER TO FIG. 7.3-76 NOTE 2. , 

5. 2CHS- TE250A FOR 2CHS * P2 J A{AO) SHOWN, 2CHS-TE 2 50B AND 
2CHS-TE250C FOR 2CHS* P21B (BP) AND 2CHS * P2 IC(SG) SIM! LAR. 

ENERGIZ( MODI.JLATE 

2CH$-SOVl'50A. 2CHS - TC¥ 150A 

', VENT 
DE.ENEI\GIZE AIR TO OPEN 

VALVE FAILS OPEN TO LUBE Ol. 
COOLER 

ZCHS* P2': LU!iE Oil TEMP. BLENDING VALVE 
! ( NOTE ·1) 

I 

~IGURE 7.3-778 
ll.OGIC DlAGRA M 
CHARGING PUMPS 
BEAVER VALLEY POWER STATION-UNIT 2 
F.INAL SAFETY ANALYSIS REPORT 



SOURCE 

NOTES: 

MOHi TOR CONDITION CONTROL ACTION 
PB 
2CHS-t LCV460A(ZO) 
CONTROL TRANSFE 

2CH5j LCV460A(ZQ 
MANUAL RESET 
AT RELAY 

RESULTANT NOii ITOR 

M 2CHS•LCV460A(ZO) 
E i----------~CONTROLAT ' 
M SHUTDOWN PANEL 

FIG. 7.3-16 0 LETDOWN LINE 
ISOLATION VALVE 
OPEN SIGNAL 

\--------------------------------SJIIENERGIZE i,..;.,_ __ ......, _______ __ OPEN I 

FIG. 7.3-!6 © 

A /O 

LE TD CM N FLOW 
PATIi TROUBLE 

LET DOWN LINE 
ISOLATION VALVE 
CLOSE SIGNAL 

EXCESS LETDIMN HEAT 
W--!===------4 EXCII.O!SCHARGE TEMP. 

SEM IIIGH 

EXCESS LEJOOlrfl IIEA T 
EXOI. DISCHAIIGf IDP. 

I. CONTROL FROM CONTROL ROOM SHOWN, CONTROL FROM SHUiOOWN 
PANEL SIMILAR FOR 2CHStLCV460A(ZO},'f-LCV460~ZO). 

2. LOGIC FOR LETDOWN LINE ISOLATION VALVES 2CHS *LCV460A(ZO) 
AND 2CHS¾LCV4608(ZO) ALSO SHOWN ON FIG. 7,3-82A. 

LETDOWN LIME ISOLATION VALVE 

SS (MAIIIH.!NEO) 
2CHS1<HCV389 TO 
"VOUM OOITROL TANK" ! 

SS (MAINTAINED} 
2CHS-rHCV389 TO 
"PRIMARY DRA ! NS" 

VOLUME CONTROL TANK/PRIMARY DRAIN 
TRANSFER TANK DIVERSION VALVE 

lCHs*· 
LSVIJoOA 0 

J 

CLOSE 

VALVE FAILS WIT' FLOW TO VOLUME CONTROL TANK 

20ISltCVl'!lEXCESS 
PRESS. RBU: I Iii W, 

I 

2CHSHIC137 
"MODULATE" l----------------~ TO R8la: PES."'"""~'"" 

SS{MAINTAINED 
2CHs-i HCV142fZ-) 
BENCH BOARD 

M 

'---~-e,i B&-A 
----~C♦A 

M 

OF TI£ EmS I.ETtOfl IEAT 
EXDWllER FAILS CLOSED ON LOSS OF AIR 

fflttCV11t2l'Z-lPE.SIDuAL H 
R&DY.tt. A.RI FICATl(lt VY • 

.--------F,c ~m FL<M FIDI TIE 
RESl!:U,\,l, t!EAT R&DYll SYS.AT 

l..liWIIUll.::.w.:lu.:ll~:11'..lm,p~·-' FAILS CLO::;EO ON LOSS OF AIR 
RHR PURIFICATION VALVE 

I 

=1GURE 7.3-78 
LOGIC DIAGRAM 
REACTOR COOLANT SYSTEM 
REACTOR COOLANT LETDOWN 
BEAVER VALLEY POWER ·STAT1ON-UNIT 2 
FINAL SAFETY ANALYSIS REPORT 



SOURCE 

FIG. 7. 3-13 W 3 8 ______ __.,,,"'-~ 

NOTES: 

CONDIT! ON 

CONT A I ilMENT 
ISOLATION SIGNAL 
PHASE A (TRAIN B) 

2RC St MOV557 A ( H 
·No MOTOR THERK/1 L 
OVER LOAD 

1. LOGIC FOR NON-REGENERATIVE HEAT EXCHANGER ISOLAT!ON VALVE 2CCP~AOVl30(2-) 
SHOWN. LOGIC FOR SEA l WATER HEAT EXCHANGER I SOLA Tl ON VA LYE 2cc P f_AOV J 32 ( 2 -) 
ANO CC P WATER SUPPLY VA LYE TO EXCESS LE TOOWN COOLER 2CCP ;l'\. ADV I 05 {2-) SIM I LAR. 

2. LOGIC FOR NO. 21 LOOP DRAIN VALVE 2RCS);MOV557A(A-) SHOWN. 
LOGIC FOR NO. 22 ANO NO. 23 LOOP ORA IN VALVES 2RCS * MDV 557 B ( B-l AMD 
~ MOV557C ( C-l SIM I LAR. 

3. CONTROL FROM CONTROL ROOM SHOWN, CONTROL FROM SHUTDOWN 
PANEL SIMILAR FOR 2CHSt-AOV204(ZP) 

CONTROL ACTION 
PB 
2CHSJAOV204(ZP) 
CONTROL TA.ANS -
2CHSMOV204 ZP 
MANUAL RESET AT 
RELAY 
. 

2CHS ,l:AOV2~/ZPJ 
"OPEN" 

cs 
2CHS ~AOV20ll{ZP} 
"CLOSE" V 

SS(Mol. INTA!NED) 
2CCP ~AOVI 30(2 -) 
"OPEN 

SS ( f,!A. I NTA I NED) 
2cc P• AOV 130(2 -) 
"CLOSE" 

cs 
2RCS¼MOV557A (A-J 
"OPEN" 

cs 
2Rc ~ ,* MOV557 A ( H 
"CLOSE" 

RESULTANT 

H 2CHS·t-AOV204(ZP) 
E t-----~CONTROLAT 
H SHU TOOWN PANa 

2CHS 'f 
SOV20ll Z 2CHS )KA OV20ll (Z P) 

CONTAINMENT LETDOWN ISOLATION VALVE 

\'[NT AIR OPEN 

2cc P * ADV 130(2 -J 

ADMIT A IR CLOSE 

NON-REGENERATIVE HEAT EXCHANGER 
ISOLATION VALVE 

B 
2RC S f- MOV557 A ( A-) 

1------------.:::.INO. 21 LOOP 
OPEN 

2RCS '¥ MOVSS7A 1A-) 
1------------+-31NO. 21 LOOP 

CLOSE 

REACTOR LOOP DRAlN VALVE 

MONITOR 

B 

FIGURE 7. 3-79 
~OGIC DIAGRAM 
REACTOR COOLANT SYSTEM 
REACTOR COOLANT LETDOWN 
ijEAVER VALLEY POWER STATION- UN IT 2 
filNAL SAFETY ANALYSIS REPORT 



SOURCE CONDITION 

2CHS ~ LC V~60A (Z O) 
-----i LETOOIII LIHE ISOLATION VALV~----+;;.t 

NOT FULLY CLOSED 

2CK S Jt; LLVl+60B (Z O ) 
1-----1l.E11XNI LINE ISOLATION VALV~-------'::;,,t--, 

MOT FULLY CLOSED 

PRESSURIZER 
LEVEL 

\,,> I~% Of LEVEL SPA!!,, 

PRESSURIZER 
LEVEL 
) 11+% LEVEL SPAM 

CONTAINMENT 
ISOLATION SIGNAL 
PHASE A (TRAIN A) 

, CONTROL ACTION 

PB 
2CHS*AOY200B(BO) ---
CONTROL TRANSFER SOP 

2CHS*AOV 2008(80) 
MANUAL RESET 
AT RELAY 

--------J..L.. 

cs 
2CHSltAOV200B{BO) r-~F=!Ji 
OPEN A 

cs 
2CHSltAOV2008(80) >----t,it 
OPEN 
'-------..J ~ 

I ~ESULHNT 

2CHS .tt-AOV 20fl8 (BO) ._,. _______ ....,. ______________ ,.........:::. CONTROL AT 

~-------fill ENERGIZE 8---&-A 

2CffS*SOVZ'®(SO) T 

VENT AIR 

ADMIT 
AIR 

B 

A 

C 

ENERGIZE B~A 

2Clts ~V20C£U (80) T 

1:E-EMERG I ZE C ~ A 

VENT AIR 

SHUTDOWN PANEL 

2CHS ~ADV 200B{B O) 
ISOLATION VALVE 
ACTUATE 

VALVE CLOSE ON AIR 
FAILURE 

MONITO~ 

SOP 

KEACTOR COOLANT LETDOWN RESTBIC T!NG QBI f ICE !SOLA T ION VALVE 

NOTES; 

I. LOGIC FOR LETDOWN ORIFICE ISOLATION VALVE 2CHS*AOV200B(BO) SHOWN, 
LOGIC FOR LETDOWN OR IF I CE ISOLATION VALVE 2CHS*AOV200C (CO) AHO * AOV200C(CO) SIM I LAR, 

2. ANNUNCIATOR ANO COMPUTER INPUT COMMON TO ALL SHUTDOWN PA~£L TRANSFER SWITCHtS, 
3, CONTROL FROM THE CONTROL ROOM IS ONLY AVAILABLE WHEN THE CONTROL TRANSFER RELAY 

HAS BEEN MANUALLY RESET, CONTROL FROM THE SKUTDOWN PANEL IS ONLY AVAILABLE WHEN 
THE CONTROL TRANSFER RELAY HAS BEEN ACTUATED. 

FIGURE 7.3-80 
LOGIC DIAGRAM 
REACTOR COOLANT SYSTEM 
REACTOR COOLANT LETDOWN 
BE AVER VALLEY POWER STATION-UN IT 2 
FINAL SAFETY ANALYSIS REPORT 



MOKITOR COKOITION COKTROL ACTION RESULT.I.NT NONI TOR 
S00 RCE 

A /0 

A/0 

C 

6 SEM 
RE GE KER AT I VE HEAT 
EXCHANGER OUTLET 

LETDOWN F LClfli , TEMP. HIGH 
PA TH TROUBLE 

~EM 

PA TH TROUBLE 

REGENERATIVE HEAT 
EXCHANGER OUTLET 
TEMPERATURE 

2CHS»t0V20l(Z-) 
NO MOTOR 
THERMAL DYER LOAD 

2CH ~tRY 20 3 DI SCH AR GE 
LI llt rEMPERA TU RE HI 

2CH SJ.-1! V 203 
DISCHARGE LIKE 
TEMPERATURE 

2CHS HOV 311(Z-) 
SL AVE COkTACTOR 
POWER AVAILABLE 

2CHS¼ MOV 3111Z·) 
SLAVE COMTACTOR 
POUR AVAILABLE 

SS (MAINTAINED) 
2CHSl'H02~~ >---------------..,.:..i DE-ENERGIZE VENT AIR I OPEN TO VOL 
"VOLUME CO'ITROL TK" ~ , CONTROL TKl-----+'"i 

SS (MAINTAINED) 
2CH Sii HCV 2qq 
«0EM1NERALIZER" 

2CHS- 2CH~CY2~q DI VERT 
H:;y2q~ VALVE 

r---------------~ ENERGIZE ADMIT Al R i 094INERAL I ZER r---~ 
~ 

VALVE OPENS WITH fLOW TO VOLUME 

VOLUME CONTROL TANK/OEMINERALIZER OIVEkT VALVE CONTROL TANK ON All R FAILURE 

cs 
2CH S~OV20 \( Z-) 
"OP EN" 

cs 
2CHS*MOV20l{Z-0 

'CLOS(· 

2CHS* MOV 201(2-) t------------~ SUPPLY VALVE 
OPEN 

2CHSJ(-MOV 201 (Z -
!-----------~SUPPLY VALVE 

CLOSE 

EXCESS LETDOWN HEAT EXCHANGER SUPPLY VALVE 

PB 
2 CHS ~H-10VI O OA(-0) 

CONTROL TRA M 2CHS*,-OVIOOA'.t0) 
E ..,_ ________ ---1=::i,1 CONTROL AT ; 

2CHS*MOVIOO -0 M SHUTDOWN PAN 
kO!ES: MANUAL RESET AT 
I. STATUS "IGHTS fOR POWER HAILABLE SHOWN FOR 2CHSHH311!Z·I ON,Y. RELAY -------
2. LOG IC f" OR EXCESS LETDOWN HEAT EXCHANGE SUPPLY VA LYE 2C HSHll'l\'20 !iZ-SHO'!'tN,L.0G IC FOR LETOOWN SUP PLY VALVE 

TO l'RtSSURIZER <;PRAY '1CHs.tMOV311:.Z.;) CCI' WATER TO NON~EGENERAl 1v~/SEAL WATER HEAT EXCHANGER SUPPLY vALVE 
2rr P ~ ~o~ 17 3 IZ PI 2CHSH+JY IOOAI-Oj /\.ND• HCVIOOB{-C, LE ~DOWN TO COOLANT RE COV[H'r fANKS SlH 1_ "M, 

5. AUXILIARY SPRAY VALVE 2CHS)(M0V.3II{Z-) HAS POWER REMQYEO 
BY MEANS OF A BANNAN A PLUG ON THE MC 8. FIGURE 7.3-81 

LOGIC DIAGRAM 

e. 

CONTROL AT SHUTUOWN 
PANEL 

~__,____.~ 

3. WNTROL FROM MAIN BOARD SHOWN CONTROL FROM SHUTDOWN PANEL SIHILAR FOR 2CHS 
,-. MOV311(Z-). t r,.·,ovI00A(-O). ANO 't"MOV 1008(-0) 

4. LCC:IC FOR 2 :HS*MCV 100.A,(-CJ AND 2CH$Hi0Vl008(-0) AL SO $Hs..'\1; ~ ON FIG. 7 3 • 8 2A 

REACTOR COOLANT SYSTEM 
REACTOR COOLANT LETDOWN 
.BEAVER VALLEY POWER STATION-UN IT 2 
!FINAL SAFETY ANALYSIS REPORT 



SOURCE 

A/0 

A /D 

MONITOR CONDI TlON 

C 

REACTOR COOLANT 
LETOOWN 
TEMPERATURE 

REACTOR COOLANT 
LFTDOWH TEMPERATURE 
ttlGH ------

LETDOWN Flo.I' PATH 
2 TROUBLE 

8 

EXCESS LETDOWN 
COOLER OUTLET 
TEMPERA "'.°URE 

NON-REG EH ERATI VE 
HEAT EXCHANGER 
DI SCH ARGE TEMP. 

REACTOR COOLANT 
LETDOWN FLOW 

REACTOR COOLANT 
LETDCMN FLCM 

CONTROL ACTION 

cs 
2C HS¼-TC V f 143 
VOLU1£ CJNTROL TK. ~ 

cs 
2CHSHCVI -.~ 

\.:A:..:U.!..:TO::.__ ____ ...J .I!: 

cs 
2CH Sl TCVI 143 
"DIVERttt 

ANO 

ANO 

RESULTANT 

ZC!IS- 2QISITCV1 113 VOL <XINTilll 
TSV I 143 TI</D8'11NERALI ZER DI VERT VY. 
BIERGIZE 

VALVE FAILS WITH FLOW TO THE 
VOLUME COKTROL TAMK 

VOLUME CONTROL TANK/DEMINERALIZER DIVERSION VALVE 

2CCf-'HCV144(Z4 LNG. 
TO IClN-REGEMERA VE HEAT 

MONITOR 

K+f+ 0 H/A }----------fij EXOINIGER T8'1P. Tllll 
ET PO t NT !! VY. lillllJLATE lO AINTAIN 

R I RED ratPERAiruRE 

NON-REGENERATIVE HEAT EXCHANGER 
TEMPERATURE CONTROL VAL VE 

VALVE OPENS 0~ AIR FAILURE 

FIGURE 7. 3-82 
LOGIC DIAGRAM 
REACTOR COOLANT SYSTEM 
REACTOR COOLANT LETDOWN 
BEAVER VALLEY POWER STATION-UN IT 2 
FINAL SAFETY ANALYSIS REPORT 



SOURCE 

NOTES; 

CONDITION 

2CHSJfHOVIOOA(-O) 
NO HOTOR THERMAL 1-----◄ 
CNERt.OAO 

I.LOGIC FOR 2CHSiELCV460A(ZO) FROM ALT. SHUTDOWN PANEL SHOWN 
LOGIC FOR 2CHSJfLC\f460B{ZO) FROH ALT, SHUTDOWN PANEL SIHllAR 

2.LOGIC FOR 2CHgfMOVIOOA(-O)FROM ALT, Sl-l.lTOOWN FNIEL SHOWN 
LOGIC FOR 2CHSMMOVIOOB (-O) FROM ALT, SHU-TOOWN PANEL SIMILAR 

3.0NLY MANUAL HOOE OF OPERATION IS AVAILABLE FROM THE ALTERNATE 
SHUTDOWN PANEL 

4, LOGIC FOR 2CHS*LCV46OA(ZQAN0 2CH~LCV460B(Z(jALSO SHOWN ON FIG 7. 3- 78 
S. LOGIC F'OR 2CHSM- HOV IOOA{-O)ANO 2CHS* MOVlOOB(-Ci ALSO SHO#N ON FIG 7. 3- 8 I 

CONTROL ACTION 

PB 
2CHS)(LCV460A(20) 
CONTROL TRANSFER ASP 

2CHS *LCV4WA(.ZO) 
MANUAL AESE T 
AT RELAY ~~...:.__;, __ __) 1... 

cs 
2CHS)( LC V46CA (ZQ) 

'-O __ P-=E.;_;N ____ _1ASP 

cs 
2 CHS* LCV460A(.ZO) 
CLOSE ' ~ 

Fd 
2 CHS* MOV I 0OA(-0) 
COfTJn. TRANSFER ~ 

cs 
2C HS*MOVIOOA(-O) 
OPEN ASP 

cs 
2CHSX MOV IOOA(-0) 
CLOSE 

RESULTANT 

H 2CHS*LCV4GOA(ZO) 
E L--.__----1::::.iCONTROL AT ALT. 
H SHUTDOWN PANEL 

ANO~-..... 

HONITOA 

1.--~ENERGIZE ADMIT AIR ':OPEN 

2CHS!lfLCV~OA(ZO) 

DEENERGIZE VENT AIR CLOSE. 

L~ TDOiVN LINE ISOLATION \IA~VE 

H E ~.._ __ -QI 

H 

2 otS*MOVIOOA(-~ 
1-----~:LTON TO CLNT RCYY 

OPEN 

2 CHS*MOVIOQA-Cj 
l-----~LTON TO CLN T RCVY 

CLOSE 
LETDOWN TO COOLANT RECOVERY TANKS 

FIGURE 7. 3-8 2A 
LOGIC DIAGRAM 
REACTOR COOLANT LETDOWN 
BEAVER VALLEY POWER STATION-UNIT 2 
FiNAL SAFETY ANALYSIS REPORT 



SOURCE 

FIG. 7.3-13 

NOTES 

CONDITION 

2CHS*LCV460.ACZO 
LTON. LINE ·ISOl. vv. 

NOT FULLY C 

PRESSURIZER 
LEVEL 
>14.SOFLEVEL 

PRESSURIZER 
LEVEL 
>14ZOF LEVEL SFAN 

CONTAINMENT 
ISOLATrON SIGNAL 
PHASE A(TRAIN-A 

1-~~iR':rTUEAL MODE OF OPERATION IS AVAILABLE FROM THE 
SHUTDOWN PANEL 

CONTROL ACTION 

PB 
2CHS*AOV200AV,..(j >-------
OONTRQL T-AANsFER '.SOE 

PB 
2CHS)(-A0V200A{AQ ------
CONTROL TRANSFER ~ 

2CHS*N:11200A'40l 
MANUAL RES€ T 
AT RELAY 

cs 
2CH~AOV200A(AO) >-----~'---' 
OPEN 

cs 
2CHS,fAOV200A"O) 
OPEN 

R.ESULTANT MONITOR 
CONTROL AT 
SHUTDOWN 

2CHS)(A0V 200A(AO 1---------------------~ CONTROL AT 

A PANEL 
I I. 

SHUTDOWN PA 

M 2CHS¾AOV200A(AO 
E i----------------------~CONTROL AT ALT, 
M i.::S:!.!.HU!::,.T~=..J...OJ---' 

"----1--..J 

VENT 
AIR 

A 

VENT 
,AIR 

A 
T 

8 

A 

C 

2CHS.AOV200A(AQ 
ISOLATION VALVE 
ACTUATE 

VAf..VE CLOSE ON AIR 
FAILURE 

LETDOWN ORIFICE tSOl.ATION VALVE 

FIGURE 7. 3 -82B 
LOGIC DIAGRAM 
REACTOR COOLANT LETDOWN 
BEAVER VALLEY POWER STATION - UNIT 2 
FINAL SAFETY ANALYSIS REPORT 



SOURCE MON!TOA 

A(D 

NOTE 

CONDITION 

NON- REGENERATIVE 
HEAT EXCHANGER DISC •~---~ 
PRESSURE 

I. ONLY MANUAL MOOE OF OPERATION IS AVAILABLE FROM 
THE AL TERNA TE SHUTDOWN PANEL 

CONTROL AC TION 

2CHS* PCV 145 
MANUAL RESET 
AT RELAY 

PB 
2CHS* PCVl45 
CONTROL TRANSFER SQp 

2CHS* PCVl45 
MANUAL RESET 
AT RELAY -------.J.h 

MONITOR RESULTANT 

2CH~PCVl45 
r-:::::=::::-----------------+--e,!CONTROL AT ALT. 

HIC 
SHUTDOWN PANEL 

B 
2CHSMPCVl45 LOW 

'----+---~B--f;>A PRESS LETDOWN VV 
T ,-.;.A-'----------.-e,i,MOO, TO MAINTAIN 

H/A 
ET POINT 
'--..JSDP 

8 

T A 

C 

BACKPRESSURE ON THE 
DI SIDE THE 

C w 
VALVE OPENS ON AIR FAILURE 

2CHSJl(.PCV!45 
---------~~CONTROL AT 

SHUTDOWN PANEL 

MONITOR 

CONTROL AT 
ALTERNATE 

A SHUTDOWN 
3 PANEL .,__......__..a 

CONTROL AT 
HUTDOWN 

A. PANEL 
l _a 

H/A 
K + f+D 1----......._-P,1. SET POINT 

'--,--....J.B. 

LOW PR.£ SSURE LETDOWN VALVE 

FIGURE 7.3 -82C 
LOGIC DIAGRAM 
FREACTOR COOLANT LETDOWN 
SEAVER VALLEY POWER STATION- UNIT 2 
FINAL SAFETY ANALYSIS REPORT 



IOUICE 

FIG. 7.3-11 

CONDITION 

Pl,I. PIESSUIE 
IN 2/1 LOOPS 
HIClf 

CONTAINMENT 
SIIIP WATEI LEVEL 
HIGH 

01 (
2Sl~VN6A(AO) ) ,. -~---------o1. NOTOI THEIMAL 1---. ----

0VEILOAD 

FIG. 7.3 -f3 SAFETY 
INJECTION SIGNAL 
TRAIN A 

2SISJtMQV865A(AO) 
OUTLET VALVE 
NOT FULLY OPEN 

COITIOL ACT I 01 
Cl 
2Sl~NOVll5A(A0) 
OPEN 

cs 
2Sl....,Vll6A(AO) 
AUTO 

I 

I 

NOT 

------::======::---.,_611 NOT 
CS(MAINTAINEO) 
21,......,VIIIA(AO) 
CLOSE 

I 

AND 

IEIULTAn 

2Sl~NOVll5A(AO) 
t--------+,;)I OUTLET VALVE 

OPEN 

2Sll;fNOYH6A(AO) 
1-------~ll!liil AND ~-----~ OUTLET VALVE 

CLOSE 

Am t---------------e 
SAFETY INJECTIDN ACCUMULATOR OUTLET ISOLATION VALVE 

cs 
2S 1S*M0V851 A(A ... ) 
OPEN AND 2S1S1C:M0Vl51A(A-) 

..,_ _____ ..Qlil TEST LINE YalVE 

REVl2 
MDIIITOI 

.l 

I 

I 

ACCUMULATOR 
DI SCH. VALVES 

__ _. NOT FULLY OPEN 
.I. IOTEI, 

I 

2S I SJtM0VISI A(A ... ) 
MOTOR nt!INIIL 
OVERLOAD 

,----------t31111---' OPEN ,__ _____ _,.NOT 1----------------J ________ __, 

NOTES! I, CONTROL AT SHUTDOIN PANEL SHCMN FOR 2615tMOl865A(AO) 
CONTRCL SIMILAR FOR 2SISff4MG58(- AND *MOY 86SC(CP) 

Z OUTLET VALVE 2S 1S1tMOY815A(A0) SHM, 
OUTLET VALWLII 2SIS1t-MOYN5Bf BPl AND* M0Y865C(CPl SIMILAR. 

3, DURING NORMAL PLANT OPERATION ISOLATION VALVES 2S1S,M'NOYl65A(AO); 
~tlOYIISl(IP) AND *NOVIISC(CP) HAVE THEIR POWER IEM0VED BY MEANS 
OF A BANANA PLUG DISCONNECT ON THE MAIN CONTROL BOARD TO PREVENT 
Sl"URIOUS OPERATION OF THfSE VALVES,· 

4. MOTOR SUPPLY BREAKER IS SHUNT TRIPPED ON CONTAINMENT SUMP WATER 
LEVEL ltl8H FOIi 2SIS}k-MOV865A(AO), * MOVl651(1P) AND -lf-MOV865C(CP). 

5. f IY WESTINGHOUSE 

6. ANNUNCIATOR WILL BE ACTUATED IY VAlV£ LIMIT SWITCH WHEN VALVE IS 
NOT FULLY OPEN AND PRZR. PRESSURE IN 2/3 LOOPS IS HIGH. THE 
SIGNAL WILL IE REMOVED AFTER ACKNOWLEINltENT BUT THE WINDDI IEMAINS 
LIGHTED UNTIL TNE VALVE FULLY OPENS, A SEPARATE LIMIT •1TCN WILL 
REFLASH THE ANNUNCIATOR EVERY IO MINUTES IF TNE VALVE II IOT FULLY 
o,o.· 

cs 2S10(MOVl5f A(A-) 
AND ...------...filll TEST LIIE VALVE 

2S1S,tM0YISI A(A-) 
CLOSE 

J------------BI--J ......._CL_OS_E ____ ....,1 

SAFETY IIJf'.CJIQI ACCIIIJLATQ(MAKE-UPJALYE 

~-----..1 J.. 
7. MAKE-UP VAlVE ZSIS*NDYlil AlA-) SNM, 

MAKE-UP VALVES 2SIS ftNOVl61 l(A-). IIOVISI era .. ), 
DRAIN VALVES 
2SISMflOVl52A(A-), MOVl621(1~J, AID MOVl52C(C-} SIMILAR 

2SlstMOY865A ,__ ____ _,...CONtROL AT 
SHUTDOWN PANa. 

.l. 

8, CONTROL SWITCHES FOR 2SIS~MOV865A BAND CARE SPRING RETURN FROM 
OPEN TO AUTO AND MAINTAINED IN CLOSED,' 

Fl GURE 7. 3-83 
LOGIC DIAGRAM 
SAFETY INJECTION SYSTEM 
SAFETY INJECTION ACCUMULATORS 
BEAVER VALLEY POWER STATION-UNIT 2 
UPDATED FINAL SAFETY ANALYSIS REPORT 



SOURCE 

A/0 

CHANNEL I 

A/0 

A/D 

GHAN NE L lI 

A/D 

A/D 

CHANNEL I 

A/D 

A/D 

CHANNEL Il 

A/0 

NOTES: I, 2S IS *TK2 I A (A-) SHOW'!, 
2SISfTK21B(B-) ANDiHK21C(C-) SIMILAR. 

CONDITION 

2S1S vTK 21 A (A-} 
S I. AGCUI( PRESSURE 
HIGH-

2SISllK 21A(A·) 
SAFETY I NJ. ACCU M. 
PRESSURE 

2 SIS-1 TK 2 IA lA ·l 
S. I. AGCUM. PRESSURE 
LOW 

2SISJ TK 2 IA (A-) 
S. I. AGCUM. PRES SURE 
HIGH 

2SIS*TK 21A {A-} 
SAFE TY IN J. ACCU M. 
PRESSURE 

2SISiTK 21A (A-) 
S. I. ACCUM. PRESSURE 
LOW 

2 SIS ll TK 21A (A-) 
SI. ACCUM. LEVEL 
HIGH 

2SIS1TK 21A(A·l 
SAFETY INJ ACCUM. 
LEVEL 

2SISllTK 21A(A-l 
S. l. ACCUM LEVEL 
L0\11 

2SIS*TK 21A(A·l 
S. LACCUM. LEVEL 
HIGH 

2S1S-1TK 21A(A-) 
SAFETY INJ ACCllM. 
LEVEL 

2SIS* TK 21 HA·) 
S. I. ACCU M. LEVEL 
LOW 

i:ONTROL ACTION 

fl 

fl 

Fl GURE 7. 3- 84 
LOGIC DIAGRAM 

REV 2 
MONITOR 

ACCUMULATOR 
LEVEL/ PRESSURE 
HIGH/LOW 

a 

SAFETY INJECTION SYSTEM 
SAFETY INJECT ION 
ACCUMULATORS 
BEAVER VALLEY POWER STATION-UNIT 2 
FINAL SAFETY ANALYSIS REPORT 



SOURCE CONDITION 

2S1Sf.MIJV8~2(ZP) 
MOTOR THERMlL 
OVERLOAD 

CONTA I NMENT 
ISOUTION PHASE A 
TRAIN B 

CONTAINMENT 
ISOUTION PHASE A 
TRAIN l 

11nrres: I , TEST LI NE I SOLA TI ON VALVE 2S I S·~ODV889~0) SHOWN,, 
NITROGEN MAKE-UP ISOLATION VALVES 2GN$*AOVIOl-1'20) 
AND AOVIOl-2CZ,) SIMILAR, 

2; # BY WESTINGHOUSE 
3. NIT ROG EN MAKE-UP VALVE 2GNS~ sova 53A( AQ) SHOWN, 

NITROGEN MUE-UP YAL'i'ES 2GNS*SO'i'8538(80), ~ SOV8&3C(CO) 
*SOV853D(AP), *SOY853E(BP}, itSOY853F(CP), AND SAFETY ' 
INJECTION ACClMIUTOR Vt~T VALVES 2GNSitSOV8511A{AO) AND 
2GNSiltSOV85"8(BP) SIMILAR, 

CONTROL ACTION 

cs 
2S I SjfMOV8112(Z1) 
OPEN 

cs 
2S l*MOV8112( ZP) 
CLOSE , 

SAFETY INJECTION ACCUl«.IU.TOR TEST LINE ISOUTION VALVE 

cs 
2Sl~AOV889(Zb) 
OPEN 

cs 
2Sl~OV889(ZO) 
CLOSE 

cs 
26NS ~ SOV853A( AO) 
OPEN 

cs 
2GNS * SOV853A( AO) 
CLOSE 

I 

I 

RESULTANT 

2SIS~V8112(tP) 
1--------+~ TEST LINE ISO~.VALVE 

OPEN 1 

2Sl~V8"2(ZP) 
l---------+~ TEST LI NE I sat. VALVE 

CLOSE 

ENERGIZE OMIT AIR OPEN 

2S tS-f SISflOV889(ZO) 
SOV889 ZO 
DE-ENERGIZE ENT AIR CLOSE 

ENERGIZE OPEN 

2GNS*SOV853A(AO) 

DE-ENERGIZE CLQSE 

MONITOR 

I 

I 

I 

I 

I 

I 
B. NITROGEN MAKE-UP VALVE 

;FIGURE 7.3-85 
LOGIC DIAGRAM 
SAFETY INJECTION SYSTEM 
SAFETY INJECTION ACCUMULATORS 
:BEAVER VALLEY POWER STATION-UNIT 2 
FINAL SAFETY ANALYSIS REPORT 



SOURCE MONITOR CONDITION 

2SIS-P22 
MOTOR ELECTRICAL 
PROTECTION 

mv BUS 2A 
UNOERVOL TAGE 

CONTROL ACTION 
cs 
2SIS-P22 
START 

cs 
2SIS-P22 
STOP 

I 

T,D, 

I 

RESULTANT 

2s1:s-n2 1----------------AI HYDRO TEST PUMP 
ST RT 

2S1is-P22 1---------------..+::;;,1 HYDRO TEST PUMP 
STOP 

MONITOR 

I 

SAFETY INJECTION ACCUMULATOR HYDRO TEST PUMP 

I HYDRO TEST PUMP 
COOUJIT C IRC,WTR, POT 
LEVEL LOW HIC 

2SIS-HIC9'7 
RA I SE/ LOWER 

02 ------------c::::,~ST PUMP )i---------------
-RUNN 1"6 _ 
------ L...---------4==!!11 

2SIS-P22 

2SIS-SOY9117 

HYDRO TEST PUMP 
S-TOPPED SAFEU fNJECTIQN ACCUMULATORS HYDRO TEST PUMP SPEED CO.TROLLER 

IOTES: I. VENTING SPEED CONTROL SOLENOID 2SIS-SOV9'7 
CAUSES VARIDRIYE TO ASSl:;.;[ LOWEST SPEED, 

cs 
2SIS-f'22 
(AFT£R START) ~-----...J I 

T 

8 

C 

A 2SliS-P22 
I-----F3il SPEED CONTROL 

RAISE/LOWER 

(NOTE I) 

VENT AIR 

FIGURE 7.3-86 
LOGIC DIAGRAM 

(BRIGHT) 

I 
HYDRO TEST 

PUMP TROUBLE 

I 

SAFETY INJECTION SYSTEM 
SAFETY INJECTION ACCUMULAlORS 
~EAVER VALLEY POWER STATION-UNIT 2 
f'INAL SAFETY ANALYSIS REPORT 



SOURCE. 'MONITOR cormn10N 

HYDRO TEST 
PUMP OISCHAR~E 
FLOW 

NOTES: 
I, LOGIC FOR 2GcNS'tSOV853A~O) SHOWN. LO(;.IC. FOR 2GNS-t853B(BO}, 

85'3C(CO) AND 85AA<AO) SIMILAR, 
2. SEE ADDITIONAL CONTROL OF THE ABOVE SOVS IN NOTE I ON FIG. 7.3-85, 
:3. ONLY MANUAL MOOE OF OPERATION IS IW/\ILABLE. FROM THE 

ALTERNATE SHUTDOWN PANEL. 
4 LOGIC FOR TEST LINE VALVE 2SIS>tAOV850A(A-) SHOWN LOGIC. FOR 

TEST LINE VALVES 2SIS'tAOV8508(A·), 8SOC(B-), 850D(B-) 1 850ElC·), 
850F(C-) SIMILAR. 

CONTROL ACTION 

cs AND 
2GNSll SOV853AIJ,.O) >---91~...J 
OPEN ASP 

cs 
2GNSlf;SQV853A(AO)>---£M 
CLO~E 

RESULTANT 

2 GNSii.SOV 3A(AO) .,_..__~All CONTROL AT! ALT. ,__ __ ...,. 
SHUTDOWN PAN 

i...--Ellll ENER61ZE OPEN 

2GNS ~ SOV853A(Aq) 

---et DE·ENERGIZE CLOSE i 

NITROGEN MAKE -UP VALVE/ 

MONITv,~ 

CONTROL AT ALT, 
SHU TOOWN PANEL 

--'-.I ~ 

ASP 

C5 VENT 
2SIS*AOV8SOA(A-)l----------BIOE·ENERG1ZE AIR CLOSE (LOSE Jt 'l...-___ .......,......., _________ , 

TEST LINE ~ALVE 

'FIGURE 7. 3-86A 
LOGIC DIAGRAM 
SAFETY INJECTION ACCUMULATORS 
BEAVER VALLEY POWER STATION-UNIT 2 
FINAL SAFETY ANALYSIS REPORT 



SOURCE 

FIG. 7.3-91 

CONDITION 

211CS• loOY5IK>l 1.-) LOOP 21 
HOT LE& lsdLATION 
VALVE OPEN 

2RCS«.«W591(A-)U.. 21 
C~LD LEG ISOLATION 

ALVE OPEN 

2RCS¥° P2I A(l-) LOWE.I 
BEARING OIL LYL 
LOW 

2RCS-P21 Al 
LIFT OIL PUMP 
RUNNING 

2RCS-P21AI 

2JICSlflCW58l(lr-)UXP 21 
COLD LEG ISOLATION 
VALVE CLOSED 

LI FT OIL PtJMP PRESS. 1--------~ 
HIGN 

◄160 V BUS 2A 
BUS UNDERVOLTAGE 

2RC P21A(A-) 
MOTOR ELECTRICAL 
PROTECTION TRIP 

2/3 REACTOR COOLANT 

2RCS* P2 I A( A-) 
MOTOR 
DIFFERENTIAL 

PP.11160¥ BUSSES UNDElf---------eit 
FREQ, 

2RCSt-MJY5,85( ,_ l ll)(f' 21 
BY-PASS ISOLATION VV,t------------~ 
NOT FULLY OPEN 

~'r9>(1ir)LOOP 21 
..__...,, HOT LEG ISOLlTION 

VALVE CLOSED 

NOTE: I. REACTOR COOLANT PUMP 2RCS• P21l(i-) IS SNOWII, 
Rf.&CTOR C.OOWT PIJlolP 2RCS~P2ll(B-) AND P21C(C-) iilE SIMILAR, 

COMTIOL ACTIOI 

cs 
2RCSJt- P2 U (A-) 

AFTER STlRT 

cs 
2RCS-¥P21i(A-) 
STOP 

II 

I 

REVS 
RESULTANT MONITOR 

2RCS.. P21l A-l 
.,_.....,~ RElCTOlt COO Alll PUMP L---------4--et 

STlRT 1 

I 

(SRIGHi) 

REACTOR COOLUT PUMP 
AUTO STOP 
REACTOR TRIP ---· 

2RCS • P21 Afil- \ 
DIN 
! 

REACTOR CO"-.&ltT PUMP 5---..... ------+---at. 
STOP ! 

FIGURE 7.3-87 
LOGIC DIAGRAM 

BREAlER 
OPEN 
B 

REACTOR COOLANT PUMPS 
BEAVER VALLEY POWER STATION-UNIT 2 
UPDATED FINAL SAFETY ANALYSIS 



SOURCE MONITOR CONDITION 

R[ACTOR COOLANT 
f s.,'1--4 r: OIL TF.OUF-l~ 

2RCS- P2tA1 
MOTOR THERMAL 
OY!:RLOAD 

CONTROL ACTION 

I .. 

2RCS_. P21A(A-l 
REACTOR COOLANT PP. 1-------..-------------~ 
RUNhlNG 

IH60Y BUS 'lA 
UNDERVOLTAGE 

It 160V BUS 2B 
UiHIERVOLTA2E 

,\( TQf; ::"OLA~JT PIJM:; 
~'5 U>JDU<VOLTr(.E / 
U•!DE i, ~1,£0.J [ NCY 

SS (MAINTAINEO} 
2RCS-P21 Al 
AUTO 

SS (MAINTAINED) 
2RCS-P21AI 
OFF 
-

cs 
2RCS-II'. P21 A( A-) 
STOP 

I .. 

J. 

T.O. 

LIFT OIL PUMP FOR THE REACTOR COOLANT PUMP 

lt160V BUS 2C 
UNDERVOLTAGE 

2RCS-MOV522A 
MOTOR THERMAL 
OVER LOAD 

1. LIFT OIL PUMP 2RCS-P21A1 SHOWN, LIFT O!L PUMPS 2RCS-P2lB1 ANO P21Cl SIMILAR. 

2. INLET VALVE 2RCS-MOVS22A IS SHOWN, INLET VALVES 2RCS-MOV522B, AND MOV522C ARE 
SIMILAR. 

cs 
2RCS-M{1V5 22A 
OPEN 

cs 
2RCS-MOV522A 
CLOSE 

R~P PRIMARY GRADE SEAL WATER INLET VALVE 

_!Nil 1------------.~ 

ANO 1------------1"!!11 

RESULTANT 

2RCS-P21A1 
LIFT OIL PUMP 
START 

2RCS-P21Al 
LI FT OIL PUMP 
STOP 

2RCS-MOV522A 
lliLET VALVE 
OF[N 

7RCS-MDVS22A 
INLET VALVE 
CLOSE 

FIGURE 7.3- 88 
LOGIC DIAGRAM 
REACTOR COOLANT PUMPS 

i«!Nl roR 

!: 

l 

aEAVER VALLEY POWER STATION-UNIT 2 
~INAL SAFETY ANALYSIS REPORT 



SOUR CE 

A/D 

A/0 

A/D 

A/D 

NOTE 4 

NONI TOR 
REACTOR COOLANT 
PUNP COOLING WATER 

CONDITION 

3 TROUBLE 
.___.__ ..... 8 Z RCS* PZIA 

REACTOR COOLANT 

THERMAL BARRIER CCW 
PRESS. HIGH 

Z RCS* P21A 
THERMAL BARRIER CCW 
PRESS. HIGH 

PU NP COOLING WATER 
3 

TROUBLE ----~ ZRCS* P21A 
THERMAL BARRIER CC11 
FLOW HIGH 

ZRCS* P21A 
TH ERNAL BARRIER CCW 
FLOW H!G H 

THERMAL BARRIER 
COMPONENT COOLING 
WATER FLOW 

2CCP¥ r-!OV 103A( AO) 
NO MOTOR THERMAL 
OVERLOAD 

2RCS i P21 A( A-) 
UPPER BEARING OIL LV 
lilGH 

2RCS¼ P21 A( A-) 
LOWER BtARING OIL LVL 
H!GH 

NOTES: I. THERM.l.l BARR! ER ISOLATION VALVE 2CCP* AOV 107A ( AO) IS SHOWN. 
THERMAL BARRIER ISOLATION VALVES 2CCP*AOVl07B(BP) AND AOV107C(BP) ARE SIMILAR. 

2. RCP BEARINGS COOLING WATER ISOLATION VALVE 2CCPJfMOV103A(AO) IS SHOWN. 
RCP BEARINGS COOLING WATER ISQLAT!ON VALVES 2CCP*MOV103B(BP) ANO MOV103C(BP) ARE SIMILAR. 

3. LOGlC FOR 2 RCS- LS 103A SHOWN, LOG IC FOR 2RCS- LS 103 B ANO C IS SIM ILA R. 

4. LOGIC FOR 2RCS- LS4l7 ANO LS419 SHOW FOR 2RCS* P21A, LOGIC FOR 2RCS-LS427/429 
FOR 2 RCS!!- P 21 B ANO 2 RCS- LS437 /439 FOR 2RCS * P21 C SIMILAR .. 

COKTROL ACTION 

cs 
2CCP¥AOV107A(AO) 
OPEN 

cs 
2CCP * AOV 107 A( AO) 
CLOSE 

cs 
2CCP-.X MOV 103A( VJ) 
OPEN 

cs 
2cc Pi'-MOV 103A (AO) 
CLOSE 

RESULTANT NONI TOR 

ENERGIZE ADMIT AIR OPEN 

lCCP)I<'. ~ 

SOV107A AO) 2CCP JVAOV I 07 A{ AO) 

DE-ENERGIZE VENT AIR CLOSE 
I 

THERMAL BARRIER ISOLATION VALVE 

ANO~----------~ 
2CCP lf "IOV 103A( AO) 
ISOLATION VALVt 
OPEN 

AND 1--------------,-e,i 
2CCP1(MOV103A(AO) 
ISOLATION VALVE 
CLOSE 

RCP COOLING WATER ISOLATION VALV~ 

RCP OIL 
TROUBLE 

! 2RCS • TK 23 RCP 
OIL COLLECTlptl TANK 
LEVEL HIGH 

FIGURE 7. 3 - 89 
; 

,LOGIC DIAGRAM 
.REACTOR COOLANT PUMPS 
BEAVER VALLEY POWER STATION-UNIT 2 

. FINAL SAFETY ANALYSIS REPORT 



NOTES: 

FIG. 7. 3-13@ 
NOTE 3 

1. LEAKOFF VALVE 2CHm..MOV303A SHOWN, 

2CHS~OV303A 
MOTOI< THERMAL 
OVERLOAO 

2CHS * MOV 37 8 (ZOJ 
MOTOR TIIER N Al 
OVER LO AO 

CONTAINMENT 
ISOLATION PHASE A 
TRAIN A 

SEAL\r/AID INJECTION 
FILTER A DIFFERENTIAL 
PRESS. HIGH 

LEAK OFF VALVES 2CHS-w.tOV303B, AND N OY.llE303C 
ARE SIMILAR 

2, ISOLATION VALVE 2CHS *MOV37E (20} SHOWN, 
ISOLATION VALVE 2CHS*MOV381(ZP) SIMILAR, 

3, ~ BY WESTINGHOUSE • 

._, 2CHS-DIS I 57A SHOWN, 2CHS-DI S l 57B SIM I LAR. 

cs 
2CHSollMOV303A 
OPEN 2CHsaM 303A 1-------------------F~ LEAKOF , VALVE 

cs 
2CHS#!OV303A 
CLOSE 

REACTOR COOLANT PUMP NO. 1 SEAL W}.TER LEAKOFF VALVE 

cs 
2CHS )(MOV378{21J) 
OPEN 

cs 
2C'!S~OV~78(ZO) 
CLllSE 

RE ACTOli COO LANT PUt,1!> SUL 'IIATER I SOL AT I ON VALVE 

HIC 
2CHSlkllC'i 186(2-) 
MODULATE 

REACTOR COOLANT PUMP SEAL WATER INJECTION FILTER VALVE 

-

OPEN i 

2CHS»IOV303A 
LEAKO~F VALVE 
CLOSE 

?CHS ➔r-'"'OV 37B(ZIO) 
I S\'.ILATION VALVE 
OPEN 

2CIIS* HOV378(ZO) 
ISOLATION VALVE 
CLOSE 
TOROUE SEAT CLOSE 

2CHS)!,HCV\86(Z-) 
INJECTION FILTER V, 
MODULATE 

VALVE OPENS ON 
AIR FAILURE 

FIGURE 7.3 - 90 
LOGIC DIAGRAM 
REACTOR COOLANT PUMPS 
BEAVER VALLEY POWER STATION-UNIT 2 
FINAL SAFETY ANALYSIS REPORT 



SOURCE 

NOTES: 

MONITOR 

C 

C 

I! 

NOTE ll ~ 

1. REACTOR COOLANT PlJt,IP 2RCS~P21A(A-) MONITORING DEVICES SHOWN, 
REACTOR COOLANT PUMPS 2RCS"P21B(B-) AND P21C(C-) MONITORING DEVICES SIMILAR. 

2, UNOERFREQUENCY STATUS LIGHTS, COMPUTER INPUTS, AND ANNUNCIATORS, 
INPUTS ARE COMMON TO BOTH TRAINS (NOT SHOWN), 

3. REACTOR COOLANT PUMP ASSOCIATED EQUIPMENT MARK NUMBERS: 

2RCS ,( P21 A( A-) 2RCS~P21 B{ B-) 2RCS~P21 C( C-} RECORDER 
2CHS-TE132 
2CHS-TE131 
2RC5-TEll 188 
2RCS-TEll17A 
2RCS-TE1'178 
2RCS-TElllBA 
2RCS-TEll19 

2CHS-TE129 
2CHS-TEl2B 
2RCS-TEl'28B 
2RCS-TEll27A 
2RCS-TEll27B 
2RCS-TEll28 A 
2RCS-TEll29 

2CHS-TE126 
2CHS-TE125 
2RCS-TEll38B 
2RCS-TEll37 A 
2R CS-TEll378 
2RCS-TEll38A 
2RCS-TEll39 

2RCS-llll8A 
2RCS-llll8A 
2RCS-llll8A 
2RCS-llll88 
2RCS-llll8B 
2RCS-llll88 
2RCS-llll8B 

CONDITION 

2RCS'f P21 A( A-f 
NO. I SEAL LEAKOFF 
TEMPERATURE 

2RCS*P21 A( A-) 
THRUST BEARING UPPER 
SHOE TEMPERATURE 

2RCS¥-f'2 I A( A-) 
THRUST BEARING LOWER 
SHOE TEMPERATURE 

2RCS-¥f'21 A( A-) 
UPPER GUIDE BEARING 
TEMPERATURE 

2RCS ~P21 A(A-) 
LOWER GUIDE BEARING 
TEMPERATURE 

IU 60V BUS 2A 
UN DER FREQUENCY 

ll160 V BUS 28 
UKDERFREOUENCY 

ll\60 V BUS 2C 
UN DERF R EOUENCY 

2RCS ¥ P21 A( A-) 
LOWER RADIAL BEARING 
TEMPERATURE 

21i:CS¥ P21 A( A-) 
MOTOR STATOR WINDING 
TEMPERATURE 

L 

A/D 

A/0 

N'HE 6 

RESULTANT 

2RCS¥ P 21 A( AL) 1---------~ NO. I SEAL LEAtOFF TEMP. 1----~ 
HIGH , 

2RCS-tP21A(Af)METAL 
t----------ei BEAR I NG TEMPERATURE 

HIGH . 

1.-1~--,0 FIG. T.3·10@ 
2/3 REACTOR COOLANT 
PUMP BUSSES 2/3 +,,;-------------1:=;. 
UNDER FREQUENCY 

A/0 +---------bit RADIAL BEARING TEMP 
HIGH . 

ll, EACH REACTOR COOLANT PUMP MOTOR JS SUPPLIED WITH SIX RTD'S. 

5. 

ONE IS USED FOR COMPUTER INPUT, ONE FOR RECORDER INPUT AND 
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7.4  SYSTEMS REQUIRED FOR SAFE SHUTDOWN 
 
The functions necessary for safe shutdown are available from 
instrumentation channels that are associated with the major primary 
and secondary systems of the nuclear steam supply.  These channels are 
normally aligned to serve a variety of operational functions, 
including start-up end shutdown as well as protective functions.  
However, procedures for securing and maintaining Beaver Valley Power 
Station - Unit 2 (BVPS-2) in a safe condition can be instituted by 
appropriate alignment of selected components in the nuclear steam 
supply.  The discussion of these systems, together with the applicable 
codes, criteria, and guidelines, is found in other sections of this 
safety analysis report.  In addition, the alignment of shutdown 
functions associated with the engineered safety features, which are 
invoked under postulated limiting fault situations, is discussed in 
Chapter 6 and Section 7.3. 
 
Two kinds of shutdown conditions, both capable of being achieved with 
or without offsite power, are addressed in this section: hot standby 
and cold shutdown.  Hot standby is a stable condition of the reactor 
achieved shortly after a programmed or emergency shutdown of BVPS-2.  
Although hot standby is the safe shutdown design basis for BVPS-2, 
safety grade provisions have been incorporated in the design of the 
plant to facilitate cold shutdown.  Cold shutdown is a stable 
condition of the plant achieved after the residual heat removal (RHR) 
process has brought the primary coolant temperature below 200°F.  For a 
description of the RHR system and how it is used for cold shutdown, 
refer to Section 5.4.7. 
 
For either case of the safe shutdown, that is, hot standby or cold 
shutdown, the reactivity control systems maintain a subcritical 
condition of the core.  The plant Technical Specifications explicitly 
define  both hot standby and cold shutdown conditions.  The 
electrically-powered instrumented and controlled systems and equipment 
which are required to be aligned for achieving and maintaining cold 
shutdown without offsite power, with main control room occupancy, with 
a single random failure, and with limited operator action outside of 
the control room are a minimum set listed as follows.  These systems 
and equipment are available from inside the main control room: 
 

1. Emergency, vital electrical power supply,* 
 
2. Auxiliary feedwater system (AFWS),* 
 
3. Residual heat removal (and isolation) system, 
 
4. Borated water inventory supply to centrifugal charging pump 

suction via the emergency boration path and the boric acid 
transfer pump, which takes suction directly from the boric 
acid tank through a normally open path when the emergency 
boration  valve  is  opened.    In  addition,  there  is  an 
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 alternate source of boration supplied to the charging pump 
suction from the refueling water storage tank, 

 
5. Redundant discharge system from the centrifugal charging 

pumps, both having throttling capability through safety 
injection lines,  

 
6. Power operated relief valves (PORVs) for reactor coolant 

system (RCS), 
 
7. Pressurizer safety valves,* 
 
8. Decay heat removal, using steam line atmospheric dump valves 

(ADVs) and limited operator action, as well as steam 
generator safety valves,* 

 
9. Safety grade head vent letdown to pressurizer relief tank 

isolation system, which will withstand an active failure, 
 
10. Reactor protection system,* and 
 
11. Redundant accumulator isolation venting, in addition to the 

normal isolation valves. 
 
*The minimum number of instrumentation and control functions permitted 
under nonaccident conditions, which are required to be aligned for 
maintaining hot standby.  They are available outside as well as inside 
the main control room, and accomplish the following functions: 
 

1. Prevent the reactor from achieving criticality in violation 
of the Technical Specifications, 

 
2. Provide an adequate heat sink such that design and safety 

limits are not exceeded, 
 
3. Pressurizer pressure control, and 
 
4. Provide RCS inventory control. 
 

7.4.1  Description 
 
Instrumentation and control provisions associated with the hot standby 
systems are identified in Sections 7.4.1.1 and 7.4.1.2.  The equipment 
and services for cold shutdown are identified in Section 7.4.1.4.  
Loss of the monitoring instrumentation and local controls outside the 
main control room and normal automatic systems are not assumed 
coincident with control room evacuation.  For applicable drawings, 
refer to Section 1.7. 
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7.4.1.1  Monitoring Indicators 
 
The characteristics of these indicators, which are provided outside as 
well as inside the main control room, are described in Section 7.5.  
The necessary indicators are as follows: 
 

1. Water level indicator (wide range) for each steam generator, 
 
2. Pressure indicator for each steam generator, 
 
3. Pressurizer water level indicator, and 
 
4. Pressurizer or RCS pressure indicator. 

 
The remote shutdown monitoring instrumentation channels, with readouts 
displayed external to the control room, are shown in Table 7.4-3. 
 
7.4.1.2  Controls 
 
7.4.1.2.1  General Considerations 
 

1. The turbine  is tripped (Note that this can be accomplished 
at the turbine as well as in the main control room).  This 
closes the turbine steam stop valves. 

 
2. The reactor is tripped (Note that this can be accomplished at 

the reactor trip switchgear as well as in the main control 
room). 

 
3. All automatic systems continue functioning (discussed in 

Section 7.7). 
 
4. Selected controls for safe shutdown are located inside as 

well as outside the main control room.  Those controls 
located outside the control room are provided with a control 
transfer pushbutton which transfers control from the main 
control room to the emergency shutdown panel (ESP).  Placing 
the pushbutton in the local operating position is annunciated 
inside the main control room. 

 
7.4.1.2.2  Pumps and Compressors 
 

1. Auxiliary feedwater pumps 
 

In the event of feedwater pump stoppage due to a loss of 
electrical power, the auxiliary feedwater pumps start 
automatically.  The pumps can be started manually at the 
ESP as well as inside the main control room. 

 
2. Charging pumps 

 
Start/stop motor controls for these pumps are located on 
the ESP as well as inside the main control room. 
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3. Boric acid transfer pumps 
 

Start/stop motor controls for these pumps are located on 
the ESP as well as inside the main control room. 

 
4. Service water pumps 
 

Start/stop motor controls for these pumps are located on 
the ESP as well as inside the main control room. 
 

5. Component cooling water pumps  
 

Start/stop motor controls for these pumps are located on 
the ESP as well as inside the main control room. 

 
6. Instrument air compressors 

 
These compressors start automatically on low air pressure.  
However, loss of instrument air does not prevent the 
operation of the minimum systems necessary for hot standby. 

 
7.4.1.2.3  Emergency Diesel Generators 
 
These units start automatically following a loss of normal ac power.  
Manual controls for emergency diesel generator start-up are also 
provided locally at the diesel generators as well as inside the main 
control room. 
 
7.4.1.2.4  Valves and Heaters 
 

1. Charging flow control valves 
 

Charging flow control valves  fail open upon loss of 
instrument air.  Subsequent control of the flow can be 
maintained through control of the charging pumps at the 
ESP. 

 
2. Letdown orifice isolation valves 

 
Manual control is provided both at the ESP and inside the 
main control room. 

 
3. Auxiliary feedwater control valves 

 
Controls for these valves are located at the ESP and inside 
the main control room. 

 
4. Steam generator safety valves and steam line atmospheric dump 

valves 
 

a. Spring-loaded safety valves 
 

The safety relief valves on each steam header are 
located upstream of the isolation valves.  They are 
spring-loaded, self-opening on an increase in pressure 
in the steam header. 
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b. Atmospheric dump valves 

 
The ADVs are located upstream of the isolation valves, 
one on each steam header.  Control of these valves is 
automatic by steam line pressure, with remote manual 
control by adjustment of the pressure set point from 
the main  control room as well as at the ESP.  In 
addition, local manual operators are provided in the 
event of complete loss of automatic control. 

 
5. Pressurizer heater control 

 
On-off control with selector switches is provided for two 
backup heater groups at the ESP.  The heater groups are 
connected to separate buses, such that each group can be 
powered from separate emergency diesel generators in the 
event of loss of offsite power (LOOP).  The controls are 
grouped with the charging flow controls at the ESP and 
duplicate functions are available in the main control room. 

 
7.4.1.3  Main Control Room Evacuation 
 
The instrumentation and controls listed in Sections 7.4.1.1 and 
7.4.1.2, which are used to achieve and maintain a safe shutdown, are 
available in the event an evacuation of the main control room is 
required.  These controls and instrumentation channels, together with 
the equipment and systems listed in Section 7.4.1.4, identify the 
potential capability for cold shutdown of the reactor subsequent to a 
main control room evacuation through the use of suitable procedures.  
Control room evacuation shall not occur coincident with an abnormal 
operating condition (Condition II, III, or IV event) except the loss 
of offsite power.  The emergency shutdown panel and the equipment used 
to maintain remote shutdown fulfill the single failure criterion.  
Normal control from the main control room would normally be expected 
to function under all conceivable events. 
 
In accordance with General Design Criterion (GDC) 19, provisions are 
made to control certain vital systems required for hot standby of the 
unit from a central  location (ESP) (Table 7.4-1) outside the main 
control room in the event of inaccessibility of the main control room 
(Section 6.4 on main  control room habitability).  The design bases 
for establishing the functional requirements to provide hot shutdown 
capability from the ESP are as follows: 
 

1. As previously stated, inaccessibility of the main control 
room shall not occur simultaneously with or subsequent to an 
accident condition other than a LOOP. 
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2. The main control board, although not necessarily remaining 
operable, shall not be affected because of main control room 
inaccessibility to the extent that the control board 
generates spurious or unwanted control signals which would 
prevent hot standby from the ESP. 

 
3. A sufficient quantity of auxiliary feedwater shall be 

available for decay heat removal until such time as the RHR 
system can be placed in operation.  The AFWS is described in 
Section 10.4.9. 

 
In the event that a main control room evacuation is required, the 
controls and monitoring instrumentation, which are located on the ESP, 
will be utilized. 
 
The design criteria for control room evacuation includes single 
failure and coincident loss of offsite power.  Power sources for all 
Class 1E control circuitry of pumps and valves are the same power 
sources as those used in the main control room. 
 
Separation of redundant train-related and non-Class 1E circuits is 
maintained by barriers or appropriate air space.  All control 
equipment (other than indicators) which is part of a Class 1E circuit 
meet the requirements of IEEE Standard 344-1975, "Seismic 
Qualification of Class 1E Equipment," and IEEE Standard 323-1974, 
"Qualifying Class 1E Equipment."  Transfer of control to the shutdown 
panel is accomplished by the transfer pushbuttons and switches on the 
shutdown panel.  Transfer separates all control from the control room.  
Reset (override) is accomplished by hand reset transfer relays at the 
local relay panel. 
 
In the event of an exposure fire in the instrumentation and relay 
room, cable spreading room, west communication room (ESP), or the 
cable tunnel, the alternate shutdown panel (ASP) is designed to 
provide instrumentation and controls to support safe shutdown. 
 
The switching capability of the ASP (Table 7.4-2) provides a means of 
shutdown capability support that bypasses all equipment and electrical 
cables located in the previously mentioned four fire areas.  All 
electrical cables that pass through these areas and which are required 
for safe shutdown, are electrically removed from their circuits to 
ensure isolation of the affected fire area and allow independence of 
the ASP.  The ASP will control one train of one redundant division of 
the Class 1E systems supporting safe shutdown of BVPS-2. 
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7.4.1.4  Equipment and Systems Available for Cold Shutdown 
 

1. Auxiliary feedwater system pumps (Section 10.4.9), 
 
2. Boric acid transfer pumps and tanks (Section 9.3.4), 
 
3. Charging pumps (Section 9.3.4), 
 
4. Service water system pumps (Section 9.2.1), 
 
5. Main control room ventilation (Section 9.4.1), 
 
6. Component cooling water pumps (Section 9.2.2.1), 
 
7. Residual heat removal system pumps (Section 5.4.7), 
 
8. Certain motor control centers and switchgear sections 

associated with motors, valves, and heaters on this list 
(Section 8.1), 

 
9. Controlled steam release and feedwater supply (Sections 7.7 

and 10.4.9), 
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10. Accumulator piping and valving for isolation and venting 
(Section 6.3), 

 
11. Nuclear instrumentation system (source range or intermediate 

range) (Section 7.2), 
 
12. Reactor coolant inventory control (charging and letdown) 

(Section 9.3.4), 
 
13. Pressurizer pressure control, including opening control for 

pressurizer relief valves and heater control (Sections 10.4 
and 7.6), 

 
14. Safety injection trip block control, and 
 
15. Accumulator isolation valve control. 
 

Detailed procedures to be followed in effecting cold shutdown from 
outside the main control room are best determined by plant personnel 
at the time of the postulated incident.  During such time, the plant 
could be safely maintained at hot standby. 
 
7.4.2  Analysis 
 
Hot standby is a stable plant condition, automatically reached 
following a reactor trip from power.  Additionally, the plant design 
features permit the achievement of cold shutdown as referred to 
herein,  such as in Sections 5.4.7 and 7.4.1.4.  In the unlikely event 
that access to the main control room is restricted, the plant can be 
safely kept at hot standby through the use of monitoring indicators 
and controls listed in Sections 7.4.1.1 and 7.4.1.2 until the main 
control room can be re-entered.  Cold shutdown conditions can be 
achieved through the use of suitable procedures and by virtue of 
control of the equipment listed in Section 7.4.1.4 from the ESP. 
 
The controls available at the ESP provide the capabilities of 
achieving and maintaining a safe shutdown when the main control room 
is inaccessible.  The controls necessary for immediate operator action 
to establish a stable plant condition are available at the ESP or in 
adjacent emergency switchgear rooms.  The controls, along with limited 
operator action, provide a means of sustaining the capability for 
boration, letdown, RHR, natural circulation, continuing reactor 
coolant pump essential water services, and secondary system 
depressurization. 
 
The preceding instrumentation and control functions, which are 
required to be aligned for maintaining safe shutdown of the reactor, 
are the minimum number of instrumentation and control functions 
needed.  Some of the equipment that provides part of these 
instrumentation and control functions are control systems discussed in 
Section 7.7 that are not part of the protection system.  Proper 
operation of other nonsafety-related control systems will allow a 
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more normal shutdown to be made and maintained by preventing a 
transient.  In considering the more restrictive conditions that 
Section 7.4 deals with, it can be said that certain accidents and 
transients are postulated in the Chapter 15 safety analyses which take 
credit for safe shutdown, when the protection systems' reactor trip 
terminates the transients and the ESF systems mitigate the 
consequences of the accident.  In these transients, in general, no 
credit is taken for the control system operation should such operation 
mitigate the consequences of a  transient.  Should such operation not 
mitigate the consequences of a transient, no penalties are taken in 
the analyses for incorrect control system actions over and above the 
incorrect action of the control system whose equipment failure was 
assumed to have initiated the transient.  These Chapter 15 analyses 
show that safety is not adversely affected when such transients 
include the following: 
 

1. Uncontrolled boron dilution, 
 
2. Loss of normal feedwater, 
 
3. Loss of external electrical load and/or turbine trip, and 
 
4. Loss of ac power to the station auxiliaries (station 

blackout). 
 

The results of the analysis which determined the applicability of the 
nuclear steam supply system safe shutdown systems to the USNRC GDC, 
IEEE Standard 279-1971, applicable USNRC Regulatory Guides, and other 
industry standards are presented in Table 7.1-1.  The functions 
considered include both safety-related and nonsafety-related equipment 
and are: 
 

1. Reactor trip system, 
 
2. Engineered safety features actuation system, 
 
3. Safety-related display instrumentation for post-accident 

monitoring, 
 
4. Main control board, 
 
5. Emergency shutdown panel, 
 
6. Residual heat removal, 
 
7. Instrument power supply, and 
 
8. Control systems. 

 
For the discussion addressing how these requirements are satisfied, 
the column in Table 7.1-1, entitled Applicable Criteria Discussed in 
Section, provides the appropriate reference. 
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7.4.3  References for Section 7.4 
 
U.S. Nuclear Regulatory Commission (USNRC) 1981.  Standard Review Plan 
for the Review of Safety Analysis Reports for Nuclear Power Plants.  
NUREG-0800. 
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TABLE 7.4-1 

 
INSTRUMENTS AND CONTROLS OUTSIDE MAIN 

CONTROL ROOM FOR COLD SHUTDOWN 
 
Instruments on ESP Mark No. 

  
Steam generator level indicators  
(1 each) 

2FWS-LI477A, 487A, 497A 

  
Steam generator pressure indicators 
(1 each) 

2MSS-PI474A, 485A, 496A 

  
Pressurizer level indicators (2) 2RCS-LI459C, 460C 
  
Pressurizer pressure indicators (2) 2RCS-PI444A, 455A 
  
Loop hot leg temperature indicators 
(1 each) 

2RCS-TI413A, 423A, 433A 

  
Loop cold leg temperature indicators 
(1 each)  

2RCS-TI410A, 420A, 430A 

  
Reactor coolant pressure indicators 
(2) 

2RCS-PI441B, 440A 

  
Auxiliary feedwater flow indicators 
(2/Steam Generator) 

2FWE-FI100A3, 100A1, 
100B3, 100B1, 100C3, 
100C1 

  
RHR return to loop temperature 
indicators (2) 

2RHS-TI606A, 606B 

  
RHR flow indicators (2) 2RHS-FI605A1, 605B1 
  
RHR (Heat Exchanger Outlet) flow 
indicators (2) 

2RHS-FI606A1, 606B1   

  
Volume control tank level indicators 
(2) 

2CHS-LI112A, LI115A 

  
Charging flow indicator 2CHS-FI122A1 
  
Regenerative heat exchanger to loop 
temperature indicator 

2CHS-TI123A 

  
Emergency bus voltmeters (2) VM-BUS2AE, 2DF 
  
Source range NI (4) 2NMS-NI31BA, 31DA, 

32BA, 32DA 
  
Intermediate range NI (4)  2NMI-NI35BA, 35DA, 

36BA, 36DA 
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TABLE 7.4-1 (Cont) 
 
Equipment with Control Switches and 
Control Transfer Switches on ESP  

 
Mark No. 

  
Auxiliary feedwater control valves 2FWE*HCV100A, 100B, 

100C, 100D, 100E, 100F 
  
Emergency boration valve 2CHS*SOV206 
  
Non-regenerative heat exchange 
discharge valve 

2CHS*PCV145 

  
Letdown to coolant recovery tanks 2CHS*MOV100A, 100B 
  
Turbine driven auxiliary feed pump 
steam supply valves 

2MSS*SOV105A, 105B, 
105C, 105D, 105E, 105F 

  
Atmospheric steam dump valves 2SVS*PCV101A, 101B, 

101C 
  
Pressurizer auxiliary spray isolation 
valve 

2CHS*MOV311 

  
Non-regenerative heat exchanger 
letdown isolation valve 

2CHS*AOV204 

  
Letdown orifice isolation valves 2CHS*AOV200A, 200B, 

200C 
  
Letdown isolation valves 2CHS*LCV460A, 460B 
  
Charging line to RCS isolation valve 2CHS*MOV310 
  
Boric acid tank to charging pump 
suction 

2CHS*MOV350 

  
Reactor coolant system spray valve 2CHS*MOV311 
  
Charging pump suction from RWST 2CHS*LCV115B, 115D 
  
Volume control tank isolation valves 2CHS*LCV115C, 115E 
  
Residual heat exchanger PCCW outlet 
valve and pump seal cooler 

2CCP*MOV112A, 112B 

  
Residual heat removal inlet isolation 
valves 

2RHS*701A, 701B, 702A, 
702B 

  
Residual heat removal safety injection 
return isolation valves 

2RHS*MOV720A, 720B 
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TABLE 7.4-1 (Cont) 

 
Equipment with Control Switches and 
Control Transfer Switches on ESP  

 
Mark No. 

  
Atmospheric residual heat release 
valve 

2SVS*HCV104 

  
Safety injection accumulator isolation 
valve 

2SIS*MOV865A, 865B, 
865C 

  
Charging pump discharge flow 2CHS*FCV122 
  
Residual heat removal purification 
valve 

2CHS*HCV142 

  
Residual heat removal bypass valve 2RHS*FCV605A, 605B 
  
Residual heat exchanger outlet valves 2RHS*HCV758A, 758B 
  
Residual heat removal cross-connection 
valves 

2RHS*MOV750A, 750B 

  
Primary plant component cooling water 
pumps 

2CCP*P21A, 21B, 21C 

  
Charging pumps 2CHS*P21A, 21B, 21C 
  
Boric acid transfer pumps 2CHS*P22A, 22B 
  
Steam generator motor-driven auxiliary 
feed pumps  

2FWE*P23A, 23B 

  
Containment air recirculation fans 2HVR-FN201A, 201B, 201C
  
Pressurizer heaters  2RCP*H2A, H2B 
  
Residual heat removal pumps 2RHS*P21A, 21B 
  
Service water pumps 2SWS*P21A, 21B, 21C 

  
Miscellaneous Controls  
  

Bus 2A supply from system station  
Transformer 2A breaker 

BRKR 42A 

  
Bus 2D supply from system station 
Transformer 2B breaker  

BRKR 342B 

  
Bus 2AE normal tie breaker BRKR 2A10 
  
Bus 2DF supply breaker BRKR 2D10 
  
Bus 2AE supply breaker BRKR 2E7 
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TABLE 7.4-1 (Cont) 

 
Equipment with Control Switches and 
Control Transfer Switches on ESP  

 
Mark No. 

  
Bus 2DF supply breaker BRKR 2F7 
  
Diesel generator 2-1 breaker BRKR 2E10 
  
Diesel generator 2-2 breaker BRKR 2F10 
  
Emergency diesel generator 2-1  
Emergency diesel generator start  
Emergency diesel generator stop  
  
Emergency diesel generator 2-2  
Emergency diesel generator start  
Emergency diesel generator stop  
  
Pressurizer SI block/reset  
  
Steam line SI block/reset  
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TABLE 7.4-2 
 

EQUIPMENT ON ALTERNATE SHUTDOWN PANEL 
 
 
 
Equipment 

Equipment 
Mark No. 

  
Residual heat removal pump 2RHS*P21A(AO) 
Residual heat removal supply isolation valve 2RHS*MOV701A(AO) 
Residual heat removal supply isolation valve 2RHS*MOV702A(AO) 
Residual heat removal isolation to CL22 2RHS*MOV720A(AO) 
Primary component cooling 2CCP*P21A(AO) 
Residual heat removal heat exchanger 21A supply 2CCP*MOV112A(AO) 
Service water pump 2SWS*P21A(AO) 
Steam generator auxiliary feed pump 2FWE*P23A(AO) 
Auxiliary feed pump header to steam generator 2FWE*HCV100C(AO) 
Auxiliary feed pump header to steam generator 2FWE*HCV100E(AO) 
Pressurizer heater 2RCP-H2A(ZO) 
Atmosphere steam dump valve to steam generator A 2SVS*PCV101A(AO) 
Atmosphere steam dump valve to steam generator B 2SVS*PCV101B(AO) 
Charging pump 2CHS*P21A(AO) 
Charging pump discharge flow line 2CHS*FCV122(Z-) 
Pressurizer power relief 2RCS*PCV456(BO) 
Nitrogen supply valve to safety injection 2GNS*SOV853A(AO) 
Nitrogen supply valve to safety injection 2GNS*SOV853B(BO) 
Nitrogen supply valve to safety injection 2GNS*SOV853C(CO) 
Safety injection accumulator nitrogen vents 2GNS*SOV854A(AO) 
Letdown isolation valve supply 2CHS*LCV460A(ZO) 
Letdown isolation valve 2CHS*LCV460B(ZO) 
Letdown valve - coolant recovery  2CHS*MOV100A(-O) 
Letdown valve - coolant recovery 2CHS*MOV100B(-O) 
Letdown orifice isolation valve 2CHS*AOV200A(AO) 
Nonregenerative heat exchanger discharge 2CHS*PCV145 
Boric acid transfer pump 2CHS*P22A(AO) 
Redundant to emergency boration 2CHS*SOV206(ZO) 
Emergency diesel generator set 2EGS*EG2-1(-O) 
Steam generator level (Loop 21) 2FWS-LI477F 
Steam generator level (Loop 22) 2FWS-LI487F 
Steam generator discharge pressure (Loop 21) 2MSS-PI475F 
Steam generator discharge pressure (Loop 22) 2MSS-PI485F 
Presurizer level protection (Loop 21) 2RCS-LI459AF 
Reactor coolant pressure (Loop 21) 2RCS-PI403F 
Pressurizer pressure protection (Loop 21) 2RCS-PI455F 
Reactor coolant hot leg temperature (Loop 21) 2RCS-TI413F 
Reactor coolant hot leg temperature (Loop 22) 2RCS-TI423F 
Reactor coolant cold leg temperature (Loop 21) 2RCS-TI410F 
Reactor coolant cold leg temperature (Loop 22) 2RCS-TI420F 
Steam generator auxiliary feed line 2FWE-FI100AF 
Steam generator auxiliary feed line 2FWE-FI100BF 
 



 BVPS-2 UFSAR Rev. 0 

2 of 2 

TABLE 7.4-2 (Cont) 
 

 
 
Equipment 

Equipment 
Mark No. 

  
Source range count rate 2NMS-NI31BF 
Source range start-up rate 2NMS-NI31DF 
Bus 2A supply breaker ACB-42A 
Bus 2AE supply breaker ACB-2A10 
Bus 2AE emergency supply breaker ACB*2E7 
Emergency diesel generator supply breaker ACB*2E10 
Diesel generator heat exchanger service 2SWS*MOV113A(AO) 
 water header valve  
Service water pump discharge valve 2SWS*MOV102A(AO) 
Charging pump suction valve from refueling 2CHS*LCV115B(AO) 
 water storage tank  
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TABLE 7.4-3 
  

REMOTE SHUTDOWN PANEL MONITORING INSTRUMENTATION 
 
   
 INSTRUMENT MEASUREMENT RANGE  
    
1. Intermediate Range Nuclear Flux 10

-11
 to 10

-3
 amps  

    
2. Intermediate Range Startup Rate -1.5 to +5.0 DPM  
    
3. Source Range Nuclear Flux 10

0
 to 10

6
 CPS  

    
4. Source Range Startup Rate -1.5 to +5 DPM  
    
5. Reactor Coolant Temperature - Hot Leg 0 - 700°F  
    
6. Reactor Coolant Temperature - Cold Leg 0 - 700°F  
    
7. Pressurizer Pressure 1700 to 2500 psig  
    
8. Pressurizer Level 0 - 100%  
    
9. Steam Generator Pressure 0 - 1200 psig  
    
10. Steam Generator Water Level 0 - 100%  
    
11. RHR Temperature - HX Outlet 50 - 400°F  
    
12. Auxiliary Feedwater Flow 0 - 400 GPM  
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BEAVER VALLEY POWER STATION-UNIT 2 
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TO ALLOW STE.4.M 

ENERGIZE' C -Bl- B 
BYPASS TO CONDENSER 

C VALVE CLOSES ON AIR FAILURE 

2MSS - TSV 10602 ( -P) 
',T L-B __ _, 

ENERGIZE C ~ B 

DE-ENERGIZE A~ B 

2MSS-TSV106D3 

ADMIT 
SUPPLY AIR 

~A 
ENERGIZE A~ B 

2MSS-TSV106Dlf. T B 

C 

3. COMMON FOR ALL STEAM BYPASS VALVES. 
4, ,+t BY WESTINGHOUSE 

VENT 

A 

T 

C 

C 

B 

2ND BANK STfAM BYPASS VALVES 

FIGURE 7.4-11 
LOGIC DIAGRAM 
STEAM BYPASS SYSTEM 
BEAVER VALLEY POWER STATION-UNIT 2 
FINAL SAFETY ANALYSIS REPORT 
I 



SOURCE MONITOR 

FIG. 7.4-7 

SOURCE SIM l LAR 
TO TRAIN A 
BLOCK SIGNALS 

FIG. 7. 4-6 
2 

108D993 SH 2 

FIG-7.4-8 

NOTES: 

I.LOGIC SHOWN FOR: 
LOGIC SIMILAR FOR: 

VALVE 
2MSS-TCV106A 
2MSS-TCV106B 
2MSS-TCVI 06F 
2MSS-TCV106K 
2MSS-TCV106Q 

COHO IT I ON 

3RD BANK ANO 
llTII BANK VALVES 
TRAIN A BLOCK SIG •. 

2MSS-TCV 106 A 
3RD iUNK VALVE 
OPEN 

2MSS-TCV106A 
3RD BANK VALVE 
CLOSED 

3RD BANK ANO 
llTII BANK VALVES 
TRAIN B BLOCK SIG. 

3RD AND llTH BANK 
VALVES STEAM BYPASS 
PERMISSIVE 

TRA!N B 
REACTOR TR JP 

RHtTOR TRIP, LOAD 
REJECltON, OR STEAM 
PRESSURE CONTROLLER 
OUTPUT 

1ST SOY 
2MSS - TSV 106/d (-0) 
2MS~ - rsv106BJ (-o) 
2MSS - TSV 1 :>6F1 (-0) 
2MSS -TSVI 06Kl ( '."O) 
2MSS - !SV 106Q 1 (-0) 

CONTROL ACT I ON 

SS STEAM BYPASS 
CONTROL MODE SELECT0!?,.---':::..1 
T 

2ND sov 
2MSS ~ TSV l 06A2(-P) 
2MSS - TSV 106B2 (-P) 
2MSS-TSV106F2(-P) 
2MSS - TSV 106K2(-P) 
2MSS -TSV106Q2{-P) 

3RD SOV 
2MSS-TSV106 A3 
2MSS-TSV 1 06 B3 
2MSS-TSVI 06 F3 
2MSS-TSV I 06 K3 
2MSS-TSV106 Q3 

llTH SOY 
2MSS-TSVI 06 All 
2MSS-TSV1 Of 81' 
2MSS-TSVl 06 Fil 
2MSS-TSV 1 06 Kil 
2MSS-TSVI 0601l 

rR IP OPEN 
NOTE 3 

.!!: 

~---~OE-ENERG I ~E A ~ 8 

1MSS -TSV' 06A l (-0) 

EH ERG I ZE C ~B 

A 

OE-ENERGIZE A ~B 

2MSS -TS Y 106A2 { -P) r 
ENERGIZE 

DE-ENERGIZE A.~ 

2MSS-TSV106A3 

ADMIT 
SUPPLY A IR 

A 

B 

C~ B 

B 
T 1----..., 

C 

B 

C 

VENT 

A 

T 

C 

RESULTANT 

2MSS-TCV106A 
3RD BANK VALVE OPENS 
TO ALLOW STEAM 
BYPASS TO CONDENSER 

VALVE CLOSES ON Ali FAILURE 

2MSS-TSY106All T 

C 

3. COt,t,!ON TO ALL STEAM BYPASS VALVES. 
4, .:j:f. BY WESTINGHOUSE 

3RD BANK STEAM BYPASS VALVES 

FIGURE 7. 4 -12 
'LOGIC DIAGRAM 
STEAM BYPASS SYSTEM 
BEAVER VALLEY POWER STATION-UNIT 2 
FINAL SAFETY ANALYSIS REPORT 



SOURCc MONITOR 

FIG. 7. 4- 7 

SOURCE SIMILAR TO '-------I 
TRAIN A BLOCK 
SIGNAL 

FIG. 7. 4-6 

1080993 SH 2 

FIG. 7. 4-8 

NOTES: 
1, LOGIC SHOWN FOR: 

LOGIC SIMILAR FOR: 

VALVE 
2MSS-TCY106C 
2MSS-TCV106G 
2MSS-TCY 106J 
2M:iS-TCV106N 

COMO ITION 

3RD BANK AND 
llTK BANK VALVES 
TRAIN A BLOCK SIG. 

2MSS-TCY106C 
II-TH BANK VALVE 
OPEN 

2MSS-TCV106C 
llTH BANK VALVE 
CLOSED 

3RD BANK ANO 
llTH BANK VA LYES 
TRAIN B BLOCK SIGNAL 

3RD AND llTH BANK 
VALVES STEAM BYPASS 
PERMISSIVE 

TAVG. - TREF. 
HIGH 

TRAIN B. 

REACTOR TRIP 

EACT~R I P, LOAD 
REJECT IOI\, OR STEAM 
PRESSURE CONTROLLER 
OUTPUT 

lSJ SQY 
2MSS -TSVl 06Cl (-0) 
2MSS -TSVl06GI (-0) 
2MSS - ~SYl 06Jl (-0) 
2MSS - [SV106Nl (-0) 

CONTROL ACTION 

SS STEAM BYPASS 
CONTROL MODE SELECTOR\.----f~ 
T 

2ND SOY 
2MSS -TSYl 06C2{-P) 
2MSS - :-sv10662 (-P) 
2MSS - TSY 106J2 (-P) 
2MS~ - fSV106N2(-P) 

3RD SOY 
2MSS-TSY106C3 
2MSS-TSY106G3 
2MSS-TSY106J3 
2MSS-TSV106N3 

llTH soy 
2MSS-TSV106Cll-
2MSS-TSY106GII-
2MSS-TSV106Jll-
2MSS-TSV106Nll 

TRIP OPEN 
NOTE 3 
~ 

VEIH 

A 

-----Ri DE-ENERGIZE A~ B 2MSS-TCV106 C 
1--'B'--.....,.;~ llTH BANK VALVE OPEltS 

2MSS •TS V l 06C l ( -0) T TO ALLOW STEAM 
BYPASS TO CONDENSER 

EMERG ltE C ~ B 
VALVE CLOSES ON AIR FAILURE 

C 

----~DE-ENERGIZE A --e- B 

2MSS •JSYl 06C2(-P) T 1--B--~ 

ENERGIZE C~B 

OE-ENERGIZE A~B 

2MSS-TSV106C3 

ENERGIZE C~ B 

ADMIT 
SUPP Y AIR 

A 

ENERG lZE A~ B 
B 

2MSS-TSV1D6Clt T 

C 

VENT 

A 

r 

C 

C 

B 

llTH BANK 
0

STEAM BYPASS VALVES 

3. COMMON FOR ALL BYPASS VALVES 
4, #- BY WESTINGHOUSE 

FIGURE 7.4-13 
LOGIC DIAGRAM 
STEAM BYPASS SYSTEM 
BEAVER VALLEY POWER STATION-UNIT 2 
FINAL SAFETY ANALYSIS REPORT 



SOURCE 

2RCS• 
TX4'.2kl 

2RCS• 
TX422kl 

2RCS• 
TX432kl 

33 

33 

I\OTE: 

TL0-005-042-02 

TLD-005-058-02 

TLD-02)6-074-02 

B SOP -
R R 

B SOP -
G G 

1. 2SVS•HCV12l4(ZP) 1✓ ILL I-AVE POWE=l REMOVED 
DURING I\ORMAL PLAI\T OPERATION. 

CONDITION 

REACTOR COOLANT 
LOOP 21 AVERAGE 
TEMPERATURE 

REACTOR CCOL?>NT 
LOOP 22 AVERAGE 
TEMPERATURE 

REACTOR COOLANT 
LOOP 23 AVERAGE 
TEMPERATLRE 

2SVS•HCV112'.41ZPl 
HEAT RELEASE VALVE 
OPEN 

2SVS•HCV1041ZP) 
HEAT RELEASE VALVE 
CLOSED 

CONTROL ACTION 

2SVS*HIC1041ZW) 

B -

2SVS•HCV'.04:ZPl 
"1ANUe;L RESET 
e;T =lELAY 

L -
PB 
2SVS•HCV 12l 4(ZP) 
COI\T=lCL TRANSFER 

SOP 

2SVS •H IC'. 0 4-11 ZW) 

~------~ SOP 

MEDIAN 

B 

B _.A 

T 
A 

C _.A 

AT"10SPHERIC RESIDUAL HEAT RELEASE VALVE 

RESULTANT 

LOOP 21,22,23 
MEDIAN T AVG 

TLC-005-041-04 

2SVS•HCV104(ZPl 
RES! □ HEAT RELEASE 
MODULATE 

VALV:: FAILS CLCSEC 01\ 
VALV:: FAILS CLCSEC 01\ 

NOTE 1 
LCSS OF 480V 
LCSS OF CONTROL 

FIGURE 7.4-14 
LOGIC DIAGRAM 

A 

C 

2RCS-
TR408 

7 

REV 12 

B 

FIG. 7.4-8 

C 

CCNTROL AT 
SI-UTDOWN PANEL 

1 B -

SIGNAL 

STEAM BYPASS SYSTEM 
BEAVER VALLEY POWER STATION - UN:T 2 
UPDATED FINAL SAFE-Y ANALYSIS REPORT 



SOURCE 

FIG.14-16 

1 OBD993 SH. 8 

l.~09-001-02~8 

CONDITION 

BUS 2 AE SUPPLY BRKR. J.------f~ 
LOSED 

COMPONENT COOLING 
WATER HEADER PRESSUREl-----l~ 
LOW 

DIESEL LOADING 
SEQUENCE SIGNAL 

2CCP*P21C (SG) 
COMPONENT COOLING PUMR----------~ 
RUNNING ON BUS 2AE 

2CCP1 P21A (AD} 
DISCHARGE 
PRESSURE 

2CCP,t P21 A {AO) 
MOTOR ELECTRICAL 
PROTECTION TRIP 

BUS 2AE 
UNOERVOLTAGE 

CONTAINMENT 
ISOLATION PHASE B 
TR.UNA 

CONTROL ACTION 
PB 
2CCP~"P21A(AO} 
CONTROL TRANSFER 

2CCP¼P21A 0 
MANUAL RESET 
AT RELAY '------~..l 

cs 
2CCP-:H21A(AO} 
START 

cs 
2CCP * P21 A (AO) 
AUTO ---------.J I! 

cs 
2cc P ,,nil-ti (AO) 
STOP 

cs 
2CCP* P21A (.t.O). 

RESULT~T 

, 2CCF k-P.'. IA(AO} !-------------!=",,! CONTROL AT 11 

SHUTDOWN PAN~L 

M 
E 1-----'-----~ 

M 

2CCF# P21 A(A~) 
L------..C;;,I COMPONENT coquNG PUM 

START 

2CCP #P21A(IIO) 
COMPONENT COOL Hl(i PUM111--------__. 
STOP 

MONITOR 

NOTE 2 

'---~.a 
CONTROL AT 
SHUTDOWN 
PANR 

(NOTE T) 

! NOTE Tl 

CDIMj 
§ 

AUTO (AFTEr. STOP} ~ AND 1------__.;~ ~----~::::::=====~--saCJ 
2CCP,H21A(AO) 
COMPONENT COOLINGPMP~---~ 
RUN Ii I NG 

NOTES: 

1, LOG l C FOR PR HtARY COMPONENT COOL I NG WATER PUMP 
2CCP*P21A(AO) SHOWN. LOGIC FOR PUMP P'rnl(B!'} SIH!LAR 

2. A NNUNC I A TORS AND COMPUTER_ INPUTS COMMON 
TO ALL SHUTDOWN PANEL TRANSFER SWITCHES. 

a. PRESSURE SWITtH 2CCP- ,s102 FOR PUMP 2CCP*P21B(BP), 

~. CONTROL FROM BENCH BOARD SHOWN, CONTROL FROM SHUTDOWN PANEL SIMILAR. 

S. CONTROL FROM BENCH BOARJ 13 ONLY AVAILABLl WHEN CONTROL TRANSFER IS RESET. 

6. SEE ADDITIONAL CONTROL OF 2CCP *P21A(AO) ON FIG. 7.4-17 

T. ONE COMP U HR INPUT WILL PROVIDE BOTH ON AND Off INDICATIONS. 

cs 
2CCP*P21A(AO} 
AUTO (~FTER START). J! 

PRl~ARY COMPONEHT COOLING WATER PUMP 

ANO ...--... 

FIGURE 7.4-15 
LOG IC DIAGRAM 
PRIMARY COMPONENT 
COOLING WATER PUMPS 

(BRIGHT) 
§ 

BEAVER VALLEY POWER STATION-UNIT 2 
FINAL SAFETY ANALYSIS REPORT 



SOURCE MO~ CONDITION 

f,. 

NOTE: 3 
FIG. 7. 4-15 

108D993 SH.B 
I .ll09-001-021l8 

NOTES: 

PRI COMP COOLINr., 
WATER SYSTEM 

TRCUBLE 
.B. COMPOOENT COOLING 

WTR. HDR. PRESSURE 
LON 

ACS 2E7 
BUS 2AE SUPPLY BAKR. 
CLOSED 

CuMPONENT COOLING 
WATER HEADER PRESS. 
LOW 

DIESEL LOADING 
SEQUENCE SIGNAL 

2CCP*P21 A(AO} 
RACKED IN ON 
BUS 2AE 

2CCP*P21(SG) 
DISCHARGE 
PRESSURE 

2CCP 'H21 C(SG) 
MOTOR ELECTRICAL 
PROTECTION TRIP 

BUS 2AE 
UNDERVOLTAGE 

CONTAINMENT 
ISOLATION PHASE B 

TRAIN A 

2CCPil<P21 C ( SG} 
COMPONEKT COOLING 
WATER PUMP RUNNING 

I. LOGIC FOR PRIMARY COJ.!PONENT COOLING WATER PUMP 
2CCP*P21C(SG) ON BUS 2AE SHOWN. LOGIC FOR PUMP 
2CCP*P21C(SG) ON BUS 2DF SIMILAR. 

2. AN NUNC I ATOR ANO CON PUT ER IN PUTS CONN ONTO All 
SHUTUOWN PANEL TRANSFER SWITCHES. 

3. PRESSURE SWITCH 2CCP -·Ps 102 FOR PUMP 2~CP*P21C(SG) ON BUS 20~. 
ll. CONWOL FROM BENCH BOARD SHOWN, CONTROL FROM SHUTDOWN PANEL S IM l LAR. 

5. CONT~OL IN THE BENCH BOARD IS ONLY AVAILABLE WHEN THE CONTROL TRANSFER IS RESET. 
6. ONE CON P UTE R INPUT WI L l PROV IDE BOTH o• AND Off IND ICA i I OKS. 

CONTROL ACTION 

PB 
2CCP *P21 C ( SO) 
CONTROL TRANSFER 

2CCP*P21C(S 
MANUAL RESET 

AT RELAY 

cs 
2CCP* P21 C (SO) 
START 

cs 
2CCP ~ P21 C (SO) 
AUTO 

cs 
2CCP* P21 C( SO} 
STOP 

cs 
2CCP*P2 i C{SO) 
AUTO (AFTLR STOPj 

cs 
2CCP ~P21 C( SO} 
AUTO (AFTER START 

.!! 

.PRIMARY COMPONENT COOLING WATER PUMP 

RESULTANT 

2CCP* P21 C ( SG) 
CONTROL AT 
SHUTDOWN PANEL 

_2CCP * P21 C( SG) 
COMPONENT COOLING 
PUMP START 

2CCP ►P21 C( SG) 
COMPONENT COOLING 
PUMP STOP 

FIGURE 7.4-16 
'-OGIC DIAGRAM 
COOLING WATER SYSTEM 
PRIMARY COMPONENT 
~OOLING WATER PUMPS 

MONITOR 

NOTE :2 

/.!! 
CONTROL AT 
SHUTDOWN 
PANEL 

.!! 

.!! 

(NOTE 6l 

(liOTE 6) 
DIM 

PRI COMP 
COOLING 
PUHP AUTO 

START 
Sl'CP 

~--'~.!! 

~EAVER VALLEY POWER STATION-UNIT 2 
r'INAL SAFETY ANALYSIS REPORT 



SOURCE 

108D993 SH,8 

l.~09-001-024-B 

CONDITION 

2CCP*MOVl50-1 (AP) 
NO MOTOR THERMAL 
OVER LOAD 

CONTAINMENT 
ISOLATION PHASE B 
TRAIN B 

MOTOR ELECTRICAL 
PROTECT ION TR IP 

8 US 2AE 
UNOERYOLTAGE 

NOTES: 

I, HEADER ISOLATION VALVE 2CCP*MOV150-1(lP} SHOWN, 
HEADER ISOLATION VALVES 2CCP*MOY150-2(td), MOY151-1(BO), MOV151-2(BP) 
MOYl56-1(Af'4, MOVl56-2(AQ}, MOVl57-1{BO), AND MOY157-2(BP) SIMILAR. 

2. ONLY MANUAL MOOE OF O'PERATION IS AVAILABLE FROM THE ALTERNATE ,SHUTDOWN PANEL. 
3. SEE ADDITIONAL CONTROL OF 2CCP*P21A(AO)ON FIG. T. 4·15, 

...------4~NOT 

CONTROL ACTION 

cs 
2CCP*MOV150-1 (APJ 
OPEN 

'----------------"'i;iill 

cs 
2cc P* MOY 1 50-1 ( AP) 
CLOSE 

PRIMARY COMPONENT COOLING WATER HEAOER ISOLATION VALVE 

PB 
2CCP* P21A(AO) 
CONTROL TRANSFER 

2CCP* P2 IA (AO) 
MANUAL RESET 
AT RELAY 

cs 
2CCP¼ P21A(AO) AND 
START 

NOT 

cs 
2CCP*P21A(AO) 
STOP 

PRIMARY COMPONENT COOLING WATER PUMP 

REVl2 

RESULTANT MONITOR 

2CCP*MOY150-1 (AP) 
AND ~-----------Ell HEADER ISOLATION YV. ~------t!iilll 

OPEN 

-2CCP* MOY I 50-1 ( A Pl J.------------si HEADER ISOLATION VY. 1-------Eill 
CLOSE 

TORQUE SEAT CLOSE 

2CCP* P21A(AO) 
CONTROL AT ALT. 
SHUTDOWN PANEL 

BCP* P2 IA(AO l 
COMP. COOL I NG PUMP 
START 

2CCP* P2 IA(AO) 
COMP. COOLING PUMP 
sro, 

FI GU RE 7. 4 - I 7 
LOGIC DIAGRAM 
PRIMARY COMPONENT 
COOLING WATER PUMPS 

CONTROL AT 
ALTERNATE 
SHUTDOWN 
1 PANEL 

(BRIGHT) 

ill 

BEAVER VALLEY POWER STATION-UN IT 2 
UPDATED FINAL SAFETY ANALYSIS REPORT 



SOURCE 

A 

B 

2SWS-
PS105A 

33 

52 

62 

52 

MONITOR 

0 R 

10809":3 SH.8 
" 

50 
51 

27 

NCTES: 
1. S:C:RVICE WATER PUMP 2SWS•P2;A(AO) s.-,owN, 

S:C:RVICE WATER PUMP 2Sl-iS•P2iBIBP! SIMILeiR. 
2. CONTROL FROM MAIN BOARJ SHO'WN, 

CONTROL FROM SHUTDOWN PANEL SIMI_AR. 
3. :oLMP COi\ TROL FROM -HE MA:N BOARJ IS 

ONLY AVAILABLE WHEN THE CONTROL TRANSFER 
S'WITCf--c IS RESET. 

4. ANNUNCIATOR DISPI_AY IS COMMON TO ALL SHUTDOWN 
PANEL -RANSFER SWITCHES. 

5. ONE C0'-1:0UTER INPL T 'WILL PROVIDE BOTH ON AND 
OFF IND'.CATIONS. 

6. " 3Y \✓ :C:STINGHOJSE 

CONDITION 

SEAL WAT:C:R 
INJECTION PRESSURE 
LOW 

2SWS•MOV 102A(A0l 
DISCHARGE VALVE 
c_os:::D 

2SWS•P21C(SGl 
SERVICE WATER PUMP 
RUNN:NG 01', BUS 2A:C: 

DIESEL LOADING 
s:::ou:::Nc::: SIGNAL 

ACB 2E7 
BJS 2AE SP_ Y .BRKR. 
CLOSED 

SAFETY 
INJECT:ON SIGNAL 
TRAIN A 

2SWS•P21A(A0) 
MOTOR ELECTRICAL 
PROTECT ION 

BUS 2AE 
UNOERVOLTAGE 

7. SEC:: AJDIT'.ONAL CONTROL OF 2SWS•P21A(A0) ON FIG. 7.4-26A. 
8. UNIT 1 NaOCl :NJECTION CONTROL PANEL (PNL-WT-4) 

ANJ 

OR 

ANO 

OR 

CONTROL ACTION 

PB 
2SWS•P21A(A0) 
TRANSF:C:R 

2SWS•P21ei(AOl 
MANUeiL RESET AT 
RELAY 

cs 
2SWS•P21A:AOl 
START 

cs 
2SWS•P21A(A0) 
AUTO 

cs 
2SWS•P21A!AO) 
AUTO (AFTER STOP) 

cs 
2SWS•P21AIAO! 
AUTO (AFTER START! 

cs 
2SWS•P21A(A0l 
STOP 

SERVICE WATER PUMP 

!NOTE 3) 

SOP 

L 

ANJ 

i3 B 

NOT 

Al',0 

B 

B 

A 

B 

NOT 

AND 

B 

0 

R 

OR 

NOT 

OR 

M 
E 
M 

AND 

RESULTANT 

2SWS•P21IAOl 
SERVICE WATER PUMP 
START 

2SWS•P2l(A0) 
SERVICE WATER PUMP 
STOP 

AND 

AND 

OR 

REV 12 

MONITOR 

NOTE 4 

C 

A 

C 

R 

AMM 

CONTROL AT 
SHUTDOWN PANEL 

B 

B 

SEM 

B 

B 

TO 
'---------'- L NIT l C P 

!NOTE 8) 

w 

NOTE 5 C 

SERV:CE WC\ TER 
PUMP AUTO 
START/STOP 

i3 

!BRIGHT) 

B 

IO]MI 

B 

FIGURE 7.4-18 
LOGIC DIAGRAM 
SERVICE WATER SYSTEM 
BEAVER VALLEY POWER STATION - LNIT 2 
UPDATEC ~INAL SAF:C:TY ANALYSIS R:C:PORT 



SOURCE 

0 

NOTES: 

MOHITOR CONDITION 

108D993 SH.8 

A 

SERVICE WATER 
HEJ.:iER PRESSURE 
LOW 

SERVICE 
WATER SYSTEM 

3 TROUBLE 
B SERVICE WATER 

HEADER PRESSURE 
LOW 

2SWS*MOV102C1 (AO 
DISCHARGE VALVE 
CLOSED 

2SWS*P21A(AO) 
SERVICE WATER PUMP 
RACKED IN ON BUS2A 

DIESEL LOADING 
SEQUENCE SIGNAL 

SAFETY 
INJECTION SIGNAL 
TRAIN A 

ACB 2E7 
BUS 2AE SUPPLY BRKR. 
CLOSED 

BUS 2AE 
UNDER VOLTAGE 

SVCE. 
2SWS * P21 C SG 
MOTOR ELECTRICAL 
PROTECTION SYST, 

TRBLE 
~ 

SEAL WATER 
INJECTION PRESSURE 

LOW 

AND 

CONTROL ACTION 

PB 
2SWS * P21 C( SO) 
TRANSFER 

cs 
2SWS*P21 C ( SO) 
START 

cs 
2SWS* P21 C{SO) 
AUTO 

cs 
2sws * P2 I c {so) 
AUTO (AFTER STOP J 

cs 
2sws-t P2 I c( so) 
AUTO (AFTER START) 

cs 
2sws* P21 c(so) 
STOP 

s.Df 

.L -
!! 

NOT 

~ 

a 

B 

...._------------------~NOTt---~ 

1. SERVICE WATER PUMP 2SWS¼P21C{SG) ON BUS 2AE SHOWN, 
SERVICE WATER PUMP 2SWS*P21C{SG) ON BUS 2DF SIMILAR. 

ij. PUMP CONTROL FROM THE MAIN BOARD IS 
ONLY AVAILABLE WHEN THE CONTROL 
TRANSFER IS iESET, 2. SERVICE WATER PUMP 2SWS*P21C(SG) PROVIDED WITH TWO CONTROL 

1 ( ) 1 ( ) 5 ANNUNCIATOR DISPLAY IS COMMON TO ALL SWITCHES 2SWS*P2 C SO FOR BUS 2AE AND 2SWS*P2 CSP ' SHUTDOWN PANEL TRANSFER SWITCHES. FOR BUS 2DF. 
3. CONTROL FROM MAIN BOARD SHOWN, 

CONTROL FROM SHUTDOWN PANEL SIMILAR. 
6. ONE COMUPTER INPUT WILL PROVIDE BOTH 

ON ANO OFF INDICATIONS. 
7, N BY MANUFACTURER 
B. UNIT I NoOCI TNJECTION CONTROL PANELCPNL~WT~4) 

AND 

AND 

NOT 

REV 
RESU,LTANT MONITOR 

CONTROL AT 
NOTE 5 SHUTDOWN 

A PANEL 

2SWS*P21C(SG 
AND SERVICE WATER PUMP 

START 

2SWS)I( P2 IC S G i----------i~ SERVICE WATER PUMP 
STOP 

AND 

FIGURE 7. 4-19 
LOGIC DIAGRAM 

A 

NOTE 6 

SERVICE WATER SYSTEM 

I B 

TO UNIT I 
(NOTE8l 

2 

B 

B 

SERVICE WATER 
PUMP AUTO 
START/STOP 

I 

(BRIGHT) 

B 

(DIM) 

B 

12 

BEAVER VALLEY POWER STATION-UNIT 2 
UPDATED FINAL SAFETY ANALYSIS REPORT 



SOURCE MON! TOR CONOITI ON CONTROL ACTION 

2SWS ,!:, MOV I 02A ( AO) 
AUTO !l 

2SWS1.- P 2 IA( AO) 
SERVICE WATER PUMP 
RUNNING 

cs 
2SWS,fMOV l02A( AO) 
OPEN !l 

2SWS* MOVl O 2A( AO) 
NO MOTOR THERMAL 
OVERLOAD 

~ MOV102A(AO) 
(.LOSE 

2SWS* P2 l C( SG) 
SERVICE WATER PUMP 
RACKED IN ON BUS 2A cs 

2sws1;_MOV ! 02C I (AO) 
AUTO l!c 

2SWS¥P2l C( SG) 
SERVICE WATER PUMP 
RUNNING 

cs 
2SWS* MOV102CI ( AO) 
OPEN ~ 

2SWS*MOV102C I (AO) 
NO MOTOR THERMAL 
OVERLOAD 

cs 
2SWS¥ ,.mv l02CI ( AO) 
CLOSE I! 

NOTES: 
I. LOGIC FOR DISCHARGE VALVE 2SWS>i M0I'I02A( AO) SHOWk. SERVICE WATER PUMP DISCHARGE VALVES 

LOGIC FOR DISCHARGE VALVE 2SWS' MOVl02B( BP) SIM I LAR. 

2. LOGIC FOR DISCHARGE VALVE 2SWS I!( MOVl02C1 {AO) SHOWN. 
LOGIC FOR DISCHARGE VALVE 2SWS$. MOVI02C2( BP) S JM1 LAR. 

3, SEE ADDITIONAL com OL OF DISCHARGE VALVE 2 sws *IIOVI 02 A (A 0) OM f IG. T. 4 - 2 6 C 

ANO 

AND 

RESULTAkT 

2SWS if. MOV fOlA(.1.0) 
0 I SCHARGE VALVE 
OPEN 

2SWS¥ MOVl 02A( AO) 
DISCHARGE VALVE 
CLOSE 

2SWS~MOV I 02C I (AO) 
D l SCHAt!GE V.!.LV E 
OPEN 

2SWS)H.10V102Cl(AO) 
DISCHARGE VALVE 
CLOSE 

·: FIGURE 7.4-20 
i LOGIC DIAGRAM 

SERVICE WATER SYSTEM 

~toN I TOR 

~ 

!l 

n 
~ 

: 

BEAVER VALLEY POWER STATION-UNIT 2 
; FINAL SAFETY ANALYSIS REPORT 



SOUICE 

1080993 SH.8 

A/D 

COIDITICN 

2SWS:AfMDYl07A 0 
MOTOR THERMlL 
OVERLOAD 

CONTltNMENT 
ISOLATIDN PHASE A 
TRAIN l 

SERVICE WTR SYS. VV. 
PIT AREA HEADER 

PRESSURE 

SERVICE WTR, SYS. 
VALVE PtT AREA HOR. 
-PRE55URE LOW 

A/D 
SERVICE WTR SYS 

------ VALVE PIT AREA HOR. 

NOTES: 

PRESSURE LOW 

2SWS-P22A 
MOTOR THERMAL 
OVERLOAD 

I, ISOLATION VALVE 2SWS*MOV107A,{AO) IS SHOWN 
ISOLATION VALVES 2SWS*MOVl07B(APJ, MOV107C(BO) 
AND NOV1070{BP) ARE SIMILAR. 

2 SERV1CE WATER HEADER PRESSURE LOW, 

3, ADDITION PUMP 2SWS-P22A IS SHOWN, 
ADDITION PUMP 2SWS-P22B IS SIMILAR. 

4. II BY MANUFACTURER 

CONTROL ACTION 

cs 
2SWS*MDY107A~) 
OPEN 

cs 
2sws• MOY 107Af AO) 
CLOSE 

I 

l 

RESULTANT 

2SWS*MDY 1 07A (Ao· ) 
ISOLATIOtl YlLYE 
OPEN 

2SWS,t,MDY 107A AO J----------1:~ ISOLATION YALU 
CLOSE 

SECONDARY COMPONENT COOLING WATER HEAT EXCHANGER SERVICE WATER lSOLATION VALVE 

STANDBY SERVICE 
WATER PUMP 
START PERMISSIVE 

SS(MAINTAINED) 
2SWS * AOV 11 ll(AO) 
OPEN 

SS(MAINTAINED) 
2SWS*AOVI 111(10} 

>--------------------,:;!II ENE~GIZE A~~T AIR OPEN 
.,_2S-W~t-·--+--2-SW_S_*_A_OV.._l_l ll-(-A0-)"1 

SOVI Ill AO 
l 

\---------------------,~ DE-ENERGIZE VENT AIR TO, CLOSE ' 
I 

CONTAINMENT AIR RECIRCULATION COOLIN& COILS CHILLED WATER RETURN VALVE 
SERVICE WTR,SYS. 

L_ _____ -:_-_-_-_-_-_-_-_-_-_---..... ------------------------, VALVE PIT AREA HOR 
,. P ESSURE LOW SS I MAINTAINED) 

2SWS-P22A 
START 2SWS-P22A 

ADO ITl ON PUMP 
START 

I 2SWS-P22A 

CLOSE 

T.D. 

MGNITDR 

I 

.I. 

SS (NAINTAINEDI 
2SWS-P22A 

ADDITION PUMP 
STOP J. 

STOP 

SERVICE WATER SYSTEM CHEMICAL ADDITION PUMP 

~IGURE 7.4- 21 
L;.OGIC DIAGRAM 
SERVICE WATER SYSTEM 
BEAVER VALLEY POWER STATION-UNIT 2 
FilNAL SAFETY ANALYSIS REPORT 



SOURCE CONDITION CONTROL ACTION 

I 08099 3 SH. 8 

NOTES: 

2SWS-,lt;MOY 153-1 AO 
NO t«lTDR THERMAL 
OVERLOAD 

CONTA I IIMENT 
I SOLA TI ON PHASE B 
TRAIN A 

SWS*MOY 103A(AO) 
NO MOTOR THERMAL 
OYER LOAD 

2SWS *MOYI 06A (AO) 
NO MOTOR THERMAL 
OVERLOAD 

cs 
2SWS l.<-MOVI 53-1 (AO) 
OPEN 

cs 
2SWS,i, MOY 153-l(AO) 
CLOSE 

cs 
2SWS -t: MOY I OJA (AO) 
OPEN 

cs 
2SWS*~OVl03A(APl 
CLOSE 

cs 
2SWS * MOYl 06A (AO) 
CLOSE 

cs 
2sws• MOY I 06A (AO) 
OPEN 

1 , HEADER VALVE 2SWS *MDVI OJA (AO) SHOWN, 
HEADER VALVE 2SWS* M!lY 1038( BP) SIMILAR. 

3, ISOLATION VALVE 2sws*MOV_l_53-I ( AO) SHOWN, 

2. INLET VAL VE 2sws• MOY I 06A (AO) SHOWN, 
INLET VALVE 2SWS•MOYI06B(BP) SIMILAR. 

ISOLATION VALVE 2SWS* MDV t 53-21 AP) ,MDVI 52-1 (BO), 
MOV152-2{BP)3 MOV15q-J (AO), MOY!5q-2(AP), MOV155-l(BO) 
AND MOY I55-2{BP) SIMILAR. 

q_ , BY MANUFACTURER 

! 

J 

I! 

i 

AND 

RESULTANT 

2SWU MOVl 53-1 {AO) 
ISOLATION VALVE 
OPEN 

2SWSf NOV 153-1 (AO) 
l SOLA JI ON VALVE 
CLOSE 

CONTAINMENT AIR RECIRCULATION COOLER SERVICE WATER SUPPLY ISOLATOII Vf;LVE 

2S'flS-lj.MOV 103A (AO) 
HEADE' VALVE 
OPEM 

2SWS*jMOV 103A (AO) 
HE.I.DER VALVE 
CLOSE 

RECIRCULATION SPRAY HEAT EX£HANGER SERVICE WATER HEADER VALVE 

2SWS ;(MOY I 06A ( AO ) 1--------------t=,11 INLET VALVE 
CLOSE 

2SWS *MOY 106A {AO) 
INLET; VALVE 
OPEN I 

PRIMARY COMPONENT COOLING WATER HEAT EXCHANGER SERVICE WATER INLET VALVE 

FIGURE 7.4-22 
LOGIC DIAGRAM 
SERVICE WATER SYSTEM 

MONITOR 

1 

I! 

I! 

! 

I! 

B~AVER VALLEY POWER STATION-UNIT 2 
FINAL SAFETY ANALYSIS REPORT 



SOURCE 

NOTES: 

CONO ITION 

I 080993 SH. 8 SAFETY 
INJECTION SIGNAL 
TRAIN A 

:.!SWS-,fMOV I 13A{AO) 
NO MOTOR THERMAL 
OVERLOAD 

2EGS,(EG2-t (AO) 
DIESEL bENERATOR 
START SIGNAL 

2SWS* MOVI 20A( AO) 
NO MOTOR THERMAL 
OVERLOAD 

I, HEADER VALVE 2SWS*MOVl13A(AO) SHOWN, 
HEADER VALVES MOV !13D ( BP) SIMILAR. 

2, HEADER VALVE 2SWS* MOV120A (AO) SHOWN, 
HEADER VALVE 2SWS~ MOY! 208{ BP} S 1H I UR. 

3. HEADER VALVE 2SWS..,,MOV 120A (AO) AHO * MOY l 208( BP) ARE LOCKED IN THE 
OPEN POSITIOM AT THEIR RESPECTIVE MCC WITH POWER SECURED. 

~. D BY MANUFACTURER. 

5. SEE ADDITIONAL CONTROL OF HEADER VALVE 2 SWS* MOV I I 3A (AO) ON FIGURE 7.4- 26C. 

CONTROL ACTION 

2SWS-f MOY I 13A(AO) 
OPEN 

cs 
2SWS1!' MOVl 13A(AO) 
CLOSE 

cs 
2SWS* MOVI 20A(AO) 
OPEN 

(NOTE 3) 

CS (NOTE 3) 
2SWS*MOVl20A(AO) r----~ 
CLOSE 

RESULTANT 

2SWS¼MOVI 13A AO 
~---_;_--------el HEADER VALVE 

OPEN 

2SWS~ MOV l I 3A{AO) 
HEAO~R VALVE 
CLOS 

DIESEL GENERATOR HEAT EXCHANGER SERVICE WATER HEADER VALVE 

2SWS MOV120A(AO) 
HEAOlR VALVE 
OPEN. 

2SWS ~ MDV 120A (AO) 
HEADtR VALVE 
cLost 

AIR CONDITIONING CONDENSER SERVICE WATER HEADER VALVE 

r1GURE 7.4 - 23 
LOGIC DIAGRAM 
SERVICE WATER SYSTEM 

MONITOR 

I 

BEAVER VALLEY POWER STATION-UNIT 2 
t:1NAL SAFETY ANALYSIS REPORT 



SOURCE MONITOR CON0 IT I ON 

AID 
SEAL WATER 1------ ------F!IIHEADER PRESSURE 

A /o 

1080993 SH. 8 

SERVICE 
.----t:::w- A WATER SYS 

B TROUBLE ~---

SERVICE WATER 
SYS TROUBLE 

LOW 

SEAL WATER 
HEADER PRESSURE 
LOW 

SAFETY 
INJECTION SIGNAL 
TRAIN A 

E W 
INJECTION STRAINER 
0IFF. PRESS. lilGlt .. 

2SWS*STRM-47(AO) 
MOTOR THERMAL 
OVERLOAD 

2SWS*P21C SG} 
RACKED IN ON 
BUS 2AE 

· 2SWStMOVl70A{AO t------------------,------1 . NO MOTOR THERMAL 
OVERLOAD 

NOTES: 
I. LOGIC FOR BACKWASH MOTOR ZSWS,l(STRM-'J 7 (AO) SHOWN. 

LOGIC FOR BACKWASH MOTOR 2SWSfSTRM-ij8(BP) _SIMILAR. 
2. LOG IC FOR PRESSURE CONTROL VALVE 2SWS f PCV I 17A(A0) SHOWN 

LOGIC FOR PRESSURE CONTROL VALVE 2SWS ;1,PCVI 17B(BP) Sl~ILAR 

3, LOGIC FOR ISOLATION VALVE 2SWS;fMOVl70A(A0) SHOWN. 
LOGIC FOR ISOLATION VALVE 2SWS~MOVl70B(BP) SIMILAR. 

ll. N BY MANUFACTURER 

CONTROL ACTION 

F'IG. 7.4 ·26 

cs 
2SWS *STRM-ll 7 (AO) 
MANUAL 

AINA 
SEAL WATER SUPPLY 
SERVICE WATER 

s 
ZSWS tSTRM-ij 7 (AO) 
AUTO 

CS TRAIN A 
SEAL WATER 51.PPLY 
CLARIFIED WATER 

cs 
2SWS*STRM-47(AO) 
OFF 

8 

Ii 

b 

NOT 

SEAL WATER INJECTION STRAINER BACKWASH MOTOR 

ANO 
NOT 

RESULTANT 

2SWS *STRM-ij 7 AO 
AND ~-----1~ BACKWASH MOTOR 

START 

ZSWS *STRM-ij 7 (AO) 
r---~ BACKWASH MOTOR 

STOP 

ZSWS*M0V 170A(A0) 
ANO t----------------+~ ISOLATION VALVE 

OPEN 

2SWS*M0V 170A (AO) 
AND 1--------------------i:~ ISOLATION VALVE 

Mml lTOR 

REVl2 

SERVICE WATER 
SY STEM TR DUBLE 

3 .a 

.L 

i 

NOT 1------+ill--..J CLOSE 

SERVICE WATER TO SEAL WATER HEADER ISOLATION VALVE 

FIGURE 7. 4- 24 
LOGIC DIAGRAM 
SERVICE WATER SYSTEM 
BEAVER VALLEY POWER STATION-UNIT 2 
UPDATED Fl NAL SAFETY ANALYSIS REPORT 



:i:ou~c1:. CONDITION 

2sws-. MOV 163 ( Ao l 
CHILLED WTR,INL,VV, 
CLOSEO 

2SWS~ MOV 1611( AO) 
CHILLED WTR.OUT,VY, 
CLOSED 

2SWS *MOY 16 I (AO) 
NO MOTOR THERMAL 
OVERLOAD 

2SW~ MOY 167(AO) 
NO MOTOR THERMAL 
OVERLOAD 

2SWS~MOV 163(AO) 
NO MOTOR THERMAL 
OVER LOAD 

2SW~ MOVl61 (AO) 
SVCE.WTR. INL,YALYE 

LOSED 

2SWS* MO\/ I G7(AO) 
SYCE.WTR.OUT.~ALVE 
CLOSED 

2sws* MOY I 611 (AO) 
NO MOTOR THERMAL 
OVERLOAD 

NOTES: I, LOG IC FOR VALVES MOV I Gl(AO), MOV\67(AO), 
MOVl63{AO), ANO MOVl611(A01 SHOWN, 
LOG IC FOR VAL VH MOY 160(BP1- NOV I66(8P), 
MOVl62(8P), AND MOVI65{8PJ SI.MILAR. 

CONTROL ACT I ON 

SS I-IAINTAINED 
COOL I NG WTR. TRANSFER ,___., __ ---F~ 
SERVICE WATER 

! 

SS (MAINTAINED) 
CCGLI NG II/TR. TRANSFER l----6----+311 
CLOSE ! 

CONTAINMENT AIR RECIRCULATION COOLING COILS TRANSFER TO SERVICE WATER 

ss MAllfTAINEO 
COOLING WTR.TRANSFER 
CHILLED WATER B AND 

CONTAINMENT AIR RECIRCULATION COOLING COILS TRANSFER TO CHILLED WATER 

kC.:SULTANT Mor ITOR 

2SWS►MOVI 61 (AO) 
AND 1----~ SVCE,WATER INLET VV • ..---E~ 

,------E!!II--J ~OPE~N _____ ..1 

2SWS*MOV 161 {AO) 
AND 1----------E~ SVCE. WATER I ttLET VY. 1------+,iif 

~--------elf.-....J t....;.C.;;,;LO;.;..SE;;..._ ____ _, 

2SWS* MOV 167( AO) 
AND 1-----------i:~ SVCE.WATER OUTLET vv.~--Bil 

,----€~--J OPEN ..._ __ _ 
2SWS •MOv I 67(AG) 

AND '------+~ SVCE.WATER OUTLET n. ~--B( 

ANO 

AND 

AND 

AND 

CLOSE 

2sws*MOY 163 (AO) 
CHILLED WATER INL.YY. 
OPEN 

2sws* MOY IG3(AO) 
CHILLED WATER IML,VV, 
CLOSE 

2SWS*MO\I I 611 (AO) 
CHILLED WATER OUT.VY, 
OPEN 

2SWS*MOVI 611{AO) 
CHILLED WATER OUT.VY, 
CLOSE 

FIGURE 7.4-25 
LOGIC DIAGRAM 
SERVICE WATER SYSTEM 

! 

! 

! 

! 

! 

B;EAVER VALLEY POWER STATION-UNIT 2 
FINAL SAFETY ANALYSIS REPORT 



SOURCE MOIHTOR 

I 080993 SH, 8 

FIG. 7. 4-24 

1080993 SH, 8 

A /D 

NOTES: I., BY MANUFACTURER 

CONDITION 

CLARIFIED 
WATER PRESSURE 

SET POINT 

SAFETY 
INJECTION SIGNAL 
TRAIN A 

SEAL WATER 
HEADEJI PRESSURE 
LOW 

SAFETY 
INJECT I ON SIGNAL 
TRAIN B 

SEAL WATER 
HEADER PRESSURE 
LOW 

2• FOR ADDITIONAL CONTROL SWITCH INTERLOCKS 
REFER TO FIG- 7. 4-24. 

3. HOLDING C.S. IN CLARIFIED WATER POSITION 
WITH NO SIS SIGNAL WILL ALLOW RETURN TO 
CLARIFIED WATER FROM SERVICE WATER 
AND RESET PRESSURE PERMISSIVE. 

COIHll OL ACTION 

I:,. -K•J 

RES :J LTA,IT 

2SW$~V 118{2-) 
i----------------------------p,j PRESSURE CONT. VALVE 

MODULATE 

CLAR I F 1 ED WATER PR ESSU R£ COtlTR OL YA LYE TO SEAL WATER HEADER ( fAI LS CLOSED) 

CS TRAIN A 
SEAL WATER SUPPLY 
CLAR I Fl ED WATER 

CS TRAIN A 
SEAL WATER SUPPLV 
SERVICE WATER 

CS TRAit~ B 
SEAL WATER SUPPLY 
CLARIFIED WATER 

NOTE 2 ,3 

fl 

..-------------------P!I ENERGIZE ADMIT OPEN 
1-2~s~ws~"1,;---.J!A~l_,,._R....,_T_,,_O_J_ __ --I 

SOY! I SA (AO) 2SWS *ADY l 18A(AO) 

.---------------~ DE-ENERGIZE 
I 

VENT 
A IR TO CLOSE 

-------------~ ENERGIZE CLOSE 

2SW:5*SOV 130A (AO) 

'---------------~ DE -~N ERG IZE OPEN 

------------------11.::::.1 ENE~SIZE CLOSE 
~---4-' -------1'------I 

2SW$-fSOV 130 B (BP) 

CS TRAIN B ------ ---------------~ OE-[NER6llE OPEN 
SEAL WATER SUPPLY 
SERVICE WATER fl 

CLAR IF I ED WATER TO SEAL nATER HEADER ISOLAT 1 ON VALVES 

SERVl~E WATER SEAL WATER VALVES 

,__ _______________ ~ ENERGIZE ADMIT OPEN 
I Al R TO 

2SWS• SOVIISB(BP) 2SWS♦AOVll8B(BP) 

'------------------~OE-ENERGIZE ¥6~i R CLOSE 

FIGURE 7.4-26 
LOGIC DIAGRAM 

MON I TO~ 

SERVICE WATER SYSTEM 

fl 

.fl 

B 

B 

BEAVER VALLEY POWER STATION-UNIT 2 
Fl~AL SAFETY ANALYSIS REPORT 



SOURCE 

NOTES: 

CONDITION 

PROTECTION 

BUS 2AE 
UNDERVOLTAGE 

2SWSt- P21A(AO) 
UPPER BEARING 
TEMP R T RE 

2SWSitP21A(AO) 
THRUST BEARINu 
TEMPERATURE 

2 SWS itP21 B (BP} 
UPPER BEARING 
TEMP RAT R 

2 SWS ~P21B (BP) 
THRUST BEARING 
TEMPERATURE 

25WS 'tP21C (S{,) 
UPPER BEARING 
TEMPERATURE 

2SWS'f:P21C (SG) 
THRUST BEARING 
TEMPERATU 

I. SEE ADDITIONAL CONTROL OF 2SWS 'I: P21 A (AO) ON FIG. 7. 4-18. 
2.0NLY THE MANUAL MOOE OF OPERATION 15 AVAILABLE FROM 

THE ALTERNATE SHUTDOWN PANEL. 
3.0NE COMPUTER POINT 1$ COMMON FOR ALL ALTERNATE 

SHU TOOWN PANEL INPUTS. 

CONTROL ACTION 

PB 
2 sv(S .it-P2 I A (AO) 

CONTROL T~SFER ASP 

2 sws" P21A(AO) 
MANUAL RESET 
,.._A_T_R_a_,__A_Y ___ L 

cs 
25W5't- P2!A(AO) 
START 

cs 
2SWS'tP21A(AO) 
STOP 

RESULTANT 

M 2 SWSli-P21 A (AO) 
E ._ ______ -el CONTROL AT ALT, 

SHUTDOWN PANEL 

2SWS-'ll P21 A(AO) 
1-------BII SERVICE WATER 

PUMP START 

2 5WS"tP21 A (AO, 
SER\11 CE WATER 
PUMP STOP 

SERVICE WATER PUMP 

FIG;UR E 7. 4-26A 

MONITOR 

CONTROL AT 
ALTERNATE 

4 SHUTDOWN 
---!, PANEL 

LOGIC DIAGRAM 
SERVICE WATER SYSTEM 
BEAVER VALLEY POWER STATION-UNIT 2 
FINAL SAFETY ANALYSIS REPORT 



SOURCE 

A/D 

NOTES 

CONOITION 

CONT. RM A IR CONDT N. COND. 
2 HVC * REF 24A 
IN OPERATION 

2HVC--t REF 24A i--------t SERVICE WATER 
TEMP LOW 

2 SWS -rP 25A(AO) 
MOTOR THERMAL 
OVERLOAD 

SERV. WTR. SYS. 
'/LY. PIT AREA HOR. A 
TE MP ER A TU RE 

2HVC>tREF 24A 
SERVICE WAT ER 
INLET lEMP 

SETPOll'iT 

5 ERV. IT R. 5 Y S. 
VLV. PIT AREA HOR. 8 
HMPERHURE 

LCONOENSER RECIRCULATION PUI-.IP ZSWS-'t P25A(AO) SHOWN, 
CONDENSER REC! RCULA'TION PUMP 2SWS>I-P2~B (eP)SIMILAR. 

2. TEMPERATURE CONTROL VALVE 2SWS.\I.TC\IIOIA(AO) SHOWN, 
TEMPERATURE CON 'TF;-QL VALVE 2SWSUCVIOI B(BP)S!MILAR. 

MONITOR CONTROL ACTION 

cs 
2SWS't-P25A 
START _______ _, SSC 

cs 
25WS >1:"P25A 
AUTO ~:..;..;~----..J SSC 

cs 
2SWS>I-P25A 
STOP 

K+S 

RESULTANT MONITOR 

2SWS:it P25A(AO) 
---• CONDENSER RECIR 1----1~ 

PUMP START 

ZSWS-'t P25A(AO) 
,--------1:'I CON OEN SER REC.IIK 1---1~ 

PUI-.IP ST 

CONTROL ROOM REFRl(,E ftANJ CONDENSER RECIRCULATION PUMP 

zsws.lflCVIOl,',.(f-,Q VALVE FAILS OPEN 
COOLING COIL RE'TU .._ ___________ ~ VALVE MCDULA'TES 

TO MAINTAIN INLET 

CON'TROL 899M CQQLIN§ COIL RETURN TEMPERATURE CONTROL VALVE 

FIGURE 7. 4-268 
lOGIC DIAGRAM 
$ERVICE WATER SYSTEM 
BEAVER VALLEY POWER STATION-UNIT 2 
~INAL SAFETY ANALYSIS REPORT 



SOURCE CONDITION 

2 SW S'l'MOV 102 
NO MOTOR THERMAL 

OVERLOAD 

NOTES: 
1. SEE ADDITIONAL CONTROL OF DISCHARGE VALVE 25WS>tMOV 102A(AO) ON FIG. 7.4-20. 
2, SEE ADDITIONAL CONT AOL OF HEA OE R VALVE 2SWS'tM OV I I 3A(AO) ON FIG. 7. 4- 23. 
3.0NLY THE MANUAL UOOE OF OPERATION IS AVAILABLE FRO~ Ti-\E ALTERNATE 

SHU fDOWN PANEL. 
4. ONE COM PU TEA POINT IS COMMON FOR ALL ALTERNATE SHU TOOWN PANEL lNF'UT5. 

CONTROL ACTION 

PB 
2SWS >t" MOVI02A~O) 
CONTROL TRA 

2 SWS >t-MOl/10 
MANUAL RESET 

AT RELA'< 

cs. 
2 sws~MOV I 02ACAO) 
CLOSE 

2 SWS, MOl/113 Af..AO) 
MAN UAL RESET 
AT RELAY 

__________ _, .b.. 

cs 
2 SWS\ MOY 113/!Jl,/\0) 

OPEN 

cs 
2SWS:tMOVI 13A(AO) 
.._C_L_O_SE ________ ~ 

RESULTANT 

M 2 SW S't Mov,02A{AO) 
E CONTROL AT ALT. 
M SHU TOOWN: PANEL 

2 SW 5-'tMOV l:02AC,4.0) 
DISCHARGE VALVE 
OPEN 

2 SW5'1MO\l lb2A(AO) 
DISCHARGE .VALVE 
CLOSE 

SERVICE WATER PUMP DISdHARGE VALVE 

2 SW S>t M OV I fl3A(AO) 
1---e-----at CONTROL AT ALT. 

SHU TD OWN ~ANEL 

MONITOR 

A 
CONTROL AT 

ALTERNATE 
4 SHUTDOWN PANEL 

a 

ASP 

~ 

CONTROL AT 
ALTERNATE 

A SHUTDOWN PANEL 
c;.._....,4;..a!i 

2SWS'l'M0V 11 ~A '4.0) 
1--------f;w. HEADER VA!;.VE 1------et 

OPEN 

2 SWS'tMOV 11 !A(AO) 
1-------t!i)I HEADER VALVE 

CLOSE 

DIESEL GENERATOR HEAT EXCHANGE-:R SERVICE WATER HEADER VALVE 

FIGURE 7.4-26C 
LOGIC DIAGRAM 
SERVICE WATER SYSTEM 
BEAVER VALLEY POWER STATION-UNIT 2 
Fl~AL SAFETY ANALYSIS REPORT 



2MfMOr'I 131(4P) 
10 ,0()1 TH(RMI.L 
OYERl.OW 

NOTES: 1 • HEADER VAL.VE 2SWS tMOJ II 38{AP) Sl-0\.IN. 
HOOER 'tkLVE 2SWS MOl 11 JC (BO) SIMIL-'R • 

ts 
ZSWSi'IOi I 138(AP) 
(ffH 

cs 

.JL 

~~11381""') "---~111 
CLOSE 

_L 

-------------- ~ K-'Cf.~ 'fl,.LVf I----------1- n ~ 25W~:«l~lll8(Ar--) ·1 ~., " 
7___.0"""'ff._h-t-,:---~ 

_ DlfSEL "t:HERATOR HEAT t:c;r:sJ\ 2= }tAJtH H[A~b y.A,LVE 
~HOH 1) 

l;IGURE 7.4 -260 
LOGIC DIAGRAM 
SERVICE WATER SYSTEM ; 

f3EAVER VALLEY POWER STATION-UNIT 2 
flNAL SAFETY ANALYSIS REPORT 



SOURCE CONDITION 

BUS UNDERV0LTAGE 

©- 2HVA'-FN 201.A.{-O) 
1 -----------r ...... M_o_1o_R_EL_E_cT_R_1c_"_'·., 1-----E:!II PROTECTION TRIP 

LSI< 27·1A 

~5_c ___ -'4 

SAFETY 
INJECTION SIGNAL 
TRAlN A 

CONTAINMENT 
SUMP WATER 
LEVEL HIGH 

2HVR-FN201A(-0) 
CONTAINtENT AIR RECIRC. 
FAN HI-HI VIBRATION 

---t-:t NO T 

'CONTROL ACTION 

PB 
2HVR -FK20·1 A (-0) 
"TRANSFER" 

2 HVF\-FN201A (-0) 
MANUAL RfSET 
AT RELAY 

cs 
2HVR-FH201 A( .. o) 
"START" 

cs 
2HVR-FN20IA( .. o) 
"AUT0~(AFTER START) 

cs 
2HVR-FN21')1 A(-0) 

STOP 

NOTE IJ 

NOTES: CONTAINMENT AIR RECIRCULATION FAN 
1. L0GI<: FOR CONTAINMENT AIR RECIRCllLATI0N FAN 2HVR-FN201A(-0) ON BUS 2N SHOWN. 

· LOGIC FOR FAN 2HVR-FN201B(-P) ON BUS 2P Sl'MILAP. 
2. ANNUNCIATORS AND COMPUTER INPUTS C~MMON TO ALL SHUTDOWN PANEL TRANSFER SWITCHES, 
3, CONTROL FROM BUILDING SERVICE PANEL SHOWN. 

CONTROL FROM SHUTDOWN PA~EL SIMILA~. 
IJ, FAN CONTROL FROM THE BUILDING SERVICE CONTROL 

PANEL IS ONLY AVAILABLE WHEN THE CONTROL 
TRA'NSFER SW ITCH IS RESET. 

5, ~ BY WESTINGHOUSE 

6, CONTAINMENT AIR RECIRC. FAN AUTO-STOP. . 

REV 12 
RESULTANT ... NITOR 

NOTE:2 CONT~OL 
AT 

2HVR-FN20I A( -0) 
AND 1---~ CONTAINMENT AIR RECIRC. 

FAN START 

2HVR-FN2)1A(-0) 
CONTAl~T AIR RECIRC. 
FAN STOP 

FIGURE 7.4-27 

AND 1--4 

LOGIC DIAGRAM 
VENTILATION SYSTEM 
CONTAINMENT AIR 
RECIRCULATION FANS 

A SHUTDOW"-4 
I PANEL ---..L 

m 

BEAVER VALLEY POWER STATION-UNIT 2 
UPDATED FINAL SAFETY ANALYSIS REPORT 



SOURCE CONDITION CONTROL ACTION 

PB 
2HVR-FN201C(•O) 

TRANSFER 

2H\IA-FN20lr (-o) 

NOTE:14 

MANUAL ~£SET --

108099" 
NOTE~ 

0 LS.K-27-lA 

BUS UNDERVOLTAGE 

2HV~-FN201C(·•) 
MOTOR ELECTRICAL 
PRL'lTECTICN 

CONTAIN~H:NT 
ISOLATION PHASF. B 

.TAAIN A 

HIGH 

AT RELAY 

cs 
2HVR-FN201C(·0) 
START 

2HVR-FN201 C(-0) 
AUTO (AFTER START) 

cs 
2HVR-FN201 C(·0) 

STOP GONTAINMENT SUMP ) 
- WATEF1 LEVEL i-------~~-

SIM I LAR TO 2HVR *FN201A(-0) 
NOTI J;\ 

HVR-FN201C(-G) - · ~ 
VIBRATION SIGNAL .f------1 CONTAINMENT. AIR RECIRC. 

FAN HI-HI VIBRATION 
NOTES: 
1. LOGIC FOR CONTAINMENT AIR RECIRCULATION FAN 2HVR-FN201C(-G) ON BUS 2N SHOWN. 

LOGIC FOR FAN 2HVR-FN201C(-G) ON BUS 2P SIMILAR. 
2, ANNUNCIATOR AND COMPUlEA INF-ll r C0tilM0N TO ALL SHUTDOWN PANEL TRANSFE~ SWITCHES. 

3. CONTROL FROM BUILDING SERVICE PANEL SHOWN. 
CONTROL FROM SHUTDOWN PANEL SIMILAR. 

ij, FAN CONTROL FROM THE BUILDING SERVICE CONTROL PANEL 
IS ONLY AVAILABLE WHEN THE CONTROL TRANSFER SWITCH IS 
RESET, 

5, ~BY WESTINGHOUSE 

6 CONTROL AT SHUTDOWN PANEL 
7, CONTAINMENT AIH RECIRC. FAN AUTO-S,OP 

BSC 

M 
E i-.--------1~ 

M 

C0NTAlNMENT AIR REClRCULATI0N FAN 

AND ..,.__-+3t 

RESULTANT 

2HVR-FN201 C(-G) 
AND ~-~ CONTAINMENT AIR 

RECIRC, FAN START 

MOWITOR 

AND 

2HVR-FN201 C(-G) \.------------t::iit CONTAINMENT AIR 
RECIRC. FAN STOP 

FIGURE 7.4- 28 
LOGIC DIAGRAM 
VENTILATION SYSTEM 
CONTAINMENT AIR 
RECIRCULATION FANS 

REV 12 

lli 

( BR I GKT' 

BEAVER VALLEY POWER STATION-UNIT 2 
UPDATED FINAL SAFETY ANALYSIS REPORT 



SOURCE CONDITION CONTROL ACTION 

CONTAINMENT AIR RECIRC. 
FAN VIBRATION SIGNAL >-----~ 
TO CHANNEL I 

2HVR·NBII0IA<·O> 
MONITOR VIBRATION 

LPCP 

CONTAINMENT AIR RECIRC. 
FAN VIBRATION SIGNAL 
TO CHANNEL 2 

SEE NOTE 2 
PB·2HVR 
N81·101A 

LPCP 

2HVR·FN20IA<·O> 
CONTAINMENT AIR RECIRC. T.D. 
FAN RUNNING 

CONTAINMENT AIR RECIRCULATION FAN VIBRATION MONITOR 

NOTES: 
I. CONTAINMENT AIR RECIRCULATION FAN 2HVR-FN201A(-Ol IS SHOWN, 

CONTAINMENT AIR RECIRCULATION FANS 2HVR-FN20IB<-Pl AND FN201C<-G> 
VIBRATION MONITORS ARE SIMILAR. 

2. PUSH BUTTON USED ON START-UP ONLY TO ACTIVATE TIME DELAY OF 
TRIP SIGNAL. 

3. CONTAINMENT AIR RECIRCULATION FAN VIBRATION HIGH 

UFSAR7.4-29.dgn 10/10/2014 3:03:03 PM 

AID 

AID 

REV. 21 

RESULTANT MONITOR 

2HVR-FN201A<·Ol 
CNMT AIR RECIRC. 
FAN HIGH VIBRATION 

2HVR-FN20IA<·O> 
AND CNMT AIR RECIRC. 

FAN HI-HI VIBRATION 

UFSAR FIGURE 7.4-29 
LOGIC DIAGRAM 
VENTILATION SYSTEM 
CONTAINMENT AIR 
RECIRCULATION FANS 

NOTE 3 

BSC 

LPCP 

LSK·2H5A 
<FIG. 7.◄ -27> 

BEAVER VALLEY POWER STATION-UNIT 2 
UPDATED FINAL SAFETY ANALYSIS REPORT 



SOUtCE MONITOR 

NOTES: 

1. INLET YALYE 2SWS .. AOYIIO.l(AO) IS SHOWN. 

CONDITION 

CONT.AIR RECIRC. 
CLG.COILS CLG.WTR. 
OUTLET FLOW 

CONT.AIR RECIRC. 
CLG.COILS CLG.WTR. 
OUTLET T-EMPERATURE 

INLET VALVE 2SWS*AOYIIOB(BP) ANO 2SWS•AOV 11 DC I SOl SIMILAR. 

2. ASSOCIATEO INSTRtlENTS: 
2HYRW CLC2O1 A 
2SWS-FTI 32.l 
2$WS-TEl32A 

2HYR~CLC201B 
2.SWS-FT I 32B 
2SWS-TEl32B 

2HYR ilfCLC20 IC 
2SWS-FT132C 
2sws-1E132c 

CONTROL ACTION 

cs 
2SWS*AOV110A(AO} 
OPEN 

cs 
2SWS*AOYIIOA(AO) 
CLOSE 

! 

! 

RESULTANT MONITOR 

OE-ENERGIZE VENT AIR OPEN 

2SWS* 
SOY I IOA AO) 

2SWS1-AOV I I OA (AO) 

ENERGIZE ADMIT A IR CLOSE 

CONTAINMENT AIR RECIRCULATION COOLING COILS COOLING WAlR INLET VALVES 

FIGURE 7.4-30 
LQGIC DIAGRAM 
V~NTILATION SYSTEM 
CONTAINMENT AIR 
RECIRCULATION FANS 

~ 

R 

B~AVER VALLEY POWER STATION-UNIT 2 
FINAL SAFETY ANALYSIS REPORT 

! 



SOURCE 

NOTES 

CONDITION 

2CHS~MOV275A{AO) 
MOTOR THERMAL 
OVERLOAD 

2CHS ¼ LCVI 158 (AQ) 
NO MOTOR THERMAL 
OVERLOAD 

I. LOGIC FOR ISOLATION VALVE 2CH5* MOV 2T 5A ( AO l SHOWN, LOG IC FOR ISOLAT 10 N 
VALVES 2CHS * MOV 275 B ( 80 l, * MOV275C{CO), AND ¼MOV313 (ZP) SIMILAR. 

2. LOG IC FOR T HR OTTL ING VALVE 2S IS* HCV868A (AO l SHOWN, 
LOG IC FOR T HR OTT LING VALVE 2 SIS¼ HC V868 8 (BP) SIMILAR. 

3. SEE ADDITIONAL CONTROL OF SUCTION VALVE 2CHS ¼ LCV 
1158{AO)ON FIG. T.4-65. 

4. ONE COMPUTER INPUT IS COMMON FOR ALL ALTERNATE SHUTDOWN PANEL INPUTS. 

CONTROL ACTION 

cs 
2CHS* MOV275A(AO) 
OPEN ________ _, § 

cs 
2CHS~ MOV275A(AO) 
CLOSf 

RESULTANT 

2~H MOV275A(AO) t----------~ ISOLiATIIJN VALVE 
OPE~ 

2CHS .. l.lOVf75A{AO) 
I SOL.ATION VALVE 
CL~SE 

TOROUE S~T rLOSE 

REV. 7 

MON I TOR 

CHARGl!G PUMP MINIMUM FLOW LINE ISOLATION VALVE 

HIC 
2S!St"HIC~68A(AO) 
MODULATE VALVE LATE 

~ 1/ALVE FAILS CLOSED ON LOSSQF POWER 
I 
I 

HIGH HEAD SAFETY INJECTION COLD LEG THROTTLING VALI/E -------PB 
2CH5* LCVI 158 ( AO) 
CO Ni'ROL TRANSFER 

2CH S * LCVI 15 8 {AO l 
MANUAL RESET 
AT RELAY -------L 

cs 
2CHS¼LCV! ! 58 ( AO l 
OPEN -------'ASP 

cs 
2CHS ·HCV 115 8 (AO) 
CLOSE 

N 2CH$*LCV1158(AOl 
Et-+---------~ CONtROL AT ALTERNATE 
N SHU DOWN PAN EL 

2CHi· HCV1158(AO) 
t-----------eiCHA GING PUMP 

sue ION VAL V£ OPEN 

NOTE 13 

2CH ¼LCVl!5B (AO) 
--------':.!CHAtGING PUMP 

SUCTION VALVE CLOSED 

FIGURE 7.4-63 
LOGIC DIAGRAM 

CONTROL AT 
ALTERNATE SHUTDOWN 

_ ___.__.. PANEL 
B 

ASP 

ASP 

SAFETY INJECTION CONTROL VALVES 
BEAVER VALLEY POWER STATION-UNIT 2 
FINAL SAFETY ANALYSIS REPORT 



SOURCE CONDITION 

4'1 

4'1 

NOTES. 

2SIS-MOV867AIZOI -----------11 MOTOR THERMAL 
OVERLOAD 

SAFETY -----------11 INJECTION SIGNAi. TRAIN A 

2SIS-MOV28'1CZOI 
MOTOR THERMAL 
OVERLOAD 

I. LOGIC FOR ISOLATION VALVE 2SIS-MOV867AIZOI SHOWM, 

CONTROL ACTION 

cs 
2SIS-MOV867AIZOI 
AUTO 

cs 
2SIS-MOV867A<ZOI 
OPEN 

--------•NOT-----------

cs 
2SIS-MOV867AIZOI 
CLOSE 

cs 
2CHS-MOV28'11ZOI 
OPEN 

t-------....,.~ NOT.,_ ______ __ 

cs 
2CHS-MOV28'1CZOI 
CLOSE 

cs 
2CHS-MOV28'1CZOI 
AUTO 

LOGIC FOR ISOLATION VALVES 2SIS-MOV8678CZPI, -MOY867CIZOI ANO -MOV867DCzPI SIMILAR. 

2. ONE COMPUTER INPUT WILL PROVIOE BOTH OPEN ANO CLOSED INDICATIONS. 
3. • BY WESTINGHOUSE. CHARGING HEADER ISOLATION VALVE 

26-APR-28111 141411 K1\u2\lFSAR\g7114116411,dgt, 

RESULTANT 

2SIS-MOVB67AIZOI 
t----------l~ ISOLATION VAi.YE 

OPEN 

2SIS-MOVll67AIZOI t---------------- ISOLATION VALVE CLOSE 

BORON INJECTION TANK PI..ET ISOLATION VALVE 

2CHS-MOV2tl'IIZOI 
t----------------lSOJ'TION VALVE 

OPEN 

2CHS-MOV28'11ZOI 
----------ISOLATION VALVE 

CLOSE 

FIGURE 7 .4-64 
LOGIC DIAGRAM 

REV. 18 
MONITOR 

.!. 

! 

NOTE 2 

I 

SAFETY INJECTION CONTROL VALVES 

BEAVER VALLEY POWER STATION UNIT No. 2 
FINAL SAFElY ANALYSIS REPORT 

I 
I 

~ I 

PREPARED ON,.,? C/cW : 
THE CNSU ~-..--~ SYST"EII : L---------------------------------------------------------------------------------------------------------------------------------V __________________________________________ , 



SOURCE MONITOR 

LSK-27-17A 

108D993 SH.8 

LSK-26-IIA 

CONDITION 

2CHS ➔Lev 1I5B(AO) 
HO MOTOR THERMAL 
OVERLOAD 

RECIRCUUTION MODE 
INITIATION SIGNAL 

2S IS* MOV863A(AO} 
DISCHARGE VALVE 
OPEN 

SAFETY I NJ ECTI ON 
SIGNAL (TRAIN A) 

2CHS-TK22 
VOLUME CONTROL TA;◄ K 1----F~ 
LVL. LO-LO 

2Cl1S* LCV I l 5B(AO) 
CHARGING PlM' SUCTION 
F1!()4 RWST RILLY ·OPEN 

2CHS*LCV115C(-O) 
NO MOTOR THERMAL 
OVERLOAD 

NOTES:L CONTROL FROM MAIN BOARD SHOWN 
CONTROL FROM SHUTDOWN PANEL SIMILAR 

2. LOG IC FOR suer I ON VA LYE 2CHS * LCV 1158 (AO} SHOWN, 
LOGIC FOR SUCTION VALVE 2CHS,1,:LCV1I5D(BP} SIMIUR. 

3, LOG IC FOR suer l ON VALVE 2CHS* LCV 115C (l,O J SHOWN, 
LOGIC FOR SUCTION VALVE 2CHS~LCV115E(ZP} SIMIUR. 

4. ONE COMPUTER INPUT WILLPRCWIOE BOlH OPEN 
ANO CLOSED INDICATIONS 

5. SEE ADDITIONAL CONTROL OF SUCTION VALVE 
2 CHS * LCV1158 ON FIG. 7. 4- 63. 

CONTROL ACTION 

cs 
2CHS* LCV I l58(AO) 
OPEN 

cs 
2CHS* LCVl 158(AO} 
AUTO 

cs 
2CHS * LCV 11 SB(AO) 
CLOSE 

~ 

ANO 

~ 

CHARGING PUMP SUCTION VALVE FROM RWST 

cs 
2CHS*LCVI I5C(ZO} 
CLOSE 

cs 
2CHS-¥ LCV I I 5C/ZO} 
AUTO 

cs 
2CHS* LCV 11 SC (20} 
OPEN B 

RESULTANT 

2CHS~LCV1 l58(AO) \------------t::11 SUCTIOH VALVE 
OPEN 

2CHS~ LCV I158(AO} 
1-------eii SUCTION VALVE 

CLOSE 

TORQJ SEAT CLOSE 

2CHS liif LCV I I SC fZO} 
l--------,,,1 SUCTION VA LYE 

CLOSE 

TORQUE SEAT CLOSE 

2CHS~LCV115C(ZO) 
1-------t:'I SUCTION VALVE 

OPEN · 

MONITOR 

NOTE 

B 

CHARGING PUMP SUCTION VALVE FROM VOLUME CONTROL TANK 2CHS LCV 11 ~B(A() 
CONTij()L AT 
SHUTDOWN PANEL 

CONTROL AT 
SHUTDOWN 

PANEL PB 
2CH9' LCV 115B(AO) 
GOI TRO L TR AISFER 

2CHS'flCV I 15B(AO) 
MANUAL RESET 
AT RELAY 

M 
Et-----
M 

FIGURE 7. 4-65 
LOGIC DIAGRAM 

~ 

SAFETY INJECTION CONTROL VALVES 
BEAVER VALLEY POWER STATION-UN IT 2 
Fl~AL SAFETY ANALYSIS REPORT 



SOURCE 

LSI<· 27-lA 
OTE 5 

COHO IT ION 

CONTAINMENT 
SUMP WATER LEVEL 
HIGH 

2CHSt'MOV310 (Z P) 

CONTROL ACT I ON 

PB 
2CH~ MOV310( ZP) 
CONTROL TRANSFER 

2CH _MOV310(ZP) 
MANUAL RESET 
AT RELAY 

cs 
2CH~MOV310 (Z P) 
OPEN 

NO MOTOR THERMAL t----------------1 
OVERLOAD 

I08D99 
SAFETY 
INJECTION SIGNAL 
TRAIN A 

cs 
2CHS*HOV310 ( ZP) 
CLOSE 

cs 
2CHStMOJ310 (ZP) 
AUTO 

SS (MAINTAINED) 
2SISiMOV840(AO) 

2SIS• MOV840(AO) . OPEN 
NO MOTOR THERMALr-----~~=====~~---f 
OVERLOAD SS(MAINTAINED) 

2S1S•MOV869A (AO) 
SLAVE CONTACTOR 
POWER AVAILABLE 
NOTE: 2 AND 4 

2S IS.MOV869A(AO) 
NO MOTOR THERMAL 
OVER LOAD 

J. CONTROL FROM MAIN BOARD SHOWN FOR 2CHSJMOV3I0(ZPJ 

251S fMOV840(AO) 
CLOSE 

cs 
2S IS-.MOV869A(AO) 
OPEN 

CONTROL FROM SHUTDOWN PANEL SIMILAR ~: IS*Movs6gA(AO) 
2. DURING NORMAL PLANT OPERATION ISOLATION VALVES 251SlMOV869A(AO) CLOSE 

lMOV869B(BP) * MOV 836(AO) ~MOJS41(ZP) HAVE THEIR P(JN ER ------
REMOVED BY MEANS OF A BANANA PLUG DISCONNECT ON THE MAIN 
CONTROL BOARD TO PREVENT SPURIOUS OPERATION OF THESE VALVES, 

3, ONE COMPUTER INPUT WILL PROVIDE BOTH OPEN AND CLOSE 
INDICATIONS 

HOT LEG SAFETY INJECTION ISOLATION VALVE 

4, LOG IC FOR ISOLATION VALVE 2S IS*MOV869A(AO) SHOWN, 
LOGIC FOR ISOLATION VALVES 2SIS*MOV869B{BP)¼MOV836(AO)AND*MOV841(ZP) SIMILAR 

5,. MOTOR SUPPLY BREAKER IS SHUNT TRIPPED ON CONTAINMENT SU~ WATER 
LEVEL HIGH FOR 2CHS;.-MQV310 (ZP) 

I 

RESULTANT 

M 2CH MOV310( Z P) 
E i-----BlillCONTROL AT 
M SHUTDOWN PANE 

2CHS;lf-MOV 310 ( Z Pl 
,---------➔-!iJII ISOLATION VALVE 

OPEN 

2CHStMOV310 (ZP) 
J-----f31it ISOLATION VALVE 

CLOSE 

REV 12 
MONITOR 

NOT 

.e. 
CHARGING FLOW PATH ISOLATION VALVE 

2S1S•MOV840 (AO} 
ANDI---------..,. ISOLATION VALVE 

OPEN 

2s1s• MOV 840 (AO) 
ANDi---------~ ISOLATION VALVE 

CLOSE 

a 

HIGH HEAD SAFETY INJECTION COLD LEG THROTTLING ISOLATlON VALVE 
2S1S*MOV869A(AO} 

AND t------+311 ISOLATION VALVE 
OPEN 

2SIS~MOV869A{A0) 
AND i------+311 ISOLATION VALVE 

CLOSE 
TORQUE SEAT CLOSE 

FIGURE 7.4-66 
LOGIC DIAGRAM 
SAFETY INJECTION CONTROL VALVES 
BEAVER VALLEY POWER STATION-UNIT 2 
UPDATED FINAL SAFETY ANALYSIS REPORT 



SOURCE CONDl,IOH 

0-~ 2CHS*P22A {AO) 
CONTROL AT 

EMCH BOARD 

LSK-28-ZA BORATE DEMAND 
SIGNAL 

BORIC ACID TANKS/ 
TRANSFER PUMPS 

TROUBLE 
_a 2CH~ P22A (AO) 

~--4...=~=::::!:.__ _ __/ MOTOR THERMAL 
OVERLOAD 

NOTE: 
I • LOGIC FOR ruMP 2CHS.- P22A (AO) SHOWN, 

LOGIC FOR PUMP 2CHSiP22B (BP) SIMILAR, 
2. SEE AODlTIONAL CONTROL OF 2 CHS ll P22A (AO) 

ON LS K-26-6 8. 

CONTP" L ACTI :;.i 

cs 
2CH S)".- P22A (AO) 
START 

cs 
2CH~ P22A (AO) 
AUTO 

cs 
2CH~P22A (AO) 
STOP 

CONTROL FROM CONTROL ROOM 

cs 
2CHS *P22A (AO) 
START 

PB 
2CHS* P22A (AO) 
CCNTROL TRANSFER 

MANUAL RESET 
A.T RELA l 

cs 
2CHS~22A (AO) 
STOP 

tONTROL FROM SHUT~OWN PANEL 

AMO 

AND 

FIG. 7. 4-7\A 

RESULTANT 

2CHS¥P22A (AO) . 
1----P;il B0::1r, ACID XFR. puj,tps~-------___. 

START ' : 

2CHS* P22A {AO) : 
BORIC ACID XfR, PUMP 1-----------e 
STOP 

FIGURE 7.4-71 
LOGIC DIAGRAM 

I 

BORIC ACID TRANSFER PUMPS 
SEAVER VALLEY POWER STATION-UNIT 2 
FINAL SAFETY ANALYSIS REPORT 



SOURCE MONITOR CONDITION 

FIG. 7.4-71 .......... ----------.....i MOTOR THERMAL 
OVERLOAD 

NOTES: 
I. SEE ADDITIONAL CONTROLS FOR 2CHS -l- P22A(AO) ON LSK 26-SA, 

CONTROL ACTION 

2CHS -t- P22A(AO) 
MANUAL RESET 

AT RELAY 

cs 
2 CHS t: P22A (AO) 
START 

cs 
2CHS -t-P22 AlAO) 
STOP 

2.0NLY MANUAL MODE OF OPERATION IS AVAILABLE FROM THE ALTERNATE SHUTDOWN PANEL. 

RESULTANT 

2CHS¼P22A{AO) 
i,--__..,.-----~ CONTROL AT ALT. 

SHUTDOWN PANEL 

MONITOR 

CONTROL AT ALTERNATE 
A SHUTDOWN PANEL 

------~ 
2CHS * P22A{AOl 

~------F31,1 BORIC ACIDTFR. PUMP~---~ 
START 

2CHS *P22AlAOl 
.,__~BORIC ACID TFR. PUMP t-------1::,,( 

STOP 

BORIC ACID TRANSFER PUMP 

FIGURE 7. 4-71A 
LOGIC DIAGRAM 
BiORIC ACID TRANSFER PUMPS 
BEAVER VALLEY POWER STATION-UNIT 2 
FINAL SAFETY ANALYSIS REPORT 



SOURCE MONITOR CONDITION CONTROL ACTIC'4 

2CIIS(TK22 
VOLUME CONTROL TK LVL A/0 LOW SS {14AINTAINEO) 

2CHS4l.CYI ISA 
2CHS* TK22 VOLUME CONTROL TANK I 

A/D VOLUME CONTROL 
TK. LVL HIGH· H! GH IIIC 

2CHS-HIC115A 
2CHs,6K22 RAISE-LOWER I 

A/D VOLUME CONTROL TK LVL 
HIGH 

K+J > 
B 2CHOOK22 

VOLUME CONTROL TANK 
LEVEL 

2CHS 1<-TK22 
A/o VOLUME CONTROL Tl< , AND LEVEL LOW 

SS (MAINT.l.lNED) 
2CHS-..LCVIISA 
AUTO 

2CIIS)(TK22 AND 
A/ D VOLUME CONTROL TK LVL 

LO-LO 
AND FIG. 7.M5 SS (MA I NTAI NED) 

2CHS.t.CY I I SA 2CH$K22 
A/D VOLUME CONTROL TK LVL DIVERT 

O-LO 

2CHl'jJK22 .L K+f H/A VOLUME CONTROL TANK A SET POINT LEVEL I 

NOTES: 
I • um AIR TO 2C HS HCV 115A TO DIVERT TO DEGAS IF IE RS, 

VEIT Al R FROI 2CHS¼CVl15 A TO DIV fRT TO V0LUIIE CONTROL TANK. 

2 . AOIJT All TO 2C H s- LCY 112 TO DIVERT TO THE COOLANT movm TANK, 
VEIT AIR FROII 2CHS-LCY112 TO DIVfU TO THE VOLUIIE C0ITROL rm. 

3. VOLUIIE CONTROL TAIi TI0UBLE. 

RE SUL TAIT 
VENT 
AIR B 

OE-ENERGIZE 8--t:l'll 2CHs,il.CVll5A 
COOLANT LETDOWN TO 

2CHS-LSVIISAI T DEGASlflER DIVERSION 
VALVE 

ENERGIZE C~A i MODULATES 

C {NOTE I) 

B 

DE-ENERGIZE ·~ 
2CHS-LSV115A2 T A 

ENERGIZE C~A 

C 

ADMIT FULL 
AIR SUPPLY 

B 

ENERGIZE B-&A 

2CHS-LSVI I 2A2 T 
A 

DE-ENERGIZE C~A 

C 

B 

ENERGIZE ---S,.A 2CHS-LCY 112 
A DEGASIFIED LETDOWN 

2CHS-LSVll2AI T RETURN DIVERSION 
VALVE 

DE-ENERGIZE C---€i>A MODULATE 

C ( NOTE 2} 

VEltT 
AIR 

FIGURE 7. 4 -72 
LOGIC DIAGRAM 
VOLUME CONTROL TANK 

IIOIITOR 

TO 
\IOLUN£ 
CONTROL 
TAH 

.B 
TO 
D£US-
IFIER 
I 

TO 
VOLUNE 
comoL 
TANK 

s: 
TO COOLUT 
RECOVERY 
TANI 
B 

BEAVER VALLEY POWER STATION-UNIT 2 
FINAL SAFETY ANALYSIS REPORT 



SOURCE CONOITION 

~----------t VOLUME CONTROL TANK 
PRESSURE 

2CHS1i1TK22 r-----------4 VOLUME CONTROL TANK 
I SCHARGE TEMPERATUR 

A/D 2CHSt-TK22 VOLUME ----f CONTROL TANK DISCHARGE.__ _____ _. 
ENP. HIGH 

2CHS*TK22 
VOLUME CONTROL TANK 

ENT HEADER PRESSURE 

2CHS,TK22 VOLUME CONT. 
A/D TANK VENT HEADER PRESS 

OW 

2CHS*TK22 VOLUME CONT. 
A/D TANK VENT HEADER PRESS 

GH 

VOLUME CONTROL TANK 
NITROGEN SUPPLY PRESS 

SET POJNT 

2CHS~K22 
VOLUME CPNTROL TANK 
PRESSURE 

SET POI NT 

WIIIROL ACTION 

VOLi/HE CQHTBQL TAI(( HYQBQGEH SUPPLY 
PRESSURE REDUCING YALYE 

SS { MAIN TAI NED) 
2CHs,@,OV8101 
OPEN· 

SS (MAINTAINED) 
2CH~OV810I 
CLOSE' 

VOLUME CONTROL TANK VENT VALVE 

FIG. 7. 4-74 

VOLUME CONTROL TANK NITROGEN SUPPLY 
PRESSURE REDUCING ViLVE 

VOLUME CONTROL TANK PRESSURE 
11 EOUCING VALVE 

K+J 

K+J 

K+J 

RESULTANT 

20IS-PCYI 18 Wt.. aJIIT. TK .. 
HYDROGEN UPLY PRESSURE 

t-•----9fRBlJCUIG VY MDIU.ATES 10 
MUlrTAIN A SET PRESS 10 ~ 
TIIE WLUME <XlfTll)l. T NIK 

OPEN 

2CHS-SOV8101 2CH~OV8101 

YENl 
AIR'TO 

20IS-PCVl 19 Wl.. <XIIT. TK. 
NITIIIGEN &IPPU' PRESSURE 
REDJCIMG VY MD.IL.ATES TO 
MAIIIT-'IN A SET PRE$S TO 

2CHHCV117 
REDUCING VALVE 
MODULATE 

CLOSE 

FIGURE 7.4-73 
LOGIC DIAGRAM 
VOLUME CONTROL TANK 

I 

I 

BEAVER VALLEY POWER STATION-UNIT 2 
FINAL SAFETY ANALYSIS REPORT 



S~RCI MONITOR 

I 

FIG. 7. 4 -73 

t;ONPITION 

2CHOOIOVII! 
NO MOTOR THERMAL 
OVERLOAD 

2CHs-(TK22 
VOLUME CONTROL TANK 
PRESSURE 

2CHWK22 
VOLUME CONT TK VENT 
H~ADER PRESS LOW 

COIHROL ACTION 

cs 
2CH$tHO\I 111( -P} 
OPEN 

cs 
:£CH~Vlll (-Pl 
CLCSE 

RESULTANT 

2CH0040Vl 11 {- P) 
RETURN IS~L VALVE 
OPEN 

2CH$#Mi>VI 11 (-P) 
RETURN ISOL fALVE 
CLOSE 
TORGUE SEAT CLOSE 

MONITOR 

DEGASIFIEO LcTDOW" RETURN ISOLATION VALVE 

A 

cs 
2cHmov1oi 1- P) 
OPEN 

>-----------------------811 ENERGIZE ADti!IT AIR TO OPEii 
(-P) 

2CHS•SOVl02 2C~WOVl02 (-P) 
cs 
2CH~~AOV102(- P/ 
CLOSE 

>-----------------------'-f~ DE-ENERGIZE VENT AIR TO CLOS£ 

kECYClEC ~YOROGEN SU~PLY VALVE 

-K-4/ H/A 
SET POINT 

l 

K+J H/A 

§ 

ElfERGIZE B~A 

2CHS-PSYI 163 

YffLUHE CONTROL TANK PRESSURE CllfCTROL VALVES 

B 

T A 

2CHS:-:PC\'116A 
PRESSURE VALVE. 
MODULATE 

2CH~CVI 168 
PRESSIJRE VALVE 
MODULATE 

FIGURE 7. 4 - 74 
LOGIC DIAGRAM 
V!OLUME CONTROL TANK 

OH:N 

I 

I 

I 

CLOSED 

.l 

BEAVER VALLEY POWER STATION-UNIT 2 
FINAL SAFETY ANALYSIS REPORT 



CONTROL ACTION 

cs 
2CHS*AOV2O3(-P) 
OPEN 

cs 
2CHS*AOV2O3{-P) 
CLOSE 

RESULTANT MONITOR 

ADMIT I 

ENERGIZE AIR TO ~PEN 
fl 2CHS7'ESOV203 2CHS*AOV2Q3{-P) 

-P 
fl 

'1-------------eioi DE-ENERGIZE VENT ~LOSE AlR TO 
B 

VOLUME CONTROL TANK N2 BLANKET HEADE~ ISOLATION VALVE 

FIGURE 7.4-75 
LOGIC DIAGRAM 
VOLUME CONTROL TANK 

B 

BEAVER VALLEY POWER STATION-UNIT 2 
FINAL SAFETY ANALYSIS REPORT 



SC!.1~CE MOIi I lOR 

A/0 

CONDITION 

2RHS•P:! I,\ AO 
HEAT RBIOVAL PUMP 
01 SCH. PRESSURE 

2RHS•P2 IA( AO) 
HEAT REMOVAL PUMP 
DISCH. PRESS. HIG!! 

RESIDUAL HEAT REMOVAL SYST~ TROUELE 

2RHS.P2 IA( AO} 
MOTOR ELECTRICAL 
PROTECTION 

OOHTRDL At;Ti ON RESU~TANT 

OONTROL AT 
SHUTDQWN PANEL 

2RHS•P1 J.-( AO) 
HEAT REMOVAL PUMP 
START ; 

' 

MC'll TOR 

NOTE3 

CONTROL AT 
SHUTDOIIII 
PANEL 

'! 160V BUS 2.lE 
UNDER VOLTAGE 

~----------------+3ll 

1:18)993 S11.8 CON TA I NM ENT 
I SOllTION PHASE B 
TRAIil A 

!!IJTES: 

2RHS•MOV70 IA( AO} 
RHR 3.ICTIOM \'ALYE 
CLOSED 

2RHSaMO V702A( AP) 
RHR SUCTION VALYE 
a.osEO 

RESIDUAL HEAT 
RBC>VAL SYSTEM 
OUTLET TEMPERAlU!!E 

RESI OOAl HEAT 
REMOVAL SYSTBI 
INLET TEMPElfATURE 

I. RESIDUAL HEAT RBC>YAL PUMP 2RHS.P21 A{ AO) ~!!!ll'!t, 2RHS•P11 a{ BP) Sli-11 l.A.!! 
2. CONTROL FROM MAlitBOARO SHO'ltf, CONTR!)l~UT00'1111 PA!IEL SIHILAR 
3. CONTROL AT THE MAI NBOARO IS OHL Y AVll LAl!t.E ~E!! -THt: CO!!TROL TRAHSFEP. I~ R.~SET 
q, ANMUNC I A TOR- AKO COMPUTER PG I N TS ARE ~ 'ro .\LL EOU I PMB(T TRAN SFEP.S 
5. ASSOCIATED EQUIPMENT FLCM' PATH A FLOW PATH B 

2RHS~P21A(AO) 2RH5,t-P21B(BP) 
2RHS-PT602A 2RHS-PT6028 
2RHS- Pl602A 2RHS-P\602B 
2RHS -TE604A 2RHS-TE604 B 
2RHS-TE606A 2RHS-TE606B 
2RHS- T 1606A 2RHS-Tl606 B 
2RHS-TR604A 2RHS- TR604 B 

!'B 
2R!!SaP21A( AO} 

TEST 

cs 
2!!!1S• P2 I A( Ml) 
STOP 

cs 
2R!i s. !'211\( AO) 

AFTER START) 

!RHSaP21A( Al>) 
!!EAT REMOVAi. P'JSP 
TEST PEll!ISSIVE 

2RH S• P21A( A,) 
;--------E~ HEAT ROOVAL PUMP 

STCP 

AN!> 

RES! ruAL HE.IT 
REMOV\l PUMP 

A/B itc TEST 

{ tlU GHT} 

! 
RESI JU4l HE.AT 
REMOVAL SY'ffe.t 

A TROUBLE 
I 

B RESIDUAL !!EAT P.e«IYAL PUi.iP 

6. #BY WESTINGHOUSE 
7. SEE ADDITIONAL CONTROL OF 2RHS*P2\A{AO} 

ON FIG. 7.4· 79A 
a ONE COMPUTER INPUT WILL PROVIDE BOTH 

ON AND OFF INDICATION : FIGURE 7.4-76 
LOGIC DIAGRAM 

. RESIDUAL HEAT REMOVAL SYSTEM 
BEAVER VALLEY POWER STATION-UN IT 2 
FINAL SAFETY ANALYSIS REPORT 



SOURCE 

NOTES: 

MONITOR CONDITION 

2RHS*E21A{A-) 11----_.,_ ______ _.., ___ _..._ ______ --'COOLING WATER FROM 
HEAT EXCHANGER 
2RHS•P21A(AP) ~--___,j~===--------------f COOLING WATER FROM 
SEAL COOLER 

2CCP•MOVI 12 A(AO) 
NO MOTOR THERMAL 

A 

2RHS* MOV702A(A0l 
NO MOTOR THERMAL 

-------·"- OVERLOAD , ....... ~ ______ _,,. 

FIG. 7.4·79 

8 

A/D 

A/D 

REACTOR COOLANT 
PRESSURE 
LOW (TRAINA) 

REACTOR COOLANT 
PRESSURE 
HIGH lTRAIN Al 

RHR SUCTION VALVES 
TRANS. TO ALTERNATE 
POWER SOURCE 

REACTOR COOLANT 
PRESSURE 
LOW (TRAIN B) 

2H RS dl)V702A (AP l 
NO MOTOR T1t ERMAL 

VERLOAD 

REACTOR COOLANT 
PRESSURE 
HIGH (TRAIN B) 

RHR SUCTION VALVES 
TRANS TO ALTERNATE 
POWER SOUR CE 

I. CONTROL FROM MAIN BOARD SHOWN, CONTROL FROM S!tUTDOW PANEL SIMILAR 
2. COMPONENT COOLING WATER SUPPLY VALVE 2CCP«MOVll2A(AO} SHOWN, MOY 1128(8P} 

SIMILAR. 
3, RESI WAL HEAT REMOVAL SUPPLY ·1 SOLATION VALVE 2RHSaNOV702A( AG) SHOMf 

2RHS«MOY7O18(BG) "SIMILAR 
,.· TRANSFER OF POWEk Sll-PPLI ES IS DONE AT TIIE TRA!ISFEP. BREAKER ASSEMBLIES NEAR 

RESPECT! YE MCC. 
S. ONLY MANUAL NODE OF OPERATION IS AVAILABLE FRON THE ALTERNATE SHUTDOWN PANEL 
6. CONTROLS AT ALTERNATE SHUTDOWN PANEL 
7. 2RCS-PR441 ALSO SHOWN ON FIG. 7,4-79 
8. SEE FIG. 7.4·79A FOR·ADDITIONAL CONTROL OF 2CCP•NOVll2A(AO) 

CONTROL ACTION 

PB 
2CCP•MOVI 12A(AO) 
CONTROL TRANSFER 

2CCP•MOVll2A(AO) 
MANUAL RESET AT 
RELAY 

cs 
2CCP•MOVl12 A{AO) 
OPEN 

cs 
2CCP•MOVll2A{AO) 
CLOSE 

cs 
2RHS«MOV702ACAO> 
OPEN 

cs 
2RH S•tl>V702A CAP> 
OPEN 

cs 
2RHS«MOV702 A (AP) 
CLOSE 

cs 
2RHS•MOY702 Af A.O l 
CLOSE 

PB 
2RHS•NOV7O2A(AO) 
CONTROL TRANSFER 

. 2RHS•NOV7O2A(AO) 
NANUAL RESET 
AT RELAY 

REVl2 

~ESULTANT 

CONTROL AT 
SHUTDOWN 
PANEL 

MONITOR 

CONTROL AT 
SHUTDOWN PANEL 

2CCP*MOVI 12A(40) 
r-----~ AND ~---------.:ii.I CLG. WATER SUPPLY VV • .,_._.....,. 

OPEN 
2CCP•MOV 112A(AO) >-------_,.;;=- AND -t-----------+3111 CLG. WATER SUPPLY VV • .,....._--t:iiiill 
CLOSE 

RESIDUAL HEAT REMOVAL EXCHANGER SUPPLY VALVE 
>---~t---,TRA IN A 

NOTE~ 

AND 

TRAIN 8 

2RHS•MOV702A( AG) 
1-----------F==tii SUPPLY I SOL AT I ON VALYit-_.,~;illf 

OPEN 

2RHS-.MOV702&{AG) 
SUPPLY ISOLATION VALVE 
a..OSE 

lOROUE SEAT CLOSE 

RESl~JAL HEAT REMOVAL SUPPLY ISOLATION VALVE 

N 2RHS•MOV7O2A(AO) 
E t--NO-TE-5-----------~ CONTROL AT ALT. 
N SHUTDOWN PANEL 

FIGURE 7. 4 -77 
LOGIC DIAGRAM 

I 

l 

B 

RESIDUAL HEAT REMOVAL SYSTEM 
BEAVER VALLEY POWER STATION-UNIT 2 
UPDATED FJNAL SAFETY ANALYSIS REPORT 



SOURCE MOIi i TOR CONDITION CONrROL ACTION RESULTANT MONITOR 

PB 
2~S•P21A(AO) 
H~T RBl>VAL 
f'I~~!" RUNNING 

RESIDUAL HEAT 
RDIIVAL SYSTel 

TROUBLE 2RHSM-MOV720A(ACJ >---, 
1".D. CONTROL l ICAN SF Ek "--~~ 

CONTROL AT 
SHUT DOl'm P Alf EL 

A/D 
RES !DUAL HEAT 
REMOVAL SYSTEM 
~LOW LOW 

RESIDUAL HEAT 
REMOYAL SYSTEM 
FLOW 

.tl 2RHSMM0V 720A(.A.O) 
MANUAL RESET AT 
TEl.AY 

SS(MAINTAINED) 
2RHS*FCV605A(A-) ......... ...._ __ 
SHUTDOtYN R\NEL _soe 
SS(MAINTAI NED) 
2RHS*FCV605A(A ➔ 
BENCH BOARD 

K t .S 

B ~ A 2RHS*FCV605A(A-----i T ~A,:.__-E~BYPASS·FLOW CONT,V. 
C~A ,_M_OO_UL_A_T_E ___ ___, FAILS CLOSED ON LOSS 

C OFAIR 

RESIDUAL HEAT 
ROOVAL SYSTEM 
FLOW R~SIDUAL HEAT REMOVAL HEAT EXCHANGER B'fP.,\55 VALVE 

A/D 
REACTOR COOUNT 
l'RESSURE 

cs 
2RHSliE-MC11720ACAO 
OPEN 

L~~ 

2RHS i!IMOV720A(AO) 
MOTOR THERMAL 
OVERLOAD 

A/D 
RE>-CT0R CO0UNT 
PRES3URE 
!!I~-

NGTEs: 
I, CONTROL FROM MAIN BOARD SHOWN 

CONTROL FROM SHUTDOWN PANEL SIMILAR 

2, RETURN ISOLATION VALVE 2RHSifMOV720B(BPl 
RECl!IVES REACTOP. COOLANT PRESSURE SIGNAL 
FROM 2RCS*PT 4 41 (BY l 

3, RETURN I SO LAT ION VALVE 2RHS'!l'r MOV/Z::OA( AO) SHOWN. 
RETURN ISOLATION VALVE 2RHS* MOV7WB( BP) SW I UR. 

4, BYPASS VAL VE 2RHS* FCV605A (A-\ SHOWN, 
BYPASS VALVE 2RHS*FCVEOSB(B-) SIMILAR. 

5, OUTLET VALVE 2RHS*HCV75BA(,-) SHOWN, 
OUTLET VALVE 2RHS* HCY758 B{ B-) S Ill I UR. 

6, 2R'IS-FT606A RESIDUAL _HEAT ROOYAL SYSTEM FLO~ S!iOvt 
2RHS-FT606B RESIDUAL HEAT ROOVAl SYSTEM FLOW Sl!HLAR 

7. ASSOCIATED EQUIPMENT SS(MAINTAINED) 
A,OW PATH A FLOW PATH B 2RHS*HCV758A(A-) 

2RHstfCV605A{A➔ 2RHS.FCV6QSB(B-) SHUTDO>JN PA 
2RH~T605A(A en 2RHSf FT605BlB'O ~==~=====~:.:.-:.::: 
2 RHS-FI 605AI 2R HS- F 160581 55(.MAINTAINED 
2R HSM-FI 605A(AQ l 2RHS* FI 605 B(BF) 2RH~ HCV758A{A-) 
2RHS-FTG06A 2RHS-FT6068 BENC 
2RHS-Fl606A 2RHS-F16O6 B H BOARD 
2RHS IMOV 7 20AlAO) 2RHSfNOV 720B(BP) 
2RCSfPT 440(ABl 2RCSfPT44 I ( BY l 
2RHS-FI606AI 2RHS-F 160bBI 

8. SEE ADDlTIONAL CONTROL OF 2RHS*MOV720A(AO) 
ON FIG. 7.4-79A 

H.IC 

HIC 

AND 1"----------e,i 2lH *M0V72~A(A0) 
R~TU~N IS0LtTIUN V. 
OPEN 

2RHS*MOV 720A{AO) 
1-------E~RETURN ISOLATION y, 1-------1~ 

CLOSE 

RESIDUAL HEAT REMOVAL SAFETY lhJECTIOM RETURN IS0UTION VALVE 

2RH~ HCV 758A{A-) 
1--------9-IMA"UAL CONTROL VV, 

C 
MOOULATE FAILS OPEN ON LOSS OF AIR 

RESIDUAL HEAT REMOVAL Hl="AT i:-xcHANG~R QWl,ET VALVE 

FIGURE 7. 4-78 
LOGIC DIAGRAM 
RESIDUAL HEAT REMOVAL SYSTEM 
BEAVER VALLEY POWER STATION-UNIT 2 
FINAL SAFETY ANALYSIS REPORT 



SOURCE MONITOR .;oNOITION 

A/D 

FIC.1.4-71 A/D 

2RHS•MOV 750 A(AO 
NO MOTOR THERMAL 
OVERLOAD 

REACTOR 
COO LANT 
PRESSURE 

REACTOR COOLANT 
PRESSURE 
LOW 

2HRS•MOV 701A(AO) 
NO MOTOR THERMAL 
OVERLOAD 

REACTOR COOLANT 
PRESSURE 
HIGH 

REACTOR COOLANT 
PRESSURE 

NOTE: I . CONTROL FROM MA IN BOARD SHOWN 
CONTROL FROM SHUTDOWN PANEL SI Ml LAR 

2. RHS CROSS CONNECTION VALVE 2RHS•MOV7S0A(AO) SHOWN 
RHS CROSS CONNECTION VALVE 2RHS•MOV750B(BP) SIMILAR 

3. ISOLATION VALVE 2RHS•MOV701~(AO) SHOWN 
ISOLATION VALVE 2RHS•MOV702B(BP} SIMILAR 

4. SEE m. 7.4-79A FOR A!JDITIONAL CONTROL Of 2RHSHOV701A(AOJ 

5. 2RCS - PR441 USO SHOii! OIi FIG. 7. 4 - 77 

rn. 7.4-77 

flG. 7.4-77 

CONTROL ACTION 

PB 
2RH S• MOV7 50A (AO} 

CONTROL TRANSFER 

2RHS•MOV750A{ AO} 
MI.NUAL RESET 
AT RELAY 

cs 
2RHS•MOV750A(AO l 

OPEN 

cs 
2RHS•MOV750.l(AO) 
CLOSED 

cs 
2RHS•MOV701A(AO) 
OPEN 

cs 
2RH 5•MOV70 I A( AO) 
CLOSE 

.! 

M 
E 
M 

RESULT AIT MONITOR 
CONTROL AT SHUT-

-DOWN PANEL 

CONTROL AT 
SHUTDOWN 
PANEL 

2RHS•MOV 750A(AO) 
R • H • S • <KlSS CXNIECTI Ill 

OP N 

21HS<MWm\(K'J) ~---------1------PM R.H.S. aDSS CDMB:11111 w. Q.OSE 

TOROUE SEAT CLOSE 

RESIDUAL HEAT REMOVAL SYST94 CROSS CONNECTION VALVE 

IOTE 4 2RHS•MOV 701 A AO +---------..;-----~ 9FPlY 191.ATIIII W. 

NOTE 4 

RESIDUAL HEAT P.EMOVAL SUPPLY ISOLATION VALVE 

CP9I 

2111Sst11V70I A( K'J) 
91'PLY 191.ATIIII VY. 
CUlSE 

FIGURE 7. 4-79 
LOGIC DIAGRAM 
RESIDUAL HEAT REMOVAL SYSTEM 
BEAVER VALLEY POWER STATION-UNIT 2 
FINAL SAFETY ANALYSIS REPORT 



SOURCE CONDITION 

NOTES, 

MOTOR 
ELECTRICAL 
PROTECTION 

4160 V BUS2AE 
UNDERVOLTAGE 

MOTOR 
THERMAL 
OVERLOAD 

1. ONLY MANUAL MODE OF OPERATION IS AVAILABLE FROM THE ALTERNATE SHUTDOWN PANEL. 
2 . LOGIC FOR 2R HS* M OV720A ( AO) SHOWN. 

LOGIC FOR 2RHS•MOV701A(AO) AND 2CCP*MOV112A(AO) SIMILAR. 
3. SEE ADDITIONAL CONTROL OF 2RHS•P21A(AO) ON FIG. 7.4-76. 
4. SEE ADDITIONAL CONTROL OF 2RHS1tMOV720A(AO) ON FIG. 7.4-78. 
5. SEE ADDITIONAL CONTROL OF 2CCP * MOV 112 A (AO) ON FIG. 7. 4 - 77. 

CONTROL ACTION 

PB 
2RHSttP21A(AO) 
CONTROL TRANSFER ASP 

2RHS•P21A(AO) 
MANUAL RESET 
AT RELAY J:... 

cs 
2RHS tt P21A (AO) 
START 

cs 
2RHS* P21A (AO) 
STOP 

PB 
2RHS *MOV720A(AO) 
CONTROLTRANSFE ASP 

2RHS•MOV720A(AO} 
MANUAL RESET 
AT RELAY J.... 

cs 
2RHS* MOV720A(AO) 
OPEN 

cs 
2RHS1tMOV720A(AO) ----
CLOSE ASP 

RESULTANT MONITOR 

CONTROL AT 
ALTERNATE 
SHUTDOWN PANEL CONTROL AT ALTERNATE 

SHUTDOWN PANEL 

B 

2RHS * P2tA (AO) 
HEAT REMOVAL PUMP 
START 

2RHS• P21A (AO) 
HEAT REMOVAL PUMP 
STOP I 

M CONTROL AT 
E ALTERNATE 
M SHUTDOWN PANEL CONTROL AT ALTERNATE. 

A SHUTDOWN PANEL 

Ji. 

2RHS• MOV720 A ( AO) 
RETURN ISOLATION 
VV. OPEN · 

2RHS* MOV7 20A (AO) 
i-------,9'1 RETURN ISOLATION 

VV. CLOSED 

FIGURE 7. 4-79A 
LOGIC DIAGRAM 
RESIDUAL HEAT REMOVAL SYSTEM 
BEAVER VALLEY POWER STATION-UNIT 2 
FINAL SAFETY ANALYSIS REPORT 



SOURCE COKOITION 

ISOLATION VALVES 
VENT RELIEF LINE FLOW 
LOW 

FIG. 7.4-88 

FIG. 7.4-88 

I SOLA Tl OK VALVES 
VENT RELIEF LINE FLOW 
SHISFACTORY 

ZRCS't+IOVS8~(A-)LOOP2 
I SOLA Tl DK BT PASS 
VALVE OPEN 

2RCS-f.MD V590(/,-) ~00 P 2 
HOT L[G ISOLATIOK 

ALVE OPEN 

OOP 21 HOT LEG 
TEMPERATURE WITHIN 
cO~F. OF AUCTIONEERED 
TEMPERATURE OF 

ERATING LOOPS 

2RCS MOV591 (A-) 
MOTOR THERMAL 
OVERLOAD 

TRAIN B 
SIMILAR 

NOTES: 

I. LOGIC FOR LOOP 21 COLD LEG ISOLATION VALVE 2RC5,li;MOV591 (A-} SHOWN. 
LOGIC FOR LOOPS 22 ANO 23 COLD LEG ISOLATION VALVES 2RCstMOV593{B-) 
AND 2RCSfMOV595(C-) RESPECTIVELY ARE SIMILAR. 

2. 2R CS-'f'19180A (AO) For TRA l N A l N rER LOCK SHOWN. 
2RCS~l9'80S ( BP) FOR TRA IN B INTERLOCK S IM I LA R 

3 ASSOCIATED EQUIPMENT IOE~TIFICATION NUMBERS: 
LOOP 21 LOOP 22 

2RCS-¾ MOV59 l A (A-) 2 RCS)!MOV 593 ( B-) 
2RCS1.F I Sij80A/ AO l 2RCS.11~ • ,;q51 A( BC) 
2RCSll<f1Sij8061ArJ 2RCS*Ft~ij818(BP) 

LOOP 23 
2RCS'+-MOV595 ( C-) 
2RC&i,~i~q82A(CO) 
2RC~F1Sij82B(CP) 

TRAIK B 

SIMILAR 

T. D. 

REAC. COOLANT 
LOOP BYPASS FLO 
LOW 

B 

CONTROL ACTION 

cs 
Z.RCS>!':MOV59 I ( A-) 
OPEN 

cs 
ZRCs,a,tOV591(A-l 
CLOSE 

~ 

RE SUL TANT 

CS¥-MOV591 { A-) 
C~LD LEG ISOLATION 
V/riLVE OPEN 

!lCS,d,IOVS91(A-) 1-----~ CilLO LEG ISOLATION 
VALVE CLOSE 

FIGURE 7.4-87 
LOGIC DIAGRAM 

MOKITOR 

sv I NTERLOCI!. 

l 

l 

COLD LEG ISOLATION VALVES 
·BEAVER VALLEY POWER STATION-UNIT 2 
FINAL SAFETY ANALYSIS REPORT 



SOURCE MONITOR COND ITI ON 

PAM I 

B 

{3 PEN RECORDER) 

PAM 1I 

B 

LOOP 21 
HOT LEG 
TEMPERATURE 

LOOP 21 
HOT LEG 
TEMPERATURE ---------· 

( 3 PEN RECORDER) 

LOOP 21 
COLO LEG 
TEMPERATURE 

NOTES: 

I. LOOP 21 HOT ANO COLD LEG TEMPERATURE PERMISSJVES SH<MN. 
LOOPS 22 ANO 23 HOT ANO COLD LEG TEMPERATURE PERM15SIVES SIMILAR. 

2. ASSOCIATED EQUIPMENT IDENTIFICATION NUMBERS: 
LOOP 'ZI LOOP 22 LDQt: 23 

2RC~TEII! 3(AR) 2RC~TEll23 (BR) 2RCSfl"Ell33(CR) 
2RCSll."Tlll13 2RCS•TIIJ23 
2RCS-TRIJl3 2RCS-TRIJl3 2RCS-TRIJl 3 
2RCS-TI Ill 3A 2RCS-Tlll23A 2RCS-Tlll33A 
2RC5'-TEIJ IO ( AW) 2RCSl"TEll20(BW) 2RCSi:TEIJ30{ CW) 
2RCStTI Ill 0 2RCSi:TIIJ20 
2RCS-TRIJIO 2RCS-TRIJIO 2RCS-TRIJIO 
2RCS-TI Ill OA 2RCS-T 11120A 2RCS-TI IJ30A 
2RCS-TE4I3F(A) 2RCS -TE423F 18-l 
2RCS-T14I3F 2RCS-Tl423F 
2 RCS-TE4 IOF (A·J 2RCS-TE420FlB·l 
2RCS'-T 14 IOF 2 RCS-Tl 420 F 

CONTROL ACTl ON 

{
.LOOP 22 

'ilMILAf-1 LOOP 23 -----t:e!l_ __ _J 
> 

LOOP 22 l lM I LAR 
,___-t:7 LOOP 23 ( ;) 

LOOP 22} 
'----+-~. LOOP 23 SIMILAR 

A/0 

A/0 

RESUL/1" ANT 

LOOP 21 HO LEG 
TE~PERATURE WI7H\N 

~-----+:Dj3112D°F OF AUCi!OHEEREO 

I TEMPER I rtJRE OF 
OPERATN IG LOOPS 

LOOP 21 COLO I ~r, 
Tr~PERATUR! WITHIN 

l------~20°F OF AUC IONEEREO 
TEMPERA TUR OF 
OP ER I. Tl HG LOOPS 

FIGURE 7.4-88 
LOGIC DIAGRAM 

MONITOR 

LOOP 21 
HOT i..EG 
TEMP 

B 

LOOP 21 
COLO LEG 
TE..tP 

.! 

FIG. 7.4-87 

COLD LEG ISOLATION VALVES 
BEAVER VALLEY POWER STATION-UNIT 2 
FINAL SAFETY ANALYSIS REPORT 
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7.5  SAFETY-RELATED DISPLAY INSTRUMENTATION 
 
7.5.1  Introduction 
 
An analysis was conducted to identify the appropriate variables and to 
establish the appropriate design bases and qualification criterion for 
instrumentation employed by the operator for monitoring conditions in 
the reactor coolant system (RCS), the secondary heat removal system, 
and the reactor containment, including engineered safety functions and 
the systems employed for attaining a safe shutdown condition. 
 
The instrumentation is used by the operator to monitor Beaver Valley 
Power Station - Unit 2 (BVPS-2) throughout all operating conditions, 
including anticipated operational occurrences, accident, and post-
accident conditions in accordance with the position stated in Section 
1.8 for Regulatory Guide 1.97. 
 
7.5.2  Description of Information Systems 
 
The BVPS-2 safety analyses and evaluations referenced in Chapter 15 
and the Westinghouse Owners Group Emergency Response Guidelines define 
the design basis accident (DBA) event scenarios for which preplanned 
operator actions are required.  Accident monitoring instrumentation is 
necessary to guide the operator in taking required actions to address 
these analyzed situations.  However, instrumentation is also necessary 
for unforeseen situations (that is, to ensure that should BVPS-2 
conditions evolve differently than predicted by the safety analyses, 
the main control room operating staff has sufficient information to 
evaluate and monitor the course of the event).  Additional 
instrumentation is also needed to indicate to the operating staff 
whether the integrity of the in-core fuel clad, the RCS pressure 
boundary, or the reactor containment has degraded beyond the 
prescribed limits defined as a result of the BVPS-2 safety analyses 
and other evaluations. 
 
The following five classifications of variables have been identified 
to provide this instrumentation: 
 

1. Operator manual actions, identified in  the operating 
procedures that are  associated with DBA events, are 
preplanned.  Those variables that provide information needed 
by the operator to perform these manual actions are 
designated Type A.  The basis for selecting Type A variables 
is given in Section 7.5.2.2.1. 

 
2. Those variables needed to assess that BVPS-2 critical safety 

functions are being accomplished or maintained, as identified 
in the BVPS-2 safety analyses and other evaluations, are 
designated Type B. 
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3. Variables used to monitor for the gross breach, or the 
potential for gross breach, of the in-core fuel clad, the RCS 
pressure boundary, or the reactor containment, are designated 
Type C.  Variables used to monitor the potential breach of 
containment have an arbitrarily determined extended range.  
The extended range is chosen to minimize the probability of 
instrument saturation even if conditions exceed those 
predicted by the safety analyses.  The response 
characteristics of Type C information display channels will 
allow the main control room staff to detect conditions 
indicative of gross failure of any of the three fission 
product barriers, or the potential for gross failure of these 
barriers.  Although variables selected to fulfill Type C 
functions may rapidly approach the values that indicate an 
actual gross failure, it is the final steady-state value 
reached that is important.  Therefore, a high degree of 
accuracy is not necessary for Type C information display 
channels. 

 
4. Those variables needed to assess the operation of individual 

safety systems, and other systems important to safety, are 
designated Type D. 

 
5. The variables that are required for use in determining the 

magnitude of the postulated releases, and continually 
assessing any such releases of radioactive materials, are 
designated Type E. 

 
The five classifications of variables are not mutually exclusive, in 
that a given variable (or instrument) may be included in one or more 
types. When a variable is included in one or more of the five 
classifications, the equipment monitoring this variable is  specified 
in accordance with the highest category identified. 
 
Three categories of design and qualification criteria have been 
identified.  The differentiation is made in order that a hierarchy of 
information is  recognized in specifying accident monitoring 
instrumentation.  Category 1 instrumentation has the highest 
performance requirements and should be utilized for information which 
cannot be lost under any circumstances.  Category 2 and Category 3 
instruments are of lesser importance in determining the state of BVPS-
2 and do not require the same level of operational assurance. 
 
The primary differences between category requirements are in 
qualification, single failure, power supply, and display requirements.  
Category 1 requires seismic and environmental qualification, the 
application of the single failure criterion, utilization of emergency 
power sources, and an immediately accessible display. Category 2 
requires seismic and environmental qualification commensurate with the 
required function but does not require the single failure criterion, 
emergency power sources, or an immediately accessible display.  
Category 2 does require a rigorous performance 
 



 BVPS-2 UFSAR Rev. 0 

7.5-2a 

verification for a single instrument channel. Category 3, which is 
high quality commercial grade equipment, does not require seismic 
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or environmental qualification, single failure criterion, emergency 
power, or an immediately accessible display. 
 
Table 7.5-1 summarizes the following information for each variable 
identified: 
 

1. Instrument range/status, 
 
2. Environmental qualification, 
 
3. Seismic qualification, 
 
4. Display methodology (number of channels and indicator  

device), and 
 
5. Type/category. 

 
7.5.2.1  Definitions 
 
7.5.2.1.1  Design Basis Accident Events 
 
Those events, any one of which could occur during the lifetime of a 
particular plant, and those events not expected to occur but 
postulated because their consequences would include the potential for 
release of significant amounts of radioactive gaseous, liquid, or 
particulate material to the environment, are DBA events.  Excluded are 
those events (defined as normal and anticipated operational 
occurrences in 10 CFR 50) expected to occur more frequently than once 
during the lifetime of a particular plant.  The limiting accidents 
that were used to determine instrument functions are: 
 

1. Loss-of-coolant accident (LOCA), 
 
2. Main steam line break (MSLB), 
 
3. Feedwater line break, and 
 
4. Steam generator tube rupture. 

 
7.5.2.1.2  Safe Shutdown (Hot Standby) 
 
The state of  BVPS-2 in which the reactor is subcritical such that Keff 
is less than or equal to 0.99 and the RCS temperature is greater than 
or equal to 350°F.  Additional features are provided to reach and 
maintain a cold shutdown plant condition.  These are discussed in 
Section 5.4.7. 
 
7.5.2.1.3  Controlled Condition 
 
The state of the plant that is achieved when the subsequent action 
portion of the BVPS-2 emergency operating procedures (EOP) is 
 



 BVPS-2 UFSAR Rev. 0 

7.5-4 

implemented and the critical safety functions are being accomplished 
or maintained by the main control room operating staff. 
 
7.5.2.1.4  Critical Safety Functions 
 
Those safety functions  that are essential to prevent a direct and 
immediate threat to the health and safety of the public.  These are 
the accomplishing or maintaining of: 
 

1. Reactivity control, 
 
2. Reactor coolant system pressure control, 
 
3. Reactor coolant inventory control, 
 
4. Reactor core cooling, 
 
5. Heat sink maintenance, and 
 
6. Reactor containment environment. 

 
7.5.2.1.5  Immediately Accessible Information 
 
Information that is visually available to the main control room 
operating staff immediately (that is, within human response time 
requirements) once they have made the decision that the information is 
needed. 
 
7.5.2.1.6  Primary Information 
 
Information that is essential for the direct accomplishment of the 
preplanned manual actions necessary to bring BVPS-2 into a safe 
condition in  the event of a DBA event.  It does not include those 
variables that are associated with contingency actions. 
 
7.5.2.1.7  Contingency Actions 
 
Those manual actions that address conditions beyond the DBA event. 
 
7.5.2.1.8  Key Variables 
 
Those variables which provide the most direct measure of the 
information required. 
 
7.5.2.1.9  Backup Information 
 
That information, made up of additional variables beyond those 
classified as key, that provide supplemental and/or confirmatory 
information to the main control room operating staff.  Backup 
variables do not provide indications as reliable or complete as those 
provided by primary variables, and are not usually relied upon as the 
sole source of information. 
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7.5.2.1.10  Categories 1, 2, and 3 
 
References  to Categories 1, 2, and 3 are as stated in Regulatory 
Guide 1.97 Category Classifications. 
 
7.5.2.2  Variable Types 
 
The accident monitoring variables and information display channels are 
those required to enable the main control room operating staff to 
perform the functions defined by Type A, B, C, D, and E 
classifications as follows. 
 
7.5.2.2.1  Type A 
 
Those variables that provide the primary information required to 
permit the main control room operating staff to: 

 
1. Perform the diagnosis specified in the BVPS-2 EOPs, 
 
2. Take the specified preplanned manually controlled actions, 

for which no automatic control is provided and that are 
required for safety-related systems to accomplish their 
safety function, in order to recover from the DBA event, and 

 
3. Reach and maintain a safe shutdown (hot standby) condition. 

 
The verification of the actuation of safety-related systems has been 
excluded from the Type A definition.  The variables which provide this 
verification are included in the definition of Type D. 
 
Variables in Type A are restricted to preplanned actions for DBA 
events.  Contingency actions and additional variables which might be 
utilized will be in Types B, C, D, and E. 
 
7.5.2.2.2  Type B 
 
Those variables  that provide the main control room operating staff 
with information to assess the process of accomplishing or maintaining 
critical safety functions, that is, reactivity control, RCS pressure 
control, RCS inventory control, reactor core cooling, heat sink 
maintenance, and reactor containment environment. 
 
7.5.2.2.3  Type C 
 
Those variables that provide the main control room operating staff the 
information to monitor: 
 

1. The extent to which variables that indicate the potential for 
causing a gross breach of a fission product barrier have 
exceeded the design basis values, and 
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2. That the in-core fuel clad, the RCS pressure boundary, or the 
reactor containment may have been  subjected to gross breach. 

 
These variables  include those required to initiate the early phases 
of the emergency plan.  Excluded are those associated with monitoring 
radiological release from BVPS-2, which are included in Type E. 
 
Type C variables used to monitor the potential for breach of a fission 
product barrier have an arbitrarily determined extended range.  The 
extended range was chosen to minimize the probability of instrument 
saturation even if conditions exceed  those predicted by the safety 
analysis. 
 
7.5.2.2.4  Type D 
 
Those variables that provide the main control room operating staff 
with sufficient information to monitor the performance of: 

 
1. Plant safety systems employed for mitigating the consequences 

of an accident and subsequent BVPS-2 recovery to attain a 
safe shutdown condition.  These include verification of the 
automatic actuation of safety-related systems, and 

 
2. Other systems normally employed for attaining a safe shutdown 

(hot standby) condition. 
 
7.5.2.2.5  Type E  
 
Those variables that provide the main control room operating staff 
with information to: 
 

1 Monitor the habitability of the main control room, 
 
2. Estimate the mamitude of release of radioactive material 

through identified pathways and continually assess such 
releases, and 

 
3. Monitor and estimate radiation levels and radioactivity in 

the environment surrounding BVPS-2. 
 
7.5.2.3  Variable Categories  
 
The qualification requirements of the Type A, B, C, D, and E accident 
monitoring instrumentation are subdivided into three categories. 
Descriptions of the three categories are given in the following.  
Table 7.5-2 briefly summarizes the selection criteria for Type A, B, 
C, D, and E variables in each of the three categories.  Table 7.5-3 
briefly summarizes the design, qualification, and interface 
requirements of these three designated categories.  
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7.5.2.3.1  Category 1 
 
7.5.2.3.1.1  Selection Criteria for Category 1 
 
The selection criteria for Category 1 variables have been subdivided 
according to the variable type.  For Type A, those key variables used 
for diagnosis or providing information for necessary operator action 
have been designated Category 1.  For Type B, those key variables 
which are used for monitoring the process of accomplishing or 
maintaining critical safety functions have been designated Category 1.  
For Type C, those key variables which are used for monitoring the 
potential for breach of a fission product barrier have been designated 
Category 1.  There are no Type D or Type E Category 1 variables. 
 
7.5.2.3.1.2  Qualification Criteria for Category 1 
 
The instrumentation is environmentally and seismically qualified in 
accordance with Sections 3.11 and 3.10, respectively.  Instrumentation 
shall continue to read within the required accuracy following, but not 
necessarily during, a seismic event.  At least one instrumentation 
channel is qualified from a sensor up to and including a display.  For 
the balance of the instrumentation channels, qualification applies  up 
to and includes the channel isolation device (Refer to Section 
7.5.2.3.4 with regard to extended range instrumentation 
qualification). 
 
7.5.2.3.1.3  Design Criteria for Category 1 

 
1. No single failure within either the accident monitoring 

instrumentation, its auxiliary supporting features, or its 
power sources, concurrent with the failures that are a 
condition of or result from a specific accident, will prevent 
the main control room operating staff from being presented 
the required information.  Where failure of one accident 
monitoring channel results in information ambiguity (for 
example, the redundant displays disagree), additional 
information is provided to allow the control room operating 
staff to analyze the actual conditions in the plant.  This 
may be accomplished by providing additional independent 
channels of information of the same variable (addition of an 
identical channel), or by providing independent channels 
which monitor different variables that bear known 
relationships to the multiple channels (addition of a diverse 
channel(s)).  Redundant or diverse channels are electrically 
independent and physically separated from each other, to the 
extent practicable with two train separation, and from 
equipment not classified important to safety in accordance 
with the position stated in Section 1.8 for Regulatory Guide 
1.75. 
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 For situations such as isolation valves in series, the intent 
is generally to verify the isolation function. In such a 
situation a single indication on each valve is sufficient to 
satisfy the single failure criterion if those indications are 
from different trains (that is, unambiguous indication of 
isolation).  If ambiguity does not result from failure of the 
channel, then a third redundant or diverse channel is not 
required.  

 
2. The instrumentation is energized from station emergency power 

sources and battery-backed where momentary interruption is 
not tolerable, as discussed in Regulatory Guide 1.32. 

 
3. The out-of-service interval is based on normal Technical 

Specification requirements for the system it serves where 
applicable, or where specified by other requirements. 

 
4. Servicing, testing, and calibration programs are specified to 

maintain the capability of the monitoring instrumentation.  
Those instruments, for which the required interval between 
testing is less than the normal time interval between BVPS-2 
shutdowns, are provided with a capability for testing during 
power operation. 

 
5. Whenever means for removing channels from service are 

included in the design, the design provides administrative 
control of the access to such removal means. 

 
6. The design provides administrative control of the access to 

all set point adjustments, module calibration adjustments, 
and test points. 

 
7. The monitoring instrumentation design minimizes the 

development of conditions that would cause meters, 
annunciators, recorders, alarms, etc., to give anomalous 
indications that could be potentially confusing to the main 
control room operating staff. 

 
8. The instrumentation is designed to facilitate the 

recognition, location, replacement, repair, or adjustment of 
malfunctioning components or modules. 

 
9. To the extent practicable, monitoring instrumentation inputs 

are from sensors that directly measure the desired variables.  
An indirect measurement is made only when it can be shown by 
analysis to provide unambiguous information. 

 
10. Periodic checking, testing, calibration, and calibration 

verification is done in accordance with the applicable 
portions of Regulatory Guide 1.118. 
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11. The range selected for the instrumentation encompasses the 
expected operating range of the variable being monitored, to 
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 the extent that saturation does not negate the required action of 
the instrument, in accordance with the applicable portions of 
Regulatory Guide 1.105. 

 
7.5.2.3.1.4  Information Processing and Display Interface Criteria for 

Category 1 
 
The interface criteria specified here provide requirements to be 
implemented in the processing and displaying of the information. 
 

1. The main control room operating staff have immediate access 
to the information from redundant or diverse channels in 
units of measure familiar to them (that is, for temperature 
reading, degrees are used, not volts).  Where two or more 
instruments are needed to cover a particular range, 
overlapping instrument spans are provided. 

 
2. A historical record of at least one instrumentation channel 

for each process variable is maintained.  A recorded pre-
event history for these channels is required for a minimum of 
1 hour, and continuous recording of these channels is 
required following an accident until such time as continuous 
recording of such information is no longer deemed necessary.  
This recording is to be available when required and does not 
need to be immediately accessible. 

 
 The time period of 1 hour was selected based on a 

representatively slow transient which is bounded by this time 
requirement.  A 1/2 inch equivalent break area LOCA was 
selected since the trip occurs at approximately 50 minutes 
after initiation.  Where direct and immediate trend or 
transient information is essential for operator information 
or action, the recording is immediately accessible. 

 
7.5.2.3.2  Category 2 
 
7.5.2.3.2.1  Selection Criteria for Category 2 
 
The selection criteria for Category 2 variables are subdivided 
according to the variable type.  For Types A, B, and C, those 
variables which provide preferred backup information are designated 
Category 2.  For Type D, those key variables used for monitoring the 
performance of safety systems have been designated Category 2.  For 
Type E, those key parameters to be monitored for use in determining 
the magnitude of the release of radioactive materials and for 
continuously assessing such releases have been designated Category 2. 
 
7.5.2.3.2.2  Qualification Criteria for Category 2 
 
Category 2 instrumentation is qualified from the sensor up to and 
including the isolation device for at least the environment in  which 
it must operate to perform its intended function.  Instrumentation 
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associated with those safety-related systems that are required to 
operate following a safe shutdown earthquake (SSE), to mitigate a 
consequential plant incident, shall be seismically qualified. 
Environmental qualification will meet, or exceed the requirements of 
IEEE Standard 323-1971, 1974, and NUREG-0588, Revision 1 (USNRC 1981), 
which interprets BVPS-2 as being a Category II type plant. Seismic 
qualification is conducted in accordance with IEEE Standard 344-1971, 
1975, if this instrumentation is part of a safety-related system. 
 
7.5.2.3.2.3  Design Criteria for Category 2 
 

1. The instrumentation is energized from a highly reliable on-
site power source, not necessarily the emergency power 
source, which is battery-backed where momentary interruption 
is not tolerable. 

 
2. The out-of-service interval is based on normal Technical 

Specification requirements for the system it serves where 
applicable, or where specified by other requirements. 

 
3. Servicing, testing, and calibration programs are specified to 

maintain the capability of the monitoring instrumentation.  
For those instruments where the required interval between 
testing is less than the normal time interval between BVPS-2 
shutdowns, a capability for testing during power operation is 
provided. 

 
4. Whenever means for removing channels from service are 

included in the design, the design facilitates administrative 
control of the access to such removal means. 

 
5. The design facilitates administrative control of the access 

to all setpoint adjustments, module calibration adjustments, 
and test points. 

 
6. The monitoring instrumentation design minimizes the potential 

for the development of conditions that would cause meters, 
annunciators, recorders, and alarms, etc., to give anomalous 
indications that could be potentially confusing to the 
operator. 

 
7. The instrumentation is designed to facilitate the 

recognition, location, replacement, repair, or adjustment of 
malfunctioning components or modules. 

 
8. To the extent practicable, monitoring instrumentation inputs 

are from sensors that directly measure the desired variables.  
An indirect measurement is made only when it can be shown by 
analysis to provide unambiguous information. 
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9. Periodic checking, testing, calibration, and calibration 
verification is in accordance with applicable portions of 
Regulatory Guide 1.118. 

 
10. The range selected for the instrumentation encompasses the 

expected operating range of the variable being monitored, to 
the extent that saturation does not negate the required 
action of the instrument, in accordance with the applicable 
portions of Regulatory Guide 1.105. 

 

7.5.2.3.2.4  Information Processing and Display Interface Criteria for 
Category 2. 

 

The instrumentation signal is, as a minimum, processed for display on 
demand.  Recording requirements are determined on a case-by-case 
basis. 

7.5.2.3.3  Category 3 
 
7.5.2.3.3.1  Selection Criteria for Category 3 
 
The selection criteria for Category 3 variables have been subdivided 
according to the variable type.  For Types A, B, and C, variables 
which can provide backup information are usually designated 
Category 3, unless they are primary backup variables, in which case 
they would be classified as Category 2.  For Types D and E, those 
variables which provide preferred backup information have been 
designated Category 3. 

 
7.5.2.3.3.2  Qualification Criteria for Category 3 
 
The instrumentation is high quality commercial grade that is not 
required to provide information when exposed to a post-accident 
adverse environment.  Only normal and abnormal environments are 
applicable. 

 
7.5.2.3.3.3  Design Criteria for Category 3 

 
1. Servicing, testing, and calibration programs are specified to 

maintain the capability of the monitoring instrumentation.  
For those instruments where the required interval between 
testing is less than the normal interval between BVPS-2 
shutdowns, a capability for testing during power operation is 
provided. 

 
2. Whenever means for removing channels from service are 

included in the design, the design facilitates administrative 
control of the access to such removal means. 

 
3. The design facilitates administrative control of the access 

to all set point adjustments, module calibration adjustments, 
and test points. 
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4. The monitoring instrumentation design minimizes the 
potential for the development of conditions that would 
cause meters, annunciators, recorders, and alarms, etc, to 
give anomalous indications that could be potentially 
confusing to the operator. 

 
5.  The instrumentation is designed to facilitate the 

recognition, location, replacement, repair, or adjustment of 
malfunctioning components or modules. 

 
6.  To the extent practicable, monitoring instrumentation 

inputs are from sensors that directly measure the desired 
variables.  An indirect measurement is made only when it can 
be shown by analysis to provide unambiguous information.   

 
7.5.2.3.3.4 Information Processing and Display Interface Criteria for 

Category 3 
 
The instrumentation signal is, as a minimum, processed for display on 
demand.  Recording requirements are determined on a case-by-case 
basis. 
 
7.5.2.3.4  Extended Range Instrumentation Qualification Criteria 
 
The qualification environment for extended range instrumentation is 
based on the DBA events, except the assumed maximum value of the 
monitored variable shall be the value equal to the specified maximum 
range for the variable.  The monitored variable is assumed to approach 
this peak by extrapolating the most severe initial ramp associated 
with the DBA events. The decay for this variable is considered 
proportional to the decay for the variable associated with the DBA 
events.  No additional qualification margin needs to be added to the 
extended range variable.  All environmental envelopes, except that 
pertaining to the variable measured by the information display 
channel, are those associated with the DBA events.  The environmental 
qualification requirement for extended range equipment does not 
account for steady-state elevated levels that may occur in other 
environmental parameters associated with the extended range variable. 
For example, a sensor measuring containment pressure must be qualified 
for the measured process variable range (that is, three times design 
pressure for concrete containments), but the corresponding ambient 
temperature is not mechanistically linked to that pressure.  Rather, 
the ambient temperature value is the bounding value for DBA events 
analyzed in Chapter 15.  The extended range requirement is to ensure 
that the equipment will continue to provide information if conditions 
degrade beyond those postulated in the safety analysis.  Since 
extended variable ranges are non-mechanistically determined, extension 
of associated parameter levels is not justifiable and is therefore not 
required. 
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7.5.3  Description of Variables 
 
7.5.3.1  Type A Variables 
 
Type A variables are defined in Section 7.5.2.2.1.  They are the 
variables which provide primary information required to permit the 
main control room operating staff to: 

 
1. Perform the diagnosis specified in the BVPS-2 EOPs, 
 
2. Take specified preplanned manually controlled actions for  

which no automatic control is provided and that are required 
for safety systems to accomplish their safety function to 
recover from a DBA event (verification of actuation of safety 
systems is excluded from Type A and is included as Type D), 
and  

 
3. Reach and maintain a safe shutdown (hot standby) condition. 
 

 Key Type A variables have been designated Category 1.  These are the 
variables which provide the most direct measure of the information 
required.  The key Type A variables are: 

 
1. Reactor coolant system pressure (wide range), 
 
2. Reactor coolant hot leg temperature (Thot) (wide range), 
 
3. Reactor coolant cold leg temperature (Tcold) (wide range), 
 
4 Steam generator level (wide range), 
 
5. Steam generator level (narrow range), 
 
6. Pressurizer level, 
 
7. Reactor containment pressure, 
 
8. Steamline pressure, 
 
9. Reactor containment water level (wide range), 
 
10. Reactor containment water level (narrow range), 
 
11. Primary plant demineralized water storage tank level, 
 
12. Auxiliary feedwater flow, 
 
13. Reactor containment area radiation level, 
 
14. Core exit temperature, and  
 
15. Secondary system radiation - main steamline radiation. 
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Preferred backup Type A variables have been designated Category 2.  
RCS subcooling is designated as Type A, Category 2.  The BVPS-2 
recognizes that the degree of subcooling can be obtained from system 
pressure and temperature using Type A, Category 1 variables and a 
steam table.  However, it is also recognized that the main control 
room staff will also have access to their subcooling monitor (required 
by the U.S. Nuclear Regulatory Commission (USNRC) NUREG-0737, Action 
Item 11.F.2).  Therefore, RCS subcooling is considered a backup Type A 
variable which, in turn, requires Category 2 qualification. 
 
No Type A variable has been designated Category 3.  A summary of the 
Type A variables is provided in table 7.5-4. 
 
7.5.3.2  Type B Variables 
 
Type B variables are defined in Section 7.5.2.2.2.  They are the 
variables that provide information to the main control room operating 
staff to assess the process of accomplishing or maintaining critical 
safety functions, that is: 
 

1. Reactivity control, 
 
2. Reactor coolant system pressure control, 
 
3. Reactor coolant inventory control, 
 
4. Reactor core cooling, 
 
5. Heat sink maintenance, and 
 
6. Reactor containment environment. 
 

Variables which provide the most direct indication (that is, key 
variables) to assess each of the six critical safety functions have 
been designated Category 1.  Preferred backup variables have been 
designated Category 2.  All other backup variables are Category 3.  
The Type B variables are listed in Table 7.5-5. 
 
7.5.3.3  Type C Variables 
 
Type C variables are defined in Section 7.5.2.2.3.  Basically, they 
are the variables that provide the main control room operating staff 
with information to monitor the potential for breach or actual gross 
breach of: 
 

1. In-core fuel clad, 
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2. Reactor coolant system boundary, and 
 
3. Containment boundary. 

 
(Variables associated with monitoring of radiological release from 
BVPS-2 are included in Type E). 

Those Type C key variables which provide the most direct measure of 
the potential for breach of one of the three fission product 
boundaries have been designated Category 1.  Backup information 
indicating potential for breach is designated Category 2.  Variables 
which indicate actual breach have been designated as preferred backup 
information and are qualified to Category 2.  
 
Table 7.5-6 summarizes the selection of Type C variables. 
 
7.5.3.4  Type D Variables 
 
Type D variables are defined in Section 7.5.2.2.4.  They are those 
variables that provide sufficient information to the main control room 
operating staff to monitor the performance of: 
 

1. Plant safety systems employed for mitigating the consequences 
of an accident and subsequent BVPS-2 recovery to attain a 
safe shutdown condition, including verification of the 
automatic actuation of safety systems, and 

 
2. Other systems normally employed for attaining a safe shutdown 

condition. 
 
Type D key variables are designated Category 2.  Preferred backup 
information is designated Type D, Category 3. 
 
The following systems or major components have been identified as 
requiring Type D information to be monitored: 
 

1. Pressurizer level and pressure control (assess status of RCS 
following return to normal pressure and level control under 
certain post-accident conditions), 

 
2. Chemical and volume control system (employed for attaining  

safe shutdown under certain post-accident conditions), 
 
3. Secondary pressure and level control (employed for 

restoring/maintaining a secondary heat sink under post-
accident conditions), 

 
4. Emergency core cooling system, 
 
5. Auxiliary feedwater system, 
 
6. Containment systems, 
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7. Component cooling water system, 
 
8. Service water system, 
 
9. Residual heat removal system, 
 
10. Heating, ventilation, and air-conditioning systems (if 

required for engineered safety features operation), 
 
11. Electric power to vital safety systems, and 
 
12. Verification of automatic actuation of safety systems. 

 
Table 7.5-7 lists the key Type D variables identified for each system 
listed above. 
 
For the purpose of specifying seimsic qualification for Type D, 
Category 2 variables, it is assumed that a seismic event and a break 
in Category 1 piping will not occur concurrently. As a result, the 
limiting event is unisolated (single failure of a main steamline 
isolation valve) break in Class 2 main steam piping.  Instrumentation 
associated with the safety systems which are required to mitigate, and 
the instrumentation necessary to monitor, this event should be 
seismically qualified.  Similarly, the environmental qualification of 
Type D, Category 2 variables depends on whether the instrumentation is 
subject to a high energy line break (HELB) when required to provide 
information. 
 
7.5.3.5  Type E Variables 
 
Type E  variables  are defined in Section 7.5.2.2.5.  They are those 
variables that provide the main control room operating staff with 
information to: 
 

1. Monitor the habitability of the main control room, 
 
2. Estimate the magnitude of release of radioactive materials 

through identified pathways, and 
 
3. Monitor and estimate radiation levels and radioactivity in 

the environment surrounding BVPS-2. 
 
Key Type E variables are qualified to Category 2 requirements. 
Preferred backup Type E variables are qualified to Category 3 
requirements. 
 
Table 7.5-8 lists the key Type E variables. 
 
7.5.4  Additional Information 
 
A cross-reference of the variable and category for each instrument 
identified in the BVPS-2 survey is included in Table 7.5-9. 
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Table 7.5-1 identifies the instruments utilized at BVPS-2 which 
address the recommendations of both NUREG-0737 (USNRC 1980) and 
Regulatory Guide 1.97.  The instruments identified meet the intent of 
the guidance provided in NUREG-0737. 
 
7.5.5  Bypass and Inoperable Status Indication 
 
This plant computer-based system is utilized in conjunction with the 
main annunciator system to provide indication of the bypass or 
inoperability of each redundant portion of a system that performs a 
safety-related function.  Bypass indication may be applied 
administratively or automatically.  The systems which are covered by 
Table 7.5-10 are designed in accordance with the guidelines of 
Regulatory Guide 1.47.  Specific inputs are shown on Figures 7.5-1, 
7.5-2, 7.5-3, 7.5-4, 7.5-5, 7.5-6, 7.5-7, 7.5-8, 7.5-9, 7.5-10, 
7.5-11, 7.5-12, 7.5-13, 7.5-14, 7.5-15, 7.5-16, 7.5-17, 7.5-18, 
7.5-19, 7.5-20, 7.5-21, 7.5-22, 7.5-23, 7.5-24, 7.5-25, 7.5-26, 
7.5-27, 7.5-28, 7.5-29, 7.5-30, 7.5-31, 7.5-32, 7.5-33 and 7.5-34. 
 
Compliance with Regulatory Guide 1.47 for bypassed and inoperable 
status design philosophy is described below: 
 

1. A bypass indicator is provided for each protection system. 
"Bypass" includes any deliberate action which renders a 
protection system inoperable. 

 
2. The indicator is at the system level with a separate 

indicator for each train. 
 
3. The indicator is operated automatically only by actions which 

meet all these criteria: 
 
a. The action is deliberate. (Component failure may be 

indicated by component failure indicators but should not 
operate the system bypass indicator.  It is not the 
intent of the indicator to show operator errors or 
component failures.) 

 
b. The action is expected to occur more often than once a 

year. This "more often than once a year" criterion is 
interpreted liberally. If an accessible, permanently 
installed electrical control device will bypass a safety 
system, it is assumed that the device will be used more 
than once a year.  Also, manual valves or nonremotely 
controlled devices within the containment are not 
accessible. 

 
c. The action is expected when the protection system must 

be operable.  (Bypass of source range flux trip during 
normal power operation would not, for example, be 
indicated on the system bypass indicator.  It may be 
indicated on a channel or component status indicator.) 

 
d. The action renders the system inoperable, not merely 

potentially inoperable. (If, for example, redundant, 
parallel, 100-percent valves are provided for the 
discharge line of a spray pump, the system bypass 
indicator would not  
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 be actuated by the closing of only one of those valves.  
Valve closing may be indicated on a component status 
indicator. 

 
e. Some deliberate action has taken place in the protection 

system or a necessary supporting system.  (For example, 
if the cooling water inlet valve for a recirculation 
spray heat exchanger is deliberately closed, the system 
bypass indicator for the recirculation spray system 
would be operated.) 

 
4. The bypass indicators are separate from other plant 

indicators and grouped in a logical fashion. 
 
5. A capability is provided to operate each bypass indicator 

manually.  This lets the operator provide bypass indication 
for an event that renders a safety system inoperable but does 
not automatically operate the system bypass indicator. 

 
6. There is not any capability to defeat an automatic operation 

of a bypass indicator.  (Audible alarms may be silenced.) 
 
7. The bypass indicators are accompanied by audible alarm. 
 
8. The indication system is mechanically and electrically 

isolated from the safety system to avoid degradation of the 
safety system.  No fault in the indicator system can impair 
the ability of the safety system to perform its safety-
related function.  The bypass indicators are not considered 
safety-related; i.e., they need not be designed to safety 
system criteria such as IEEE Standard 279-1971. 

 
9. In accordance with IEEE Standard 279-1971, Paragraph 4.20, 

the operator must be able to determine why a system level 
bypass is indicated.  This information is provided by the 
plant computer.  

 
10. Service water system inoperative and diesel generator 

inoperative indicators are provided.  These support systems 
are unique and important enough to warrant bypass indicators. 

 
11. The system design meets the recommendations of ICSB-21 as 

follows: 
 

a. Each safety system has a Train A (orange) and Train B 
(purple) bypass indicator.  The indicators are grouped 
together by train on the main control board.  Support 
systems have white bypass indicators and are arranged 
together with the associated train of bypass indicators.  
Safety  system  indicators are lit whenever any support 
subsystem is inoperable as described in No. 3 above. 

 
b. Means by which the operator can cancel erroneous 

bypassed indicators are not provided. 
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c. The bypass indication system does not perform functions 
essential to safety.  No operator action is required 
based solely on the bypass indication. 

 
d. The indication system has no effect on plant safety 

systems. 
 
e. The bypass indicating and annunciating function can be 

tested during normal plant operation. 
 
7.5.6  Safety Parameter Display System 
 
The BVPS-2 design incorporates a Safety Parameter Display System 
(SPDS), as required by NUREG-0737, Action Item I.D.2 (USNRC 1980).  
Liquid Crystal Diode (LCD) displays are installed in the Main Control 
Room, the Technical Support Center, and in the Emergency Response 
Facility. 
 
The Safety Parameter Display System is included in the BVPS-2 plant 
computer system.  The BVPS-2 plant computer system is configured with 
redundant central processor units for increased reliability and 
availability. 
 
The SPDS is designed to display the status of the following six 
critical safety functions (CSFs) to the operators. 
 

1. Sub-criticality Status - for loss-of-subcriticality, loss-
of-core shutdown 

 
2. Core Cooling Status - for inadequate core cooling, degraded 

core cooling, saturated core cooling 
 

3. Heat Sink Status - for loss-of-secondary heat sink, steam 
generator overpressure, steam generator high level, loss-
of-normal steam release capabilities 

 
4. Vessel Integrity Status - for imminent pressurized thermal 

shock, anticipated pressurized thermal shock 
 

5. Containment Integrity Status - for high containment 
pressure, containment flooding, high containment radiation 
level 

 
6. Inventory Status - for high pressurizer level, low 

pressurizer level, voids in reactor vessel. 
 
Dynamic color-coded status blocks representing the six CSFs are 
located on every user display.  Design of the displays incorporates 
accepted human factors engineering principles so the displayed 
information can be readily perceived and comprehended by the SPDS 
users. 
 
The system is designed to ensure that sufficient isolation exists to 
preclude propagation of system faults and subsequent degradation to 
safety systems from which the SPDS input signals originate.  For a 
more complete discussion of isolation methods, refer to FSAR Section 
8.3. 
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The design of the SPDS has been subjected to a verification and 
validation (V&V) program to confirm that the design is sufficient to 
provide reasonable assurance that a continuous display of valid and 
reliable information is available from which the plant safety status 
can be addressed. 
 
7.5.7  References for Section 7.5 
 
U.S. Nuclear Regulatory Commission (USNRC) 1980.  Clarification of TMI 
Action Plan Requirements.  NUREG-0737. 
 
USNRC 1981.  Interim Staff Position on Environmental Qualification of 
Safety-Related Electrical Equipment; Resolution of Generic Technical 
Activity A-24.  NUREG-0588, Revision 1. 
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TABLE 7.5-1 
 

SAFETY RELATED DISPLAY INSTRUMENTATION (SEE NOTES 1,2,3) 
 
 
   Qualification    Number Indicator Implementation Power  
Variable Range/Status Type/Category(16) Environmental  Seismic of  Channels Device   Date (13)         Supply Conformance 
          
RCS pressure (WR)  0-3,000 psig A1, B1, C1, B2, C2, 

D2 
Yes Yes 3 per plant 2 meters  

1 channel on 
plasma 
display 1 
recorder 

fuel load  1E Yes  

          
RCS Thot (WR)  0-700°F  A1, B2 Yes Yes 1 per loop  3 meters 

3 recorders 
fuel load 1E Yes 

          
RCS Tcold (WR)  0-700°F A1, B2 Yes Yes  1 per loop 3 meters 

3 recorders 
fuel load 1E Yes 

          
Steam generator 
level (WR) 

0-100% of span  A1, B1, B2, D2 Yes Yes 1 per steam 
generator 

3 meters 
3 recorders 

complete 1E Yes 

          
Steam generator level 
(NR) 

0-100% of span A1, B1, D2 Yes Yes 3 per steam 
generator  

9 meters  
3 recorders 

fuel load 1E Yes 

          
Pressurizer level 0-100% of span A1, B1, D2 Yes Yes 3 per plant 3 meters 

3 recorders 
complete 1E Yes 

          
Containment pressure -5 to 55 psig A1, B1, B2, C2, D2 Yes Yes 4 per plant 4 meters  

2 recorders 
complete 1E Yes 

          
Steamline pressure 0 to 1,200 

psig 
A1, B1, D2 Yes(14) Yes 3 per loop 9 meters 

3 recorders 
complete 1E Yes 

          
Containment water level 
(WR) 

0-225 in A1, B1, B2, C2, D2 Yes Yes 2 per plant 2 meters 
1 recorder 

complete 1E Yes 

          
Containment water level 
(NR) 

0-12 in  A1, B1, B2, C2, D2 Yes Yes 2 per plant 2 meters 
1 recorder 

fuel load 1E  Yes 

          
Refueling water storage 
tank level 

0-730 in D2 Yes Yes 2 per plant 2 meters 
1 recorder 

complete 
 

1E Yes 
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TABLE 7.5-1 (Cont) 
 
 

   Qualification    Number Indicator Implementation Power  
Variable Range/Status Type/Category(16) Environmental  Seismic of  Channels Device   Date (13)         Supply Conformance 
          
Primary Plant DWST level 0-330 in A1, D2 Yes Yes 3 per plant 2 meters  

1 channel on 
plasma 
display 1 
recorder 

fuel load  1E Yes  

          
Auxiliary feedwater flow 0-400 gpm A1, B1, D2 Yes Yes 2 per loop 6 meters 

3 recorders 
fuel load 1E Yes 

          
Core exit temperature 100-2200°F A1, B1, C1 Yes Yes 51 All channels 

on plasma 
display; 1 
channel on 
meter and 
recorder 

fuel load 1E Yes 

          
Containment area 
radiation level (high 
range) 

10°-107 R/Hr A1, B1, B2, E2 Yes(15) Yes 2 per plant 2 meters 
 

fuel load 1E Yes 

          
Secondary system 
 radiation 

10-2-103 
µCi/CC 

A1, B2, E2 Yes  Yes 1 per loop 1 meter 
 

fuel load 1E Yes 

          
RCS Subcooling 200°F 

subcooling to 
35° F super- 
heated 

A2, B2 Yes Yes 2 per plant  2 channels on 
plasma 
display;  
1 channel on 
meter and 
recorder 

fuel load 1E Yes 

          
Control rod position  In/Out B3 No No 1/rod 1 status 

light/rod 
complete non-1E Yes 

          
Neutron flux Lower range 1 to 106 CPS  B1 Yes Yes 2 per plant 2 channels on 

plasma 
display; 
1 channel on 
recorder 

fuel load 1E Yes 

          
Upper range 10-4 - 200% of 

power 
B1 Yes Yes 2 per plant 2 channels on 

plasma 
display; 
1 channel on 
recorder 

fuel load 1E Yes 
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TABLE 7.5-1 (Cont) 
 
 

   Qualification    Number Indicator Implementation Power  
Variable Range/Status Type/Category(16) Environmental  Seismic of  Channels Device   Date (13)         Supply Conformance 
          
Reactor vessel level 
Instrumentation system  
    Full range 

 
 
0-120% level 

 
 
B2, C2 

 
 
Yes 

 
 
Yes 

 
 
2 per plant 

 
 
2 channels on 
plasma 
display;  
1 channel on 
recorder  

 
 
fuel load  

 
 
1E 

 
 
No(5)  

    Upper range 60-120% level B2, C2 Yes Yes 2 per plant 2 channels on 
plasma 
display; 
1 channel on 
recorder 

fuel load 1E No(5) 

    Dynamic head  0-120% liquid B2, C2 Yes Yes 2 per plant 2 channels on 
plasma 
display;  
1 channel on 
recorder 

fuel load 1E No(5) 
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TABLE 7.5-1 (Cont) 
 

 
   Qualification    Number Indicator Implementation Power  
Variable Range/Status Type/Category(16) Environmental  Seismic of  Channels Device   Date (13)         Supply Conformance 
          
Containment hydrogen 
  concentration 

0-10% B1, C1 Yes Yes 2 per plant 2  channels 
on plasma 
display 1 
channel on 
recorder 

fuel load  1E Yes  

          
Plant vent radiation level 10-7-105 µci/cc C2, E2 Yes Yes 1 per plant 1 meter 

 
fuel load 1E Yes 

          
Containment isolation 
 valves status 

Open/Closed  C2, D2 Yes(12) Yes(12) 1 per valve 1 pair lights 
per valve 

complete 1E(12) Yes 

          
Containment pressure 
 (extended range)  

0-180 psia C1, C2  Yes Yes 2 per plant 2 channels on 
plasma 
display 1 
channel on 
recorder 

complete 1E Yes 

          
Primary coolant activity  1µci/ml to 10 

ci/ml 
C3 No No N/A Analysis  complete  non-1E Yes 

          
Site environmental 
 radiation level 

** C3, E3 No No N/A Portable  complete non-1E Yes 

          
Pressurizer heater power 
 availability  

0-2400 kW  D2 No No 1 per plant  computer complete non-1E Yes(6) 

          
PORV status Open/Closed  D2 Yes Yes 1 per valve 1 pair lights 

per valve 
complete 1E Yes 

          
Charging system flow 0-150 gpm D2 Yes Yes 1 per plant 1 meter complete non-1E Yes 
          
Primary safety valve 
status 

Open/Closed D2 Yes Yes 1 per valve plasma 
display  

fuel load 1E Yes 

          
Letdown flow 0-200 gpm D2 Yes Yes 1 per plant 1 meter complete non-1E Yes 
          
Volume control tank level 0-100% of span D2 Yes Yes  1 per plant 1 meter complete non-1E Yes 
          
CVCS valve status Open/Closed D2 Yes Yes 1 per valve 1 pair lights 

per valve 
complete 1E Yes 
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   Qualification    Number Indicator Implementation Power  
Variable Range/Status Type/Category(16) Environmental  Seismic of  Channels Device   Date (13)         Supply Conformance 
          
Decay heat removal valve 
 status 

Open/closed D2 Yes Yes 1 per valve 1 pair lights 
per valve 

complete 1E Yes  

          
Main steamline isolation 
 valve status 

Open/closed B2, D2 Yes Yes 1 per valve 1 pair lights 
per valve 

complete 1E Yes 

          
Main steamline isolation 
 valve valve 

Open/closed B2, D2 Yes Yes 1 per valve 1 pair lights 
per valve 

complete 1E Yes 

          
S/G safety valve status Open/closed D2 Yes Yes 1 per valve plasma 

display 
fuel load 1E Yes  

          
RCP seal injection flow 0-15 gpm D2 Yes Yes 1 per pump 3 meters complete non-1E Yes 
          
S/G atmospheric steam 
 dump valve 

Open/closed D2 Yes Yes 1 per valve 1 pair lights 
per valve 

complete 1E Yes 

          
Main feedwater control 
 valve status 

Open/closed D2 Yes Yes 1 per valve 1 pair lights 
per valve 

complete 1E Yes 

          
Main feedwater control 
 bypass valve status 

Open/closed D2 Yes Yes 1 per valve 1 pair lights 
per valve 

complete 1E Yes  

          
Main feedwater isolation 
 valve status 

Open/closed D2 Yes Yes 1 per valve 1 pair lights 
per valve 

complete 1E Yes 

          
Main feedwater flow 0-5 MPPH D2 Yes Yes 2 per S/G 6 meters complete 1E Yes 
          
S/G blowdown isolation 
 valves status 

Open/closed D2 Yes Yes 1 per valve 1 pair lights 
per valve 

complete 1E Yes 

          
HHSI flow 0-1,000 gpm D2 Yes Yes 1 per train  2 meters complete 1E Yes 
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TABLE 7.5-1 (Cont) 
 
 

   Qualification    Number Indicator Implementation Power  
Variable Range/Status Type/Category(16) Environmental  Seismic of  Channels Device   Date (13)         Supply Conformance 
          
LHSI flow 0-5,000 gpm D2 Yes Yes 1 per train 2 meters complete non-1E Yes  
          
          
ECCS valve status Open/Closed D2 Yes Yes 1 per valve 1 pair lights 

per valve 
complete 1E Yes 

          
Auxiliary feedwater valve 
 status 

Open/closed D2 Yes Yes 1 per valve 1 pair lights 
per valve 

complete 1E Yes 

          
Containment spray flow 0-4,000 gpm D2 Yes Yes 1 per pump 4 meters complete 1E Yes 
          
Containment spray 
system 
 valve status 

Open/closed D2 Yes Yes 1 per valve 1 pair lights 
per valve 

complete 1E Yes 

          
CCW header pressure 0-150 psig D2 Yes Yes 1 per header 3 channels on 

plasma 
display 

complete 1E Yes 

          
CCW header temperature  0-200°F D2 Yes Yes 1 per header 3 channels on 

plasma 
display 

complete 1E Yes 

          
CCW surge tank level 0-70 in D2 Yes Yes 1 per tank 2 meters complete 1E Yes 
          
CCW flow 0-8,000 gpm D2 Yes Yes 1 per header 2 meters complete 1E Yes 
          
CCW valve status Open/closed D2 Yes Yes 1 per valve 1 pair lights 

per valve 
complete 1E Yes 

          
Service water system 
valve 
 status 

Open/closed D2 Yes Yes 1 per valve 1 pair lights 
per valve 

complete 1E Yes 

          
Service water system 
pressure 

0-150 psig D2 Yes Yes 1 per train 2 meters complete 1E Yes 

          
HVAC  Open/closed D2 Yes Yes 1 per damper 1 pair lights 

per damper 
complete 1E Yes 
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TABLE 7.5-1 (Cont) 
 

 
   Qualification    Number Indicator Implementation Power  
Variable Range/Status Type/Category(16) Environmental  Seismic of  Channels Device   Date (13)         Supply Conformance 
          
Ac/dc, vital instrument 
 voltage 

Bus specific  D2 Yes Yes 1 per bus 1 per bus complete 1E Yes  

          
RHR heat exchanger 
discharge temperature 

50-400°F D2 Yes Yes 1 per heat 
exchanger 

2 meters complete non-1E Yes 

          
RHR flow 0-5,000 gpm D2 Yes Yes 1 per train 2 meters complete 1E Yes 
          
RHR valve status Open/closed D2 Yes Yes 1 per valve 1 pair lights 

per valve 
complete 1E Yes 

          
Reactor trip breaker 
position  

Close-trip D2 Yes Yes 1 per breaker Computer complete 1E Yes 

          
Turbine stop valve 
position 

0-100% D2 No No 1 per valve 4 meters complete non-1E Yes  

          
Turbine throttle valve 
position 

0-100% D2 No No 1 per valve 4 meters complete non-1E Yes 

          
Motor driven auxiliary 
feedwater pump status 

Run-trip D2 Yes Yes 1 per pump 1 pair lights 
per pump 

complete 1E Yes 

          
Turbine driven auxiliary 
feedwater water pump 
status 

Open/closed D2 Yes Yes 1 per steam 
admission valve 

1 pair of lights 
per valve 

complete 1E Yes 

          
Safety injection pump 
status 

Run-trip D2 Yes Yes 1 per pump 1 pair lights 
per pump 

complete 1E Yes 

          
Service water pump 
status 

Run-trip D2 Yes Yes 1 per pump 1 pair lights 
per pump 

complete 1E yes 

          
CCW pump status Run-trip D2 Yes Yes 1 per pump 1 pair lights 

per pump 
complete 1E Yes 
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TABLE 7.5-1 (Cont) 

 
 

   Qualification    Number Indicator Implementation Power  
Variable Range/Status Type/Category(16) Environmental  Seismic of  Channels Device   Date (13)         Supply Conformance 
          
Control room radiation 10-2-103 mr/hr E2 Yes Yes 2 per plant 2 meters 

 
fuel load 1E Yes  

          
Service water to 
recirculation heat 
exchanger concentration 
from liquid pathways  

10-4-101 µci/cc E2 Yes Yes 1 per pathway 1 per pathway fuel load 1E Yes 

          
Plant vent air flow rate 0 to 75,000 

SFCM 
E2 Yes Yes 2 2 meters complete 1E Yes 

          
Meteorlogical parameters parameter 

specific 
E3 No No 1 strip chart 

recorder 
fuel load non-1E No(7) 

          
Condenser air ejector 
radiation 

         

          
Air ejector discharge 10-6-10-1 µci/cc E3 No No one per vent one per vent fuel load non-1E Yes  
          
Air ejector delay bed 
exhaust  

10-6-10-1 µci/cc E3 No No one per vent one per vent fuel load non-1E Yes  

          
SI accumulator tank level         No(8) 
          
SI tank pressure         No(8) 
          
SI accumulator isolation 
valve status  

        Yes(8) 

          
Boric acid charging flow         No(9) 
          
          

 
 



 BVPS-2 UFSAR Rev. 15 

8 of 11 

 
 

TABLE 7.5-1 (Cont) 
 
 

   Qualification    Number Indicator Implementation Power  
Variable Range/Status Type/Category(16) Environmental  Seismic of  Channels Device   Date (13)         Supply Conformance 
          
RCS soluble boron 
concentration 

50-6000 ppm B3 No No 1 1 per channel fuel load non-1E Yes 

          
Analysis of primary 
coolant (gamma 
spectrum) 

Isotopic analysis E3 N/A N/A 1 analysis  fuel load non-1E Yes 

          
Primary coolant and sump 
sample 

parameter 
specific 

E3 No No 1 1 per channel fuel load non-1E Yes 

          
Containment air sample parameter 

specific 
E3 No No 1 1 per channel  fuel load non-1E Yes 

          
Containment atmosphere 
temperature 

        No(10) 

          
Containment atmosphere 
temperature 

        No(11) 
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NOTES TO TABLE 7.5-1 
 

1. Quality Assurance is in accordance with the BVPS-2 program 
defined in FSAR Chapter 17. 

 
2. Deleted 
 
3. The BVPS-2 Design Basis only identified the key variables 

that are used for monitoring the performance of safety 
systems and other systems normally employed for attaining a 
safe shutdown condition.  In accordance with the definitions 
in the Design Basis, these variables are designated Type D, 
Category 2.  The preferred backup variables to the Type D 
variables are not specified in this document. Since these 
variables are designated Type D, Category 3, the 
instrumentation is only required to be high quality 
commercial grade without any post-accident environmental 
qualification.  A decision was made not to specifically 
identify the potential long list of instrumentation available 
at BVPS-2 that meets this definition.  Indeed, if the list 
was generated, it would be much more inclusive than the 
variables identified in Reg. Guide 1.97, Revision 2. 

 
4. Deleted 
 
5. BVPS-2 is installing the Westinghouse differential pressure 

Reactor Vessel Level Instrumentation System (RVLIS).  This is 
an acceptable system for measuring coolant level in the 
reactor according to Generic Letter 83-28.  BVPS-2 uses Core 
Exit Temperature and RCS Subcooling to support operation 
according to the Westinghouse Owners Group Emergency Response 
Guidelines.  These guidelines require that the RVLIS meets 
Regulatory Guide 1.97 Category 2 criteria only.  Operator 
verification of flows during safety injection operation and 
stringent termination criteria preclude the need for RVLIS 
under design basis accidents. 

 
6. Pressurizer Heater Status - Regulatory Guide 1.97, Rev. 2, 

specified that heater current was the preferred parameter for 
determining heater status.  For BVPS-2 the total watt power 
consumption is displayed by computer readout to the operator.  
This is backed up by qualified heater breaker position. 

 
7. The recommended ranges for this instrumentation are:  Wind 

speed 0 to 67 and -9 to 18°F for estimation of atmospheric 
stability.  The instrumentation to be installed will cover 
the following ranges:  Wind speed 0 to 100 mph and estimation 
of atmospheric stability ∆T (150-35 ft) -8.0 to +20.0°F; 
(500-35 ft) -8.0°F to +20.0°F.  The wind speed sensors are 
calibrated to 0 to 90 mph.  The wind speed processors and 
data loggers are scaled 0 to 100 mph.  The instrumentation 
for wind  speed meets the guidance of Regulatory Guide 1.23.  
The vertical temperature ranges cover the range of lapse 
rates (change of temperature with height) guidance of Reg. 
Guide 1.23 required to estimate the atmospheric stability 
class. 
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NOTES TO TABLE 7.5-1 
 
8. The licensing basis used in the BVPS-2 Regulatory Guide 1.97, 

Revision 2 Design Document was that a safe shutdown condition 
was a hot standby condition.  Parameters necessary to monitor 
the status of the plant while proceeding to a cold shutdown 
condition are not included in the Design Document.  The 
accumulator pressure, accumulator isolation valve status, and 
accumulator nitrogen vent valve status were identified as 
Category 2 only if the plant has committed to safety grade 
cold shutdown. 

 
9. T he Westinghouse Owner’s Group Emergency Response Guidelines 

do not consider boric acid charging flow as a parameter to be 
used by operators during or following an accident.  Under 
these conditions borated water is pumped from the large 
volume RWST into the RCS.  BVPS-2 has designated RWST level, 
HHSI flow, LHSI flow, containment water level, and emergency 
core cooling system (ECCS) valve status for monitoring the 
performance of the ECCS since the ECCS does not normally take 
suction from the boric acid tank.  If boration is used 
following an accident, qualified charging flow indication and 
RCS sampling are used to demonstrate that the RCS is being 
adequately borated. 

 
10. The installed instrumentation is designed to Category 3 

criteria and the measured temperature is from 0° to 200°F.  
The Westinghouse Owner’s Group Emergency Response Guidelines 
do not require operator action based on containment 
temperature indication, but rather use containment pressure 
indication, therefore containment temperature is considered a 
Category 3 parameter, and the existing range is adequate for 
normal operation. 

 
11. The Westinghouse Owner’s Group Emergency Response Guidelines 

do not require operator action based on containment sump 
water temperature indication.  At saturated condition, sump 
water temperature can be inferred form containment pressure.  
Containment spray system valve status and containment spray 
flow indications are used to demonstrate that the Emergency 
Core Cooling System is operating properly when taking suction 
from the containment sump. 

 
12. Note that although these valves are classified as Category 2, 

the associated instrumentation meets the qualification 
requirements for Category 1 instrumentation as discussed in 
FSAR Section 7.5.2.3.1, with the exception of 2CHS*FCV160 and 
2CHS*HCV142 (See Table 6.2-60).  These valves are closed 
during normal operation and post-accident conditions, and are 
powered from non-Class 1E sources. 
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NOTES TO TABLE 7.5-1 
 

13. Under Implementation Date, “complete” means that this 
instrumentation already exists in the current design.  All 
instrumentation will be installed by fuel load unless 
otherwise noted. 

 
14. The main steam pressure transmitters are environmentally 

qualified for all events with the exception of the arbitrary 
1.0 ft

2
 MSLB in the main steam valve house imposed by NRC-

BTP-ASB 3-1.  The resultant environment produced by the 1.0 
ft

2
 break exceeds the qualified temperature of the 

transmitters’ instrument cable.  Failure of the cable has no 
adverse effect on RPS or SLI signal generation as the cables 
perform these functions prior to exceeding their qualified 
temperature.  For the purposes of monitoring heat removal 
during plant cooldown following this specific event 
alternative Class 1E-powered instrumentation is available in 
the form of steam generator level, auxiliary feedwater flow, 
and RCS temperature.  These variables provide sufficient 
indication that the steam generators have been isolated, that 
level is being maintained, and that primary system heat 
removal is in progress. 

 
15. The Hi Range Radiation Monitors are environmentally qualified 

for all events.  However, at maximum postulated containment 
temperatures, accuracy within the lowest two decades (0-50 
R/HR) of this monitor may exceed a factor of 2 (Reg. Guide 
1.97 criterion).  This is an acceptable condition since 
radiation levels within this range do not affect operator 
action and verification of actual radiation levels can be 
obtained using a qualified, backup radiation monitor located 
outside containment near the personnel hatch. 

 
16. The Type and Category of the listed variables refer to the 

minimum required categorization, as described in the BVPS 
submittal to the NRC regarding the station position on 
RG 1.97.  The actual installed devices may meet the 
qualification standards of a higher variable category (e.g., 
refer to Note 12). 

 
 
WR = Wide range. 
NR = narrow range. 
 * = Range/Status information for radiation is not final. 
** = Sufficient to monitor anticipated rates (refer to Section 
 12.5.2.2.3). 
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TABLE 7.5-2 
 

SUMMARY OF SELECTION CRITERIA FOR TYPE A,B,C,D, AND E VARIABLES 
 
 
 
 
 
Type            Category 1           Category 2           Category 3 

    
A Key variables that are used for diagnosis or providing 

information necessary for operator action. 
Variables which provide preferred backup 
information. 

None. 
 

    
B Key variables that are used for monitoring the process of 

accomplishing or maintaining critical safety functions. 
Variables which provide preferred backup 
information. 

Variables which provide backup information. 

    
C Key variables that are used for monitoring the potential 

for breach of a fission product barrier. 
Variables which provide preferred backup 
information. 

Variables which provide backup information.. 
 

    
D None. Key variables which are used for monitoring the 

performance of BVPS-2 systems. 
Variables which provide preferred backup information  
which are used for monitoring the performance of 
BVPS-2 systems. 

    
E None. Key variables for use in monitoring the habitability of 

the main control room; estimating the magnitude of 
the release of radioactive material through identified 
pathways and continually assessing such releases; 
and monitoring and estimating radiation and 
radioactivity in the environment surrounding BVPS-2. 

Variables to be monitored which provide preferred 
backup information for use in determining the 
magnitude of the release of radioactive materials and 
for continuously assessing such releases. 
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TABLE 7.5-3 

 
SUMMARY OF DESIGN, QUALIFICATION, AND INTERFACE REQUIREMENTS 

 
 
 
Qualification Category 1  Category 2 Category 3 
    

Environmental Yes As appropriate 
(Section 
7.5.2.3.2.2) 

No 

    
Seismic Yes As appropriate 

(Section 
7.5.2.3.2.2) 

No 

Design    
    

Single 
failure 
criterion 

Yes No No 

    
Power supply Emergency 

diesel 
generator 

Highly reliable 
on-site 

As required 
(Section 
7.5.2.3.3.3) 

    
Channel-out-
of-service 

Technical 
Specifications 

Technical 
Specifications 

As required 
(Section 
7.5.2.3.3.3) 

    
Testability Yes Yes As required 

(Section 
7.5.2.3.3.3) 

    
Interface    
    

Minimum  Immediately Demand Demand 
indication accessible   
    
Recording Yes As required 

(Section 
7.5.2.3.2.4) 

As required 
(Section 
7.5.2.3.3.4) 

 



 BVPS-2 UFSAR Rev. 0 

1 of 1 

TABLE 7.5-4 
 
 

SUMMARY OF TYPE A VARIABLES 
 
 

 
Variable 

Variable  
Function 

Type/ 
Category 

   
RCS pressure (WR) Key A1 
RCS hot leg (Thot) (WR) Key A1 

RCS cold leg (Tcold) (WR) Key A1 

Steam generator level (WR) Key A1 
Steam generator level (NR) Key A1 
Pressurizer level Key A1 
Containment pressure Key A1 
Steamline pressure Key A1 
Containment water level (WR) Key A1 
Containment water level (NR) Key A1 
Primary plant DWST level Key A1 
Auxiliary feedwater flow Key A1 
Containment area radiation level (HR) Key A1 
Core exit temperature Key A1 
Secondary system radiation level Key A1 
RCS subcooling Backup (P) A2 
   
NOTES: 
 
WR = Wide range. 
NR = Narrow range. 
HR = High range. 
 P = Preferred. 

  

 



 BVPS-2 UFSAR Rev. 0 

1 of 2 

TABLE 7.5-5 
 
 

SUMMARY OF TYPE B VARIABLES 
 
 

Function 
Monitored 

 
Variable 

Variable 
Function 

Type/ 
Category

    
Reactivity 
control 

Neutron flux 
Thot (WR) 

Tcold (WR) 
Control rod position  

Key 
Backup (P) 
Backup (P) 
 
Backup 

B1 
B2 
B2 
 
B3 

    
Reactor 
coolant system 
pressure 
control 

RCS pressure(WR) 
Containment pressure 
Containment area 
radiation level 
(high range) 

Secondary system 
radiation level 

Key 
Backup (P) 
Backup (P) 
 
 
Backup (P) 

B1 
B2 
B2 
 
 
B2 

    
Reactor 
coolant 
inventory 
control 

Pressurizer level 
Reactor vessel level 
instrumentation system  

Containment water level 
(NR) 

Containment water level 
(WR) 

Steam generator  
level (WR) 

Key 
Backup (P) 
 
Backup (P) 
 
Backup (P) 
 
Backup (P) 

B1 
B2 
 
B2 
 
B2 
 
B2 

    
Reactor core 
cooling 

Core exit temperature 
Thot (WR) 

Tcold (WR) 
RCS pressure (WR) 
RCS subcooling  
Reactor vessel level 
Instrumentation system 

Key 
Backup (P) 
 
Backup (P) 
Backup (P) 
Backup (P) 
Backup (P) 

B1 
B2 
 
B2 
B2 
B2 
B2 

    
Heat Sink 
maintenance 

Steam generator  
level (NR) 

Steam generator  
level (WR) 

Auxiliary feedwater flow 
Core exit temperature 
Steamline pressure 
Main steamline isolation 
and bypass valve status 

Key 
 
Key 
 
Key 
Key 
Key 
Backup(P) 

B1 
 
B1 
 
B1 
B1 
B1 
B2 
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TABLE 7.5-5 (CONT’D) 
 
 
Function 
Monitored 

 
Variable 

Variable 
Function 

Type/ 
Categor

y 
    
Containment 
environment 

Containment pressure 
Containment area 
radiation level 
(high range) 

Containment water 
level (NR) 

Containment water 
level (WR) 

Containment hydrogen  
concentration 

Key 
Key 
 
 
Key 
 
Key 
 
Key 

B1 
B1 
 
 
B1 
 
B1 
 
B1 

    
NOTES: 
 
WR = Wide range. 
NR = Narrow 
     range. 
 P = Preferred. 
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TABLE 7.5-6 
 
 

SUMMARY OF TYPE C VARIABLES 
 
 

Function Monitored  
Variable 

 
Condition 

Variable 
Function 

Type/ 
Category 

     
In-core fuel clad Core exit temperature 

Reactor vessel level 
instrumentation 
system 

Primary coolant 
activity 

Potential for 
breach 

Potential for 
breach 

Actual breach 

Key 
 
Backup (P) 
 
Backup 

C1 
 

C2 
 

C3 

     
RCS boundary RCS pressure(WR) 

 
RCS pressure (WR) 
Containment pressure 
Containment water  
level (NR) 

Containment water 
level (WR) 

Potential for 
breach 

Actual breach 
Actual breach 
Actual breach 
 
Actual breach 

Key 
 
Backup (P) 
Backup (P) 
Backup (P) 
 
Backup (P) 

C1 
 

C2 
C2 
C2 
 

C2 

     
Containment 
boundary 

Containment pressure 
(extended range) 

Containment hydrogen 
concentration 

Plant vent radiation 
level 

Containment isolation 
valve status 

Containment pressure 
(extended range) 

Site environmental 
radiation level 

Potential for 
breach 

Potential for 
breach 

Actual breach 
 
Actual breach 
 
Actual breach 
 
Actual breach 

Key 
 
Key 
 
Backup (P) 
 
Backup (P) 
 
Backup (P)) 
 
Backup 

C1 
 

C1 
 

C2 
 

C2 
 

C2 
 

C3 
 

 
 
NOTES: 
 
WR = Wide range. 
NR = Narrow range. 
P  = Preferred. 
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TABLE 7.5-7 
 
 

SUMMARY OF TYPE D VARIABLES 
 
 
 

System 
 

Variable 
Variable 
Function 

Type/ 
Category 

    
Pressurizer 
level and 
pressure 
control 

PORV status  
Safety valve status  
Pressurizer level 
RCS pressure (WR) 
Pressurizer heater 

power availability 

Key 
Key 
Key 
Key 
Key 
 

D2 
D2 
D2 
D2 
D2 
 

    
Chemical and 
volume control 
system 

Charging system flow  
Letdown flow 
Volume control tank 

level 
Seal injection flow 
CVCS valve status 

Key 
Key 
Key 
 

Key 
Key 

D2 
D2 
D2 
 
D2 
D2 

    
Secondary 
pressure and 
level control 

S/G atmospheric steam 
dump valve status 

S/G safety valve 
status 
MSIV and bypass valve 
status 

S/G blowdown isolation 
valve status 

Steamline pressure 
Auxiliary feedwater 
flow 
S/G level (NR) 
S/G level (WR) 
Main feedwater control 

and bypass valve 
status 

Main feedwater 
isolation valve 
status 

Main feedwater flow 
Decay heat removal 

valve status 

Key 
 

Key 
 

Key 
 

Key 
 

Key 
Key 
 

Key 
Key 
Key 
 
 

Key 
 
 

Key 
Key 

D2 
 
D2 
 
D2 
 
D2 
 
D2 
D2 
 
D2 
D2 
D2 
 
 

D2 
 
 
D2 
D2 

    
Emergency core 
cooling sytstem 

RWST level 
HHSI and LHSI flow 
Containment water 

level (NR) 
Containment water 

level (WR) 
ECCS valve status 

Key 
Key 
Key 
 

Key 
 

Key 

D2 
D2 
D2 
 
D2 
 
D2 
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TABLE 7.5-7 (Cont) 
 
 

 
System 

 
Variable 

Variable 
Function 

Type/ 
Category

    
Auxiliary feed Auxiliary feedwater flow 

Auxiliary feedwater valve 
status 

Primary Plant DWST level 

Key 
 

Key 
 

Key 
 

D2 
 
D2 
 
D2 

    
Containment  Containment spray flow 

Containment water level 
(WR) and (NR)  

Containment spray system 
valve status 

Containment pressure  

Key 
Key 
 

Key 
 

Key 

D2 
D2 
 
D2 
 
D2 

    
Component 
cooling water 
system 

Header pressure 
Header temperature 
Surge tank level 
CCW flow  
Valve status 

Key 
Key 
Key 
Key 
Key 

D2 
D2 
D2 
D2 
D2 

    
Service water 
system 

Valve status 
System pressure 

Key 
Key 

D2 
D2 

    
RHR system Heat exchanger discharge 

temperature 
Flow 
Valve status 
RCS pressure (WR) 

Key 
 

Key 
Key 
Key 

D2 
 
D2 
D2 
D2 

    
HVAC systems Environment to ESF 

components 
Key D2 

    
Electrical power Ac/dc vital instrument 

voltage  
Key D2 

    
Verification of 
automatic 
actuation of 
safety systems 

Reactor trip breaker 
position 

Turbine stop valve 
position  

Turbine throttle valve 
position 

Motor-driven auxiliary 
feedwater pump status 

Turbine-driven auxiliary 
feedwater pump (steam 
admission valve status) 

Key 
 

Key 
 

Key 
 

Key 
 

Key 

D2 
 
D2 
 
D2 
 
D2 
 
D2 
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TABLE 7.5-7 (Cont) 
 
 

 
System 

 
Variable 

Variable 
Function 

Type/ 
Category 

    
 Safety injection pump 

status 
Service water pump 

status 
CCW pump status 
Containment isolation 

valve status 

Key 
 

Key 
 

Key 
Key 

D2 
 
D2 
 
D2 
D2 

    
 
 
NOTES: 
 
WR = Wide range. 
NR = Narrow range. 
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TABLE 7.5-8 
 
 

SUMMARY OF TYPE E VARIABLES 
 
 
 

Variable 
Variable  
Function 

Type/ 
Category 

   
Containment area radiation level  

(high range) 
Key E2 

 
   
Plant vent radiation level Key E2 
   
Secondary system - main steamline 

radiation level 
Key E2 

   
Control room radiation level Key E2 
   
Site environmental radiation level Backup (P) E3 
   
Service water to recirculation heat 

exchanger - concentration from 
liquid pathways 

Key E2 

   
Plant vent air flow rate Key E2 
   
Air ejector discharge radiation 
level 

Backup (P) E3 

   
Air ejector delay bed exhaust 

radiation level 
Backup (P) E3 

   
Meteorological parameters Backup (P) E3 
 
 
 
 
NOTE: 
 
P = Preferred. 
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TABLE 7.5-9 
Summary of Variables and Categories 

 
Variable         Type and Category          
  

 
 

Type 
 A  

Type 
 B  

Type 
 C  

Type 
 D  

Type 
 E  

      
RCS pressure (WR) 1 1,2 1,2 2  
Thot (WR) 1 2    

Tcold (WR)  1 2    

S/G level (WR) 1 1,2  2  
S/G level (NR) 1 1  2  
Pressurizer level 1 1  2  
Containment pressure  1 1,2 2 2  
Steamline pressure 1 1  2  
RWST level    2  
Containment water level  

(WR and NR) 
1 1,2 2 2  

Primary Plant DWST level 1   2  
Auxiliary feedwater flow 1 1  2  
Containment radiation level 

(High range) 
1 1,2   2 

Secondary system - main 
steamline radiation 

1 2   2 

Core exit temperature 1 1 1   
RCS subcooling 2 2    
Neutron flux  1    
Reactor vessel level 

instrumentation system 
 2 2   

Containment isolation valve 
status 

  2 2  

Control rod position  3    
Containment hydrogen 

concentration  
 1 1   

Containment pressure 
(extended range) 

  1,2   

Primary coolant activity    3   
Plant vent radiation level   2  2 
Site environmental radiation 

level  
  3  3 

PORV valve status    2  
Primary safety valve status    2  
Pressurizer heater power 

availability 
   2  

Charging system flow    2  
Letdown flow    2  
Volume control tank level    2  
CVCS valve status    2  
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TABLE 7.5-9 (CONT’D) 
 
 

Variable         Type and Category          
  

 
 

Type 
 A  

Type 
 B  

Type 
 C  

Type 
 D  

Type 
 E  

      
RCP seal injection flow    2  
S/G atmospheric PORV status    2  
Main steamline isol valve 
status 

 2  2  

Main steamline bypass valve 
status 

 2  2  

S/G safety valve status    2  
Main feedwater control valve 

status  
    

2 
 

Main feedwater control bypass 
valve status 

   2  

Main feedwater isolation 
valve status  

   2  

Main feedwater flow    2  
S/G blowdown isolation 
valve status 

   2  

Decay heat removal valve    
   status 

   2  

HHSI flow    2  
LHSI flow    2  
ECCS valve status    2  
Auxiliary feedwater valve  
   status 

   2  

Containment spray flow    2  
Containment spray systems 

valve status 
   2  

CCW header pressure    2  
CCW header temperature    2  
CCW surge tank level    2  
CCW flow    2  
CCW valve status    2  
Service water system pressure    2  
Service water system valve 

status 
   2  

RHR heat exchanger discharge 
temperature 

   2  

RHR flow    2  
RHR valve status    2  
ESF environment    2  
Ac/dc vital instrument  
   voltage 

   2  
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TABLE 7.5-9 (CONT’D) 
 
 

Variable         Type and Category          
  

 
 

Type 
 A  

Type 
 B  

Type 
 C  

Type 
 D  

Type 
 E  

      
Reactor trip breaker position    2  
Turbine stop valve position    2  
Turbine throttle valve 
position 

   2  

Motor-driven auxiliary 
feedwater pump status  

   2  

Turbine-driven auxiliary 
feedwater pump (steam 
admission valve status) 

   2  

Safety injection pump status    2  
Service water pump status    2  
CCW pump status    2  
Control room radiation level     2 
Plant vent air flow rate     2 
Meteorological parameters     3 
Air ejector discharge 

radiation level 
    3 

Air ejector delay bed  
exhaust radiation  
level 
concentration from  

    3 

Service water to  
recirculation heat 
exchanger - concentration 
from liquid pathways 

    2 

      
NOTES: 
 
WR = Wide range. 
NR = Narrow range. 
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TABLE 7.5-10 
 

BYPASSED AND INOPERABLE STATUS INDICATION 
 

System 
 
Residual heat removal 
Auxiliary feedwater 
High head safety injection 
Safety injection accumulators (Train A only) 
Low head safety injection 
Quench spray 
Recirculation spray 
Containment penetration 
Service water 
Primary component cooling 
Fuel pool cooling 
Solid state protection 
Vital instrumentation electrical 
Main control room ventilation isolation 
Control building ventilation 
Safeguards area ventilation 
Cable vault and rod control area ventilation 
Supplementary leak collection 
Auxiliary building ventilation 
Emergency switchtgear area ventilation 
Battery room ventilation 
Emergency diesel generator 
Emergency diesel generator support 
4,160 V emergency electrical 
480 V emergency electrical 
125 V dc emergency electrical 
Intake structure ventilation 
Bypassed inoperable status indication inhibited 
(indicating light only) 
 



SOUICE CONDITION 

2FWS*HYV157A(AO) 
T .D. FDW I SOL VY. con. Pll. 

UNAYAlL/111 OPEi 

2FWS ~ HYV 157A( AO) 
FDW ISOLATION VALVE 
NOT FULLY CLOSED 

2FWS * HYV l 57B( BO) 
T.D. FDW ISOL YV. COIT. PIR. 

UNAIL/BlR OPEi 

2FWS* HYV 157B( BO) 
FDW ISOLATION VALVE 
NOT FULLY CLOSED 

T.O. 
2FWS ~HYV I 57C( CO) 
FOW I SOL VY. COIT. PIR. 
UNAVAIL/111 OPEN 

2FWS*HYVJ57C(CO) 
FDW ISOLATION VALVE 
NOT FULLY CLOSED 

ESF ACTUATION 

NOTES: 

I, COMPUTER OUTPUTS TO TKE BYPASS INDICATORS ARE TO 
BE I NH I 8 I TED BY TKE SSON PROGRAM WHENEVER C(J,f PUTER 
ADDRESS POINT Yo,o,D IS IN TKE ALARM STATE (=t). 
ESF ACTUATION IS COl+ION TO TRAIN A ANO TRAINS, 

2, PUSHBUTTON~ SHOWN IN THIS SERIES OF DRAWINGS ACT AS 
BYPASS INDICATORS AND Will SE BACK-LIT BY MANUAL 
ACTIVATION, OR SY OUTPUT FRON THE PCS. 

.! 

J. 

CONTROL ACT I ON MONITOR 

+000D 
~ BY OTHERS 

I Y5001D 

Y50020 

BISI 
INHIBITED 
TRAIN A 

Y0404D 

BISI 
INHIBITED 
TRAIN B 

~ 
C 

SP 

RESULTANT MONITOI 

TRAIN A 
FEEDWATER ISOL SYS 
INOPERABLE INPUTS 

FIG. 7.5-14 

FIGURE 7.5-1 
BYPASSED AND INOPERABLE STATUS 
INDICATION - LOGIC DI AGRAM 
BEAVER VALLEY POWER STATION-UNIT 2 
FINAL SAFETY ANALYSIS REPORT 



SOURCE 

T .D. 

T .D. 

T.D. 

T.D. 

T. D. 

NOTES: 

!. LOGIC FOR TRAIN A INDICATOR SHOJIN, 
LOGIC FOR TRAIN B INDICATOR SIMILAR. 

2. ASSOC I ATED EQU I PMENT MlRK NUMBERS : 
T~IN A T-RA......,_IN......_B ___ _ 
2CCP~MOV 177-1 ( BO} 2CCP~ MOV 177-2( BP} 
2CCP iMOV 178-1 (AO} 2CCP*MOV 178-2(AP) 
2CCP i't:MOV I 75-1 ( B01 2CCP.MOY j 75-2{ BP) 
2CCP)t-MOVl76-l(AO 2CCPJMOV176-2(AP) 
2CCH·MOVll8 !IO ~~BPIMOV119 IZPJ 

3, SEE NOTE I ON FIG. 7.5-1, p MOVl 20 lZP) 

CONDITION 

2CCP )E-MOV 177-1 {BO) 
MNS HEADER ISOLATION 1---~ 
NOT FULLY CLOSED 

2CCPit-MOY177-I {BO) 
TH OL/BKR OPEN 

2CCP,t-MOYl7B-l{AO) 
NNS HEADER ISOLATION t---~,i 
NOT FULLY CLOSED 

2CCP *MOV 178-1 {AO) 
TH OL/BKR OPEN 

2CCP*MOY 175-1 (BO) 
NNS HEADER ISOLATION 1---~ 

NOT FULLY CLOSED 

2CCP*MOVl75-1 {BO) 
TH OL/Bt:R OPEN 

2CCP*MOVl76-1 {AO) 
NNS HEADER ISOLATION 
NOT FULLY CLOSED 

2CCP~OVl76-l(AO) 
TH OL/BKR OPEN 

2cc P*IIOV 118 {IO) 
NNS ISOL. VALVE 
NOT FULLY CLOSED 

2CCP¼ MOV ! 18 ( IO) 
TH Ol/ BlR OPEN 

CONTll:OL ACT I ON MONITOR 

1 Y5222D(23D) 

SP 

.!!.M! < :> BY OTH~R~ 
Y52211D(25D) 

SP 

Y5226D(27D) 

SP 

Y5228D(29D) 

Y7102D (03D, 04D l --------------------
SP 

RESULTANT 

2CCP-)t MOV J 77 - I (BO) 
NNS HEADER ISOL VV 
INOPERABLE 

2CCP~ MOY 178-1 
NNS HEADER ISOL YV 
INOPERABLE 

2CCP~ MOVI 75-1 {BO) 
NNS HEADER !SOL VV 

2CCP* MOY 176-1 (AO} 
NMS HEADER ISOL VY 
INOPERABLE 

2cc PHIOY 118 ( IO) 
NNS !SOL. VALVE 
INOP ERA Bl£ 

FI G U RE 7. 5 - 2 

tlMIITOI 

FIG. 7. 5-16 

Ftq. 7.5-16 

FIG. 7.5-16 

FIG. 7.5- 16 

FIG. 7.5 - 16 

BYPASSED AND INOPERABLE STATUS 
INDICATION-LOGIC DIAGRAM 
BEAVER VALLEY POWER STATION-UNIT 2 
FINAL SAFETY ANALYSIS REPORT 



SMCE 

T.O, 

T,D, 

T,D, 

T,D, 

COMDITION 

2S IS* MOYBli2( -P) 
CONT ISOLATION VY 
NOT FULLY CLOSED 

2S 1 S ~ MOYBli2(-P) 
TH OL/BKR OPEN 

2CHS * MOV37B ( -0) 
CONT ISOLATION VY 
MOT FULLY CLOSED 

2CHS X-MOV378 (-0) 
TH OL/BKR OPEN 

2SWS ~ MOV I 07A { AO) 
NNS HEADER ISOL VY 
NOT FULLY CLOSED 

2SWS* MOY I 07 A (AO) 
TH OL/BKR OPEN 

2SWS*MOVI07C{BO) 
NMS HEADER ISOL VY 
MOT FULLY CLOSED 

2SWS*MOVI07C{BO) 
TH OL/BKR OPEN 

COtlTROL ACTION MONITOR .ESULTANT MONITOI 

NOTE I 
Y52350 

BY S&W ~ BY OTHERS 

Y5236D{ 370) 

Y52380(390) 

TRAIN A 
CIA SYSTEM 
INOPERABLE INPUTS 

2SWS~MOVI07A{AO) 
NNS HEADER ISOL VV 
N P RABLE 

FIG. 7.5-14 

FIG. 7.5-16 

; 2SWS*MOVI07C(BO) 
..------------------' NNS HEADER ISOL VY 

Y521i00{1ilD) 

INOPERABLE 
FIG. 7.5-.15 

CONTAINMENT ISOLATION PHASE A SYSTEM INOPERABLE INPUTS 

NOTES: 
; 

I. TRAIN B O"LY 

2, ASSOCIATED EQUIPMENT MARK NUMBERS: 
TRAIN A T..,.R..,_A, ...,I N_.B'----

2CHS*MOV 378(-0) 
2sws,t-MOV I 07A(AO) 
2SWS*MOVI07C(BO) 

2S I S*MOV81i2(-P) 
2CHS Jt-MOV38 l (-P) 
2SWS~MOVI07B{AP) 
2SWS *MDV I 07D( BP) 

3, SEE NOTE ii ON FIG. 7. 5- I. 

Fl GU RE 7.5 - 3 
BYPASSED AND INOPERABLE STATUS 
INDICATION - LOGIC DIAGRAM 
BEAVER VALLEY POWER STATION -UNIT 2 
FINAL SAFETY ANALYSIS REPORT 



·-·-·-----------------------·---------------··--·----··--·-···-···----········-···------···-----------····-------·---··----·-·-----------··----···-----·--·--·-----------------------------------------·----------,··· ---

A 

-

B 

No. 10080-LSk-27-300 

1 
SOURCE 

I 2 I 

CONDITION 
3 I 4 I 5 I 6 I 

MONITOR 
7 I 

RESULTANT 
8 

MONITOR 

-

~-.____ _____________ '--------_____ ,.,.---------....... ___ __,..., 

C 

-

33 

49 
X 

33 

49 
X 

T.O. 

... T.D. 

2SWS-MOV152-H80)\ 
CONTAINMEN I !SOLATION"\f--------1,1::.i 
NOT FULLY CLOSED ----------~\A 
2SWS-MOV152-H80) 
TH OL/BKR ul"'EN 

2SWS-MOVl55-HB0) 
CONTAINMENT ISOLATION 
NOT FULLY CLOSED 

2SWS-MOV155-HB0) 
TH OL/BKR OPEN 

-

-

.... 

I 
I 

AND 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
' AND 
I 
I 
I 

BY S&W I .. I 
I 
I 

-------------------------------------------------------------------------------------------------~ 

D 2 
LSK-27-30E 

INOPERABLE INPUTS 

E 

1 I 2 I 3 I 4 I 
1--------------------------------------------------------- PREPNlED ON ~ CAEDOI 

ll-APR-2005 13:41 K:\u2\1270300d.dgn THE ENPS ~ SfSTEM 

-
(Y5032D(33DJ) 

/s\ 

I C 

Y5038D(390) 

BY OTHERS 
~ 

5 

SP 

SP 

I 

-

/ 
OR :>--------~ 

NOTES: 
l. LOGIC FOR TRAIN A BYPASS INDICATOR SHOWN. 

LOGIC FOR TRAIN B BYPASS INDICATOR SIMILAR. 
2. ASSOCIATED EQUIPMENT MARK NUMBERS: 

TRAIN A TRAIN B 

,- 2SWS-MOV152-HBO) 2SWS-MOV152-2(BP) A 
L~~==;:::-;-;;:;:~~~=~""' 2SWS-MOV155-HBOl 2SWS-MOV155-2(8P) 

3. SEE NOTE 1 ON LSK-27-30A. 

TRAIN A 
CIB SYSTEM 
INOPERABLE INPUTS 

4. ALL ASTERISKS <*)HAVE BEEN REPLACED BY DASHES. 
REFER TO THE ASSET EQUIPMENT LIST (AELJ AS THE 
OFFICIAL LISTING OF ANY ASSET'S QA CATEGORY. 

FENOC ARSTfNERGY 
NUCLEAR OPERATING COMPANY 

SCALE DATE 11 - J -01 ARCH.APP. FINAL APP. 

-

7 
-

LSK-27-30P 

-

UFSAR FIGURE 7.5-4 
OaMa FIGURE 47-23 

BEAVER VALLEY POWER STATION UNIT 2 

LOGIC DIAGRAM - BYPASSED 
1-----=--.-.---C--'---t---------FOR ISSUE AND INOPERABLE STATUS INDICATION 

NTS DRAWN av R.W.ROTH ELECT.APP. N/A ~~~; lcc-o_=,.c~. --=--~--~-----------.---:=:-1 
,-D_rc_.1c_HK __ R_J_K_T_G~Z'--+_ME_c"_·"'_•· ___ +-------rTGZ/RO •o. tt 100014 A OWG.NO. REV. 

ENGR.1CHK NIA c,vn.APP 12-1-01 ~f•· 10080-LSK-27-300 8 

6 I 7 I 

A 

B 

C 

D 

E 



SOURCE 

TD 

TD 

TD 

TD 

r 

I FIG. 7.5-11 

FIG. 7. 5- 12 

FIG. 7,5-13 

FIG. 7.5-12 

FIG. 7.5-13 

CONDITION 

2CCP *MOV I 50-2(AO) 
CONTA I KMENT 1 SO LA fl ON I---~ 
NOT FULLY CLOSED 

2CCP* MDV I 50-2 (AO) 
TH 0L/BKR OPEN 

2CC~* MDV I 51-1 ( BO) 
CONT A I NM ENT I SO LA Tl ON 1-----Plil 
NOT FULLY CLOSED 

2CCP'*MOV 151-l(BO} 
TH OL/BKR OPEN 

2CCP *MDVI 56-2 ( A 0) 
CONTAINMENT ISOLATION ~--fiil 
NOT FULLY CLOSED 

2CCP* MOY l S6- 2( A 0) 
TH OL/BKR OPEN 

2cc, ¼MDV I S7-1 ( BO) 
C0NTA.1 NM ENT I SOLA Tl ON 1---~ 
NOT FULLY CLOSED 

2CCF ¼MDV 157-1 ( BO) 
TH OL/BKR OPEN 

2QSS ¼MDV IO I A( AO) 
QUENCH PUMP DISCH. 
INOPERABLE 

2RSS -l-MO VI SSA( AO) 
RECIRC, PUMP SUCT. 
INOPERABLE 

2RSS l-MOVl55C( CO) 
RECIRC. PUMP SUCT. 
INOPERABLE 

2RSS f:MOV I 56A( AO} 
RECIRC. PUMP DISCH. 
INOPERABLE 

2RSS ¼MDV I 56C (CO} 
RECIRC. PUMP DISCH. 
INOPERABLE 

CONTROL ACll0N NONITOR 

I 
I Y504Z D (q3 D} 

BY S&W~BY OTIIERS 

I Yso1iiio (llSD) 

l Y501l6D ( ll7D) 

I 

I 

RESULTANT MONITOR 

INOPERABLE INPUTS 

FIG. 7.5-4 

COMTAINIENT ISOLATION PHASE B SYSTEM INOPERABLE INPUTS 

NOTES: I, ASSOCIATED EQUIPMENT MARK NUMBERS: 
TRAIN A i 
2CCP~ MOY! 50-?( AO) 
2CCP *MOY! 51-! ( BO) 
2cc P ~MOY! 56-2 (AO) 
2CCP :fd40V ! 57 • I (BO) 
2QSS*MDY!OIA(AO) 
2RSS #.MOY! ~SA (AO) 
2RSS ~MOY! SSC( CO} 
2RSS f MOY!$6A(AO) 
2RSS~MOYl56C(CO) 

TRAIN B 
2CCP'f'=MOY( 50-1 (AP) 
2CCP4: MOY! 51-2( BP) 
2CCP J:M()y 1. 56-1 ( A!'} 
2CCP~MOY\57-2{BP) 
2QSSlJ-MQYIOIB(BP) 
,2RSSJ,.tc>Y ! 55B (BP) 
2RSS.:t..MOY\55D(DP) 
2RSSW::MOY!56B(BP) 
2RSSll.MOYl56D(DP} 

Fl GURE 7.5-5 
BYPASSED ANO INOPERABLE STATUS 
INDICATION - LOGIC DIAGRAM 
BEAVER VALLEY POWER STATION-UNIT 2 
FINAL SAFETY ANALYSIS REPORT 



SOURCE CONDITION 

FIG. 7.5-16 TR.A.IN .A. 
PRI. COMP. COOL. WTR. SYS. 
INOPERABLE 

2RHS* P21 A (AO) 
NOTE I 

RHS PUMP 
INOPERABLE 

I REACTOR COOLANT I TEMP, < 3S0°F 

CONTROL ACTI ON 
BY S&W 

I 

MONITOR 
BY OTHERS 

-7 PB TRAIN A 1 
RES I DUAL HEAT \------+-31' 

~----, , REMOVAL -~ L __ 
I t,_ ____ _ Y5Pl20( ll3D) 

__ _J 
ACAVT (ACCUMULATOR MONITORING PROGRAM) 

L_ -------------------, 
2RHSa:¥.MOV701A (AO) 

TD RHS A INLET ISOL, VV, 
TH OL/BKR OPEN 

2RHS*MOV702A (AP) 
TO RHS A INLET ISOL, VV, 

TH OL/BKR OPEN 

TO 
2RHS *MOV702.A( AO) 
RHS A OUTLET ISOL VV, 
TH OL/BKR OPEN 

TD 

TD 

NOTES: I, flREAKER RACKED OUT, CONTROL SWITCH IN "PULL TO LOCKOUT," 
OR LOSS OF CONTROL POWER, 

2, LOGIC FOR TRAIN A BYPASS INDICATOR SHOWN, 
LOGIC FOR TRAIN B BYPASS INDICATOR SIMILAR, 

3, SEE NOTES I ANO 2 ON FIG. 7. 5-1. 

YS illllD ( ll5D) 

I YS I ll6D( ll7D) 

YS I llBD( ll9D) 

4, ASSOCIATED EQUIFMENT MA'iK NUMBERS: 

TRAIN A TRAIN B 

2RHS-lf P2l A(AO) 2RHS* P2 I B( BO) 
2RHS/4MOV701A(AO) 2RHS'JIEMOV701 B(BO) {BP) 
2RHSt MOV702A (AP) (AO) 2 RHS)lr< MOV702B (BP) 
2RHS,k;:MOV720A(AO) 2RHS* MOV720B( BP} 
2CCP*MOVll2A(AO) 2CCP*MOVll2B{BP} 

RESULTANT MONITOR 

A5156D(57D) 

TRAIN A 
RESID, HT, REMOVAL SY!!-_.,_ ___ ~ 
INOPERABLE 

RESIDUAL HEAT REMOVAL SYSTEM INOPERABLE/BYPASS INDICATOR 

FIGURE 7. 5-6 
BYPASSED AND INOPERABLE STATUS 
INDICATION- LOGIC DIAGRAM 
BEAVER VALLEY POWER STATION- UNIT 2 
FINAL SAFETY ANALYSIS REPORT 



SOURCE CONDITION CONTROL ACT I ON MO_NITOR RESULTANT MONITOR 

NOTE I 

TO 

TD 

TD 

2FWE* P22 TURB 
DRIVEN AUX FEED PP, 
INOPERABLE 

2FWE* P23A (AO) 
AUX I FEED PUMP 
1 NOPERABLE 

2FWEiHCVIOOA (AO) 
AUX, FEED CONTROL 
TH OL/BKR OPEN 

2FWE* HCV 1 DOA (AO) 
AUX, FEED CONTROL 
NOT FULLY OPEN 

2FWE* HCV I OOC (AO) 
AUX, FEED CONTROL 
TH OL/BRK OPEN 

2FW~ HCVIOOC (AO) 
AUX, FEED CONTROL 
NOT FULLY OPEN 

2FW~ HCVIOOE {AO) 
AUX, FEED CONTROL 
TH OL/BKR OPEN 

2FWE*HCVIOOE (AO) 
AUX, FEED CONTROL 
NOT FULLY OPEN 

NOTE 5 

NOTES: I, BREAKER RACKED OUT, CONTROL SWITCH IN "PULL TO LOCKOUT,n OR LOSS OF ~ONTROL POWER, 
2, LOGIC FOR TRAIN A INDICATOR SHOWN, LOGIC FOR TRAIN B INDICATOR SIMILAR, 
3, ASSOCIATED EQUIPMENT MARK NUMBERS: 

TRAIN A 
2FWE*P22 
2FWE* P23A(AO) 
2FWE* HCV I OOA{AO) ( AR) 
2FWE*HCVIOOC{AO)(AR) 
2FWE*HCVIOOE(AO)(AR) 

ll, SEE NOTES I AND 2 ON FIG. 7.5-1, 

TRAIN B 
2FWE~ P23B( BP) 
2FWE*HCVIOOB{BP)(BW) 
2FWE*HCVIOOD(BP)(BW) 
2FWE*HCV100F(BP){BW) 

TRAIN A 
Y5l60D (610) 

Y51720 

1 Y5161lD (650} 

A51720 (73D) 

TRAIN A J 

AUX, FEED SYSTEM 
INOPERABLE 

SAFETY SYSTEM 
TRAIN A 
INOPERABLE 

I 

AUXILIARY FEEDWATER SY$TEM INOPERABLE/BYPASS INDICATOR 

5. INPUT EXISTS WHENEVER OVERSPEED LATCH BAR ON THE 
TURBINE HAS NOT BEEM RESET, THIS INPUT APPLIES 
TO THE TRAIN A BYPASS INDICATOR ONLY. 

FIGURE 7.5-7 
BYPASSED ANO INOPERABLE STATUS 
INDICATION-LOGIC DIAGRAM 
BEAVER VALLEY POWER STAT ION-UNIT 2 
FINAL SAFETY ANALYSIS REPORT 



SOURCE 

NOTE 1 

NOTE 5 

CONDlTI ON 

2CHS *?21 A ( AO) 
CHARGING PUMP 
lNOPERAB LE 

2CHS)I<- MOV 8130A (Z O) 
SUCTION HEADER ISOL. 
NOT FULLY OPEN 

2CHS* MOV8130B {ZP) 
SUCTION HEADER ISOL, 
NOT FU LL Y OPEN 

2CHS*P21C (SO) 
CHARGING PUMP 
INOPERABLE (OM BUS 2AE 

CONTROL ACTION 

PB TRAIN A 
HIGH HEAD SAFETY 
INJECTION I ,._ _____ _,~ I 

I 
I 

l 
I 

I 

I 
I 

f 

Y 5252 D (530) 

Y5258D {59D) 

Y5260D (61D) 

Y5262D (63D) 

------
BY S&W _J ------i=--
BY OTHERS 

FIG. 7.5-9 INOPERABLE INPUTS 

NOTES : I • BR EAKER RACKED OUT, CONTROL SWITCH I N "PU LL TO LOCKOUT, " OR, LOSS OF CONTROL POWER. 
2, LOGIC FOR TRAIN A BYPASS INDICATOR SHOWN, 

LOGIC FOR TRAIN B BYPASS INDICATOR SIMILAR, 
3, SEE NOTES l AND 2 0 ti FIG. 7.5-1. 
ij. ASSOCIATED EQUIPMENT MARK NUMBERS: 

IRe\lN 4 
2CHS*P21A (AO) 
2CHS*P21C (SO), BUS 2AE 
2CHS~OV8130A (ZO) 
2CHS*MOV8130B (ZP) 
2 CHS* MOV 380A (AO) 
2CHS * MOV 383A (AP) 

TRAIN B 
2CHS*P21B (BP) 
2CHS* P21 C {SP) BUS 2DF 
2CHS*MOV8131A (ZO) 
2CHS*MOV8 I 3 I B (ZP) 
2CH S * MOV 380 B (BO) 
2CHS * MOV 383 B ( BO) 

5. BREAKER RACKED OUT, CONTROL SWITCH IN' PULL TO LOCK: LOSS OF CONTROL 
POWER.OR P21A BREAKER RACKED IN. 

MOHi TOR 

Y5250D ( 51 D) 

A526ijD ( 65D) 

RESULTANT 

TRAIN A 
HIGH HEAD SI sYtTEM 
INOPERABLE 

MONITOR 
REV.7 

SAFETY 
SYSTEM 
TRAIN A 

-.___.__,l....,INOPERABLE 
~ 

HIGH HEAD SAFETY INJECflON SYSTEM INOPERABLE/BYPASS INDICATOR 

FIGURE 7.5-8 
BYPASSED AND INOPERABLE STATUS 
INDICATION-LOGIC DI AGRAM 
BEAVER VALLEY POWER STATION-UNIT 2 
FINAL SAFETY AN ALYS lS REPORT 



SOURCE 

TO 

TO 

TD 

TD 

TD 

CONOITION 

2CHS• LCV 115B (AO) 
CHA, PMP, RWST SUCTION 
NOT FULLY OPEN 

2CHS--f LCVI 15B {AO) 
TH OL/BKR OPEN 

2CHS""'-LCVll5C (-0) 
06,PM',VOL, COKT, TK, 
NOT FULLY CLOSED 

2CHStLCVll5C (-0) 
TH DL/BKR DPEN 

2SIS;fMOV867A (ZO) 
HHSI INJECTION VALVE 
NOT FULLY OPEN 

2SIS,lf,MOV867A {ZO) 
HHSI INJECTION VALVE 
TH OL/BKR OPEN 

2SIS~MOV867C (ZO) 
HHSI INJECTION VALVE 
NOT FULLY OPEN 

2SIS~MOV867C {ZO) 
HHSI INJECTION VALVE 
TH OL/BKR OPEN 

2SIS*MOV81U {ZP) 
HHS I INJECT I ON VALVE 
TH OL/BKR OPEN 

2SIS:ir-MOV8ql {ZP) 
HHSI INJECTION VALVE 
NOT FULLY OPEN 

BY S&W .....J._BY T OTHERS 
Y5266D (670) I 

Y5268D (69D) 

Y52700 {71 D) 

Y5272D (730) 

Yos2qo 

I 
I 
I 
1 

I. LOGIC FOR TRAIN A INPUTS l ____________________________ _j 

MONITOR 

C 

SIMILAR 
INPUT FROM 
ACCUM, C 
SIMILAR 
INPUT FROM 
ACCUM, B 

SHOWN, LOGIC FOR TRAIN B I SI ACCUMULATOR A FROM ACCUMULATOR MONITORING PROGRAM 
INPUTS S !Ml LAR, 1 IN ALARM ~:.:.:.:.:...:.:.:.:.:.:.:::.:::.::.;.:.:::...:.;.:.:.;.:_:..:.;;_..:..:....:..:.:..~,;__---------;------el 

2, ONLY OtlE BYPASS INDICATOR l_ r- - - - - - - - - - -7 
EXISTS FOR flSAFETY INJECTIO 
ACCll4UUTORS,fl -- - ----------- - ____ _1 PB I 

3, ASSOCIATED EQUIP, MARK NUMBERS: q, SEE NOTES 1 ANO 2 ON flG.1.5-1, SI ACCUMULATORS \--.====-----f~ 

RESULTANT MOM ITOR 

INOPERABLE ~NPUTS FIG. 7.5-8 

HIGH HEAD SAFETY INJECTION SYSTEM INOPERABLE INPUTS 

SAFETY INJECTION 
!------+~ ACCUMULATORS 

INOPERABLE 

A504-0D 

SI ACCUMULATORS INOP{BYPASS 
INDICATOR (NOTE 2) 

TRAIN A TRAIN B ,..._ ______ .-J ~ -------------------

2CHS 1- LCV 11 SB{ AO) 2CHS I:' LCV I I SD( BP) 
FIGURE 7.5-9 

2CHSiW-LCV 11 SC{-0) 2CHS .,_LCV 11 SE{-P) 
2SIS-t'MOV867A(ZO} 2S1Sl'MOVB67B(ZP) 
2S I 3 .. MOV867C( zo) 2S IS It MOV8670( ZP) 
2S1s•NDva,1 lzp\ 

BYPASSED AND INOPERABLE STATUS 
INDICATION-LOGIC DIAGRAM 
BEAVER VALLEY POWER STATION- UNIT 2 
FINAL SAFETY ANALYSIS REPORT 



SOURCE 

NOTE I 

TD 

COND tTION 

2SIS*P21J.. {AO) 
LOW HEAD SI PUMP 
INOPERABLE 

2SJS*MOV8809A (AO) 
LHSI PUMP SUCTION 
NOT FULLY OPEN 

2SJS~MOV8888A {AO) 
PUMP DI SCH. TO COLD tmS 
NOT FULLY OPEN 

2Sl~MOV8890A {AO) 
PIW MIN Fl.Orf RECIRC, 

TH OL BKR OPEN 

CONTROL ACTION MONITOR 

PB TRAIN A 
LOW HEAD SAFETY 
INJECTION J 
---JI 

YSl22D (23D) r 

Y5120D {21D) 

YS 124-D ( 2SD) 

YS 126D { 27D) 

Y5128D (290) 

I 
I 

I 
I 

I • 
2, 

BY S&W 

BREAKER RACKED OUT1 CONTROL SWITCH IN "?I.ILL TO LOCKOUT: OR, LOSS OF CONTROL POWER. 
LOGIC FOR TRAIN A BYPASS INDICATOR SHOWN, LOGIC FOR TRAIN B BYPASS INDICATOR SIMILAR, 
ASSOCIATED EQUIPMENT MARK NUMBERS: 

+ BY OTHERS 

3. 
TRAIN A 

2StS* P21A (AO) 
2SIS*!ClV8809A (AO) 
2SIS*MOY8888A {AO) 
2S t S* MOY8890A (AO) 

2SIS~P21B {BP) 
2SIS*MOY8809B (BP) 
2SIS*MOV8888B {BP) 
2S I S,f:: MOY 88908 {BP) 

4-. SEE NOTE I AND 2 ON FIG. 7.5-1. 

RESULTANT 

AS130D (31D) 

TRAIN A 
l--------+3l!LOW HEAD SI SYStEM 

INOPERABLE 

MONITOII: 

SAFETY 
SYSTEM 
TRAIN A 

...__.._ ........ INOPERABLE 
I 

LOW HEAD SAFETY INJECTtpN SYSTEM INOPERABLE/BYPASS INDICATOR 

FIGURE 7.5-10 
BYPASSED ANO INOPERABLE STATUS 
INDICATION-LOGIC DIAGRAM 
BEAVER VALLEY POWER STATION-UNIT 2 
FINAL SAFETY ANALYSIS REPORT 



SOURCE 

T.O. 

T.O. 

NOTE I 

CONDITION 

2DSS-MOYIIIAUIOI 
lliENCH PI.W DISCH. 
NOT FILLY Cft:N 

2DSl·NDYIIIAUIOI 
TH 11./IICR ftN 

2DSS-MOYIIIIAUO 
MNCH PIM" SU:TIOI 
NOT FILLY OPEN 

CONTROL ACTION MONITOR 

PB TMIN A 
MNCH SPRAY 

A!lll74Dl7eoi 

RESULTANT 

2DSS-MOYIIIAUIOI 
lliENCH PIMP DISCH. VY, 
lt0'£IMIILE 

REV. 18 

MONITOR 

FIG. 7.1-1 

TMIII A 
t------~Y PITIM 

DlENCH SPRAY SYSTEM INOPERABLE/BYPASS INDICATOR 

NOTES: 

1, BREAKER RACKED OUT, CONTROL SWITCH IN "PU.L 
TD LDCICOUT", DR LOSS OF CONTROL POWER. 

2. LOGIC FDR TRAIN A BYPASS INDICATOR SHOWN. 
LOGIC FDR TRAIN B BYPASS INDICATOR SIMILAR. 

3. SEE NOTES I AND 2 ON LSK·27·31A. 
4. ASSOCIATED EQUIPMENT MARIC NlMERSI 

TRAIN A 
20SS-MOY11111MAO> 
20SS·MOYll1AIAO> 
20SS·P21ACAO> 

TRAIN B 
20SS·MOYIINIB<BP> 
20SS·MOY111BCBPI 
20SS·P21BCBP> 

S. DENOTES LOSS OF POWER. CONTROL SWITCH IN "PU.L 
TO LDCICOUT", DR MOTOR Tt£AMAL. OVERLOAD. 

6. ALL ASTERISKS '*> HAYE BEEN REPLACED BY DASHES. 
REFER TD Tt£ ASSET EQUIPMENT LIST IAEL> AS Tt£ 
OFFICIAL LISTING OF ANY ASSET'S QA CATEGORY. 

UFSAR FIGURE 7.5-11 
BYPASSED AND INOPERABLE STATUS 
INDICATION - LOGIC DIAGRAM 
BEAVER VALLEY POWER STATION - UNIT 2 
UPDATED FINAL SAFETY ANALYSIS REPORT 

I 
I __________ 13-APR-2010 14:04 _______ K1\u2\UFSAR\g7050110,dgn _____________________________________________________________________________________________________________________________________ ! 



SOURCE 

TD 

TD 

TD 

TD 

NOTE I 

FIG. 7.5-!3 

FIG. 7.5-15 

CONDIT I ON 

2SWS~t«1Yi06A(AO) 
CW TO HON-SFGDS LOADS 
NOT FULLY CLOSED 

2SWS>;l;:MOYi06A(AO) 
TH OL/BKR OPEN 

2SWS~ MOY i 03A (AO\ 
CW TO RECIRC.HT,EXCHS. 

OT FULLY OPEN 

2SWS i;: MO Yi 03A {AO) 
TH OL/BKR OPEN 

2RSS~MOVi56A(AO) 
DISCH. TO SPRAY HOR. 
NOT FULLY OPEN 

2RSS~OVi56A(AO) 
TH OL/BKR OPEN 

2RS~ NOV i 55A (AO) 
SUCTION FROM SUMP 
NOT FULLY OPEN 

2RSSi;:MOV i 55A ( AO) 
TH OL/BKR OPEN 

2swsJ;.MOvio~A{AO) 
CW OUTLET FR HT EXCH 
NOT FULLY OPEN 

2SWSjl;-MOVi05A(AO) 
CW OUTLET FR HT EXCH 
NOT FULLY OP EN 

2RSS* P2 i A{ AO) 
RECIRC. SPRAY PUMP 
INOPERABLE 

FLOW PATH C 
INOPERABLE INPUTS 

TRAIN A 
SERVICE WATER SYSTEM 
INOPERABLE 

CONTROL ACT I ON MONITOR 

PB TRAIN A 
RECIRC. SPRAY 

,.__ _____ __, .! 

Y50800(BID) 

I _ _J 
I 

I Y50B2D 83D 

Y50B~D{B5D) 

BY, S&W <3 [> IIY OTHERS 
SP 

IY50B6D(B70} 

I 
I 

L 50BBD ( B9D) 

y5090D(91D) 

Y5092D(93D) 

___ _J 

RESULTANT 

A5096D(97D) 

2RSS ~MDV i 56A{ AO) 
RECIRC. PUMP DISCH. VY 
INOPERABLE 

TRAIN A 
RECIRC. SPRAY SYSTEM 
INOPERABLE 

FIG. 7.5-5 

RECIRCULATION SPRAY SYSTEM INOPERABLE/BYPASS INDICATOR 

2RSS~MOVi55A{AO) 
RECIRC. PUMP SUCT. VV. 
INOPERABLE 

NOTE: 
I. REFER TO FIG. 7.5-13. 

FIGURE 7.5-12 

MONITOR 

SAFETY SYSTEM 
TRAIN A 
INOP. 

.___...._....,__,~ 

BYPASSED AND INOPERABLE STATUS 
INDICATION-LOGIC DIAGRAM 
BEAVER VALLEY POWER STATION-UNIT 2 
FINAL SAFETY ANALYSIS REPORT 



SOURCE 

TD 

TD 

TD 

0-

NOTES: 

CONDIT I ON 

2 RSS~MOV I 56C (CO) 
DISCH. TO SPRAY HOR, 
NOT FULLY OPEN 

2Rss.- MDV I 56C (co) 
Tl! OL/BKR OPEN 

2 RS S'f< MDV I 55C (CO) 
SUCTION FROM SUMP 
NOT FULLY OPEN 

2RSS ~MOV l 55C( CO) 
TH OL/BKR OPEN 

2R ss• MOV I 5qc ( co) 
MIN. FLOW RECIRC. VV. 
TH OL/BKR OPEN 

2SWS~MOV 1oqc(co) 
CW INLET TO HT. EXCH. 
NOT FULLY OPEN 

2SWSi,MOVl05C(CO) 
CW FROM HEAT EXCH. 
NOT FULLY OPEN 

2RSS .. P21 C(CO) 
RECIRC. SPRAY PUMP 
INOPERABLE MOTE I 

1. BREAKER RACKED OUT, CONTROL SWITCH IN "PULL TO LOCKOUT," OR LOSS OF CONTROL POWER. 
2. LOGIC FOR TRAIN A SHOWN, LOGIC FOR TRAIN B SIMILAR. 
3. ASSOCIATED EQUIPMENT MARK NUMBERS: 

IBA! N 6 
2RSS ,..._P2 I A(AO) +P2 IC (CO) 
2RSS -lMOY I 55A(AO), *MOY I 56A(AO) 
2RSS 4-MOV I 55C( CO), ~V l 56C( CO) 
2RSS t MOY I 51lC( CO) 

2SWS1',MOVIOllA(AO), 2SWS~MOVlO5A{AO) 
2SWS'i.NOY IOIK:( CO), 2SWS~MOY I 05C{ CO) 
2SWSHOYl03A(AO) 
2SWSf.MOYl06A(AO) 

JRAIN D 
2RSS.f.P21 B(BP), ~P21 D(OP) 
2RSS"-: MOV 155B( BP), hov 156B( BP) 
2RSSfcM0V 1550{ i>P) , ~ov 156D(DP) 
2RSSl-MOV I sqD ( DP) 

2SWS 'Ii: MDV I OllB {BP) , 2SWSit(.MQV I 05 B( BP) 
2SWS!f. MOY I OllD( DP) , 2SWS .-:MOY I 05D (DP) 
2SWSllcMOY103B(BP) 
2SWS l:MOY I 06B( BP) 

CONTROL 4CTION MOM ITOR 

BY s&w 

Y5098D(99D) 

Y5100D(OID) 

Y5!02D(03D) 

Y5101Hl(05D) 

Y51060(070) 

Y510B0(09D) 

4. SEE NOTESI AND2 ON FIG. 7. 5-1. 

RESULTANT 

. 2RSS -1<-MOV I 56C( CO) 
l 1 FIG. 7.5-5 i RECIRC. PUMP DISCH. VV 

INOPERABLE 

. 2RSS*MOV I 55C ( co) 
RECIRC. PUMP SUCT. VV. 

, I MOPERABLE 

FLOW PATH C 
INOPERABLE INPUTS FIG. 7.5-12 

RECIRCULATION SPRAY SYSTEM 

FIGURE 7.5-13 
BYPASSED AND INOPERABLE STATUS 
INDICATION- LOGIC DI AGRAM 
BEAVER VALLEY POWER STATION-UNIT 2 
FINAL SAFETY ANALYSIS REPORT 



SOURCE CONDITI• CONTROL ACTION MONITOR 

BY OTHERS 

PB TRAIN A 
CONTA 1 NMENT PENETRA- )-----...41'-------+-~ 
TION SYSTEM Y50?0Qf21D) 

FROM 
FIG. 7.5-1 TRAI" A TRAIN A ONLY 

FEEOWATER l SOL SYS. ~---------------------e,t 

NOTES: 

FROM 
FIG.7.5-3 

FROM 
FIG. 7.5-4 

INOPERABLE INPUTS 

TRAIN A 
CIA SYSTEM 
INOPERABLE INPUTS 

TRAIN A 
CIB SYSTEM 
INOPERABLE INPUTS 

I • SEE NOTES I AND 2 ON- FIG. 7.5- I. 
2, LOGIC FOR TRAIN i SHOWN 

LOGIC FOR TRAIN B SIMILAR. 

7 

CONDITION 

A5005D(06D) 

TRAIN A 

RESULTANT 

sAFm SYSTEM 
TRAIN A 
INOPERABLE .___'-'-"_a_ 

i---------+-31 CNMT PENETRA SYSTEMS 1-----.....,---------+;,' CRT /SP 
INOPERABLE 

CONTAINMENT PENETRAJ)ON SYSTEM INOPERABLE/BYPASS INQICAIPB 

FIGURE 7.5-14 
BYPASSED AND INOPERABLE STATUS 
INDICATION-LOGIC DIAGRAM 
BEAVER VALLEY POWER STATION-UNIT 2 
FINAL SAFETY ANALYS1 S RE PORT 



SOURCE 

NOTE I 

TD 

MOTE 5 

TD 

TD 

CONDITION 

2SWS't< P2 I A (AO) 
SERVICE WATER PUMP 
INOPERABLE 

2SWS ;:l!.-MOV 102A( AO) 
SER. WTR.PUMP DISCH. 
NOT FU LL Y OPEN 

2SWS;l.;-MOVI02A(AO) 
SERV. WTR. PUMP DISCH. 
TH OL/BKR OPEN 

2SWS~ P2! C (so) 
SERVLCE WATER PUMP 
INOPERABLE 

2SWS-l: MDV I 02C 1 (AO) 
SERV. WTR. PUMP DISCH. 
MOT FULLY OPEN 

2SWS*MOVI02Cl(AO) 
SERV. WTR. PUMP DISCH. 
TH OL/ BKR. OPEii 

2SW~MOV562 (AO) 
CHLDR. INJ. VALVE 
NOT FULLY CLOSED 

2S'IIM ~ MOV562 (AO) 
TH OL/BKR OPEN 

CONTROL ACTION 

Y5280D(81D) 

Y5282D{83D) 

Y528LlD( BSD) 

Y5286D{87D) r-=-__________ _j 

I FIG. 7.5·3 2SWS::\.i::"MOVI07A{AO) 
17 .,_... ____ ---1 NNS HEADER !SOL. VV .• 

I ..... 1_No_P_ER_A_BLE ___ _ 

I FIG 2SWS*MOB107C(BO) I . 7 -
5

•
3 

NNS HEADER ISOL. vv. 
I'-- _1_NO_P_ER_A_BL_E ___ _ 

L------~5:D(93~-l 

MONITOR 

BY PLANT 
COMPUTER SYSTEM 

'RESULTANT 

TRAIil A 
SERVICE WATER SYSTEM 
INOPERABLE 

MONITOR 

FIG. 7.5-12 
7.5-16 
7.5-28 

SAFETY SYSTEM 
TRAIN A 

INOPERABLE 
....._........__.B 

2SWMi-MOV565(AP) 
CHLOR. INJ. VALVE 
NOT FULLY CLOSED 

BY S&W 4--- __.. BY OTHERS 

PB TRAIN A 
SERVICE WATER 

TD 2SWM*MOV565( AP) 
TH OL/BKR OPEN ------~a 

NOTES: I • BR EAKER RACKED OUT, CONTROL SWITCH I M "PU LL TO LDC KOUT\ OR, LOSS OF CONTROL POWER. 
2, TRAIN A BYPASS INDICATOR SHOWN, TRAIN B BYPASS INDICATOR SIMILAR. 
3, ASSOCIATED EQUIPMENT MARK NUMBERS: 

IRAIM A 
2SWS* P2 i A(AO) 
2SWS*MOVI02A{AO) 
2SWSJ,;: P2 IC (SO) 
2SWS~MOV I 02C I (AO) 

2SWM¼ MOV562(AO) 
2SWM~MOV265(AP) 

2SWS W::MOV I 07A( AO) 
2SWSlil:: MDV I 07C( BO) 

TRAIN B 
2SWS~P2 t B( BP) 
2SWS ~ MDV I 02B( BP) 
2SWS* P2 IC( SP) 
2SWS l!:. MDV l 02C2{,BP) 

2SWM*MOV563{BP) 
2SWM ... MOV56Ll{ BO) 

2SW~ MDV I 07 B( AP) 
2SWS"JkMOVI07D(BP) 

Ll, SEE NOTES I AND 2 
ON FIG. 7. 5-1. 

5. BREAKER RACKED OUT, 
CONTROL SWITCH IN 
"PULL TO LOCKn, LOSS OF 
CONTROL POWER OR P21A 
BREAKER RACKED IN. 

A5290D(910) 

SERVICE WATER SYSTEM/BYPASS INOPERABLE INDICATOR 

FIGURE 7. 5-15 
BYPASSED AND INOPERABLE STATUS 
INDICATION-LOGIC DIAGRAM 
BEAVER VALLEY POWER STATION-UNIT 2 
Fl NAL SAFETY ANALYSIS REPORT 



SOURCE 

F!G. 7.5-15 

CONDIT I ON 

TRA!N A 
SERVICE WATER SYSTEM 
I NOPER ABLE 

CONTROL ACT \ON 

- ___r---
-------- ---- BY s&w t 

NOTE I 

NOTES 

TD 

2CCP=l:;P2 I A (AO) 
PRI COMP. COOL. PUMP 
INOPERABLE 

2CCPl<"P21C(SO) 
PR I.. COMP.. COOL. PUMP 
INOPERABLE ( ON BUS 2AE) 

2CCPi<DCVI00-2(AO)(AR 
M1K. FLOW RECIRC.VLV. 
TH OL/BKR OPEN 

2SWS~MOVI06A(AO) 
'-------------f HDR. ISOL.VLV .TO HT. EXCH. 

YSIBOD(BID 

YOS220(23D) 

I 

YS 181+0( BSD) I 
NOT FULLY OPEN __ _J 

FIG. 7.5-2 

FIG. 7.5-2 

I 
FIG. 7. 5-2 

L::_ __ 
NOTES: 

FIG. 7.5-2 

2CCP¼MOVl7S-l(BO} 
NHS HEADER ISOL. VV. 
INOPERABLE 

2CCPfMOVl76-l(AO} 
NNS HEADER ISOL. VV. 
INOPERABLE 

2CCP~MOV177-1 (80) 
NHS HEADER I SOL VV .• 
INOPERABLE 

2CCP*MOV 178-1 (AO) 
NNS HEADER !SOL VV. 
INOPERABLE 

2CCP f MDV 118 ( ZO) 
NNS I SOL. VALVE 
INOPERABLE 

I. BREAKER RACKED OUT, CONTROL SWITCH IN ~PULL TO LOCKOUTn, OR, LOSS OF CONTROL POWER. 
2. LOGIC FOR TRAIN A SHOWN, LOGIC FOR TRAIN B SIMILAR. 
3. ASSOCIATED EQUIPMENT MARK NUMBERS: 

TRAIN A TRAIN B 
2CCP._ P21 A(AO) 2CCP 1t"p21 B( BP) 
2CCPl'rP21C(SO}-ON BUS 2AE 2CCP~P21C(SP-ON BUS 2DF 
2ccP• DCV I 00-2( AO} (AR) 2CCP~ DCV I 00-1 ( BP) ( BW) 

2SWS .. MOY I 06A (AO) 2SWS W:MOV I 068{ BP) 
2CCP¼-MOV 175-1 (BO), 176-1 (AO) 2CC""° MDV 175-2( BP), l 76-2{ AP) 
2CCff ~8V 177-1 (,8), 178-1 (AO) 2CCP.f MOV177-2f BP), 178-2( AP1 

I+. ;iipioTE v 11 iNo l~ ON FlG. 7. 5- 14~CCP * MDV 119 ( ZP J' 120 tZP l 

5.BREAKER RACKED OUT, 
CONTROL SWITCH IN nPULL TO LOCK", 
LOSS OF CONTROL POWER, OR 
P21A BREAKER RACKED IN. 

MONITOR RESULTANT MON! TOR 

TRAIN A 
'----~ PRl .COMP .COOL.WTR.SYS .i---1~---------,,?3,' 

INOPERABLE 

AS 1 BBD( 89D) 

FlG. 7.5-6 

SAFETY·SYSTEM 
TRAIN A 

INOP.. 
.B 

PRIMARY COMPONENT COOLING WATER SYSTEM INOPERABLE/BYPASS INDICATOR 

FIGURE 7.5-16 
BYPASSED AND INOPERABLE STATUS 
INDICATION-LOGIC DI AGRAM 
BEAVER VALLEY POWER STATION-UNIT 2 
FINAL SAFETY ANALYSIS REPORT 



SOURCE COMDITIOM CONTROL ACTION 

BY s&w .,__ ~ BY OTHERS 

TD 

NOTES: 

2CCP•MOVi2BA(AO) 
CLG WTR TO HT EXCH 
NOT FULLY OPEN 

2FNC"P21A (AO) 
FUEL POOL CLG PUMP 
TH OL / BKR OPEN 

I, LOGIC FOR TRAIN A SHOWN, LOGIC FOR TRAIN B SIMILAR. 
2. ASSOCIATED EQUIPMENT MARK NUMBERS: 

IM!! A 
2CCP*MOYl28A(AO) 
2FNC*P21A (AO) 

3. SEE NOTES I AND 2 ON FIG. 7.5-1. 

TRAIN B 
2CCP*MOY128B (BP) 
2FNC*P2 i B ( BP) 

Y5200D 010) 

Y5202D (03D) 

PB TRAIN A 
FUEL POOL 
COOLING 

.1. 

MON !TOR RESULTANT 

Y5201tD (05D 

TRAIN A 
FUEL POOL CLG SYS 
INOPERABLE 

FUEL POOL COOLING SYSTEM BYPASS/INOPERABLE INDICATOR 

MONITOR 

SAFITT 
SYSTEM 
TRAIN A 

.___....__.INOP • 

FIGURE 7.5-17 
BYPASSED AND INOPERABLE STATUS 
INDICATION-LOGIC DIAGRAM 
BEAVER VALLEY POWER STATION-UNIT 2 
FINAL SAFETY ANALYSIS REPORT 
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NOTES: 

SOURCE CONDITION 

1. 

2. 

3. 

LOGIC FOR TRAIN A BYPASS INDICATOR SHOWN, 
LOGIC FOR TRAIN B BYPASS INDICATOR SIMILAR. 
ASSOCIATED EQUIPMENT MARK NUMBERS: 
TRAIN A TRAIN B 
52/BYA 52/BYB 

SEE NOTES 1 AND 2 ON flC. 7.5-1. 

SSPS TROUBLE 

52/BYA REACTOR 
TRIP BRKR. BYPASS 
CLOSED 

CONTROL ACTION MONITOR 

PB TRAIN A 
SSPS 

Y52IOD{IID) 
l 

Y5722D(23D) 

+ Y0026D(27D) 
BY s&w BY DTiiERS 

RESULTANT MON I TOR 

A5216D(17D) 

TRAIN A 
SOU D STATE ;PROTECT- 1-----4.,__ __ ---;.::~ 
ION SYS. INOPERABLE 

SSPS INOPERABLE/BYPASS INDICATOR 

FIGURE 7.5-18 
BYPASSED AND INOPERABLE STATUS 
INDICATION-LOGIC DIAGRAM 
BEAVER VALLEY POWER STATION-UNIT 2 
FINAL SAFETY ANALYSIS REPORT 



CONTROL ACTION NONI TOR RESULTANT 

A53O2D 

PB TRAIN A 
VITAL I HST, ELECTRI CAL:>-_______ Y_5_300~D-------------+311 TRAIN A SYSTEM VITAL INSf, ELECT, SYS, 

I NOPEl!ABLE 
B 

A5303D 

I 
PB TRAIN B I 

VITAL INST, ELECTRICAL1--------.....-a--=----------------t::ill 
SYSTEM I 

TRAIN B 
VITAL INST, ELECT, SYS, 
I lllPERABLE 

I + BY OTHERS BY S&W 

VITAL INSTRUMENT ELECTRICAL SYSTEM BYPASS/INOPERABLE INDICATOR 

NOTE: 
I. SEE NOTES I AKO 2 ON m. 7.5-1, 

MONITOR 

------

SAFETY 
SYSTEM 
TRA IN A I NOP • 
.B 

CRT/sP 

SAFETY SYSTEM 
SYSTEM 
TRAIN 8 INOP. 
I 
-CRT /sP 

FIGURE 7.5-19 
BYPASSED AND INOPERABLE STATUS 
INDICATION-LOGIC DIAGRAM 
BEAVER VALLEY POWER STATION-UNIT 2 
FINAL SAFETY ANALYSIS REPORT 



SCRIRCE CONDITION 

CONT.. ROCl4 NORMAL 
A/C UNIT ISDL. DAMP 
2HYC 't<MDD205A(-0) 
206A(-O) AC SIR OPEN 

CONT, ROCl4 ENERG, 

COIITIOL ACTI OI 

BY S&W BY OTHERS 

Y5501D 
(87D) 

FM 2HYC~FKNIA(-O) 
MCC ACS OPEN/CS IN 1---------,-------------..-----;~ 
LOCKOUT POSITION I 

CONT., ROOM OUTDOOR 
AIR INTAKE DAMPER 
2HCY-\ N0020 I A(-0) 
NCC ACS OPEN 

CONT., 1004 ENERQ, 
MAKEUP FAN INTAKE 

DAMPER 2HYC fM002011A 
NCC ACB OPEN 

CONT.. !lOON OUT 
AIR EXHAUST DAMPER ----4 2HYC!I;: MOD20 IC( -0} 

NCC ACS OPEii 

CONT.. ROOM Al R 
HANDLING UNIT 

2HYC'..t;ACU201A(-O)/NCC 
ACB OPEN-CS IN LOCK 

N TRAIN A 

I 
I 
I 

CONTROL ROON 
VENTILATION ISOL, -------• 

YS50q 
(900) 

Y5505D .._ _ _. SP 
(910) 

Y5506D 
(920) 

RESULTANT NDIIITOR 

NOTES: 1. REFER TD Norts I AND 2 DN flC. u-1. 
2. LOGIC FOR TR4IN A SHOWN, 

LOGIC FDR T~IN 8 S INI LAR, 
3. ASSOCIATED EQUIPMENT NARK NUMBERS 

TRAIN A 
2HYC* NOD205A( -0) , 206A( ..(I) 
2HYC. N00202l( -0) 
2HYC)t REF2I1A(-O) 
2HYC_. CH222A·, 
2Hvc-. FN2~1A(-O} 
2HYC* NOD2014( -0) 
2HYC .. MOD201f4(--0) 
2HYC:tN00201C(-O) 
2HYC I ACU20 I A(-0) 

CONTROL ROON 
YENTi LAT I ON SYSTEM 

l-------1 TRAIN A 
INOPERASU 

'55100 
(A5586D) 

REV. 10 (97) 

JBAIN I 
2HYC:iit NOD2058(-P), 2068(-P) 
2HYC "'MOD2028( -P) 
2HYClt REF2H(-P) 
2HYC.CH222.I 
2HYC!l-FN2'18(-P) 
2HYC l-M002018( ..P) 
2HYC.-MOD20111(-P) 
2HYC.J: N0020 ID( -P) 
2HYC .. ACU2O18(..P) 

SAFm SYSTEM 
TRAIii A 

NOPERASLE 
I 

FIGURE 7.5 - 20 
BYPASSED ANO TNOPERABLE STATUS 
INDICATION- LOGIC 01 AG RAM 
BEAVER VALLEY POWER STATION- UNIT 2 
UPDATED FINAL SAFETY ANALYSIS REPORT 



SOURCE CONDITION CONTROL ACTION 

BY S&W c:fa BY OTHERS 
CONT, BLDG, A/C UNIT 
SUP FAN 2HYC "'-: FN266A/ 
MCC ACB OPEN/CS ~------------+---------------~ 
IN LOCKOUT POSITION 

NOTES: I. SEE NOTES I AND 2 OM m. 7.5-1. 
2. LOGIC FOR TRAIN A SHOll'N, 

LOGIC FOR TRAIN B SIMILAR. 
3, ASSOCIATED EQUIPMENT MARK NUMBERS: 

TRAIN A 
2HVC1: FN266A 
2HVC-it. FN265A 

TRAIN B 
2HVC~ FN266B 
2HVC ~FN265B 

PB TRAIN A 
CONTROL BLDG, 

Y551 ID 
(970) 

Y5512D 
(9BD) 

VENT J LA Tl ON 
-------~ I 

I Y5513D 
I (990) 
I A55lllD (A5600D) 

RESULTANT 

CONTROL BLDG, 
VENTILATION SYSTEM 
TRAIN A 
INOPERABLE 

MONITOR 

SAFETY SYSTEM 
RAIN A INOPERABLE 

FIGURE 7.5 -21 
BYPASSED AND INOPERABLE STATUS 
INDICATION-LOGIC DIAGRAM 
BEAVER VALLEY POWER STATION-UNIT 2 
FINAL SAFETY ANALYSIS REPORT 



SOURCE CONDITION 

SAFEGUARDS AREA 
PROCfSS CLG 21f1RtACU207A 

1-------1 MCC ACB OPEN/ 
CS IN STOP POS. 

NOTES: I. SEE NOTES I AND 2 ON m. T.5·1, 
2, LOGIC FOR TRAIN A SHOWN, 

LOGIC FOR TRAIN B SIMILAR, 
3. ASSOCIATED EQUIPMENT MARK NUMBERS: 

TR IN TRAIN B 
2HVR .fACU207A 2HVR,f-ACU207B 

CONTROL ACTION 

PB TRAIN A 
SAFEGUARDS AREA 
VENTILATION 

BY S&W 

'----------~ 

BY OTHERS 

I 
I 
l 
lyssiso 
l(Y5601D) 
I 
I 
I 
I 
I 
I 

/ Y5516D 
-~ (5602D) 

C 
------sp 

RESULTANT 

SAFEGUARDS AREA 
VENTliATJDN SYSTEM 

1-------+31 TRAIN A 
INOPERABLE 

A 55170 (A5603D) 

MONITOR 

FIGURE 7.5- 22 

SAFETY SY STEM 
TRAIN A INOPERABLE 

BYPASSED AND INOPERABLE STATUS 
INDICATION-LOGIC DIAGRAM 
BEAVER VALLEY POWER STATION-UNIT 2 
FINAL SAFETY ANALYSIS REPORT 



SOUICE CONDITION CONTROL ACTIOM 

I 
BY S&W --ete--BY OTHERS 

Y551B0 
( Y56o,o) 

Y5519D .___ ..... ~ 
(Y5605D) CABLE VAULT & ROD 

AREA INLET/OUTLET DMPR 
1--------1 2HVRtfll0D26A{-0)27A(-0) t--------------t-----...-------~ 

AC SUPPLY BKR OPEN 

NOTES: 1 • SEE MOTES 1 A,.D 2 ON flC. T.5-1. 
2, LOGIC FOR TRAIN A SHOWN, 

LOGIC FOR TRAIN B SIMILAR. 
3. ASSOCIATED EQUIPMENT MARK NUMBERS: 

TRA I N A TRAIN B _;.;;_~------
2 SW S * MOYI ~A{ -0) 2SWS\l- MOYl ~B( -P) 
2HVR llACU203A(-O) 2HVU-ACU208B(-P) 
2HYRl MOD26A{-O) 27A(-O) 2HVR* MOD26B( -P)27B(-P) 

PB TRAIN A 
CABLE VAULT & ROD 
CONT AREA VENT '-------_,, 

A5522D(A5608D) 

RESULTANT 

CABLE VAULT & ROD 
CONT AREA VENT 

1-------AI SYS TRAIN A 
INOPERABLE 

MONITOR 

FIGURE 7.5-23 

SAFETY SYSTEM 
TRAIN A INOPERABLE 

BYPASSED AND INOPERABLE STATUS 
INDICATION-LOGIC DIAGRAM 
BEAVER VALLEY POWER STATION-UNIT 2 
FINAL SAFETY ANALYSIS REPORT 



SOURCE CONOITI ON CONTROL ACTION 

LEAK COLL, FI L TER BY S&W c4ci BY OTHERS 
EXH FAN 2HVS~FN20qA( -1'-------------+----------AI 
SWGR DC BKR OPEN/BKR 

ITHDRAWN /CS IN L. 0, 

C 

LEAK COLL, F I L TER Y5523D '---~ St 
EXH FAN VORTEX DAMPER t--------------i ___ (_Y_s6 .... 0l-9D_) ____ t?'I 
2HVS~MOD2 I IU( -0) 
AC CONT, BKR, OPEN 

y552qD .....__ _ _,sp 
(Y56l00) 

Y5525D '----'SP 
(Y56l ID) 

Y5526D ..__ _ _, fill 
(Y5612D) 

Y5527D 
(Y56130) LEAK COLL FLTR EXH, 

ISOL IM'RS 2HVS-':!\MJD212A(-O) 
t-----1 2HVS*MOD213A( -0) t---------------1-------4~----+31 

AC CONT BKR OPEN 

LEAK COLL SYSTEM 
HTR 2HVS~ CH2 I 9A( -0) ------1 ~GR BKII WITHDRAWN/ 
DC BKR OPEN/CS IN L,O, 

LEAK COLLECT I ON 
BA LANC I NG DAMPER 
2HVP 'tMOD30A( -0) 
AC CONT, BKR, OPEN 

PB TRAIN A 
SUPPLEMENTARY LEAK 
COLLECTION 

Y5528D 
( Y56 I IJO) 

Y55290 
(Y5615D) 

RESULTANT ~ONITOR 

NOTES: I. SEE NOTES I AND 2 ON FIG. 7.5·1, 
2. LOGIC FOR TRAIN A SHOWN, 

LOGIC FOR TRAIN B SIMILAR, 
3. ASSOCIATED EQUIPMENT MARK ~UMBERS: 

SUPPLEMENTARY 
LEAK COLLECT I ON 
SYS, TRAIN A 
INOPERABLE 

A55320 {A5618D) 

TRAIN A 
2HVS t: FN20qA( -0) 
2HVS le MOD21 qA ( -0) 
2HVS l MOD20 I A( -0) 202A { -0) 
2HVS ~ MOD203A(-O) 21 BA ( -0) 
2HYS *MOD21IA(-0)210A( -0) 
2HVS lM002 I 3A( -0) 212A(-0) 
2HVS •CH2 l 9A(-O) 
2HYP ~MOD30A ( -0) 

TRAIN B 
2HYS4. FN20qe(-P) 
2HVSit::M002 I tiB( -P) 
2HYS ~ M00201 B(-P)202B( -P) 
2HVS~MOD2038(-P)218B(-P) 
2HYS t MOD2118(-P) 210B(-P) 
2HVS -"M00213B( -P )212B(-P) 
2HVSli::' CH2 I 9B(-P) 
2HVP'-lMOD30B(-P) 

SAFETY SYSTEM 
TRAIN A INOPERABLE 

l 

FIGURE 7.5-24 
BYPASSED ANO INOPERABLE STATIJS 
INDICATION-LOG IC DIAGRAM 
BEAVER VALLEY POWER STATION-UNIT 2 
Fl N AL SAFETY ANALYSIS REPORT 



SOURCE 

0-

NOTES: 

CONDITION 

AUX BLDG EMERG 
EXHAUST FAN 
2HVP~FH26~A( AO) 
MCC ACB OPEN 

AUX BLOG FLT. EIH. 
BYPASS ISOL DAMPER 
2HVP*Moil 2U (-OJ 
ACCOIIT. UR.OPEN 

I • SEE NOTES I AND 2 ON FIG. 7.5- I. 
2. LOGIC FOR TRAIN A SHOWN, 

LOGIC FOR TRAIN B SIMILAR, 
3. ASSOCIATED EQUIPMENT MARK NUMBERS: 

TRAIN A IBll N B 
2HVPt MOD22A( ~) zqA( ~) 2HVP * MOD2 28( -P) 2 qa( -P) 
2HV P-.1: M002 I A ( -0) 2HV P* MOD21 B( -P) 
2HVP{ FN26~A(AO) 2HVP * FN26qa( BP) 

CONTROL ACTION 

PB TRAIN A 
AUX BLDG 
YENTi LA Tl 01! 

BY 
S&W 

~ BY --1f~t---OTHERS 

Y5533D 
(Y5619D) 

'-----~ 

Y553~D 
(Y5620D) 

.._ __ H 

Y5535D 
(Y5621D) 

~ 

Y5536D 
(Y5622D) 

u 

A5537D {A5623D) 

RESULTANT 

AUX BLDG 
VENTILATION SYS 

1------911 TRAIN A 
INOPERABLE 

MONITOR 

CRT/SP 

FIGURE 7.5-25 

SAFETY SYSTBt 
TRAIii A 

IIIOPERAILE 
I I 

BYPASSED AND INOPERABLE STATUS 
INDICATION-LOGIC DIAGRAM 
BEAVER VALLEY POWER STATION -UNIT 2 
FINAL SAFETY ANALYSIS REPORT 



SOURCE CONDITION CONTROL ACTION 

BY 
S&W 

~ BY 
-+::;L>f<l~-OTHERS 

I EMERG SWGR AREA SUP 
FAN 2HVZ*FN261A SWGR 
DC BKR OPEN/CS IN i-----------------t---------1r-------------t=3ii 
LOCKOUT POSITION 

EMERG SWGR AREA EXH 
FAN 2HVZtFN262A SWGR 
DC BKR OPEN/CS IN 
LOCKOUT POSITION 

EMERG S,.OR AREA 

Y5538D 
(Y562ij0) 

<---~ Sf 

Y5539D 
{Y5625D) 

'---~Sf 

0- DAMPERS 2HYZ*M0021A, r-----------------1-------...... --------F::!f • 22A ,l23A, AC SUP 
BKR OPEN 

PB TRAIN A 
EMERG SWGR AREA 
VENTILATION ~ 

Y55LIOD 
{Y56260) 

.___~u 

NOTES: A55~2D {A5628D) 
I, SEE NOTES I AND 2 ON m. T. 5·1. 
2. LOGIC FOR TRAIN A SHOWN, 

LOGIC FOR TRAIN B SIMIUR, 
3. ASSOCIATED EQUIPMENT MARK NUMBERS: 

TRAIN A 
2HYZ .FN261 A(-0) 
2HYZtFN262A(-O) 
2HYU, MOD21 A( -0}22A( -0)23A( -0} 

TRAIN B 
2HYZ f FN26 IB(-P} 
2HYZ *FN262B(-P) 
2HYZ tM002 I B(-P) 22B(-P) 238{ -P) 

RESULTANT 

EMERG SWGR 
AREA VENT SYS 

1------F;ii TRA J N A 
INOPERABLE 

MONITOR 

CRT/SP 

SAFETY SYSTEM 
TRAIN A 
INOPERABLE 

.____._.... ~ 

ltlGURE 75-26 
i 
'YPASSED ANO INOPERABLE STATUS 
1:NDICATION-LOGIC DIAGRAM 
E!IEAVER VALLEY POWER STATION -UN IT 2 
FINAL SAFETY ANALYSIS REPORT 



SOUIICE CONDITION CONTROL ACTI ON 

BY BY 
S&W DfEJ OTHERS 

BATTERY RN EXH I 
FAN 2HVZt:FN216.l(.lO) 
MCC ACB OPEN/CONT t------------------f-----+------~ 
SW IN LOCKOUT POS Y55~3D 

NOTES: 
i. SEE NOTES I AND 2 ON m. 7 .5-1. 
2. LOGIC FOR TRAIN A SHOWN, 

LOGIC FOR TRAIN B SIMILAR, 
3. ASSOCIATED EQUIPMENT MARK NUMBERS: 

TRAIN A 
2HVZ t FN2 I 6A( AO) 

TRAIN B 
2HVZ"'11.FN216B{BP) 

PB TRAIN A 
BATTERY ROOM 
VENT I LA Tl DH 

{Y5629D) 

Y55~ijD 
{Y5630D) 

.__ _ _,,~ 

A55~5D {A5631D) 

RESULTANT 

BATTERY ROOM 
VENTI LATI OM SYS 

J.----1~ TRA I N A 
INOPERABLE 

MONITOI 

CRT/SP 

FIGURE 7.5 -27 

SAFETY SYSTEM 
TRAIN A 
INOPERABLE 

BYPASSED AND INOPERABLE STATUS 
INDICATION-LOGIC DIAGRAM 
_BEAVER VALLEY POWER STATION - UN IT 2 
1

flNAL SAFETY ANALYSIS REPORT 



SOURCE 

FIG. 7.5-15 

NOTES: 

CONDIT ION 

TRAIN A 
SERVICE WATER SYSTEM 

___ fN:::O_P_E:::R=AB=L=E =-::.::.::::__ _ _r- -
qKv BUS 2AE SUPPLY 
ACB 2E7 - 'DC 
CONTROL BKR OPEN 

EMERG DIESEL GEN 
2-1 ACB 2EIO - DC 
CONTROL BKR OPEN/ 
CONT SW LOCKED OUT 

qKV EMERG BUS 2AE 
UNDERVOLTAGE CKT 
TEST SW OPEN /DC 
CONT BKR OPEN 

DG AUTO LOAD 
SEQ CKT /DC CONT 
BKR OPEN/CS IN 
LOCKOUT POS 

DG ELEC PROT RELAY 
CKT/DC CONTROL 
BKR OPEN 

DG START/SHUTDOWN 
ANO AUX CKTS FUSE 
WITHDRAWN 

I, SEE NOTES I ANO 2 ON FIG. 7.5-1, 

2, LOGIC FOR TRAIN A SHOWN, 
LOGIC FOR TRAIN B SIMILAR, 

3. ASSOCIATED EQUIPMENT MARK NUMBERS: 
TRAIN A 
ACB2E7 
ACB2EIO 
BUS2AE 
DIESEL GENERATOR 2-1 

TRAIN 8 
ACB2F7 
ACB2FIO 
8US2DF 
DIESEL GENERATOR 2-2 

CONTROL ACT ION 

-4-BY 
S&W 

PB TRAIN A 
DIESEL GENERATOR 

BY 
OTHERS 

Y5555D 
(Y561l2D) 

<--->Sf 

Y5556D 
(Y561l3D) 

.__ _ _,U 

Y5557D 
(Y561lqD) 

.___ ..... .Sf 

Y55580 
(Y56%0) 

__ __.Sf_ 

Y5559D 
(Y561l6D) __ _,Sf 

Y5560D 
(Y561l7D) 

'----"Sf 

A55620 (A56~D) 

RESULTANJ 

DIESEL 
GENERATOR 

1------t~TRAIN A 
INOPERABLE 

FIGURE 7.5-28 

MONITOR 

CRT /SP 

SAFETY SYSTEM 
TRAIN A 
INOPERABLE 

BYPASSED AND INOPERABLE STATUS 
INDICATION-LOGIC DIAGRAM 
BEAVER VALLEY POWER STATION -UNIT 2 
FINAL SAFETY ANALYSIS REPORT 



SOURCE COIDITIDN 

DIESEL GEN SUPPlY 
FAN 2HY0..-FN270A 
MCC ACB OPEN/CS 
IN OFF NORM 

DIESEL GEN BLDG 
DAMPER 2HYMtMOD21A, 
22A, 23A 120YAC 
SUPPLY BIR OPEN 

D6 COOL WTR SUPPLY 
2SWS.-MOYI 13A{AO), 
MCC SUP ACB OP Elt 

D6 JACKET WTR 
WARM pP 2EGS P23A/ 
HTR 2EG~E23A MCC 
ACB OPEN/CS IN Off 

D6 START Al R CONPR 
2EGA.C21A,C22A,BOT 
MCC ACB OPEN OR BOTH 
CS IN OFF NORM 

PRE-LUBE I KEEP 
WARM PP 2EG04t P2'A 
STOP/HTR 2EGG-I E2'l 
MCC ACB OPEN CS IN 

CRANKCASE YAC PP 
2ED6'11cP21A 
MCC ACB OPEN/CS 
IN OFF NORM 

CONTROL ACTION 

PB TRAIN A 
DIESEL GENERATOR 
SUPPORT SYSTEMS 

I 
BY SlW + BY OTHERS 

Y551J6D 
(Y5632D) 
R 
Y55,7D 
(Y5633D) 
Sl 

Y55"8D 
{Y563~) 
R 

Y55~D 
(Y5635D) 

Sl 

Y5550D 
(Y5636D) 

Sl 

Y5551D 
(Y5637D) 
R 

Y5552D 
(Y5638D) 

R 

Y555140 
{ Y56IIOD) 
R 

RESULTANT 
A5673D (A56" D) 

DIESEL GEN 
SUPPORT SYS 

J--------E~ TR.ll N A 
INOPERABLE 

NOTES: 
I. SEE NOTES I AND 2 ON FIG. 7.5-1. 
2. LOGIC FOR TRAIN A SHOWN, 

LOGIC FOR TRAIN B SIMILAR. 
3, ASSOCIATED EQUIPMENT MARK NUMBERS: 

I 
TRAIM A TRAIN B 
2HYIYllf'FN27OA(-O) 2HV~FN27O8(-P) 
2HYD-MOD21A(-0)22A(-0}23A(-O) 2HYDlltMOD218(-P)22B(-P)238{-P) 
2SWHtMOV 113.l(AO) , 2 SIS I MOY 113 0 I BP) 
2EGS;k P23A 2EGS.- E23A 2EGSlltP23B 2EGS:f.E238 
2EGA-1Jt C2\A 2EGA)itC22.l 2EGAl( C21A 2E&A1'-C228 
2EGO#'P2,A 2EG~E2,A 2EGOJilrP2Q 2EGO♦E2U 
2E~ P23A 2EGO- P238 
2ED6-t P2 I A 2El)G.$-P2 I B 

FIGURE 7.5-29 

REV. 8 
MONITOR 

CRT/SP 

BYPASSED ANO INOPERABLE STATUS 
INDICATION- LOGIC DIAGRAM 
BEAVER VALLEY POWER STATION-UNIT 2 
UPDATED FINAL SAFETY ANALYSIS REPORT 



SOURCE CONDITION 

ACB2EIO 
DIESEL GEN, 2-1 ACB 
INOPERABLE NOTE~ 

NOTES: 
I, SEE NOTES I AND 2 ON FIG. 7. 5-1, 

2, LOGIC FOR TRAIN A SHl7rN, 
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7.6  ALL OTHER SYSTEMS REQUIRED FOR SAFETY 
 
7.6.1  Instrumentation and Control Power Supply System 
 
7.6.1.1  Description 
 
The following is a description of the instrumentation and control 
power supply system: 
 

1. Figure 7.6-1 gives a single line diagram of the 
instrumentation and control power supply system. 

 
2. There are four inverters and their associated distribution 

panels.  Each inverter is connected independently to one or 
more distribution panels. 

 
3. The inverters provide a source of 118 V 60 Hz power for the 

operation of the nuclear steam supply system instrumentation.  
This power is derived from the 480 V ac, three-phase, 60 Hz 
distribution system  (preferred power supply), or the station 
batteries, which assure continued operation of 
instrumentation systems in the event of a station blackout. 

 
4. Each of the four sets of distribution panels may be connected 

to a backup source of 120 V ac power.  The tie is through a 
local electrically-operated manual bypass switch, which is 
mechanically interlocked with the breaker connecting the 
inverter to the distribution panel such that the distribution 
panels cannot be connected to both sources simultaneously.  

 
7.6.1.2  Analysis 
 
There are two independent 480 V ac power sources, each serving two 
inverters.  Loss of either 480 V ac power source affects only two of 
the four inverters. 
 
There are four independent batteries.  Each of the batteries are 
supplied with independent battery chargers. 
 
Since not more than two inverters are connected to the same bus, a 
loss of a single bus can only affect two of the four inverters. 
 
Each inverter is independently connected to its respective vital bus 
distribution panels so that loss of an inverter cannot affect more 
than one of the four sets of vital bus distribution panels. 
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Each of the four sets of vital bus distribution panels is connected to 
a backup 120 V ac power source.  Each panel can receive power from the 
120 V ac backup source under administrative control. 
 
The manual bypass switch is interlocked to prevent paralleling of the 
inverters with the backup source. 
 
No single failure in the instrument and control power supply system or 
its associated power supplies can cause a loss of power to more than 
one redundant load. 
 
The inverters are designed to maintain their outputs within acceptable 
limits.  The loss of the ac or dc inputs is alarmed in the main 
control room, as is the loss of an inverter output.  There are no 
inverter breaker controls on the control board, as no manual transfers 
are necessary in the event of loss of the 480 V ac preferred power 
source. 
 
Physical separation and provisions to protect against fire are 
discussed in Chapter 8. 
 
The criteria applicable to the instrumentation and controls power 
supply system are based on the scope definitions presented in the 
Institute of Electrical and Electronics Engineers (IEEE) Standard 
308-1974.  The design is in compliance with IEEE Standard 308-1974 and 
Regulatory Guide 1.6.  Availability of this system is continuously 
indicated by the  operational status of the systems it serves  (Figure 
7.6-1) and is verified by periodic testing performed on the served 
systems.  The inverters are seismically qualified in accordance with 
the qualification program described in Section 3.10.  
 
7.6.2  Residual Heat Removal Isolation Valves 
 
7.6.2.1  Description 
 
The residual heat removal (RHR) system isolation valves are normally 
closed and are only opened for RHR after system pressure is reduced to 
approximately 360 psig and system temperature has been reduced to 
approximately 350°F.  They are the same type of valve and motor 
operator as those used for accumulator isolation, but they differ in 
their controls and in their indications in the following respect: 
 
The RHR valves are provided with control switches that have red (open) 
and green (closed) position indicating lights located on the main 
control board and emergency shutdown panel (ESP).  These lights are 
powered by valve control power and actuated by valve motor operator 
limit switches. 
 
There are two motor-operated valves (MOVs) in series in each of the 
two RHR pump suction lines from the reactor coolant system (RCS) hot 
legs, and one MOV in each of the two RHR discharge lines.  The two 
valves nearest the RCS (702A&B) are designated as the inner  isolation 
 



 BVPS-2 UFSAR Rev. 12 

7.6-3 

valves, while the two valves nearest the RHR pumps (701A&B) are 
designated as the outer isolation valves.  The valves in the discharge 
line are designated 720A&B.  The interlock functions, provided for the 
outer isolation valves and discharge valve 720A  shown on  Figure  
7.6-2, are identical (though derived from a diverse transmitter) to 
those provided for the inner isolation valves and discharge valve 720B 
shown on Figure 7.6-3. 
 
Each valve is interlocked so that it cannot be opened unless the RCS 
pressure is below approximately 360 psig.  This interlock prevents the 
valve from being opened when the RCS pressure plus the RHR pump 
pressure would be above the RHR system design pressure.  A second 
pressure interlock is provided to close the valve automatically if the 
RCS pressure subsequently increases to above approximately 700 psig. 
The pressure functions shown on Figure 7.6-3 are derived from a 
pressure transmitter designated PT441, which is supplied from a 
different vendor than the transmitter designated PT440 from which the 
pressure functions shown on Figure 7.6-2 are derived.  This is the 
method used to achieve diversity.  The autoclosure interlock may be 
manually defeated during normal RHR operation to prevent inadvertent 
RHR isolation valve closure. 
 
All four MOVs in the RHR suction lines are powered from Class lE power 
sources.  Two of the four MOVs (one in each suction line) are powered 
from two separate Class lE power sources.  This redundancy assures 
that the suction line to the RHR pump can be isolated when RCS 
pressure is above the preset value.  In order to ensure that an  RHR 
pump is available when required and one of the redundant power sources 
is not available, provisions are made to transfer power to the other 
Class lE redundant power source.  This will allow opening of the two 
series valves in one of the RHR pump suction lines. 
 
Interlocks are provided to prevent paralleling of the two Class lE 
power sources. 
 
7.6.2.2  Analysis 
 
Based on the scope definitions  presented  in the  IEEE  Standards 
279-1971 and 308-1974, these criteria do not apply to the RHR 
isolation valve interlocks.  However, in order to meet the U.S. 
Nuclear Regulatory Commission (USNRC) requirements and because of the 
possible severity of the consequences of loss of function, the 
following requirements of IEEE Standard 279-1971 apply to this  
circuit: 
 

1. For the purpose of applying IEEE Standard 279-1971 to this 
circuit, the following-definitions will be used: 

 
a. Protection system 

 
The two  valves in series in each 1ine and al1 
components of their interlocking and closure circuits. 
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b. Protective action 
 
 The automatic initiation and maintenance of RHR system 

isolation from the RCS pressures above the preset value.  
 

2. Paragraph 4.10 of IEEE Standard 279-1971:  The preceding 
pressure interlock signals and logic will be tested on-line 
to the maximum extent possible without adversely affecting 
safety.  This test will include the analog signal through to 
the output relay (which provides the final output signal to 
the valve control circuit) by observing that the armature of 
the output relay has changed state. (Test does not include 
provisions available from safeguard test cabinet.)  This is 
done in the best interests of safety since an actual 
actuation (opening) of the valve could potentially leave only 
one remaining valve to isolate the low pressure RHR system 
from the RCS.  

 
3. Paragraph 4.15 of IEEE Standard 279-1971:  This requirement 

does not apply, as the set points are independent of the mode 
of the operation and are not changed. 

 
Environmental qualification of the valves and wiring is discussed in 
Section 3.11. 
 
7.6.3  Refueling Interlocks  
 
Electrical interlocks (limit switches), as discussed in Section 9.1.3, 
are provided for minimizing the possibility of damage to the fuel 
during fuel handling operations. 
 
7.6.4  Accumulator Motor-Operated Valves  
 
The design of the interconnecting of these signals to the accumulator 
isolation valve meets the following criteria established in previous 
USNRC positions on this matter: 
 

1. Automatic opening of the  accumulator valves when, a) the 
primary coolant system pressure exceeds a preselected value 
(to be specified in the Technical Specifications), or b) a 
safety injection (SI) signal has been initiated.  Both 
signals shall be provided to the valves. 

 
2. Utilization of an SI signal to automatically remove 

(override) any bypass features that are provided to allow an 
isolation  valve to be closed for short periods of time when 
the RCS is at pressure (in accordance with the provisions of 
the proposed Technical Specifications).  As a result of the 
confirmatory SI signal, isolation of an accumulator with the 
reactor at pressure is acceptable.  
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The control circuit for these valves is shown on Figure 7.6-4.  The 
valves and control circuits are further discussed in Sections 6.3.2 
and 6.3.5. 
 
The SI system accumulator discharge isolation MOVs are normally open 
valves which are controlled from the main control board and the ESP. 
These valves are interlocked such that: 
 

1. They open automatically on receipt of an SI signal with the 
main control board switch in either the auto or close 
position. 

 
2. They open automatically whenever the RCS pressure is above 

the SI unblock pressure (P-11) specified in the Technical 
Specifications only when the main control board switch is in 
the auto position. 

 
3. They cannot be closed as long as an SI signal is present. 
 
4. Power to valves is removed during normal plant operation to 

prevent inadvertent or spurious closure of the valves. 
 
The three main control board and ESP control switches for these valves 
provide a spring return to auto from the open position and a maintain 
position in close. 
 
The maintain closed position is required to provide an 
administratively controlled manual block of the automatic opening of 
the valve at pressure above the SI unblock pressure (P-11]. The manual 
block or maintain closed position is required when performing periodic 
check valve leakage test when reactor is at pressure.  The maximum 
permissible time that an accumulator valve can be closed when the 
reactor is at  pressure is specified in the Technical Specifications. 
 
Administrative control is required to ensure that any accumulator 
valve, which has been closed at pressures above the SI unblock 
pressure, is returned to the auto position.  Verification that the 
valve automatically returns to its normal full open position would 
also be required. 
 
During Beaver Valley Power Station - Unit 2 (BVPS-2) shutdown, the 
accumulator valves are in a closed position.  To prevent an 
inadvertent opening of these valves during that period, the 
accumulator valve breakers should be opened or removed.  
Administrative control is again required to ensure that these valve 
breakers are closed during the prestart-up procedures. 
 
These normally open MOVs have alarms to indicate a malpositioning 
(with regard to their emergency core cooling system (ECCS) function 
during the injection phase).  The alarms sound in the main control  
room. 
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An alarm will sound for either accumulator isolation valve under the 
following conditions when the RCS pressure is above the SI unblocking 
pressure:  
 

1. Valve stem limit switch indicates valve not open, 
 
2. Valve motor operator limit switch indicates valve not open.  

The alarms on this switch will repeat themselves at given 
intervals. 

 
7.6.5  Switchover from Injection to Recirculation 
 

 During the initial injection phase following an accident, the 
refueling water storage tank (RWST) is used to supply borated water to 
the ECCS pumps.  The changeover from the injection to the 
recirculation mode is initiated automatically.  Protection logic is 
provided to automatically open the low head safety injection (LHSI) 
recirculation supply isolation valves when the RWST water level 
reaches a predetermined extreme low level set point, in conjunction 
with the initiation of the SI engineered safety features actuation 
signals, and automatic switchover will be as follows: 

 
1. The RWST 2/4 extreme low level coupled with a latched-in SI 

signal will automatically open valves 8811A/B (Figure 7.6-8, 
Sheets 1, 2, 3, 4, 5) connecting the recirculation pump 
discharge to the LHSI pump discharge lines.  When valves 
8811A/B are full open, the associated LHSI pump will be 
tripped (Figure 7.6-8, Sheet 3 shows pump tripping). 

 
2. Similarly, the LHSI header cross-connect valves 8887A/B 

(Figure 7.6-8, Sheet 4) will be automatically closed and 
valves 8812A/B (Figure 7.6-8, Sheet 5) supplying the suction 
of the charging/safety injection system will be automatically 
opened provided 8811A/B are fully open. 

 
In the event that a SI signal is generated, these interlocks provide 
for the retention of that signal by latching relays.  The retention of 
this signal is required since the emergency procedures would instruct 
the operator to reset the safeguards actuation signal at a time 
significantly in advance of the RWST low level setpoint signal 
generation.  
 
The details of achieving cold leg recirculation following SI are given 
in Section 6.3.2 and Table 6.3-7.  Figure 7.6-8, Sheet 2, shows the 
logic which is used to automatically open the sump valves. 
 
7.6.6 Reactor Coolant System Loop Isolation Valve Interlocks 

Description  
 
The purpose of these interlocks is to ensure that an accidental start-
up of an unborated and/or cold, isolated reactor  coolant loop results 
only in a relatively slow reactivity insertion rate.  
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The interlocks (refer to Figure 7.2-1, Sheet 16, for interlock logic 
functions) are required to perform a protective function. Therefore, 
there are: 
 

1. A limit switch to indicate that a valve is fully open. 
 
2. A limit switch to indicate that a valve is fully closed. 
 

3. Two differential pressure switches in each line which 
bypasses a cold leg loop isolation valve.  This is the line 
which contains the relief line isolation valve.  It should be 
noted that flow through the relief line isolation valves 
indicates that:  1) the valves in the line are open, 2) the 
line is not blocked, and 3) the pump is running. 

 
7.6.7 Interlocks for RCS Pressure Control During Low Temperature 

Operation 
 
The basic function of the RCS pressure control during low temperature 
operation is discussed in Section 5.2.2.  This pressure control 
includes semi-automatic actuation logic for two (of the three) 
pressurizer power-operated relief valves (PORVs).  The function of 
this actuation logic is to continuously monitor RCS temperature and 
pressure conditions, with actuation logic armed by operator action by 
means of an arm/block main control board switch which is placed in the 
block position when BVPS-2 is at operating pressure. The monitored 
system temperature signals are processed to generate the reference 
pressure limit, which is compared to the actual monitored RCS 
pressure.  This comparison will provide an actuation signal to an 
actuation device which, if manually armed, will cause the PORV to 
automatically open, as necessary, to prevent pressure conditions from 
exceeding allowable limits.  Refer to Figure 7.2-1, Sheets 17 and 18, 
for the diagrams showing the basic elements used to process the 
generating station variables for this low temperature RCS 
overpressurization preventive interlocks.  Sheets 7.2-1, Sheets 17 and 
18 are the functional  diagrams for  PORV and block  valves  
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overpressurization preventive interlocks. 7.2-1, Sheets 17 and 18 are 
the functional diagrams for PORV and block valves interlocks for the 
pressurizer pressure relief (PPR) system for Trains A and B. 
 
The generating station variables required for this interlock are 
channelized and train-assigned as indicated on Figure 7.2-1, Sheets 17 
and 18. 
 
The wide range temperature signals are used as input to generate the 
reference pressure limit program considering BVPS-2's allowable 
pressure and temperature limits.  This reference pressure is then 
compared to the actual RCS pressure monitored by the wide range 
pressure channel.  The error signals derived from the difference 
between the reference pressure and the measured pressure will first 
annunciate a main control board alarm whenever the measured pressure 
approaches, within a predetermined amount, the reference pressure.  On 
a further increase in measured pressure, the error signal will 
generate an annunciated actuation signal.  Channel and train 
independence between protection sets, and between protection sets and 
between Trains A and B, is maintained from sensors to the PORVs. 
 
Upon receipt of the actuation signal, the actuation device will 
automatically cause the PORV to open.  Upon sufficient RCS inventory 
letdown, the operating RCS pressure will decrease, clearing the 
actuation signal.  Removal of this signal from the actuation device 
causes the PORV to close. 
 
7.6.7.1  Analysis of Interlock 
 
The logic function and actuation signals shown on 7.2-1, Sheets 17 and 
18 are processed in the elements of the protection system.  For the 
criteria to which this system is designed, refer to Sections 7.2 and 
7.3.  The primary purpose of these interlocks is automatic transient 
mitigation.  These interlocks do not perform a protective function but 
rather provide semi-automatic pressure control at low temperatures as 
a backup to the operator.  However, to assure a well-engineered design 
and improved operability, the low instrumentation and control (I&C) 
portions of the interlocks for RCS pressure control during low 
temperature operation will satisfy applicable sections of USNRC Branch 
Technical Position RSB 5-2 that address I&C.  
 
7.6.7.2  Pressurizer Pressure Relief System 
 
The interlocks described in Section 7.6.7, together with pressurizer 
pressure control shown on Figure 7.2-1, Sheet 11, and the interlocks 
for the pressurizer block valves A and B, shown on Figure 7.2-1, 
Sheets 17 and 18, are referred to as the PPR system. 
 
The PPR system provides the following: 
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1. Capability for RCS overpressure mitigation during cold 
shutdown, heatup, and cooldown operations to minimize the 
potential for impairing reactor vessel integrity when 
operating at or near the vessel ductility limits and the 
system is manually armed. 

 
2. Capability for RCS depressurization following Condition II, 

III, and IV events.  
 
3. An interlock that, with the pressurizer PORVs and PORV block 

valves in auto control, closes the PORV block valves and 
prevents spurious signals from the PPR control system from 
inadvertently opening the PORVs when pressurizer pressure is 
low and the system in not manually armed. 

 
7.6.7.3  Description of PPR System Interlock 
 
Interlocks  for the PPR system control the opening and closing of the 
pressurizer PORVs and the PORV block valves.  These interlocks provide 
the following functions:  
 

1. Pressurizer pressure control, 
 
2. RCS pressure control during low temperature operation, and 
 
3. RCS pressure control to achieve and maintain a cold shutdown 

and to heat up using equipment that is required for safety. 
 

The interlock functions that provide pressurizer pressure control are 
derived from process parameters as shown on Figure 7.2-1, Sheets 6 and 
11.  The interlock logic functions as well as process parameter inputs 
required for low temperature operation are shown on Figure 7.2-1, 
Sheet 17 and 18.  The functions include those needed for the PORV 
block valves as well as the pressurizer PORVs to meet both interlock  
logic and manual operation requirements where manual operation is at 
the main control board. 
 
7.6.7.4  Service Water System Isolation Valves to the Turbine Plant 

Component Cooling Water Heat Exchangers 
 
The service water system isolation valves to the turbine plant 
component cooling water heat exchangers (2SWS-MOV107A through D)  
perform the safety function of isolating the safety-related portion of 
the service water system from the nonsafety portion in the event of a 
CIA signal.  This portion of the circuitry is designed to IEEE 
Standard 279-1971.  Two service water system isolation valves (2SWS- 
MOV107A and D) also isolate the safety-related portion of the service  
water system from the nonsafety portion in the event of a service 
water low pressure signal.  This portion of the circuit does not 
conform entirely to IEEE Standard 279-1971 in that the guidance of its 
Sections 4.10, 4.17, 4.19, and 4.20 are not met.  Since this 
additional function (low pressure isolation) is not a signal "... that 
actuate(s) reactor trip  ..."  or a signal "... that, 
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in the event of a serious reactor accident, actuate (s) engineered 
safeguards such as containment isolation…”, conformance with IEEE 
Standard 279-1971 is not considered to be required.  This portion of 
the circuit does, however, conform with IEEE Standard 279-1971 in 
areas other than those listed above. 
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7.7  CONTROL SYSTEMS NOT REQUIRED FOR SAFETY 
 
The general design objectives of the Beaver Valley Power Station - 
Unit 2 (BVPS-2) control systems are: 
 

1. To establish and maintain power equilibrium between primary 
and secondary system during steady state unit operation, 

 
2. To constrain operational transients to preclude unit trip and 

reestablish steady-state unit operation, and 
 
3. To provide the reactor operator with monitor instrumentation 

that indicates all required input and output control 
parameters of the systems. 

 
4. To provide the operator the capability of assuming manual 

control of the system. 
 
7.7.1  Description 
 
The BVPS-2 control systems described in this section perform the 
following functions: 
 

1. Reactor control system 
 
a. Enables the nuclear plant to accept a step load increase 

or decrease of 10-percent and a ramp increase or 
decrease of 5-percent/min within the load range of 15 to 
100-percent without reactor trip, steam dump, or 
pressurizer relief actuation, subject to possible xenon 
limitations. 

 
b. Maintains reactor coolant average temperature Tavg within 

prescribed limits by creating the bank demand signals 
for moving groups of rod cluster control assemblies 
(RCCAS) during normal operational transients.  Automatic 
control rod insertion may be used for temperature (Tavg) 
control.  However, rod withdrawal can only be performed 
manually due to the deletion of the automatic rod 
withdrawal capability.  Manual control of rod operation 
may be performed at any time within the range of the 
defined insertion limits.  The Tavg control also supplies 
a signal to pressurizer water level control and steam 
dump control. 

 
2. Rod control system  

 
a. Provides for reactor power modulation by manual or 

automatic control (automatic rod insertion only) of 
control rod banks in a preselected sequence and for 
manual operation of individual banks.  

 
b. Systems for monitoring and indicating  

 
(1) Provide alarms to alert the operator if the 

required core reactivity shutdown margin is not 
available due to excessive control rod insertion.  
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(2) Permit display control rod positioning. 
 
(3) Provide alarms to alert the operator in the event 

of control rod deviation exceeding a preset limit. 
 

3. Control system interlocks 
 

a. Prevent further withdrawal of the control banks when 
signal limits are approached that predict departure from 
nucleate boiling ratio (DNBR) limit or kw/ft limit. 

 
b. Inhibit automatic turbine load change as required by the 

nuclear steam supply system. 
 

4. Pressurizer pressure control 
 

 Maintains or restores the pressurizer pressure to the design 
pressure (which is well within reactor trip and relief and 
safety valve actuation set point limits) following normal 
operational transients that induce pressure changes by 
control (manual or automatic) of heaters and spray in the 
pressurizer.  Provides steam relief by controlling the 
pressurizer power-operated relief valves (PORVs). 

 
5. Pressurizer water level control 

 
 Establishes, maintains, and restores pressurizer water level 

within specified limits as a function of the average coolant 
temperature.  Changes in water level are caused by coolant 
density changes induced by the change in Tavg as a function 
of load.  Water level control is produced by charging flow 
control (manual or automatic), as well as by manual 
selection of letdown orifices.  Maintaining coolant level in 
the pressurizer within prescribed limits provides for 
control of the reactor coolant water inventory.  

 
6. Steam generator water level control 

 
a. Establishes and maintains the steam generator water 

level to within predetermined limits during normal 
operating transients. 

 
b. Restores the steam generator water level to within 

predetermined limits at unit trip conditions.  Regulates 
the feedwater flow rate such that under operation 
transients the heat sink for the reactor coolant system 
(RCS) does not decrease below a minimum.  Steam 
generator water inventory control is manual or automatic 
through the use of feedwater control valves. 
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7. Steam dump control 
 

a. Permits BVPS-2 to accept a sudden loss of load without 
incurring reactor trip.  Steam is dumped to the 
condenser as necessary to accommodate excess power 
generation in the reactor during turbine load reduction 
transients. 

 
b. Ensures that stored energy and residual heat are removed 

following a reactor trip to bring BVPS-2 to equilibrium 
no load conditions without actuation of the steam 
generator safety valves. 

 
c. Maintains BVPS-2 at no load conditions and permits a 

manually controlled cooldown of the nuclear plant.  
 

8. Incore instrumentation  
 
 Provides information on the neutron flux distribution and on 

the core outlet temperatures at selected core locations. 
 

7.7.1.1  Reactor Control System 
 
The reactor control system enables BVPS-2 to follow load changes 
including the acceptance of step load increases or decreases of 
10 percent, and ramp increases or decreases of 5 percent/min within 
the load range of 15 to 100 percent without reactor trip, steam dump, 
or pressure relief (subject to possible xenon limitations).  The 
system is also capable of restoring coo1ant average temperature to 
within the programmed temperature deadband following a change in load.  
Manual control rod operation may be performed at any time. 
 
The reactor control system controls the reactor coolant average 
temperature by regulation of control rod bank position.  The reactor 
coolant loop average temperatures are determined from hot leg and cold 
leg measurements in each reactor coolant loop.  There is an average 
coolant temperature (Tavg) computed for each loop, where: 
 

 
2
)( coldavghot

avg

TT
T

+
=                         (7.7-1) 

 
The error between the programmed reference temperature (based on 
turbine first stage pressure) and the median of the Tavg measured 
temperatures (which is processed through a lead-lag compensation unit) 
from each of the reactor coolant loops constitutes the primary control 
signal, as shown in general on Figure 7.7-1 and in more detail on the 
functional diagram, Figure 7.2-1, Sheet 9.  The system is capable of 
restoring coolant average temperature to the programmed value 
following a change in load.  The programmed coolant temperature 
increases linearly with turbine load from zero power to the full power 
condition.  The median Tavg signal is also supplied to the pressurizer 
level control, steam dump control, and rod insertion limit monitoring 
control system. 
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The temperature inputs to the control systems are derived using the 
median signal selector. 
 
An additional control input signal is derived from the reactor power 
versus turbine load mismatch signal.  This additional control input 
signal improves system performance by enhancing response and reducing 
transient peaks. 
 
7.7.1.2  Rod Control System 
 
7.7.1.2.1  Rod Control System 
 
The rod control system receives rod speed and direction signals from 
the Tavg control system.  The rod speed demand signal varies over the 
corresponding range of 8 to 72 steps/min depending on the magnitude of 
the input signal.  Automatic rod withdrawal capabilities have been 
disabled for enhanced reactivity management.  Manual control is 
provided to move a control bank in or out at a prescribed fixed speed. 
 
Rods are withdrawn (or inserted) in a predetermined programmed 
sequence by the automatic programming equipment.  The manual and 
automatic controls are further interlocked with the control interlocks 
(Table 7.7-1). 
 
The shutdown banks are always in the fully withdrawn position during 
normal operation, and are moved to this position at a constant speed 
by manual control prior to criticality.  A reactor trip signal causes 
them to fall by gravity into the core.  There are two shutdown banks. 
 
The control banks are the only rods that can be manipulated under 
automatic control.  Each control bank is divided into two groups to 
obtain smaller incremental reactivity changes per step.  All RCCAs in 
a group are electrically paralleled to move simultaneously.  There is 
individual position indication for each RCCA. 
 
Power to rod drive mechanisms is supplied by two motor-generator sets 
operating from two separate 480 V three-phase buses.  Each generator 
is the synchronous type and is driven by a 200 hp induction motor.  
The ac power is distributed to the rod control power cabinets through 
the two series-connected reactor trip breakers. 
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The variable speed rod drive programmer affords the ability to insert 
small amounts of reactivity at low speed to accomplish fine control of 
reactor coolant average temperature about a small temperature 
deadband, as well as furnishing control at high speed.  A summary of 
the RCCA sequencing characteristics is given as follows: 
 

1. Two groups within the same bank are stepped such that the 
relative position of the groups will not differ by more than 
one step. 

 
2. The control banks are programmed such that withdrawal of the 

banks is sequenced in the following order;  control bank A, 
control bank B, control bank C, and control bank D.  The 
programmed insertion sequence is the opposite of the 
withdrawal sequence, that is, the last control bank withdrawn 
(bank D) will be the first control bank inserted.  

 
3. The control bank withdrawals are programmed such that when 

the first bank reaches a preset position, the second bank 
begins to move out simultaneously with the first bank.  When 
the first bank reaches the top of the core, it stops, while 
the second bank continues to move toward its fully withdrawn 
position.  When the second bank reaches a preset position, 
the third bank begins to move out, and so on.  This 
withdrawal sequence continues until the unit reaches the 
desired power level.  The control bank insertion sequence is 
the opposite of the withdrawal sequence. 

 
4. Overlap between successive control banks is adjustable 

between 0 to 50-percent (0 to 115 steps), with an accuracy of 
+l step.  

 
5. Rod speeds for either the shutdown banks or manual operation 

of the control banks are capable of being controlled between 
a minimum of 8 steps/min and a maximum of 72 steps/min (+0 
steps/min, -10 steps/min). 

 
7.7.1.2.2  Rod Control System Features 
 
Credible rod control equipment malfunctions which could potentially 
cause inadvertent positive reactivity insertions due to inadvertent 
rod withdrawal, incorrect overlap, or malpositioning of the rods are 
as listed:  
 

1. Failures in the manual rod controls: 
 

a. Rod motion control switch (in-hold-out) 
 
b. Bank selector switch 

 
2. Failures in the overlap and bank sequence program control: 
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a. Logic cabinet systems 
 
b. Power supply systems 

 
7.7.1.2.2.1  Failures in the Manual Rod Controls 
 
The rod motion control switch is a three-position lever switch. The 
three positions are:  in, hold, and out.  These positions are 
effective when the bank selector switch is in manual.  Failure of the 
rod motion control switch (contacts failing shorted or activated relay 
failures) would have the potential, in the worst case, to produce 
positive reactivity insertion by rod withdrawal when the bank selector 
switch is in the manual position or in a position which selects one of 
the banks. 
 
When the bank selector switch is in the automatic position, the rods 
would obey the automatic commands and any failures in the rod motion 
control switch would have no effect on the rod motion regardless of 
whether the rod motion control switch is in the in, hold, or out 
position.  
 
In the case where the bank selector switch is selecting a bank and a 
failure occurs in the rod motion switch that would command the bank to 
move out even when the rod motion control switch was in an in or hold 
position, the selected bank could inadvertently withdraw.  This 
failure is bounded in the safety analysis (Chapter 15) by the 
uncontrolled bank withdrawal subcritical and at power transients.  A 
reactivity insertion of up to 75 pcm/sec is assumed in the analysis 
due to rod movement.  This value of reactivity insertion rate is 
consistent with the withdrawal of two banks. 
 
A failure that can cause more than one group of four mechanisms to be 
moved at one time within a power cabinet is not a credible event, 
because the circuit arrangement for the moveable and lift coils would 
cause the current available to the mechanisms to divide equally 
between coils in the two groups (in a power supply).  The drive 
mechanism is designed such that it will not operate on half-current.  
A second feature in this scenario would be the multiplexing failure 
detection circuit included in each power cabinet.  This failure 
detection circuit would stop rod withdrawal (or insertion). 
 
The second case considered in the potential for inadvertent reactivity 
insertion due to possible failures is when the bank selector switch is 
in the manual position.  Such a case could produce a failure in the 
rod motion control switch, a scenario where the rods could 
inadvertently withdraw in a programmed sequence.  The overlap and bank 
sequence are programmed when the switch selection is in either 
automatic or manual.  This scenario is also bounded by the reactivity 
values assumed in the accident analysis (Chapter 15).  In this case, 
the operator can trip the reactor, or the protection system would trip 
the reactor via power range neutron flux-high or overtemperature ΔT.  
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7.7.1.2.2.2  Failure of the Bank Selector Switch 
 
A failure of the bank selector switch produces no consequences when 
the in-hold-out switch is in the hold position.  This is due to the 
following design feature: 
 

The bank selector switch is series-wired with the in-hold-out 
lever switch for manual and individual control rod bank 
operation.  With the in-hold-out lever switch in the hold 
position, the bank selector switch can be positioned without rod 
movement. 

 
7.7.1.2.2.3  Failures in the Overlap and Bank Sequence Program Control 
 
The rod control system design prevents the movement of the groups out 
of sequence, as well as limiting the rate of reactivity insertion. The 
main feature that performs the function of preventing malpositioning 
produced by groups out of sequence is included in the block 
supervisory memory buffer and control.  This circuitry accepts and 
stores the externally generated command signals.  In the event of an 
out of sequence input command to the rods while they are in movement, 
this circuit will inhibit the buffer memory from accepting the 
command.  If a change of signal command appears, this circuit would 
stop the system after allowing the slave cyclers to finish their 
current sequencing.  Failure of the components related to this system 
will also produce insertion limit and rod deviation alarms (Sections 
7.7.1.3.3 and 7.7.1.3.4, respectively).  Failures within the system 
such as failures of supervisory logic cards, pulser cards, etc, will 
also cause an urgent alarm. 
 

1. An urgent alarm will be followed by the following actions: 
 

a. Automatic de-energizing of the lift coil and reduced 
current energizing of the stationary gripper coils and 
moveable gripper coils, 

 
b. Activation of the alarm light, urgent failure, on the 

power supply cabinet front panel, and 
 
c. Activation of rod control, urgent failure, annunciator 

window in the main control room. 
 

2. The urgent alarm is produced in general by: 
 

a. Regulation failure detector, 
 
b. Phase failure detector, 
 
c. Logic error detector, 
 
d. Multiplexing error detector, and 
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e. Interlock failure detector. 
 
7.7.1.2.2.4  Logic Cabinet Failures 
 
The rod control system is designed to limit the rod speed control 
signal output to a value that will cause the pulser (logic cabinet) to 
drive the control rod driving mechanism at 72 steps/min.  If a failure 
should occur in the pulses or the reactor control system, the highest 
stepping rate possible is 77 steps/min, which corresponds to one step 
every 780 ms.  A commanded stepping rate higher than 77 steps/min 
would result in go pulses entering a slave cycler while it is 
sequencing its mechanisms through a 780 ms step.  This condition stops 
the control bank motion automatically and alarms are activated locally 
and in the main control room.  It also causes the affected slave 
cycler to reject further go pulses until it is reset. 
 
The positive reactivity insertion rates for failure modes are bounded 
by the Chapter 15 analysis assumptions. 
 
7.7.1.2.2.5  Failures Causing Movement of the Rods Out of Sequence 
 
No single failure was discovered (Shopsky 1977) that would cause a 
rapid uncontrolled withdrawal of control bank D (taken as worst case) 
when operating in the automatic bank overlap control mode with the 
reactor at near full power output.  The analysis revealed that many of 
the failures postulated were in a safe direction and that rod movement 
is blocked by the rod urgent alarm. 
 
7.7.1.2.2.6  Power Supply System Failures 
 
Analysis of the power cabinet disclosed no single component failures 
that would cause the uncontrolled withdrawal of a group of rods 
serviced by the power cabinet.  The analysis substantiates that the 
design of a power cabinet is fail-preferred in regards to a rod 
withdrawal accident if a component fails.  The end results of the 
failure is either that of blocking rod movement or that of dropping an 
individual rod, or rods, or a group of rods.  No failure with the 
power cabinet, which could cause erroneous drive mechanism operation, 
will remain undetected.  Sufficient alarm monitoring (including an 
urgent alarm) is provided in the design of the power cabinet for fault 
detection of those failures which could cause erroneous operation of a 
group of mechanisms.  As noted in the foregoing, diverse monitoring 
systems are available for detection of failures that cause the 
erroneous operation of an individual CRDM. 
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7.7.1.2.2.7  Conclusion 
 
In summary, no single failure within the rod control system can cause 
either reactivity insertions or malpositioning of the control rods 
that would result in core thermal conditions not bounded by the 
analyses contained in Chapter 15. 
 
7.7.1.3  Plant Control Signals for Monitoring and Indicating 
 
7.7.1.3.1  Monitoring Functions Provided by Nuclear Instrumentation 

System 
 
The power range channels are important because of their use in 
monitoring power distribution in the core within specified safe 
limits.  They are used to measure power level, axial power imbalance, 
and radial power imbalance.  These channels are capable of recording 
overpower excursions up to 200-percent of full power.  Suitable alarms 
are derived from these signals, as described in the following 
discussion. 
 
The basic power range signals are: 
 

1. Current from each upper section ionization chamber for each 
of the four power range detectors, 

 
2. Current from each lower section ionization chamber for each 

of the four power range detectors, and 
 
3. Total current from each of the four power range detectors 

(sum of the currents from top upper and lower section 
ionization chambers for each of the four power range 
detectors). 

 
Derived from these basic signals are the following: 

 
1. Indicated nuclear power (four signals). 
 
2. Lower radial flux tilt alarm (ratio of the maximum of the 

four lower ionization chamber currents to the average of the 
four lower ionization chamber currents). 

 
3. Upper radial flux tilt alarm (ratio of the maximum of the 

four upper ionization chamber currents to the average of the 
four upper ionization chamber currents). 

 
4. Average flux deviation alarm (ratio of the maximum channel 

power (total current for upper and lower sections to the 
minimum channel power of the four channels). 
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5. Axial flux difference indication (ΔI) (upper ionization 
chamber current minus the lower ionization chamber current 
for each detector). 

 
6. Axial offset deviation alarms (ratio of the difference 

between the upper and lower ionization chamber currents for a 
detector to the sum of the upper and lower ionization chamber 
currents for that detector).  This is done for each detector 
by the BVPS-2 computer. 

 
Nuclear power and axial unbalance are selectable for recording. 
 
 
7.7.1.3.2  Rod Position Monitoring of Control Rods  
 
Two separate systems are provided to sense and display control rod 
position as described below: 
 

1. Digital Rod Position Indication System 
 
 The digital rod position indication system measures the 

actual position of each control and  shutdown rod using a 
detector which consists of discrete coils mounted 
concentrically over a hollow tube.  The tube fits over the 
rod travel housing.  The coils are located axially along the 
tube and magnetically sense the position of the rod drive 
shaft as it approaches the detector coil location.  For each 
detector, the coils are interlaced into two data channels and 
are connected to the containment electronics (data A and B) 
by separate multiconductor cables.  By employing two separate 
channels of information, the digital rod position indication 
system can continue to function (at reduced accuracy) when 
one channel fails.  Multiplexing is used to transmit the 
digital position signals from  the containment electronics to 
the control board display unit. 

 
 There are four banks of control rods and two banks of 

shutdown rods.  Each bank contains eight rods. 
 
 The rod positions for the control banks of rods are indicated 

by columns of light-emitting  diodes (LEDs) that illuminate 
in discrete steps at six-step intervals throughout the range 
of travel of each control rod.  Since the shutdown rods are 
normally either at the bottom or fully withdrawn, the rod 
positions for the shutdown banks of  rods are indicated in 
discrete steps in six-step intervals, from rod bottom to 18 
steps and from 210 steps to 228 steps (actual indication at 
rod bottom and rod top positions).  A single LED for each 
shutdown rod illuminates when that particular rod is in an 
intermediate  position  between  the 
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 two discrete positions discussed above.  The accuracy of 
indication is +4 steps throughout the range of travel for 
each control rod, and from rod bottom to 18 steps and from 
210 steps to 228 steps for each shutdown rod. 

 
 Included in the system is a rod at bottom signal for each 

shutdown rod and control rod that operates a local alarm and 
activates  a control room annunciator when the rod is at the 
bottom position. 

 
2. Demand Position System 

 
The demand position  system counts pulses generated in the 
rod drive control system to provide a digital readout of the 
demanded bank position. 

 
The demand position and digital rod position indication systems are 
separate systems, but safety criteria were not involved in the 
separation,  which was a  result only of operational requirements. 
Operating procedures require the reactor operator to compare the 
demand and indicated (actual) readings from the rod position 
indication system to verify operation of the rod control system.  
 
7.7.1.3.3  Control Bank Rod Insertion Monitoring 
 
When the reactor is critical, the normal indication of reactivity 
status in the core is the position of the control bank in relation to 
reactor power (as indicated by the RCS loop T) and coolant average 
temperature.  These parameters are used to calculate insertion limits 
for the control banks. 
 
The purpose of the control bank rod insertion monitor is to give 
warning to the operator of excessive rod insertion.  The insertion 
limit maintains sufficient core reactivity shutdown margin following 
reactor trip, 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 increase with increasing 
power, the allowable rod insertion limits must be raised (the rods 
must be withdrawn further) with increasing power.  Two parameters 
which are proportional to power are used as inputs to the insertion 
monitor.  These are the ΔT between the hot leg and the cold leg, which 
is a direct function of reactor power, and Tavg, which is programmed as 
a function of power. 
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The rod insertion limit monitor is a feature that alerts the operator 
to a reduced shutdown reactivity condition.  The value for E is chosen 
such that the low-low alarm would normally  be actuated before the 
insertion limit is reached. The value for D is chosen to allow the 
operator to follow normal boration procedures.  Figure 7.7-2 shows a 
block diagram representation of the control rod bank insertion  
monitor.  The monitor is shown in more detail on the functional 
diagram, Figure 7.2-1, Sheet 9. In addition to the rod insertion 
monitor for the control banks, the BVPS-2 computer, which monitors 
individual rod positions, provides an alarm that is associated with 
the rod deviation alarm discussed in Section 7.7.1.3.4.  This alarm is 
provided to warn the operator if any shutdown RCCA leaves the fully 
withdrawn position. 
 
Rod insertion limits are established by: 
 

1. Establishing the allowed rod reactivity insertion at full 
power consistent with the purposes given previously,  

 
2. Establishing the differential reactivity worth of the control 

rods when moved in normal sequence,   
 
3. Establishing the change in reactivity with power level by 

relating power level to rod position, or 
 
4. Linearizing the resultant limit curve.  All key nuclear 

parameters  in this procedure  are measured as part of the 
initial and periodic physics testing program. 

 
Any unexpected change in the position of the control bank 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, samples are taken 
periodically of   coolant   boron   concentration.    Variation in 
concentration during core  life provide  an additional check on the 
reactivity statue of the reactor, including core depletion.  
 
7.7.1.3.4  Rod Deviation Alarms 
 
The demanded and measured rod position signals are displayed on the 
main control board.  They are also monitored by the BVPS-2 computer, 
which provides a visual printout and an audible alarm whenever an 
individual rod position signal deviates from the other rods in the 
bank  by a  preset  limit.  The  alarm  can  be  set with  appropriate 
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allowance for instrument error and within sufficiently narrow  limits 
to preclude exceeding core design hot channel factors.  
 
Figure 7.7-3 is  a block diagram of the rod deviation comparator and 
alarm system.  
 
7.7.1.3.5  Rod Bottom Alarm 
 
A rod bottom signal for the control rods bistable in the rod position 
system is used to operate a control relay, which generates the rod 
bottom rod drop alarm. 
 
7.7.1.4  Control System Interlocks 
 
The listing of the BVPS-2 control system interlocks, along with the 
description of their derivations and functions, is presented in Table 
7.7-1.  It is noted that the designation numbers for these interlocks 
are preceded by C.  The development of these logic functions is shown 
in the functional diagrams, Figure 7.2-1, Sheets 9 to 16. 
 
7.7.1.4.1  Rod Stops 
 
Rod stops are provided to prevent abnormal power conditions, which 
could result from excessive control rod withdrawal initiated by either 
a control system malfunction or operator violation of administrative 
procedures. 
 
Rod stops are the C-1, C-2, C-3, and C-4 control interlocks identified 

in Table 7.7-1.  The C-3 rod stop, derived from overtemperature ∆T, 

and the C-4 rod stop, derived from overpower ∆T, are also used for 
turbine runback, which is discussed in the following section.  
 
7.7.1.4.2  Automatic Turbine Load Runback 
 
Automatic turbine load runback is initiated by an approach to an 
overpower or overtemperature condition.  This will prevent high power 
operation that might lead to an undesirable condition, which, if 
reached, will be protected by reactor trip. 
 
Turbine load reference reduction is initiated by either an 

overtemperature or overpower ∆T signal.  Two out of three coincidence 
logic is used. 
 

A rod stop and turbine runback are initiated when ∆T > ∆Trod stop for 

both the overtemperature and the overpower condition.  
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For either condition in general 
 
ΔTrod stop  = ΔTsetpoint -Bp 
 
where: 
 
      Bp      = A set point bias 
 
     ATsetpoint = The overtemperature ΔT reactor trip value and the 

overpower ΔT reactor trip value for the two 
conditions. 

 
The turbine runback is continued until ΔT is equal to or less than ΔT 
rod stop.  This function serves to maintain an essentially constant 
margin to trip. 
 
7.7.1.5  Pressurizer Pressure Control 
 
The RCS pressure is controlled by using either the heaters (in the 
water region) or the spray (in the steam region) of the pressurizer 
plus steam relief for large transients.  The electric immersion 
heaters are located near the bottom of the pressurizer.  A portion of 
the heater group is 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 when the pressurizer pressure- 
controlled signal demands approximately 100-percent proportional 
heater power. 
 
The spray nozzles are located on the top of the pressurizer.  Spray is 
initiated when the pressure controller spray demand signal is above a 
given set point.  The spray rate increases proportionally with 
increasing spray demand signal 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 in the pressurizer spray line and to help 
maintain uniform water chemistry and temperature in the pressurizer. 
 
The pressurizer PORVs limit system pressure for large positive 
pressure transients.  In the event of a large load reduction not 
exceeding the design plant load rejection capability, the pressurizer 
PORVs might be actuated for the most adverse conditions, for example, 
the most negative Doppler coefficient and the minimum incremental rod 
worth.  The relief capacity of the pressurizer PORVs is sized large 
enough to limit the system pressure to prevent actuation of high 
pressure reactor trip for the preceding condition. 
 
A block diagram of the pressurizer pressure control system on Figure 
7.7-4. 
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7.7.1.6  Pressurizer Water Level Control 
 
The pressurizer operates by maintaining a steam cushion over the 
reactor coolant.  As the density of the reactor coolant adjusts to the 
various temperatures, the steam water interface moves to absorb the 
variations with relatively small pressure disturbances.  
 
The water inventory in the RCS is maintained by the CVCS.  During 
normal plant operation, the charging flow varies to produce the  flow 
demanded by the pressurizer water level controller.  The pressurizer 
water level is programmed as a function of coolant median average 
temperature.  The pressurizer water level decreases as the load is 
reduced from full load.  This is a 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. 
 
A block diagram of the pressurizer water level control system is shown 
on Figure 7.7-5.  
 
7.7.1.7  Steam Generator Water Level Control  
 
Each steam generator is equipped with a three-element feedwater flow 
controller which maintains a programmed water level.  The three-
element feedwater controller regulates the feedwater valve by 
continuously comparing the feedwater flow signal, the water level 
signal, the programmed level, and the pressure-compensated steam flow 
signal.  Isolated input signals to the feedwater control system are 
provided from the protection system and processed by a median signal 
selector as discussed in Section 7.2.2.2.3, Control and Protection 
System Interaction.  Continued delivery of feedwater to the steam 
generators is required as a sink for the heat stored and generated in 
the reactor following a reactor trip and turbine trip.  An override 
signal closes the feedwater valves when the average coolant 
temperature is below a given temperature and the reactor has tripped.  
Manual override of the feedwater control system is available at all 
times. 
 
When BVPS-2 is operating at very low power (as during start-up), the 
steam and feedwater flow signals will not be useable for control. 
Therefore, a secondary automatic control system is provided for 
operation at low power.  This system uses the steam generator water 
level programmed set point signal in conjunction with the power range 
neutron flux signal in a bypass valve that is in parallel with the 
main feedwater regulating valve.  Switchover from the bypass feedwater 
control system (FWCS) (low power) to the main FWCS is initiated by the 
operator at approximately 15-percent power. 
 
A block diagram of the steam generator water level control system is 
shown on Figure 7.7-6. 
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7.7.1.8  Steam Dump Control 
 
The steam dump system, as described in Section 10.4.4, is capable of 
accepting greater than 40 percent of full load steam flow at full load 
steam pressure, which supports the BVPS-2 50 percent load rejection. 
 
The automatic steam dump system is able to accommodate this abnormal 
load rejection and to reduce the effects of the transient imposed upon 
the RCS.  By passing main steam directly to the condenser and 
atmosphere, an artificial load is thereby maintained on the primary 
system.  The rod control system can then reduce the reactor 
temperature to a new equilibrium value without causing  
overtemperature and/or overpressure conditions. 
 
If the difference between the reference Tavg (Tref) based on turbine 
first stage pressure and the lead/lag compensated median Tavg exceeds a 
predetermined amount, and the interlock mentioned as follows is 
satisfied, a demand signal will actuate the steam dump to maintain the 
RCS temperature within control range until a new equilibrium condition 
is reached. 
 
To prevent actuation of steam dump on small load perturbations, an 
independent load rejection sensing circuit is provided.  This circuit 
senses the rate of decrease in the turbine load as detected by the 
turbine first stage pressure.  It is provided to unblock the dump 
valves when the rate of load rejection exceeds a preset value 
corresponding to a 10-percent step load decrease or a sustained ramp 
load decrease of 5-percent/min. 
 
A block diagram of the steam dump control system is shown on Figure 
7.7-7. 
 
7.7.1.8.1  Load Rejection Steam Dump Controller 
 
This circuit prevents large increase in reactor coolant temperature 
following a large, sudden load decrease.  The error signal is a 
difference between the lead/lag compensated median Tavg and the 
reference Tavg is based on turbine first stage pressure. 
 
The Tavg signal is the same as that used in the Rod Control System.  
The lead/lag compensation for the Tavg signal is to compensate for lags 
in the BVPS-2 thermal response and in valve positioning.  Following a 
sudden load decrease,  Tref is immediately decreased and Tavg tends to 
increase, thus generating an immediate demand signal for steam dump.  
Since control rods are available, in this situation steam dump 
terminates as the error comes within the maneuvering capability of the 
control rods. 
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7.7.1.8.2  Plant Trip Steam Dump Controller 
 
Following a reactor trip, the load rejection steam dump controller is 
defeated and the reactor trip steam dump controller becomes active. 
Since control rods are  not available in this situation, the demand 
signal is the error signal between the lead/lag compensated median Tavg 
and the no load reference Tavg.  When the error signal exceeds a 
predetermined set point, the dump valves are tripped open in a 
prescribed sequence.  As the error signal reduces in magnitude 
indicating that the RCS Tavg is being reduced toward the reference no-
load value, the dump valves are modulated by the BVPS-2 trip 
controller to regulate the rate of removal decay heat and thus 
gradually establish the equilibrium hot standby condition. 
 
Following a reactor trip only, sufficient steam dump capacity is 
necessary to maintain steam pressure below the steam generator safety 
valve set point (approximately 40-percent capacity to the condenser), 
the two groups of valve are opened.  The error signal determines 
whether a group is to be tripped open or modulated open.  The valves 
are modulated when the error is below the trip-open set points. 
 
7.7.1.8.3  Steam Header Pressure Controller 
 
Residual heat removal is maintained by the steam generator pressure 
controller (manually selected), which controls the amount of steam 
flow to the condensers.  This controller operates a portion of the 
same steam dump valves to the condensers, which are used during the 
initial transient following turbine reactor trip or load rejection. 
 
7.7.1.9  Incore Instrumentation 
 
The incore instrumentation system consists of chromel-alumel 
thermocouples, at fixed core outlet positions, and moveable miniature 
neutron detectors, which can be positioned at the center of selected 
fuel assemblies anywhere along the length of the fuel assembly 
vertical axis.  The basic system for insertion of these detectors is 
shown on Figure 7.7-8. 
 
7.7.1.9.1  Thermocouples 
 
The chromel-alumel thermocouples are inserted into guide tubes that 
penetrate the reactor vessel head through seal assemblies and 
terminate at the exit flow end of the fuel assemblies.  The 
thermocouples are provided with two primary seals, a conoseal and 
swage type seal from conduit to head.  The thermocouples are supported 
in guide tubes in the upper core support assembly.  Thermocouple 
readings are monitored by the computer, with backup readout provided 
by a precision indicator with manual point selection located in the 
main control room.  Information from the incore instrumentation is 
available even if the BVPS-2 computer is not in service.  
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7.7.1.9.2  Moveable Neutron Flux Detector Drive System 
 
Miniature fission chamber detectors can be remotely positioned in 
retractable guide thimbles to provide flux mapping of the core.  The 
stainless steel detector shell is welded to the leading end of helical 
wrap drive cable and to stainless steel sheathed coaxial cable. 
 
The retractable thimbles, into which the miniature detectors are 
driven, are pushed into the reactor core through conduits which extend 
from the bottom of the reactor vessel down through the concrete shield 
area and then up to a thimble seal table.  Their distribution over the 
core is nearly uniform, with about the same number of thimbles located 
in each quadrant. 
 
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 refueling to avoid interference within the core. 
A space above the seal table is provided for the retraction operation. 
 
The drive system for the insertion of the miniature detectors consists 
basically of drive assemblies, five path rotary transfer assemblies 
and ten path transfer assemblies, as shown on Figure 7.7-8.  The drive 
system pushes hollow helical wrap drive cables into the core with the 
miniature detectors 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 
a detector through a selective thimble path by means of a special 
drive box, and includes a storage device that accommodates the total 
drive cable length. 
 
Cap plugs will be provided to plug leaking thimbles.  A small leak 
would probably not prevent access to the seal table and thus a leaking 
thimble could be isolated.  A large leak might require cold shutdown 
for access to the isolation seal table. 
 
7.7.1.9.3  Control and Readout Description 
 
The control and readout system provides means for inserting the 
miniature neutron detectors into the reactor core and withdrawing the 
detectors while recording neutron flux versus detector position.  The 
control system is located in the main control room.  Limit switches in 
each transfer device provide feedback of path selection operation. 
Each gear box drives an encoder for position feedback.  One five path 
operation selector is provided for each drive unit to insert the 
detector in one of five functional modes of operation.  One ten path 
operation selector is also provided  for each  drive unit that is then 
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used to route a detector into any one of up to ten selectable paths.  
A common path is provided to permit cross calibration of the 
detectors. 
 
The main control room contains the necessary equipment for control, 
position indication, and flux recording for each detector.  
 
Flux-mapping consists of selecting flux thimbles in given fuel 
assemblies at various core quadrant locations.  The detectors are 
driven to the top of the core and stopped automatically.  A recording 
(position versus flux level) is initiated with the slow withdrawal of 
the detectors through the core from top to a point below the bottom.  
In a similar manner, other core locations are selected and recorded.  
Each detector provides axial flux distribution data along the center 
of a fuel assembly.  Detector output is then analyzed to obtain a flux 
map of the core. 
 
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).  Measured nuclear peaking factors 
will be increased by 5-percent to allow for this accuracy.  An 
additional increase to the measured nuclear peaking factor for reduced 
flux thimble availability is discussed in Sections 3.3.7 and 5.1.6 of 
the Licensing Requirements Manual.  This system is used to verify that 
the power distribution is within the limits of the Technical 
Specifications. 
 
Operating plant experience has demonstrated the adequacy of the incore 
instrumentation in meeting the design bases stated.  
 
7.7.1.10  Ultrasonic Feedwater Flow Meter 
 
The ultrasonic feedwater flow meter system is used in measuring 
feedwater flow and calculating thermal power.  Nuclear plants are 
licensed to operate at a specified core thermal power, and the 
uncertainty of the calculated values of this thermal power determines 
the probability of exceeding the power levels assumed in the design-
basis transient and accident analyses. 
 
The ultrasonic feedwater flow meter system provides measurements of 
feedwater mass flow and temperature yielding a total power uncertainty 
of 0.6% of reactor thermal power.  The system consists of an 
electronic cabinet located in the Process Controls Area, and a 
measurement section (spool piece) installed in the 26-inch main 
feedwater header.  Transducers that transmit and receive the pulses 
are mounted in the measurement section spool piece. 
 
Digital ultrasonic feedwater flow meter electronics are controlled by 
software to measure line integral velocities at precise locations with 
respect to the pipe centerline.  Transit time differences between 
pulses are used to determine the fluid velocity and temperature.  The 
mass flow rate and feedwater temperature are displayed on the local 
display panel, and transmitted to the plant process computer for use 
in the calorimetric measurement. 
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An alarm is provided in the control room to alert operators should the 
system require maintenance. 
 
The system software was developed and is maintained using a 
verification and validation program compliant with IEEE standard 
7-4.3.2-1993 and ASME standard NQA-2a-1990. 
 
7.7.2  Analysis 
 
The BVPS-2 control systems are designed to assure high reliability in 
any anticipated operational occurrences.  Equipment used in these 
systems is designed and constructed with a high level of reliability. 
 
Proper positioning of the control rods is monitored in the main 
control room by bank arrangements of the individual position columns 
for each RCCA.  A rod deviation alarm alerts the operator of a 
deviation of one RCCA from the other rack in that bank position.  
There are also insertion limit monitors with visual and audible 
annunciation.  A rod bottom alarm signal is provided to the main 
control room for each full length RCCA.  Four excore long ion chambers 
also detect asymmetrical flux distribution indicative of rod 
misalignment. 
 
Overall reactivity control is achieved by the combination of soluble 
boron and RCCAs.  Long term regulation of core reactivity is 
accomplished by adjusting the concentration of boric acid in the 
reactor coolant.  Short term reactivity control for power changes is 
accomplished by the reactor control system which automatically or 
manually moves RCCAs.  This system uses input signals that include 
neutron flux, coolant temperature, and turbine load. 
 
 
 



 BVPS-2 UFSAR Rev. 0 

7.7-20 

The BVPS-2 control systems will prevent an undesirable condition in  
the operation of the nuclear plant that, if reached, will be protected 
by reactor trip.  The description and analysis of this protection is 
covered in Section 7.2.  Worst-case failure modes of the BVPS-2 
control systems are postulated in the analysis of off-design 
operational transients and accidents covered in Chapter 15, such as 
the following: 
 

1. Uncontrolled RCCA withdrawal from a subcritical condition, 
 
2. Uncontrolled RCCA withdrawal at power 
 
3. Misalignment of RCCA 
 
4. Loss of external electrical load and/or turbine trip, 
 
5. Loss of all ac power to the station auxiliaries (station 

blackout), 
 
6. Excessive heat removal due to feedwater system malfunctions, 
 
7. Excessive load increase incident, and 
 
8. Accidental depressurization of the RCS. 

 
These analyses will show that a reactor trip set point is reached in 
time to protect the health and safety of the public under these 
postulated incidents and that the resulting coolant temperatures will 
produce a DNBR well above the limiting value of 1.30.  Thus, there 
will be no clad damage and no release of fission products to the RCS 
under the assumption of these postulated worst-case failure modes of 
the BVPS-2 control system. 
 
7.7.2.1  Separation of Protection and Control Systems 
 
In some cases, it is advantageous to employ control signals derived 
from individual protection channels through isolation amplifiers 
contained in the protection channel.  As such, a failure in the 
control circuitry does not adversely affect the protection channel. 
Test results have shown that postulated faults on the isolated output 
portion of the circuit (nonprotection side of the circuit) will not 
affect the input (protection) side of the circuit. 
 
Where a single random failure can cause a control system action that 
results in a condition requiring protective action and can also 
prevent proper action of a protection system channel designed to 
protect against the condition, the remaining redundant protection 
channels are capable of providing the protective action even when 
degraded by a second random failure.  This meets the applicable 
requirements in Paragraph 4.7 of IEEE Standard 279-1971. 
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The loop Tavg and ΔT channel required inputs to the steam dump system, 
the reactor control system, the control rod insertion monitor and the 
pressurizer level control system are electrically isolated prior to 
being routed to the control cabinets.  A median signal is then 
calculated for Tavg and ΔT in the control cabinets utilizing a Median 
Signal Selector (MSS) for input to the  appropriate  control  systems. 
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7.7.2.2  Response Considerations of Reactivity 
 
Reactor shutdown with control rods is completely independent of the 
control functions, since the trip breakers interrupt power to the rod 
drive mechanisms regardless of existing control signals.  The design 
is such that the system can withstand accidental withdrawal of control 
groups or unplanned dilution of soluble boron without exceeding 
acceptable fuel design limits.  The design meets the requirements of 
General Design Criterion (GDC) 25. 
 
No single electrical or mechanical failure in the rod control system 
could cause the accidental withdrawal of a single RCCA from the 
partially inserted bank at full power operation.  The operator could 
deliberately withdraw a single RCCA in the control bank.  This feature 
is necessary in order to retrieve a rod, should one be accidentally 
dropped. In the extremely unlikely event of simultaneous electrical 
failures which could result in single RCCA withdrawal, rod deviation 
would be displayed on a main control room annunciator, and the 
individual rod position readouts would indicate the relative positions 
of the other rods in the bank.  Withdrawal of a single RCCA by 
operator action, whether deliberate or by a combination of errors, 
would result in activation of the same alarm and the same visual 
indications. 
 
Each bank of control and shutdown rods in the system is divided into 
two groups (group 1 and group 2) of up to four mechanisms each.  The 
rods comprising a group operate in parallel through multiplexing 
thyristors.  The two groups in a bank move sequentially such that the 
first group is always within one step of the second group in the bank.  
The group 1 and group 2 power circuits are installed in different 
cabinets, as shown on Figure 7.7-9, which also shows that one group is 
always within one step (5/8 inch) of the other group. A definite  
sequence of actuation or deactuation of the stationary grippers 
moveable grippers and lift coils of a mechanism is required to  
withdraw the RCCA attached to the mechanism.  Since the four 
stationary grippers, moveable grippers, and lift coils associated with 
the RCCAs of a rod group are driven in parallel, any single failure 
which could cause rod withdrawal would affect a minimum of one group 
of RCCAs.  Mechanical failures are in the direction of insertion, or 
immobility. 
 
Figure 7.7-10 is provided for a discussion of design features that 
assure that no single electrical failure could cause the accidental 
withdrawal of a single RCCA from the partially inserted bank at full 
power operation. 
 
Figure 7.7-10 shows the typical parallel connections on the lift, 
moveable, and stationary coils for a group of rods.  Since single 
failures in the stationary or moveable circuits will result in 
dropping or preventing rod(s) motion, the discussion of single failure 
will be addressed to the lift coil circuits:  1) due to the method of 
wiring   the   pulse   transformers   which   fire   the   lift   coil  
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multiplex thyristors, three of the four thyristors in a rod group when 
required to fire if, for example, the gate signal lead failed open at 
open at point X

l
.  Upon up demand, one rod in group 1 and four rods in 

group 2 would withhdraw.  A second failure at point X2  in the group 2 
circuit is required to withdraw an RCCA; 2) timing circuit failures 
will affect the four mechanisms of a group or the eight mechanisms of 
the bank and will not cause a single rod withdrawal; and 3) more than 
two simultaneous component failures are required (other than the open 
wire failures) to allow withdrawal of a single rod. 
 
The identified multiple failure involving the least number of 
components consists of open circuit failure of the proper 2 out of 16 
wires connected to the gate of the lift coil thyristors.  The 
probability of open wire (or terminal) failure is 0.016 x 10

-6
/hr by 

MIL-HDBK-217D.  These wire failures would have to be accompanied by 
failure, or disregard, of the preceding indications.  The probability 
of this occurrence is therefore too low to have any significance. 
 
Concerning the human element, to erroneously withdraw a single RCCA 
the operator would have to improperly set the bank selector switch, 
the lift coil disconnect switches, and hold the manual switch in the 
out position.  In addition, the rod position indicators would have to 
be disregarded or ineffective.  Such a series of errors would require 
a complete lack of understanding and administrative control.  A 
probability number cannot be assigned to a series of errors such as 
these. 
 
The rod position indication system provides direct visual displays of 
each control rod assembly position.  The BVPS-2 computer has alarms 
for deviation of rods from their banks.  In addition, a rod insertion 
limit monitor provides an audible and visual alarm to warn the 
operator of an approach to an abnormal condition due to dilution.  The 
low-low insertion limit alarm alerts the operator to follow emergency 
boration procedures.  The facility reactivity control systems are such 
that acceptable fuel damage limits will not be exceeded even in the 
event of a single malfunction of either system. 
 
An important feature of the control rod system is that insertion is 
provided by gravity fall of the rods. 
 
In all analyses involving reactor trip, the single, highest worth RCCA 
is postulated to remain stuck in its full out position. 
 
One means of detecting a stuck control rod assembly is available from 
the actual rod position information displayed on the main control 
board.  The control board position readouts, one for each control rod, 
give the BVPS-2 control room operator the actual position of the rod 
in  steps.  The indications are grouped by banks (for example, control 
bank A, control bank B, etc) 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. 
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The BVPS-2 computer monitors the actual position of all rods.  Should 
a rod be misaligned from the other rods in that bank by more than a 
predetermined amount, the rod deviation alarm is actuated.  Misaligned 
RCCAs are also detected and alarmed in the main control room via the 
flux tilt monitoring system, which is independent of the BVPS-2 
computer. 
 
Isolated signals derived from the nuclear instrumentation system 
(Lipchak 1974) 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 main control board annunciator.  This alarm will alert 
the operator to a power imbalance caused by a misaligned rod.  By use 
of individual rod position readouts, the operator can determine the 
deviating control rod and take corrective action.  The design of the 
plant control systems meets the requirements of GDC 23. 
 
The CVCS can compensate for all xenon reactivity transients.  The CVCS 
is not used, however, to compensate for the reactivity effects of 
fuel/water temperature changes accompanying power level changes.  The 
CVCS will maintain the reactor in the cold shutdown state irrespective 
of the disposition of the control rods. 
 
The rod control system can compensate for xenon reactivity transients 
over the allowed range of rod travel.  Xenon transients of larger 
magnitude must be accommodated by boration or by reactor trip.  The 
rod control system can also compensate for the reactivity effects of 
fuel/water temperature changes accompanying power changes over the 
full range from full load to no load at the design maximum load 
update.   
 
7.7.2.3  Step Load Changes Without Steam Dump 
 
The BVPS-2 control system restores equilibrium conditions, without a 
trip, following a plus or minus 10-percent step change in load demand 
over the 15 to 100 percent power range with a combination of manual 
and automatic control.  Automatic control allows control rod insertion 
only.  With automatic rod withdrawal disabled, control rod withdrawal 
can only be performed manually.  Steam dump is blocked for load 
decrease less than or equal to 10-percent.  A load demand greater than 
full power is prohibited by the turbine control load limit devices. 
 
The BVPS-2 control system minimizes the reactor coolant average 
temperature deviation during the transient within a given value and 
restores average temperature to the programmed set point.  Excessive 
pressurizer pressure variations are prevented by using spray and 
heaters and pressurizer PORVs in the pressurizer. 
 
The reactor control system limits nuclear power overshoot to 
acceptable values following a 10-percent increase in load to 100-
percent. 
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7.7.2.4  Loading and Unloading 
 
Ramp loading and unloading of 5-percent/min can be accepted over the 
15 to 100-percent power range with a combination of manual and 
automatic control without tripping the plant.  Automatic control 
allows control rod insertion only.  With automatic rod withdrawal 
disabled, control rod withdrawal can only be performed manually.  The 
function of the reactor control system is to maintain the coolant 
average temperature as a function of turbine generator load. 
 
The coolant average temperature increases during loading and causes a 
continuous insurge to the pressurizer as a result of coolant 
expansion.  The pressurizer spray limits 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 pressurizer 
heaters limit the resulting system pressure decrease.  The pressurizer 
water level is programmed such that the water level is above the set 
point for heater cut out during the loading and unloading transients.  
The primary concern during loading is to limit the overshoot in 
nuclear power and to provide sufficient margin in the overpower and 
overtemperature ΔT set points. 
 
7.7.2.5  Load Rejection Furnished by Steam Dump System 
 
When a load rejection occurs, if the difference between the required 
temperature set point of the RCS and the actual average temperature 
exceeds a predetermined amount, a signal will actuate the steam dump 
to maintain the RCS temperature within control range until a new 
equilibrium condition is reached. 
 
The reactor power is reduced at a rate consistent with the capability 
of the rod control system.  Reduction of the reactor power is 
automatic.  The steam dump flow reduction is as fast as RCCAs are 
capable of reducing nuclear power. 
 
The rod control system can then reduce the reactor temperature to a 
new equilibrium value without causing overtemperature and/or 
overpressure conditions.  The steam dump steam flow capacity is 
greater than 40 percent of full load steam flow at full load steam 
pressure, which supports the BVPS-2 50 percent load rejection. 
 
The steam dump flow reduces proportionally as the average coolant 
temperature is reduced.  The artificial load is therefore removed as 
the coolant average temperature is restored to its programmed 
equilibrium value.  The dump valves are modulated by the reactor 
coolant average temperature  signal.  The required number of steam 
dump valves can be tripped quickly to stroke full open or modulate, 
depending upon the magnitude of the temperature error signal resulting 
from loss of load. 
 
7.7.2.6  Turbine Generator Trip With Reactor Trip 
 
Whenever the turbine generator trips at an operating power above the 
P-9 permissive setpoint, the reactor also trips.  The turbine 
generator is operated with a programmed average temperature as a  
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function of load, with the full load average temperature significantly 
greater than the equivalent saturation pressure of the main steam 
safety valve set point.  The thermal capacity of the RCS is greater 
than that of the secondary system, and because the full load average 
temperature is greater than the no load temperature, a heat sink is 
required to remove heat stored in the reactor coolant to prevent 
actuation of steam generator safety valves for a trip from full power.  
This heat sink is provided by the combination of controlled release of 
steam to the condenser and by makeup of feedwater to the steam 
generators. 
 
The steam dump system is controlled from the reactor coolant average 
temperature signal, whose set point values are programmed as a 
function of turbine load.  Actuation of the steam dump is rapid to 
prevent actuation of the steam generator safety valves.  With the dump 
valves open, the average coolant temperature starts to reduce quickly 
to the no load set point.  A direct feedback of temperature acts to 
proportionally close the valves to minimize the total amount of steam 
which is bypassed. 
 
Following the turbine trip with reactor trip above the P-9 permissive 
setpoint, the feedwater flow is cut off when the average coolant 
temperature decreases below a given temperature or when the steam 
generator water level reaches a given high level. 
 
Additional feedwater makeup is then controlled manually to restore and 
maintain steam generator water level while assuring that the reactor 
coolant temperature is at the desired value.  Residual heat removal is 
maintained by the steam header pressure controller (manually selected) 
which controls the amount of steam flow to the condensers.  This 
controller operates a portion of the same steam dump valves to the 
condensers, 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 low level heater cutoff set point.  If heaters become 
uncovered following the trip, the CVCS will provide full charging flow 
to restore water level in the pressurizer.  Heaters are then turned on 
to restore pressurizer pressure to normal. 
 
The steam dump and feedwater control systems are designed to prevent 
the average coolant temperature from falling below the programmed no 
load temperature following the trip, to ensure adequate reactivity 
shutdown margin. 
 
7.7.2.7  Primary Component Cooling Water System 
 
The primary component cooling water (PCCW) system, described in 
Section 9.2.2.1, supplies cooling water to various non-nuclear safety 
(NNS) class systems during normal plant operation.  Under accident 
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conditions or loss of power, the NNS class portion of the system is 
isolated and no cooling is provided. 
 
Water level in the surge tank for the neutron shield tank is 
maintained manually.  High and low water levels are alarmed in the 
main control room.  The reactor vessel support shield tank has a 
temperature element on the downstream side with alarm and indication 
in the main control room. 
 
Temperature is controlled in each of the following pieces of equipment 
by temperature control valves on the downstream  side of each: 
 

1. Boron recovery system 
 

a. Bottoms cooler 
b. Distillate cooler 
c. Evaporator condenser 

 
2. Radioactive liquid waste system 

 
a. Bottoms cooler 
b. Distillate cooler 
c. Evaporator condenser 
 

3. Radioactive gaseous waste system 
 

a. Compressor cooler 
b. Trim cooler 
c. Condenser 

 
The compressor coolers are also equipped with local temperature 
indication. 
 
During the life of BVPS-2, the NNS class portions of the PCCW system 
are either in continuous or intermittent operation.  All components 
are accessible for periodic visual inspections. 
 
Section 7.3 discusses the safety-related portion of the PCCW system. 
 
7.7.2.8  Containment Leakage Monitoring System 
 
The containment system leakage monitoring system is not an engineered 
safety features system.  It is an NNS class system.  The containment 
leakage monitoring system is described in Section 6.2.6. 
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7.7.2.9  Turbine Control System 
 
A discussion of the turbine control system, including the redundant 
turbine overspeed protection system, is presented in Sections 10.2.2.4 
and 10.2.4. 
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7.7.2.10  Plant Safety Monitoring System 
 
The plant safety monitoring system (PSMS) is used to process and 
output the inadequate core cooling (ICC) variables in proper  
format to internal plasma displays, and external indicators, 
displays, cabinets and other equipment.  The PSMS consists of 
three types of modular components: the remote processing unit 
(RPU), the display processing unit (DPU), and the plasma 
display.  These components perform the data acquisition and 
processing, the data base consolidation and comparison, and the 
data selection and display, respectively. 
 
The system is seismically and environmentally qualified, is 
configured to address single-failure criteria, and qualification 
details are available in Section 3.10 and 3.11.  In addition, 
the PSMS has the capability for on-line testing without 
affecting reactor protection and control. 
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The plasma display modules are redundant, qualified, 
graphic/alpha-numeric modules for displaying reactor vessel 
level core cooling margin (Tsaturation), and the core exit 
thermocouples on demand.  These displays will be used to detect 
the approach to inadequate core cooling. 
 
Sections 3.10 and 3.11 provided details of the seismic and 
environmental qualification. 
 
7.7.2.13  High-High Steam Generator Water Level Trip System 
 
A two out of three high-high steam generator water level signal 
in any loop is called "the high-high steam generator water  
level trip" and the signal will cause feedwater isolation and 
trip the turbine.  This trip is modeled in the safety analysis 
to mitigate the consequences of an Excessive Heat Removal Due to 
Feedwater System Malfunction events.  This trip provides 
equipment protection since it limits moisture carryover that 
could damage the turbine blading. 
 
When the water level in any steam generator reaches the high-
high water level setpoint, the P-14 interlock is activated.  
Table 7.7-1 lists additional information pertaining to this 
function. Once activated, a P-14 signal will trip the turbine, 
trip all main feedwater pumps, close the main feedwater control 
valves, close the main feedwater control bypass valves, and 
close all main feedwater isolation valves.  This function is 
displayed on the Functional Diagram for Main Feedwater Control 
and Isolation shown on Figure 7.3-18. 
 

7.7.3  References for Section 7.7 
 
FENOC Letter to U.S. Nuclear Regulatory Commission, License 
Amendment Request Nos. 289 and 161 (Attachment C, Items 6 and 
8), Letter Number L-01-006, dated January 18, 2001. 
 
Lipchak, J.B. and Stokes, R.A. 1974.  Nuclear Instrumentation 
System. WCAP-8255 (for background information only). 
 
Shopsky, W.E. 1977.  Failure Modes and Effects Analysis of the 
Solid State Full Length Rod Control System. WCAP-8976. 
 
U.S. Department of Defense 1982.  Reliability Prediction of 
Electronic Equipment. MIL-HDBK-217D. 
 
USNRC - Safety Evaluation by the Office of Nuclear Reactor 
Regulation Related to Amendment Nos. 243 and 122 to Facility 
Operating License Nos. DPR-66 and NPF-73, Page 5, dated 
September 24, 2001. 
 
Westinghouse 1980.  Westinghouse Reactor Vessel Level 
Instrumentation System for Monitoring Inadequate Core Cooling. 
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TABLE 7.7-1 
 

BVPS-2 CONTROL SYSTEM INTERLOCKS 
 

 
Designation 

 
Derivation 

 
Function 

   
C-1 1/2 Neutron flux 

(intermediate range) 
above set point 

Blocks control rod 
withdrawal 

   
C-2 1/4 Neutron flux 

(power range) above 
set point 

Blocks control rod 
withdrawal 

   
C-3 2/3 Overtemperature 

ΔT above set point 
Blocks control rod 
withdrawal 

   
  Actuates turbine 

runback via load 
reference 

   
C-4 2/3 Overpower ΔT 

above set point 
Blocks control rod 
withdrawal 

   
  Actuates turbine 

runback via load 
reference 

   
C-7 1/1 Time derivative 

(absolute value) of 
turbine first stage 
pressure (decrease 
only) above set 
point 

Makes steam dump 
valves available for 
either tripping or 
modulation 

   
P-4

(1) 
Reactor trip  
breakers open 

Blocks steam dump 
control via load 
rejection Tavg 
controller 

   
  Makes half of the 

steam dump valves 
available for either 
tripping or modulation 

   
 The following 

condition exists  
when P-4 is not  
active 

Blocks steam dump 
control via reactor 
trip Tavg controller 
(this function is 
provided by absence of 
P-4) 
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TABLE 7.7-1 (Cont) 
 

 
Designation 

 
Derivation 

 
Function 

   
C-9 Any condenser pressure 

above set point, or all 
circulation water pump 
breakers open 

Blocks steam dump 
to condenser 

   
P-14 2/3 steam generator 

level above setpoint on 
any steam generator 
(presence of signal 
performs or permits 
functions shown) 

Closes all 
feedwater 
isolation valves 
trip feedwater 
pumps actuates 
turbine trip 

   
C-20 2/2 Turbine first stage 

pressure ≥ 40% of 
nominal pressure at 
100% power.  Delayed off 
(Ref 4.3.1.7) 

Enables AMSAC 

 
 
 
(1) See Table 7.3-3 for engineered safety features actuation 

system functions. 
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